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Hepatocellular carcinoma (HCC) is the most common type of primary liver
cancer, which in turns accounts for the sixth most common cancer worldwide.
Despite being the 6th most common cancer it is the second leading cause of cancer
related deaths. HCC typically arises in the background of cirrhosis, however,
about 20% of cases can develop in a non-cirrhotic liver. This particular subgroup
of HCC generally presents at an advanced stage as surveillance is not performed
in a non-cirrhotic liver. HCC in non-cirrhotic patients is clinically silent in its
early stages because of lack of symptoms and surveillance imaging; and higher
hepatic reserve in this population. Interestingly, F3 fibrosis in non-alcoholic fatty
liver disease, hepatitis B virus and hepatitis C virus infections are associated with
high risk of developing HCC. Even though considerable progress has been made
in the management of this entity, there is a dire need for implementation of
surveillance strategies in the patient population at risk, to decrease the disease
burden at presentation and improve the prognosis of these patients. This
comprehensive review details the epidemiology, risk factors, clinical features,
diagnosis and management of HCC in non-cirrhotic patients and provides future
directions for research.
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Core tip: Hepatocellular carcinoma is the 2nd leading cause of cancer related deaths.
Majority of HCC arise in a cirrhotic liver, however, 20% of cases can develop in noncirrhotic liver. This comprehensive review focuses on risk factors, clinical features,
diagnostic modalities, management strategies and future directions for HCC in noncirrhotic liver.
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INTRODUCTION
Primary liver cancer is the sixth most common cancer worldwide, 90% of which are
hepatocellular carcinoma (HCC)[1,2]. HCC is the second leading cause of cancer-related
deaths worldwide[3]. Although, most of the cases occur in developing countries, its
incidence in developed countries has increased recently[4]. HCC typically arises in the
setting of cirrhosis however; approximately 20% of HCC’s have been known to
develop in a non-cirrhotic liver[5,6]. This sub-group of HCC often presents at advanced
stages because surveillance is not performed in a non-cirrhotic liver. Fibrolamellar
carcinoma (FLC), a rare variant of HCC also occurs without any background cirrhosis
or hepatitis[6,7]. This review discusses the epidemiology, risk factors, clinical features,
diagnosis and management of HCC in non-cirrhotic patients as well as provides
future direction for research in this population.

METHODS
A comprehensive literature search was performed and research papers regarding
non-cirrhotic HCC and related literature was analyzed to prepare this review article.
Special emphasis was placed on research related to the diagnosis and management of
non-cirrhotic HCC in the last 5 yr.

EPIDEMIOLOGY
Worldwide, liver cancer is the fifth most common cancer in men and the ninth in
women. It is the 2nd leading cause of cancer death in men and the sixth leading among
women, with about 745500 deaths in 2012. In the United States, there is expected to be
an estimated 42220 new cases and 30200 death cases of liver and intrahepatic bile duct
carcinomas in 2018[8,9]. HCC is a little over 2 times more likely in men over women, the
incidence being 5.5 per 100000 in male and 2 per 100000 in female in the United
States[8]. Non-cirrhotic HCC has a bimodal age distribution, peaking during the 2nd
and 7th decade of life[5]. The FLC variant comprises 1%-9% of all HCC and accounts for
less than 1% of HCC in the United States[10,11]. Overall, there is a lack of significant data
on HCC that arises in non-cirrhotic liver. Given that HCC is one of the fastest growing
cause of cancer-related deaths and has a survival rate of less than 12% in the United
States, there is a need for further research to explore the epidemiology of non-cirrhotic
HCC[8].

RISK FACTORS (Figure 1, Table 1)
Non-alcoholic fatty liver disease /Non-alcoholic steatohepatitis
Non-alcoholic fatty liver disease (NAFLD) comprises of a spectrum that includes
isolated steatosis, non-alcoholic steatohepatitis (NASH, hepatic inflammation and cell
death), fibrosis and cirrhosis. With the growing obesity epidemic, NAFLD has become
the most common liver disorder in the United States. A strong association has been
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Table 1 Incidence of different risk factors for hepatocellular carcinoma in cirrhotic and non-cirrhotic liver in various studies
Parameter
Alcohol

Study

No (NC) No (CL) Percentage (NC) Percentage (CL)

Schütte et al[16]

14

285

15%

50%

Nzeako et al[52]

25

130

7%

28%

15

105

16.50%

30%

Trevisani et al[4]
[153]

Techathuvanan et al

HBV

26

48

36%

34%

Chang et al[154]

98

99

44%

44.50%

Grazi et al[155]

29

67

21.50%

23%

Shim et al[28]

22

22

12.40%

4.10%

Nzeako et al[52]

17

43

5%

9.30%

Trevisani et al[4]

10

81

10%

22.55

Techathuvanan et al[153]

5

26

10.60%

32%

Chang et al

142

150

64.30%

69%

Grazi et al[155]

17

46

12.60%

14.90%

Shim et al[28]

105

443

59%

83.30%

Kew et al[156]

NR

NR

52.80%

60.50%

Trevisani et al

48

76

15%

76%

Chang et al[154]

39

57

18.10%

27.40%

Grazi et al[155]

33

182

24.40%

56.80%

Shim et al[28]

13

27

7.30%

5.10%
55.70%

[154]

[4]

HCV

[157]

Albeldawi et al

Mean Incidence
(NC)

Mean Incidence
(CL)

21.77%

30%

30.60%

41.65%

14.36%

44.18%

6

107

7%

NASH

Schütte et al[16]

6

37

6.45%

6.48%

NA

NA

Cigarette
smoking

Schütte et al[16]

55

231

40%

47.60%

28.37%

32.10%

Trevisani et al[4]

16

70

20%

28%

Techathuvanan et al[153]

4

5

4.20%

2.80%

Chang et al[154]

110

111

49.30%

50%

59

368

71.20%

83.70%

40.73%

46.40%

13.85%

9.60%

39.15%

9.44%

[16]

Diabetes
Mellitus

Schütte et al

Family History

Cryptogenic

Shim et al[28]

27

84

15.20%

15.80%

Albeldawi et al[157]

29

113

35.80%

39.70%

[153]

Techathuvanan et al

9

7

12.30%

4.90%

Chang et al[154]

32

30

15.40%

14.30%

Schütte et al[16]

53

65

57%

11.38%

38

40

21.30%

7.50%

[28]

Shim et al

HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH: Non-alcoholic steatohepatitis; NC: Non-cirrhotic liver; CL : Cirrhotic liver.

reported between fatty liver disease and HCC in non-cirrhotic livers[12,13]. NAFLDrelated HCC has been acknowledged as a growing burden in this country[14,15]. It has
also been recognized as the most common etiology in new HCC cases, likely due to
the recent advances in viral hepatitis, especially HCV treatment [15] . In a study
performed by Schütte et al[16] the etiology of majority of HCC in non-cirrhotic liver was
related to metabolic syndrome (MS).
NAFLD, with or without NASH is the hepatic manifestation of MS and predisposes
to HCC in non-cirrhotic patients [17] . Type 2 diabetes mellitus and obesity that is
associated with NAFLD and MS leads to the release of multiple pro-inflammatory
cytokines like TNF-alpha, IL-6, leptin and resistin and decreased amounts of
adiponectin. These processes favor the development of hepatic steatosis and
inflammation within the liver and subsequently precede the development of HCC[12].
Even though type 2 diabetes and obesity have both been implicated as independent
risk factors for HCC, studies that establish a clear link to HCC in non-cirrhotic livers
are scarce[18-20]. Not only MS and obesity but being overweight is also associated with
higher risk of HCC. Overweight and obesity increase HCC prevalence in general
population and especially in HBV and HCV patients[21]. Other features of MS like
hypertension and dyslipidemia have not been extensively studied for the linkage. A
recent Australian study comparing HCC characteristics between cirrhotic and non-
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Figure 1

Figure 1 Causes of non-cirrhotic hepatocellular carcinoma. HCC: Hepatocellular carcinoma.

cirrhotic NAFLD found that apart from the presence or absence of cirrhosis, the
fibrosis stage was the only patient characteristic that conferred a worse prognosis as
this was related to the size of the tumors (P = 0.03)[22].

Viral hepatitis
30% of HBV-related HCC occurs in non-cirrhotic patients [23] (Figure 2). HBV, a
partially double stranded DNA virus is able to integrate into the host cell and acts as a
mutagenic agent causing secondary chromosomal rearrangement and increasing
genomic instability. In addition, transactivation of genes by the regulatory protein
HBx is known to increase cell proliferation, deregulate cell cycle control and interfere
with DNA repair and apoptosis[24]. Certain risk factors in chronic hepatitis B patients
in turn impart a higher risk for non-cirrhotic HCC. BCP T1762/A1764 mutation and
high viral loads have been reported to be strong viral factors and independent
predictors of HCC in non-cirrhotic patients who are chronic HBV carriers[25,26]. Older
patients with chronic Hepatitis B had a higher annual incidence of non-cirrhotic HCC
compared to cirrhotic patients; 1.1% per year in men and 0.3%-0.4% per year in
women greater than the age of 55[27]. African American and Asian race has also been
associated with a higher incidence of HCC in non-cirrhotic chronic hepatitis B
patients[27]. About half of the cryptogenic HCC cases have occult Hepatitis B infection
defined by the presence of HBV DNA in the liver or blood without HBsAg[28].
HCC in chronic Hepatitis C patients primarily occurs in the background of cirrhosis
that is related to a necroinflammatory state with tissue damage, regeneration, repair
and fibrosis[29,30]. HCV being a single stranded RNA virus cannot integrate with the
host genome due to the absence of a DNA intermediate. However, it still possesses
direct oncogenic potential although lower compared to HBV; with several of its gene
products capable of contributing to carcinogenesis[4,31]. The core protein can alter cell
regulation via enhanced telomerase activity[31]. Non-structural proteins like NS3, NS4B
and NS5A can potentially induce carcinogenesis through interactions with cellular
promoters and proteins [32] . The incidence of HCC in non-cirrhotic HCV patients
ranges from 4.4%-10.6% [32] . Its role as a major risk factor is suggested by the
development of HCC even after eradication of the virus[33]. In treatment naïve HCV
patients, male gender, advanced age, persistently elevated aminotransferases, high
gamma-glutamyl transferase levels, hepatic steatosis, diabetes and alcohol abuse have
all been shown to increase the risk for non-cirrhotic HCC [34,35] . In patients with
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Figure 2 Computed tomography image of a 64-yr-old male with hepatitis B. No cirrhosis found to have large 9
cm mass in right lobe (arrows) on CT abdomen done for abdominal pain.

sustained virologic response after chronic HCV treatment, those who had diabetes
mellitus and increased Fibrosis-4 index were at a higher risk. Studies have also shown
increased risk of HCC in patients with hepatitis C and F3 fibrosis. Apart from
hepatitis C, this increased risk is noted in even patients with hepatitis B and NAFLD
who have F3 fibrosis[22,25,27,36]. The exact pathophysiology behind this still remains to be
elucidated.

Genotoxic substances
Alcohol: Several studies have shown heavy alcohol intake in patients with noncirrhotic HCC, however most of these were not statistically significant[4]. Alcohol may
not be a major cause in non-cirrhotic patients, but it should still be treated as a serious
risk factor for the development of HCC. This is related to its direct genotoxic effect in
the development of HCC mediated through endotoxin production, oxidative stress
and inflammation[37]. Heavy alcohol intake in the setting of other risk factors like
chronic HCV and diabetes mellitus may potentiate the oxidative stress and free
radical damage; leading to rapid progression to HCC[38-40].
Aflatoxin B1: Aflatoxin B1 (AFB1) is an extremely potent hepatocarcinogen that is a
secondary metabolite produced by fungi, Aspergillus flavus and Aspergillus parasiticus.
They are typically found in tropical and sub-tropical regions of the world in which
grains such as rice stored in hot humid conditions promote growth of these toxinproducing fungi[41]. Most cases occur in sub-Saharan Africa, Southeast Asia and China
where HBV is highly prevalent. However, its incidence in the United States is
extremely low; 0.003 in HbsAg negative and 0.08 in HbsAg-positive patients[42]. In
addition, its burden in non-cirrhotic individuals is unknown. AFB1 is metabolized by
the P450 enzymes in the liver to generate an epoxide, which binds to DNA and
induces mutation of the p53 tumor suppressor gene[24,43]. Like cirrhotic patients, noncirrhotic patients with chronic HBV are also at a higher risk for aflatoxin-mediated
HCC[44,45].
Iron overload: Secondary iron overload is seen in patients with hematological disease
like myelodysplastic syndrome, chronic anemia and polytransfusion[46-48]. The notion
that increased liver iron stores in the liver cause HCC in non-cirrhotic patient has been
present for at least three decades and there are several case reports that have
highlighted the role of excess iron as a potential carcinogen [48,49] . Iron-induced
carcinogenesis could be related to the production of reactive oxygen species via
Fenton reaction inducing oxidative stress. This in turn promotes protein and DNA
modification, blunts immune response by impairing T cell proliferation against tumor
transformed cells and induces of p53 mutations[50,51].
Miscellaneous: Chemical and industrial carcinogens like nitrosamines, azo dyes,
aromatic amines, vinyl chloride, organic solvents, pesticides and arsenic have been
known to induce carcinogenesis in non-cirrhotic liver[52,53]. Studies have shown KRAS
mutations in vinyl chloride-induced HCC and HRAS mutations in methylene
chloride-induced liver tumors[23]. Polycyclic aromatic hydrocarbons derived from red
meat, cigarette smoking, and environmental pollutants also increase the risk of HCC
by forming DNA adducts[53-55].
Sex hormones: Several case reports have established a link between chronic anabolic
androgen steroid abuse and non-cirrhotic HCC in young professional
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bodybuilders [ 5 6 - 5 8 ] . “Adenoma-carcinoma sequence” or “de novo carcinoma
development” are the two proposed mechanisms for carcinogenesis [56] . Oral
contraceptive (OCs) is also a known risk factor for the development of non-cirrhotic
HCC [59,60] . In a retrospective case series of 26 white women aged under 50 who
developed HCC in a non-cirrhotic liver, women who used OCs for 8 or more years
had a 4.4-fold increased risk (P < 0.01)[59]. Both anabolic steroids and estrogen undergo
significant enterohepatic circulation and slow biliary excretion, which increases
intrahepatic concentrations and causes direct toxicity[59].

Inherited diseases
Hereditary hemochromatosis and alpha-1 antitrypsin deficiency are inherited diseases
in which HCC occurs frequently without cirrhosis[61-65]. Acute hepatic porphyrias
which include 3 autosomal dominant disorders: Acute intermittent porphyria (AIP),
variegate porphyria (VP) and hereditary coproporphyria (HCP) has also been
considered as a cause of non-cirrhotic HCC[66]. Overproduction of aminolevulinic acid
and/or porphobilinogen overproduction and excretion has been implicated as a cause
of hepatic carcinogenesis in AIP, but the mechanism is poorly understood in VP and
HCP[67].
Hypercitrullinemia, a hereditary urea cycle disorder is associated with
hepatocarcinogenesis in non-cirrhotic liver likely via citrulline-mediated promotion
effect on hepatocyte proliferation[68].
Wilson’s disease, an autosomal recessive disorder of copper metabolism is also
implicated as cause of HCC in scattered case reports. The mechanism is related to
copper mediated stimulation of fibroblast growth factor-2 and copper induced
stabilization of hypoxia-inducible-factor-1 alpha, which causes expression of genes
that promote angiogenesis[69,70]. Even though HCC prevalence in Wilson’s disease is
lower than other inherited forms of liver disease, it remains a significant risk factor for
development of HCC in non-cirrhotic liver as well.
Glycogen storage disorders (GSD) are a group of inherited metabolic disorders
characterized by the accumulation of excessive abnormal glycogen in liver, muscle or
both. HCC typically occurs without cirrhosis in glycogen storage disease type 1 (GSD1) via adenoma-carcinoma sequence[62]. HCC in GSD type III is extremely rare and
generally occurs in the background of cirrhosis, however Oterdoom et al[71] reported
the first documented case in a non-cirrhotic.
Alagille syndrome, an autosomal dominant disease that causes significant neonatal
jaundice and cholestasis in older children has been shown in case reports to cause
non-cirrhotic HCC[72,73].
Hepatic vascular disease like Budd-Chiari syndrome and nodular regenerative
hyperplasia have been associated with non-cirrhotic HCC in case reports, however the
mechanism of hepatocarcinogenesis in the absence of cirrhosis is unknown[74,75].

Germline mutations
Studies establishing associations between germline mutations and non-cirrhotic HCC
have been scarce. In a recent study by Donati et al[76], germline mutations in telomerase
reverse transcriptase gene (hTERT) were associated with shorter telomere lengths and
progression of NAFLD to HCC in non-cirrhotic liver. Future studies may identify
such germline mutations, which would allow for closer surveillance in these high-risk
individuals.

Hepatic adenoma
Hepatic adenomas (HA) is a benign liver tumor that carries a small risk for the
development of HCC[60]. The risk of malignant transformation is controversial and has
been heavily debated based on available past research studies. Two studies that
analyzed available literature, estimated this risk to be approximately 5%[77,78]. Studies
on HA in non-cirrhotic livers have been scarce and those that exist have limitations
related to overestimation of the risk and biased reviews of resected cases [79,80] .
Nonetheless, there is compelling evidence in the literature to reserve resection of
adenomas for adenoma diameter > 5 cm with telangiectatic or unclassified subtypes
and male sex[77,78,81].

CLINICAL FEATURES
HCC in non-cirrhotic patients is clinically silent in its early stages because of lack of
symptoms and surveillance imaging; and higher hepatic reserve in this population[82].
The median age of these patients is 69 yr however, the FLC variant commonly occurs
in adolescents and young adults, ranging from 10-35 yr at presentation [11,16] .
Unfortunately, these tumors are often found in advanced stages with approximately
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25% of non-cirrhotic HCC presenting with extra-hepatic metastasis [16] . When
symptoms do occur, they arise due to large tumor burdens from its insidious
progression. The most common presenting symptom is abdominal pain (52%). Other
symptoms include abdominal distention, weight loss, malaise, anorexia, fatigue,
chronic diarrhea, jaundice, chest pain and fever of unknown origin[4,83,84]. Non-cirrhotic
HCC can also present in the form of paraneoplastic syndrome of hypercalcemia or
hypoglycemia[82,85]. FLC has been known to present with gynecomastia, recurrent deep
vein thrombosis, Budd-Chiari syndrome, non-bacterial thrombotic endocarditis,
fulminant liver failure or encephalopathy[10].

DIAGNOSIS
Serum alpha-fetoprotein
Alpha-fetoprotein (AFP), a serum glycoprotein is a commonly used tumor marker for
HCC[86]. Due to its poor sensitivity, the American Association for the Study of Liver
Disease (AASLD) guidelines suggests surveillance with ultrasound with or without
AFP in cirrhotic patients. In non-cirrhotic HCC, the sensitivity of AFP further
decreases with elevation less common compared to cirrhotic HCC (31%-67% vs 63%84%). AFP levels in majority of patients with the FLC-variant HCC are normal[87,88].
Levels > 400 ng/mL are essentially diagnostic for non-cirrhotic HCC and are equally
prevalent in both groups[89]. This implies that elevated AFP levels may suggest a HCC,
but normal levels should never be used to exclude the diagnosis, especially in a
patient with high-risk factors. AFP levels however, may have a role in tumor
surveillance and prognosis.

Des-gamma-carboxyprothrombin
Des-gamma-carboxyprothrombin (DCP) also known as PIVKA II (protein induced by
vitamin K absence) is produced by malignant hepatocytes and its relationship to HCC
has been known since 1984[90,91]. DCP has been reported to be more sensitive and
specific than AFP for the diagnosis of HCC with a cutoff of > 40 mAU/mL [92] .
However, its role in the detection of small tumors and early HCC is unclear as various
studies have utilized different cutoff values for DCP and AFP[92-94]. Moreover, it has
never been studied in non-cirrhotic patients. DCP might be the answer for early HCC
diagnosis in non-cirrhotic patients along with monitoring treatment response and
recurrence. Perhaps DCP could compliment AFP as evidenced by improved
sensitivities emphasized in several studies[91,93]. Future studies should be directed
towards establishing a relationship between elevated DCP and non-cirrhotic HCC.

Imaging
The radiological appearance of HCC in cirrhotic and non-cirrhotic patients is very
similar, except HCC in non-cirrhotic livers frequently present as a solitary mass with
or without satellite lesions, are much larger in tumor size and are often seen with a
central scar[95].
Ultrasonography: Ultrasonography (US) is a non-invasive test that allows
determining the size, location, morphology and vascular involvement of the lesion.
The appearance of HCC on US is variable and non-specific ranging from hypo or
hyperechoic lesions with or without heterogeneity or necrotic areas. This imaging
modality is limited in the detection of tumors < 2 cm and tumors in a liver base with a
heterogeneous diffuse nodular pattern[82,84].
Contrast-enhanced US (CEUS) could be valuable diagnostic tool because the dye
allows its use in patients with nephropathies and those with known adverse reactions
to other contrast agents[82]. CEUS shows a typical HCC vascular pattern, although
inconsistently when compared to computed tomography (CT) and magnetic
resonance imaging (MRI) especially for tumors < 2 cm[96-99]. There is a need for such
studies in non-cirrhotic HCC, but for now its role in diagnosis is limited. However, it
may have a role in guiding biopsies and monitoring tumor response to treatment with
anti-angiogenic properties[100,101].
Computed tomography: CT scan can make the diagnosis of HCC with a high degree
of confidence, hence proper technique and contrast administration is crucial for an
accurate assessment (Figure 3) [ 8 2 ] . The main diagnostic criteria include
hypervascularization on the arterial “wash-in” phase and washout during portal
phase of enhancement, which is similar in cirrhotic and non-cirrhotic livers[102,103]. It
often presents as a single large well-circumscribed encapsulated hypoattenuating
lesion on unenhanced CT, with other tumor features like fat involvement, foci of
hemorrhage and necrotic areas more common in non-cirrhotic HCC[104]. The FLC
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variant may show a similar pattern on contrast enhanced imaging as the classic noncirrhotic HCC and often demonstrates internal calcifications, central scars and a
discontinuous capsule[105].
Magnetic resonance imaging: MRI is superior to CT for the diagnosis of HCC (Figure
4). Its appearance on T1 sequences varies depending on the degree of fibrosis, necrosis
and fat but it more commonly presents as a hypointense lesion. Its appearance on T2
is variable as well but it is commonly a hyperintense lesion. Intracellular fat
accumulation, which is present in 10%-17% of non-cirrhotic HCC and 36% of welldifferentiated HCC is easier to detect on MRI compared to CT/US and signifies a
better prognosis[82,84]. The gadolinium enhancement shows a similar pattern on MRI as
described in contrast enhanced CT[82]. About 50% of non-cirrhotic HCC have a central
scar that is detectable by MRI[99]. The FLC variant is hypointense on T1, hyperintense
on T2 and heterogenous after gadolinium enhancement[106]. The central scar that is
frequently seen in this subtype can be hypo or hyperintense on T2 sequences
depending on the presence of necrosis and altered vascularity[107]. The differentiation
between HCC and other benign liver lesions (focal nodular hyperplasia and
hepatocellular adenoma) on MRI has been challenging in a non-cirrhotic liver often
requiring unnecessary interventions for histopathological proof. In conclusion, T1
hypointensity, T2 hypo or hyperintensity, lack of central tumor enhancement and
presence of satellite lesions are independent imaging factors, with a combined
specificity of 98%, can allow MRI guided diagnosis of HCC in non-cirrhotic liver with
a high level of confidence[107].

Percutaneous liver biopsy
Histological diagnosis via liver biopsy may only be necessary if imaging studies are
inconclusive for being compatible with HCC[108-110]. The AASLD does not recommend
biopsy for lesions > 1 cm if two different imaging studies yield concordant
findings[108]. When performed, they are done via transabdominal technique under CT
or US guidance with varying degrees of sensitivity (66%–93% based on tumor size)
and 100% specificity and positive predictive value[109]. Liver biopsy may be needed in
patients who are not candidates for curative resection, to establish diagnosis for the
purpose of systemic therapy or transplantation[109].

MANAGEMENT
Surgical Resection
Surgical resection is the treatment of choice for HCC in non-cirrhotic liver and is
considered equally safe in non-cirrhotic and cirrhotic patients[111-113]. Since clinical
staging systems like Okuda/Barcelona-Clinic Liver Cancer associated with
underlying cirrhosis are not relevant in these patients, primary tumor features are
utilized for staging and prognosis. Patients that are typically not candidates for
surgical resection are those that have extrahepatic spread of their disease or
anatomical constraints related to the tumor. Majority of the patients require a major
hepatic resection, often with advanced surgical techniques for inferior vena cava or
diaphragmatic resection; or total vascular exclusion[114]. These surgeries are feasible
due to the preserved liver function and low perioperative mortality when compared
to cirrhotic livers[114]. Common complications associated with such resections include
intra-abdominal collections and liver insufficiency[115]. Perioperative morbidity and
mortality is low when compared to the cirrhotic liver, 29.5% and 2.7% respectively[115].
Impressive postoperative survival rates of 96%, 87% and 68% after 1, 3 and 5-yr
respectively have been reported in patients with tumors without vascular invasion;
factors such as portal vein thrombosis, lymph node involvement and tumor
recurrence are associated with poor outcomes[112,113].

Tumor recurrence
Tumor recurrence is the major cause of death in non-cirrhotic livers with HCC since
no effective post-operative adjuvant chemotherapy exists[116,117]. The recurrence rate of
HCC in non-cirrhotic liver is extremely high after surgical resection. Taking into
account the best reported figures, the 1, 3 and 5-yr disease free survival rate is 79%,
58% and 54% respectively. Repeat hepatectomy is feasible in these patients due to
normal liver function, which allows for good regenerative capacity. A mean time
recurrence of 31 mo with a 61% 5-yr survival and 25% 10-yr survival after a first
repeat hepatectomy has been reported for non-cirrhotic patients [116] . A good
functioning liver also allows for repeat second and third hepatectomies in these
patients and can be considered equally safe and effective when compared to the
first[84]. However, when surgical resections fail to control recurrent disease or repeat
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Figure 3

Figure 3 Computed tomography image of a 55-yr-old male with no significant past medical history found to
have multifocal hepatocellular carcinoma in the right lobe of liver on imaging done for abdominal pain and
jaundice.

tumors are considered unresectable, patients may need to be evaluated for liver
transplantation (LT).

Liver transplantation
Historically, LT was not routinely recommended in non-cirrhotic HCC due to the lack
of precise guidelines or selection criteria for this patient population. Very early
reports and studies have demonstrated high tumor recurrences and dismal survival
outcomes. A systematic review of all reported cases of LT in non-cirrhotic patients
from 1966-1988 reported a 5-yr survival rate of 11.2% for HCC and 39.4% for the FLC
variant[118]. McPeake et al[119] reported a 40% recurrence rate for lesions 4-8 cm and 78%
in lesions > 8 cm. However, Mergental et al[120] reported a 5-yr survival of 50%-70%
after analysis of literature and European Liver Transplant Registry with median
tumor sizes of 8 cm. This study recommends that Milan criteria should not be used to
exclude patients with non-cirrhotic HCC and identified extrahepatic spread, gross
vascular or lymph node involvement, multiple tumors and tumor recurrence < 1 yr
after resection as predictors of poor outcome after LT. Based on these findings, an
international consensus conference report recommended LT in patients with nonresectable HCC or in patients who experience intrahepatic recurrence after surgical
resection; provided these patients have no macrovascular invasion or extrahepatic
spread[121]. Decaens et al[122] highlighted the need for prospective studies addressing
pre-LT imaging for tumor characteristics, response to treatment performed and
kinetics of tumor progression during the waiting period and rate of dropout from
tumor progression. It will be interesting to note the recurrence and overall survival
(OS) of these patients in future studies after improved patient selection and advances
in perioperative management and surgical care.

Systemic therapy
Sorafenib is an food and drug administration (FDA) approved oral multi-tyrosine
kinase inhibitor, which is the first line therapy for patients with advanced HCC[123,124].
It is indicated in patients who are not deemed surgical or transplant candidates with
preserved liver function. It inhibits tumor growth and has anti-proliferative, antiangiogenic and pro-apoptotic features[125]. The most common side effects reported
include diarrhea and hand-foot skin reactions[126]. Sorafenib has demonstrated survival
benefit in cirrhotic HCC, however no studies have formally evaluated outcomes in
patients with a non-cirrhotic liver. Given the similarity of angiogenic characteristics
between cirrhotic and non-cirrhotic HCC, Sorafenib could have a role in the
management of advanced HCC in non-cirrhotic patients [127] . Recently, the FDA
approved two new systemic drugs for advanced HCC. Regorafenib, a multikinase
inhibitor, and Nivolumab, a PD-1 (programmed cell death protein 1) inhibitor have
shown survival benefit in patients who had disease progression despite treatment
with Sorafenib[128,129].
Systemic chemotherapy with other agents has been ineffective and has resulted in
sub-optimal outcomes in cirrhotic advanced HCC. This has been largely due to the
underlying cirrhosis with altered drug metabolism, which can lead to serious toxicity
requiring either decrease in the dose or discontinuation[130,131]. However, non-cirrhotic
HCC patients with a healthy liver may be able to tolerate these agents. Edeline et al[132]
in their study had a 52% disease control rate with ECC (epirubicin, cisplatin and 5flurouracil) or ECF (epirubicin, cisplastin and capecitabine). Romano et al [130]
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Figure 4 Magnetic resonance imaging (e-THRIVE_BH AX 15 min delay) of 61-yr-old male with HCV, without
cirrhosis showing a 2.8 cm × 3 cm mass lesion in segment 5 consistent with hepatocellular carcinoma.

demonstrated partial response to Docetaxel with long-term survival and without
severe toxicity in 3 patients. Gras et al[133] reported a complete response with GEMOX
chemotherapy without a 5-yr relapse after discontinuation in a patient with advanced
FLC-HCC in a non-cirrhotic liver. These reports highlight the need for further trials to
explore the use of systemic chemotherapy to improve prognosis of patients with
advanced non-cirrhotic HCC. Systemic chemotherapy may result in downsizing of the
tumor allowing such patients to be candidates for curative surgical resection or liver
transplant.
There have been few studies that have evaluated the combination of Sorafenib with
other systemic chemotherapeutic agents in non-cirrhotic advanced HCC. In patients
who experience recurrences after LT, combination of Sorafenib and mTOR inhibitor in
conjunction with locoregional treatments improved survival, with 1 and 5-year
survival rates of 82% and 33% respectively[134]. This could open potential avenues for
research for combination chemotherapy and loco-ablative techniques like
radiofrequency ablation (RFA), transarterial chemoembolization (TACE) and radioembolization commonly employed in cirrhotic HCC; in the management of noncirrhotic HCC.

Loco-ablative therapies and selective internal radiation therapy
Local ablation therapies like RFA and TACE are considered first line treatment
options for unresectable HCC in cirrhotic patients. These techniques along with
selective internal radiation therapy (SIRT) have been employed for down staging of
tumors and control progression[135,136]. Unfortunately, their role in non-cirrhotic HCC
has not been established in studies likely due to the rarity of the disease, benefit of
other treatment modalities, poor prognosis and high tumor recurrence. However, for
metastatic disease after prior hepatectomy, RFA has been associated with improved
progression free survival and OS when compared to transcatheter therapy[135].
A recent case report published by Mafeld et al[136] showed a 94% reduction in tumor
size 7 mo after SIRT with Yttrium-90 for unresectable FLC-HCC after which the
patient underwent a curative surgical resection. Studies establishing SIRT as a
standard of care in regular non-cirrhotic HCC may be difficult given its high 90-d
morbidity; complications and lack of long term follow up data in the current case[136].
However, SIRT should be considered for the FLC-variant given limited treatment
options for unresectable disease and its grave prognosis.

PROGNOSIS AND SURVEILLANCE
Survival of patients with HCC in non-cirrhotic liver mainly depends on tumor related
factors such as tumor size, existence of satellite lesions, lack of tumor capsule,
vascular invasion, grading, incomplete resection, HBV infection and the amount of
intraoperative blood transfusions[117,137-139]. Poor prognostic factors that affected the OS
rate in patients undergoing surgical resection include the need for blood transfusion
and advanced age > 65. Factors that affected the recurrence free survival rate included
the presence of multiple tumors[117]. FLC-HCC has a 70% 5-yr survival following
surgical resection whereas for unresectable disease, the 5-yr survival rate is 0-5% with
a median survival of 12 mo[140]. The number of tumors and vascular invasion are
considered poor prognostic factors in this variant; the 3-yr recurrence free survival
rate is 9% in patients with vascular invasion and 35% without[140].
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AFP levels could be better suited as prognostic indicators. Burnett et al[141] used AFP
staging based on four levels: < 10 ng/mL, 10 to 150 ng/mL, 150 to 500 ng/mL and >
500 ng/mL; and found these to be appropriate predictors of prognosis in non-cirrhotic
HCC. Witjes et al[89] showed that elevated pre-operative AFP levels were associated
with worse outcomes and high recurrence rates. Using an AFP cut off of 9 ng/mL,
they demonstrated 1 and 3-yr survival rates of 53% and 21% respectively in patients
with high AFP and 86% and 75% in patients with low AFP.
The need for effective surveillance needs to be addressed given the high tumor
recurrence rate. The most common and significant issue raised is the delayed
presentation of HCC in non-cirrhotic patients. There is a further need to direct
research towards alternative cost-effective surveillance strategies and risk factor
profiling to identify this high-risk population, decrease the tumor burden upon
presentation and improve survival outcomes. Fu et al. reported a high association
between high relative telomere length (RTL) and risk of HCC in non-cirrhotic chronic
hepatitis B patients. Future studies could expand the role of RTL in serum DNA as a
non-invasive biomarker for surveillance in non-cirrhotic HCC [142] . Wang et al [143]
developed a prognostic scoring system of HCC after hepatectomy based on 11
independent risk factors and classified patients into low, intermediate and high-risk
groups with an 80, 27 and 6-mo recurrence free survival respectively in each group.
Such categorization is perhaps what is required in non-cirrhotic patients. Alkaline
phosphatase (ALP) has also been reported as an independent risk factor that affects
recurrence-free and survival rates[139]. High ALP levels could have a potential role in
predicting HCC recurrence in non-cirrhotic patients and could be part of guidelines
that establish risk for tumor recurrence. Further studies are necessary however, to
validate the use of such scoring systems. This might allow for a more cost-effective
and economic surveillance in high and intermediate risk groups.

FUTURE CONSIDERATIONS
microRNA
microRNAs (miRNAs) are endogenous non-coding 21-23 nucleotide RNAs that are
involved in post-transcriptional regulation and thus play an important role in almost
all main cellular pathways including regulation of major tumor-related genes in
carcinogenesis[144,145]. miRNAs are also involved in iron metabolism through regulation
of genes that control iron homeostasis in hepatocytes[146]. Dysregulation of miRNAs
can lead to iron overload which can lead to the generation of reactive oxygen species
and cause oxidative stress which damages DNA, lipids and proteins[147]. miRNA could
serve as important diagnostic and prognostic biomarkers in non-cirrhotic HCC. Koh et
al[148] identified 16 miRNAs that displayed significant change in expression non-tumor
and HCC tissues in non-cirrhotic livers. Analysis of miRNA in the serum is an
exciting prospect for the diagnosis and/or prognosis of non-cirrhotic HCC.
Early and unique changes in circulating miRNA in the serum could potentially
allow it to be a biomarker for the early detection of non-cirrhotic HCC. In a study
performed by Zhang et al[149], a 3 mi-RNA panel comprising of miR-92-3p, miR-107,
and miR-3126-5p was equally effective as AFP for diagnosis of early HCC.
Furthermore, the combination of miRNA panel and AFP had higher sensitivity and
specificity than AFP alone, especially in patients with early HCC or low-level AFP.
However, the study did not specify presence or absence of cirrhosis in the patient
cohort. miRNA could also serve as an important prognostic marker in non-cirrhotic
liver. Dysregulation of certain miRNA has been associated with poor disease-free
survival after liver resection of HCC[145]. Another study showed low levels of miRNA
(miR-181a-5p) and poor disease control after Sorafenib therapy [150] . Again, these
studies did not comment on background liver cirrhosis. In a recent study by Mei et
al[151] cirrhotic and non-cirrhotic HCC patients were found to have 41 differentially
expressed miRNAs. Specifically, two miRNAs (mir-149 and mir-1296) were strongly
associated with non-cirrhotic HCC and influenced the TMN tumor staging.
Furthermore, increased mir-149 was associated with increased post-operative survival
in non-cirrhotic HCC. Huang et al[152] developed 5-panel mi-RNA that capable of
assessing risk in HCC patients. The hope is that future studies could identify a similar
miRNA signature for non-cirrhotic HCC patients. Hence, miRNAs are an exciting
future research prospect and could perhaps be the solution for improved diagnosis,
surveillance and prognosis along with therapeutic management of advanced noncirrhotic HCC.
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CONTRIBUTIONS
The current review should help make significant contributions to research progress
for HCC in non-cirrhotic liver. It highlights the major risk factors implicated in the
development of HCC in a non-cirrhotic liver; especially NAFLD/NASH. It also brings
to attention other rare risk factors that would further assist clinicians in decreasing the
incidence of cryptogenic HCC. The review has also attempted to drive research
towards finding alternative means of diagnosing non-cirrhotic HCC early by
exploring other tumor markers like DCP as well as improve surveillance and
monitoring of these patients. Finally, the review placed special emphasis on the
management of non-cirrhotic HCC by incorporating the latest literature, which would
allow researcher to explore other potential avenues especially systematic
chemotherapy and loco-ablative techniques.

CONCLUSION
HCC in a non-cirrhotic liver is a complex disease phenomenon with risk factors,
pathogenesis, clinical features, management and prognosis that are distinct from the
cirrhotic counterpart. Even though considerable progress has been made in the
management of this entity, there is a dire need for implementation of surveillance
strategies in the patient population at risk, to decrease the disease burden at
presentation and improve the prognosis of these patients. The hope is that this review
sparks further research to close the knowledge gap and uncover answers to questions
that have puzzled experts for decades.
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Abstract
Primary sclerosing cholangitis (PSC) is a rare disease of stricturing and
destruction of the biliary tree with a complex genetic and environmental etiology.
Most patients have co-occurring inflammatory bowel disease. Children generally
present with uncomplicated disease, but undergo a variable progression to endstage liver disease. Within ten years of diagnosis, 50% of children will develop
clinical complications including 30% requiring liver transplantation.
Cholangiocarcinoma is a rare but serious complication affecting 1% of children.
Ursodeoxycholic acid and oral vancomycin therapy used widely in children as
medical therapy, and may be effective in a subset of patients. Gamma
glutamyltransferase is a potential surrogate endpoint for disease activity, with
improved survival in patients who achieve a normal value. Endoscopic
retrograde cholangiopancreatography is a necessary adjunct to medical therapy
to evaluate mass lesions or dominant strictures for malignancy, and also to
relieve biliary obstruction. Liver transplantation remains the only option for
patients who progress to end-stage liver disease. We review special
considerations for patients before and after transplant, and in patients with
inflammatory bowel disease. There is presently no published treatment algorithm
or guideline for the management of children with PSC. We review the evidence
for drug efficacy, dosing, duration of therapy, and treatment targets in PSC, and
provide a framework for endoscopic and medical management of this complex
problem.
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Core tip: This review provides an evidence-based framework for endoscopic and medical
management of children with primary sclerosing cholangitis.
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INTRODUCTION
Primary sclerosing cholangitis (PSC) is a chronic inflammatory disease characterized
by cholestasis and progressive stricturing and destruction of the intrahepatic and
extrahepatic biliary tree. PSC is rare in the general pediatric population, with an
incidence and prevalence of 0.2 and 1.5 cases per 100000 children, respectively. PSC is
common in children with inflammatory bowel disease (IBD), affecting at least 10% of
children with ulcerative colitis[1].
The etiology of PSC is complex and involves both genetic and environmental
factors. Multiple abnormalities along the “gut-liver axis” have been identified
including defects in: immune regulation, hepatobiliary protection mechanisms, bile
acid metabolism, microbiome and intestinal permeability. Patients undergo a variable
progression through hepatobiliary fibrosis, cirrhosis, and end-stage liver disease
(ESLD) with a greatly increased risk for cholangiocarcinoma (CCA). In pediatrics
most cases of PSC initially present without complications. Fewer than 5% have ESLD
or dominant biliary strictures (DS) at diagnosis. Within ten years of diagnosis, 50% of
children will develop clinical complications including 30% requiring liver
transplantation (LT)[2].
There is presently no medical therapy to delay the progression of liver disease or
the onset of clinical complications in PSC. The disease is recognized as having one the
largest unmet needs in hepatology [3] . Ursodeoxycholic acid (UDCA) and oral
vancomycin therapy (OVT) are used widely in children but the slowly progressive
nature of PSC has hindered adequately-powered clinical trials. Advanced endoscopy
plays an important role in palliation of PSC, with endoscopic retrograde
cholangiopancreatography (ERCP) often being necessary to stent and balloon dilate
biliary strictures. LT remains the only option for PSC patients with ESLD[4]. Here we
review common and emerging treatment strategies for PSC in children, and their role
in management based on recent literature.

URSODEOXYCHOLIC ACID
One aspect of PSC pathogenesis appears to be an abnormal bile acid pool [5-7] .
HydroPHOBIC bile acids may be hepatotoxic, and high concentrations present in PSC
appear to be cytotoxic within the biliary tree. PSC patients may lack an effective
“bicarbonate umbrella” buffer layer between cholangiocytes and the biliary lumen[8],
compounding this effect. UDCA is a hydroPHILIC bile acid with cytoprotective
effects that is readily absorbed orally. UDCA increases levels of hydroPHILIC bile
acids in bile[9,10] and decreases histocompatibility antigen display by hepatocytes[11].
UDCA is effective for adults with primary biliary cholangitis, another immunemediated disease targeting bile ducts[12,13]. Its role in PSC is controversial however.
Clinical trials have consistently shown that UDCA is more effective than placebo in
lowering serum alkaline phosphatase, a potential surrogate marker of disease activity
in PSC[14-18]. No benefit to patient survival in treated vs. untreated patients has been
shown however. In one trial of high-dose UDCA (25-30 mg/kg/d), outcomes were
worse in treated cases prompting early cessation to avoid patient harm[19]. Ultimately
the lack of a clear survival benefit and the potential for harm at certain doses
prompted the American Association for the Study of Liver Diseases to recommend
against the use of UDCA in PSC[20]. Controversy remains however since even the
largest trials to date have been substantially under-powered[21] which may be why
they failed to show a survival benefit. Further complicating the challenge for
clinicians, in a prospective study evaluating the effects of UDCA withdrawal from
chronically treated PSC patients, deterioration in serum liver tests occurred and
patients reported increased pruritus[22]. Experts feel there is at least some role for a six
month therapeutic trial of UDCA, with continuation of the drug in patients with a
substantial biochemical response [23] . There are no practice guidelines for PSC in
pediatrics, and UDCA is prescribed chronically in over 80% of patients with PSC[2].
The largest retrospective analysis of PSC outcomes showed that survival was
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similar in UDCA-treated and untreated children[24]. Patients who normalized their
gamma-glutamyltransferase (GGT) however (achieving a level of <50 IU/L by one
year), or reduced it from baseline by at least 75%, had improved survival compared to
patients who did not. This survival benefit was similar whether a patient normalized
GGT on UDCA treatment or spontaneously with no treatment. Untreated patients
who achieved biochemical normalization had similar survival to UDCA-treated
patients. Retrospective studies and post-hoc analyses of clinical trial data in adults
have consistently shown that patients who fully normalize serum alkaline
phosphatase (ALP) have dramatically better survival outcomes [25-29] . Even in the
clinical trial suggesting that high-dose UDCA was detrimental overall[16], the subset of
patients who normalized their ALP on treatment experienced favorable survival and
no complications[21].
While there is a ceiling on the appropriate dose of UDCA, with 25-30 mg/kg/d
demonstrating harm [30] , there is not agreement on what constitutes a minimum
effective dosage. Unpublished data from the Pediatric PSC Consortium suggest that
15 mg/kg/d is the most common dosage used in children. Doses as low as 9mg/kg/d
effectively reduced ALP and GGT in a small pediatric series[31]. In a randomized trial
comparing three doses of UDCA, patients in a “low dose” 10 mg/kg UDCA group
experienced statistically significant reduction in ALP and GGT over two years, similar
to the response seen in the “standard” 20 mg/kg and “high” 30mg/kg dose
groupings. With capsule strength limitations, the actual dose received in the “low
dose” group was 7.4-13.2 mg/kg/d[15]. A just-completed, NIH-funded pediatric study
of UDCA withdrawal showed that liver biochemistry was normal in patients entering
the study at 13mg/kg/d of UDCA or greater. A randomized-controlled trial of UDCA
at doses of 13-15mg/kg/d showed significant reduction in ALP and aspartate
aminotransferase over one year [14] . It appears that any UDCA doses as low as 7
mg/kg/d may be reasonable with the most data supportive of approximately 1323mg/kg/d.
PSC patients are heterogeneous, and differences between patients who do or do not
normalize biochemistry on UDCA are presently unknown. There are likely several
factors: Earlier disease stage (before DS or extensive hepatic fibrosis have set in for
instance), genotypic or phenotypic differences, or the presence of specific changes in a
patient’s microbiome or bile acid pool that are amenable to UDCA therapy in some
but not all patients. Regardless, there are clearly patients who are responsive to
UDCA, and it seems reasonable and safe to attempt a treatment trial at low or
medium doses (approximately 15-25 mg/kg/d). In our experience, the maximal effect
of UDCA on serum biochemistry is achieved within 8-12 wk, often sooner. This seems
a reasonable length of time to try UDCA therapy. Long-term therapy should be
reserved for those who show a dramatic biochemical response and normalization of
GGT, or for rare children with substantial pruritus that resolves with treatment.
Approximately one third of children with PSC will normalize their serum
biochemistry spontaneously. This is especially true in patients who were
asymptomatic and identified only via screening bloodwork. These patients appear to
undergo such changes frequently, possibly due to presence of an earlier stage of the
disease where the inflammatory process waxes and wanes. Sorting out which UDCAresponders truly require lifelong therapy is difficult. The rate of disease progression in
pediatrics, regardless of treatment with UDCA or not, is low and thus there is little
urgency to initiate UDCA immediately nor is there a necessity to continue the
medicine indefinitely. Patients can reasonably wait for two serial GGT values > 50,
separated by 2-3 mo before initiating therapy, to reduce the incidence of treatment for
highly fluctuating enzymes that spontaneously normalize. A recent clinical trial
evaluated UDCA withdrawal from children with PSC who had been on chronic
therapy with normal biochemistry. Upon complete withdrawal of the medication for
12 wk, 15/22 patients (68%) did not have a flare (GGT > 100) including 7/22 (32%)
who maintained GGT < 29[32]. To prevent unnecessary chronic medication use, it is
reasonable to attempt therapeutic withdrawal with regular monitoring of serum
biochemistry to ensure each child truly needs chronic UDCA.

ORAL VANCOMYCIN THERAPY
The gut microbiome has been implicated in PSC pathogenesis[33-37]. The interaction
between host immunity and dysbiosis remains poorly understood however. PSC
patients are known to have reduced bacterial diversity and microbiome profiles that
are distinct from healthy controls and from patients with isolated IBD. Enterococcus,
Fusobacterium and Lactobacillus species are over-represented in the stool of PSC
patients. An operational taxonomic unit of the Enterococcus genus was associated
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with elevated serum ALP levels, a disease severity marker in adult patients[38]. Even
the oral microbiome is abnormal in PSC, with dysbiosis shown in the saliva [39] .
Because of this, several antimicrobial agents have been used and studied in the
treatment of PSC including rifaximin [ 4 0 ] , tetracycline [ 4 1 ] , minocycline [ 4 2 ] and
metronidazole[43,44], with mixed results. OVT has gained the most traction in pediatric
PSC on the basis of positive effects noted in a small, uncontrolled case series of 14
patients[45]. We approach OVT for PSC with hope, based on many promising (but
unpublished) personal anecdotes from patient and clinicians, and also caution, given
the paucity of published data and lack of any large, controlled clinical trials.
Vancomycin works against gram positive bacteria by inhibiting cross-linking of cell
wall substrates. When given orally, the drug has minimal systemic absorption[46].
While the drug is potent against clostridium difficile and other gram positive
organisms within the gastrointestinal tract, vancomycin may also function as an
immunomodulator. OVT use in children with PSC was shown to increase
transforming growth factor beta levels and peripheral T-regulatory cell counts[47]. OVT
is presently used in at least 7% of patients with PSC. Practice patterns at different
centers vary widely. Most commonly OVT is reserved for select patients with
persistently elevated biochemical markers who failed trials of UDCA. At some centers
however, OVT is used as primary therapy in virtually all new PSC patients, regardless
of biochemical markers[48]. There is immense interest in this therapy amongst the
patients, parents, and medical providers. Damman et al[4] provided an excellent review
of the promising but small body of published evidence that OVT may be an effective
therapy for PSC. Two randomized pilot trials in adults showed efficacy in reducing
serum markers of cholestasis over 12 wk in patients receiving 125mg or 250mg four
times daily[44,49]. Metronidazole was also effective for most endpoints however, and a
placebo response was seen for virtually all markers of cholestasis.
Pediatric data is limited to two small case series, published from the same group.
Each contains 14 pediatric PSC patients, six of whom were described in both
series[45,47]. Vancomycin was administered at 50 mg/kg/d (maximum 1500 mg daily),
divided into three doses. In the original publication, after 1-2 mo of therapy, all
patients had lower GGT: 9/14 (64%) normalized GGT to 50 or below but 5/14 (36%)
did not, including all four patients noted to be cirrhotic before treatment. Bilirubin, an
important marker of long-term prognosis even when mildly elevated [2] , was not
improved in any patient[45]. GGT increased when OVT was stopped, and decreased
again once OVT was resumed. In the second series, highly subjective and nonspecific
improvements were noted in histology and/or cholangiography in all patients after at
least 3 mo of therapy. In patients with PSC-IBD, transforming growth factor beta
levels increased, and subsets of T regulatory white blood cells increased on OVT[47].
Most patients were treated continuously and indefinitely. No patients were described
to develop ESLD or DS. Mean follow-up time was short at less than a year and a half
however. The vast majority of children will not experience liver complications within
that timeframe, regardless of therapy. In a large cohort of children with PSC, only 6%
of patients progressed to ESLD or DS within one and a half years, while 94% did not[2],
making it difficult to infer any relative causality of OVT preventing adverse liver
outcomes in these combined series of 22 unique patients.
OVT is a promising potential therapy for PSC, but more data is needed. Important
questions remain as to the optimal dose, its efficacy in different stages of hepatic and
biliary fibrosis, its efficacy in patients with or without IBD, and whether it should be
used as primary or as salvage therapy. Although vancomycin-resistant enterococcus
(VRE) has not yet been described in PSC patients with history of chronic OVT
exposure, it is unclear how much surveillance testing has been done. It seems
inevitable that VRE may become a problem with more widespread, long-term use.
Many of these questions will be addressed in a multicenter, randomized-controlled
trial that is presently being planned in children. Until more data is available, we
recommend somewhat judicious use of the drug, limiting OVT to non-cirrhotic PSC
patients who failed an 8-12 wk trial of UDCA, with persistently elevated GGT. Based
on the case series and anecdotal data, patients will respond within 8-12 wk, often
sooner. Those patients who experience a brisk reduction and ultimate normalization
of GGT within this time period can be considered for longer-term therapy with at
least semi-annual evaluation for vancomycin-resistant enterococcus. The length of
safe treatment with OVT is presently undefined, and providers should approach this
on a case-by-case basis with patients and families. OVT is not a panacea. In cases
where serum biochemistry does not respond to OVT within 12 wk, we recommend
cessation of the drug. Patients in this category may well be cirrhotic. Careful
monitoring for the sequelae of ESLD is necessary, and pre-transplant workup should
begin in patients with portal hypertension.
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MANAGEMENT OF IBD AND THE ROLE OF
IMMUNOSUPPRESSION FOR PSC
Most children with PSC have IBD[2,50]. The two disorders share pathophysiologic
mechanisms along the “gut-liver axis”[51]. The hypothesized pathogenic mechanism
for PSC include an inappropriate and dysregulated immune response in genetically
susceptible individuals[52-54], defects in the normal mechanisms that protect the liver
from the toxicity of bile acids[5-7], a pathogenic distortion in the fecal microbiome
leading to the accumulation of toxic bile acid species and a subsequent inappropriate
inflammatory response[33-37], migration of gut-activated mucosal lymphocytes to the
liver[55], disruption of the intestinal epithelial barrier due to inflammation[56-58], and an
inappropriate inflammatory response to bacterial products and toxic bile acids
delivered to the liver through the inflamed gut via the portal vein[59-61].
It is unknown whether treating a patient’s IBD and inducing a sustained
endoscopic remission also treats the patient’s PSC. There are no prospective
assessments of whether patients with PSC-IBD in sustained endoscopic or histologic
IBD remission have improvement in liver biochemistry, imaging or histopathology. A
PSC-IBD phenotype, independent of the IBD disease activity, tends to impart a
favorable long-term prognosis of ductular disease. Children with PSC-IBD are nearly
half as likely to experience a liver complication in follow-up compared to those with
PSC alone [2] . Likewise, when PSC occurs concomitantly with IBD, the intestinal
disease course is generally milder than in patients with IBD without PSC[62]. Presently
it is not understood why when both diseases co-occur they tend to behave more
mildly than when either is present individually. Over time PSC and IBD activity tend
to wax and wane independently from one another [ 5 1 ] . Liver biochemistry
abnormalities are not correlated with IBD activity in general, whether from PSC or
another source[63]. Fecal calprotectin and GGT measurements over time were not
correlated in children [64] , and the severity of ductular disease was not strongly
associated with the severity of colitis in adults[65]. Patients who underwent colectomy
prior to a PSC diagnosis had a better liver prognosis however[66], implying at least
some aspect of colonic disease that drives biliary disease. Longer duration of IBD,
even after colectomy, was associated with a greater risk of CCA[67]. Even after LT for
PSC on aggressive immunosuppression, exacerbation of existing IBD is common[68,69].
One quarter of patients without known IBD before transplant for PSC will develop it
de-novo after transplant[70].
Immunosuppressive and biologic medications, independent of their effect on
concomitant IBD or Autoimmune hepatitis (AIH), have not shown a benefit for PSC.
Small pilot trials have been performed in adult PSC patients with a variety of agents
including: Prednisone [71] , budesonide [72,73] , methotrexate [74,75] , mycophenolate
mofetil[76,77], tacrolimus[78], infliximab[79], and etanercept[80], with none demonstrating
particular efficacy. When biologic agents are used to treat IBD in PSC-IBD patients,
there is no benefit to the liver. Aspartate aminotransferase, alanine aminotransferase,
bilirubin, elastography and cholangiography were not improved on adalimumab,
infliximab or vedolizumab in PSC-IBD patients[55,81]. Of note, IBD patients without
known PSC who were treated with vedolizumab were more likely to develop PSC
than those treated with anti-tumor necrosis factor agents, an effect that was
particularly pronounced in those with a Crohn disease phenotype[82]. Pediatric studies
of immunosuppression for PSC are limited, but also show a lack of efficacy.
Azathioprine and prednisone in a prospective study of children with PSC-AIH
overlap failed to halt progression of ductular disease[83]. Separate data suggest that
PSC-IBD patients may be less-tolerant of azathioprine, with a higher rate of adverse
hepatobiliary or pancreatic reactions[84]. Retrospective data show infliximab is not
helpful for PSC in children with PSC-IBD[85]. PSC and PSC-AIH patients have similar
long-term survival despite most of the latter group receiving systemic
immunosuppression[2].
Ultimately the IBD in PSC-IBD should be treated to a goal of deep remission per
standards in that field, to prevent bowel surgery and colorectal malignancy.
Treatment of IBD does not consistently improve PSC however. Clinicians should be
aware that PSC-IBD patients are at risk of subclinical endoscopic and histologic
disease activity, even when symptom free and even after colectomy[86,87]. PSC-IBD
patients have an approximately four times greater risk of colorectal cancers compared
to patients with IBD alone[88]. While rarely seen in children with IBD in general, the
increased risk likely applies to pediatric patients as well. In the absence of formal
screening guidelines, annual or biannual surveillance colonoscopy seems warranted,
especially in teenage patients or those with several years of active colonic disease.
Fluorescein-enhanced, probe-based confocal laser endomicroscopy (pCLE) and
chromoendoscopy to obtain targeted biopsies from areas suspicious for dysplasia
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were far superior to sequential random biopsies using routine screening endoscopy.
In one study of screening endoscopy in adults with PSC-IBD, 90% of dysplastic
biopsies were discovered on pCLE vs only 10% randomly[89]. Pediatric providers are
far less experienced than their adult counterparts in colonoscopic screening for
dysplasia and polyps, and most have no knowledge of pCLE and chromoendoscopy.
We recommend collaboration with adult endoscopists for cancer screening when
possible, particularly at critical points in care such as prior to LT.

NEW MEDICAL THERAPIES AND FUTURE DIRECTIONS
Not all patients respond to UDCA or OVT, but new therapies are constantly under
investigation. The future seems bright for children and families dealing with PSC.
After no large clinical trials in pediatric PSC for decades, three different multicenter
clinical trials enrolling pediatric patients are in the late stages of planning for OVT a
combination agent HTD1801, and sulfasalazine. There are several active areas of
investigation in the field with promising clinical data from adults with PSC.
Norursodeoxycholic acid is a synthetic homologue of UDCA which may enhance the
protective bicarbonate buffer between cholangiocytes and bile acids in the biliary
lumen. A dose-dependent improvement in ALP and GGT was seen in a 12-wk phase 2
adult multicenter trial with a good safety profile[7], and a phase III trial is ongoing.
Obeticholic acid is an activator of the farnesoid X receptor, central to bile acid
metabolism and homeostasis, currently approved to treat adults with primary biliary
cholangitis[90]. A phase II trial of obeticholic acid is underway in adults with PSC.
Inhibition of bile acid reuptake in the ileum is also being explored as a therapeutic
mechanism[91].
Since PSC has a multifactorial etiology, the possibility of combination therapy with
multiple agents has been explored. A combination of all-trans retinoic acid, an
inhibitor of bile acid synthesis previously shown to have some benefit in adults with
PSC[92], with the anti-inflammatory chemokine receptor antagonist cenicriviroc shown
to have benefit in non-alcoholic steatohepatitis[93], demonstrated synergy in treating an
animal model of cholestasis[94]. When metronidazole[43] or all-trans retinoic acid[92] were
combined with UDCA, biochemical improvements were demonstrated compared to
UDCA alone. Personalized medicine with combination therapy tailored to an
individual patient’s microbiome, metabolome, bile acid pool and genome may be the
future of PSC therapy.

ENDOSCOPIC THERAPY
Close collaboration with an advanced endoscopist, skilled in ERCP is necessary when
managing children with PSC. While once used as a diagnostic tool to visualize the
focal stricturing and saccular dilation of bile ducts that produce the classic “beaded”
appearance of PSC, advancements in magnetic resonance cholangiopancreatography
have largely replaced its role in initial PSC diagnosis. ERCP is now mainly a tool to
relieve biliary obstruction related to strictures, and to obtain tissue or brushings when
CCA is suspected.
The first successful ERCP in a 3.5-mo old child utilizing an adult duodenoscope
was reported in 1976[95]. Since then, multiple studies have demonstrated the feasibility,
safety and utility of ERCP in the pediatric population with reported success and
complication rates comparable to those quoted in the adult literature[96-100]. Pediatric
expertise with ERCP is limited however. Pediatric-trained advanced endoscopists are
currently practicing at very few institutions in the world, thus necessitating close
collaboration with adult GI colleagues for most providers. To ensure optimal care for
pediatric patients in adult medical centers it is necessary to establish these
relationships in advance of when a PSC patient needs a procedure. Teams should
establish protocols to ensure safe sedation of children in an adult hospital, to ensure
insurance coverage for patients, and to plan for transportation of patients to and from
procedures.
Pediatric and adult patients undergoing ERCP for PSC are at significantly higher
risk than the normal population for post-ERCP bacterial cholangitis. Cholangitis in
these patients may be life threatening. Prophylactic antibiotics per the American
College of Gastroenterology PSC guidelines show antibiotic therapy as a rationale
precaution to prevent post-ERCP cholangitis although this is a conditional
recommendation based on low quality of evidence. Typically pre-operative antibiotics
will be started and followed by a 3-5 d course using either a quinolone or
cephalosporin, although to date no prospective studies have determined the best
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antibiotic regimen[101].
The main role of ERCP is dealing with DS which is defined in adult patients as a
common bile duct measuring < 1.5 mm in diameter at is most narrow site or a hepatic
duct measuring less than < 1.0 mm in diameter[102]. There is no standard definition of
DS in pediatrics, though these definitions are likely applicable to all but the smallest
children. For most patients with DS, endoscopic intervention can relieve the
cholangitis and associated pruritus. Balloon dilation and deployment of intraductal
stents are two available options, with balloon dilation generally favored. Balloon
dilation of DS has been shown to prolong development of ESLD in adult PSC
patients[103]. A recent European multicenter randomized trial (DILSTENT) compared
balloon dilation vs stenting for DS and found that short-term stenting was not
superior to balloon dilation. In addition, stenting was associated with far more
frequent treatment-related serious adverse events including: post ERCP pancreatitis,
cholangitis and cholecystitis[104,105]. Routine stenting is not currently recommended.
Many patients require multiple repeated ERCP sessions to achieve stricture palliation.
ERCP is the key tool for diagnosis of CCA. Of adult PSC patients with DS, 26%
ultimately developed CCA[19]. CCA is far rarer in children than in adults with PSC. It
developed in fewer than 1% of children in a large series, who were all over age 15
with large duct involvement[2]. CCA should be considered in all PSC patients with a
DS. The typical presenting symptoms of CCA are due to obstruction of the biliary tree
including worsening jaundice, pruritus, clay colored stool, and dark urine.
Unexplained chronic abdominal pain and weight loss in a child with PSC, even in the
absence of jaundice, should prompt evaluation as well. In a small case series, 2 of 4
teenage male patients with CCA had pulmonary metastasis at the time of diagnosis,
raising the possibility of a more rapidly progressive phenotype in children[106]. In adult
patients with PSC, screening liver ultrasound and serum CA 19-9 are recommended
every 6-12 mo[20]. These recommendations can reasonably be applied to children over
aged 15, with abnormalities being referred to ERCP.
The ability to diagnose CCA with ERCP is limited. Endoscopic techniques
commonly used to detect malignancy with DS include brushings for cytology,
fluorescence in situ hybridization (FISH) and biopsies for pathology. The specificities
of these tests are very high, however even when combined, the sensitivities approach
only 60% thus having a low negative predictive value and making them inadequate as
a sole means to exclude CCA[107,108]. Cholangioscopy is being increasingly utilized to
directly visualize the ductal lumen and target biopsies to areas of irregular mucosa,
increasing yield over blind sampling [ 1 0 9 ] . Combining cytology, FISH and
cholangioscopy raises the sensitivity and specificity of ERCP for CCA to more than
90%[102,108].

MANAGEMENT OF PRURITUS
Although relatively common in adult PSC patients, pruritus is rare in children.
Chronic pruritus was noted in only 4/120 (3%) children in a large single-center
series[50]. In patients with ESLD from PSC with severe biliary stricturing present, the
associated pruritus can impair sleep and have a major impact on quality of life.
Intractable pruritus can be an indication for LT. The etiology of pruritus among
cholestatic liver disease, including PSC, is not well understood. The accumulation of
bile acids, increased endogenous opioid production, and elevations in
lysophosphatidic acid levels, are some of the better-understood mechanisms for the
development of pruritus. Data on currently available medications for pruritus is
largely anecdotal, and each of several options is effective for only a proportion of
patients.
Among patients with PSC presenting with pruritus, initial evaluation for the
presence of a DS should be pursued. Endoscopic treatment may be necessary before
the use of medical therapy. Formal treatment guidelines for medical therapy of
pruritus in adult PSC have recommended bile acid sequestrants, antibiotics such as
rifampin, opioid antagonists including naloxone, and selective serotonin reuptake
inhibitors such as sertraline, though the strength of evidence for many of these
therapies is lacking[20]. Limited case reports have reported mixed results with the use
of probiotics[110], ondansetron[111], dronabinol[112], phototherapy, plasmapheresis and
dialysis[113]. UDCA has a role in pruritus management as previously mentioned[23], but
not all patients respond. Treatment is tailored to the individual patient, often
requiring multiple trials of different agents to achieve control of symptoms.
Recently, two European groups have shown significant improvement in pruritus
with bezafibrate in patients with PBC who were poor responders to UDCA[114,115]. The
FITCH study (http://www.clinicaltrials.gov, NCT02701166) is an ongoing phase 3,
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multicenter, double-blind, randomized placebo-controlled trial to evaluate the effect
of bezafibrate among those with primary biliary cholangitis or primary/secondary
sclerosing cholangitis. Studies of maralixibat (http://www.clinicaltrials.gov,
NCT02061540) and curcumin (http://www.clinicaltrials.gov, NCT02978339) are
active as well.

TREATMENT TARGETS AND ENDPOINTS
The validation of biomarkers as surrogate endpoints is needed in pediatric PSC.
Presently there is no accepted surrogate endpoint that reliably predicts clinical
outcomes in PSC. There is no formal agreement on which biochemical, radiographic
or histologic markers represent the best way to prove remission or stratify a patient as
“low-risk” or “high-risk” for progression to liver outcomes. Validation of a surrogate
marker of disease activity is critical for clinical trial design as well. Since PSC
progresses slowly, over years or even decades, it is preferable to power a large clinical
trial to show normalization of a biomarker over six months, rather than a reduction in
clinical events over 5-10 years.
In 2014, the International Primary Sclerosing Cholangitis Study Group initiated a
Delphi process to identify candidate surrogate endpoints. ALP, vibration controlled
transient elastography (VCTE), liver histology, ALP and liver histology in
combination, and serum total bilirubin were chosen for future study and
validation[116]. Childhood-onset PSC was not specifically considered in this Delphi
process however, and ALP is not a useful biomarker for pediatric liver disease.
Normal ALP varies widely in children and adolescents. Values of over 500 IU/L are
normal in boys and girls aged 12-13 due to rapid growth and bone turnover[117,118], and
values in the thousands are normal in young children with benign transient
hyperphosphatasemia[119]. Measurement of liver-specific isozyme levels of ALP is not
routine in clinical practice. GGT levels are instead measured routinely in pediatric
clinical practice. GGT has no source from bone, which avoids the confounding effect
of skeletal growth seen with ALP.
There is increasing evidence of the utility of GGT as a candidate surrogate endpoint
in pediatric PSC. GGT at diagnosis of PSC in children correlates with long-term
outcomes, but ALP does not[2]. GGT response paralleled other markers including ALP
in a clinical trial of norursodeoxycholic acid[7]. GGT reduction at one-year predicted
long-term outcome in pediatric PSC[24]. ALP and GGT elevation in PSC represent a
similar phenomenon of cholestasis and relative biliary obstruction and inflammation.
As described earlier, when ALP normalizes in adults with PSC, prognosis is
excellent[21]. GGT normalization thus seems to be the most practical treatment target
for children. The larger the reduction in GGT better the overall prognosis, with a >
75% reduction representing the best response. Patients who normalize GGT to less
than 50 IU/L have the best prognosis overall[24]. More research is needed to determine
the optimal GGT response in a shorter timeframe. In practice, clinical experience
suggests that an optimal GGT response is seen within 8-12 wk, with patients reaching
a nadir of potential GGT at that point, with little to no further improvement with
ongoing therapy.
Serum bilirubin has prognostic utility in pediatric PSC[2], but the prevalence of DS
and marked elevations of bilirubin in children is low, making it a less useful
biomarker to monitor treatment when compared to adults. Not enough is known
about VCTE in pediatric liver diseases to support its use in monitoring treatment.
While VTCE measurements likely improve when a patient responds to a particular
therapy, the time course of a measureable effect is presently unknown. Similarly,
histopathology may be useful to follow relative fibrosis and inflammation over time,
but liver biopsy is invasive, and the time course of improvement on a therapy is
unknown. Several other biomarkers correlate with PSC prognosis when done at the
time of diagnosis in adults. The enhanced liver fibrosis score is a noninvasive
measurement of three serum byproducts of hepatic fibrogenesis. In PSC, enhanced
liver fibrosis score at diagnosis is a strong predictor of prognosis[120]. This tool is not
widely available clinically and there are not yet data in children. MRI elastography
and MRI cholangiography are areas of active research in pediatric PSC[121], and may
serve as an additional study to prove “deep remission” of the biliary tree on therapy
when done at diagnosis and repeated 1-2 years later.

LIVER TRANSPLANTATION
LT is the only effective therapy for PSC that has progressed to cirrhosis with end stage
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liver disease. PSC is one of the leading indications for LT, accounting for 5% of all LT
in the United States[122]. Outcomes after transplantation for PSC are favorable and
comparable to other pediatric liver disorders with >90% patient and graft survival at 5
years[123,124].
Complications of portal hypertension and end stage liver disease such as:
Recurring variceal bleeding, abdominal ascites, bacterial peritonitis and hepatic
encephalopathy are the most common clinical reason to consider LT transplantation
for PSC. The Model for End Stage Liver Disease (MELD) score is a useful prognostic
marker in PSC. Similar to other liver diseases, pediatric PSC patients who meet
minimal listing criteria should benefit from LT. Unfortunately, many children with
PSC are more ill than their MELD score reflects. Chronic pruritus can be particularly
intractable and debilitating in ESLD from PSC which negatively impacts quality of life
and school performance. Within the United States organ allocation system,
hepatologists may need to appeal to regional review boards for additional allocation
priority beyond a patient’s MELD score in such cases. Adolescent patients with PSC
frequently experience much longer wait times pre-LT compared to other pediatric
liver conditions. Long wait times are one reason patients with PSC are more likely to
receive living related donation LT [125] . Preliminary data from the pediatric PSC
consortium suggests transplant evaluation be undertaken for adolescent patients with
MELD >10 given need for transplant in the next 1-2 years[126]. A MELD >20 has shown
significantly decreased short-term survival after LT[127] in a retrospective study. This
was most likely due to the patient becoming more ill pre-LT or the MELD score
poorly reflecting the actual disease severity. For these reasons, early LT evaluation
and referral after developing complications of cirrhosis such as esophageal varices is
warranted, even if the MELD score does not appear excessively elevated.
Hepatobiliary cancer is an uncommon indication for LT in children, but these cases
do occur. Approximately 1% of pediatric-onset PSC patients will develop CCA,
primarily in teenage males. Neoadjuvant chemoradiation followed by LT offers
favorable outcomes for select patients[128], possibly better than outcomes achieved with
primary surgical resection without transplantation. There were no confirmed cases of
hepatocellular carcinoma in a large cohort of pediatric PSC patients[2], but theoretically
this risk exists with any chronic liver disease. Consultation with a referral center
experienced in LT for hepatobiliary cancers is strongly recommended to assist with
surgical planning, prior to undergoing any resection operation locally.
LT in PSC has unique perioperative considerations. Many patients have recurring
bouts of bacterial cholangitis prior to transplant, with repeated or chronic exposures
to broad spectrum antibiotics. Multidrug resistant organisms are of particular
concern. Additionally, due to high rates of co-existing IBD and autoimmune hepatitis
in children with PSC, many patients enter transplantation on immunosuppressive
medications creating additional risk for opportunistic and atypical infections. With
increasing use of OVT for PSC in children, care should be taken to screen patients for
VRE. Infectious disease consultation is recommended to determine optimal
perioperative antimicrobial prophylaxis.
Management of IBD surrounding LT for PSC is complex. No immunosuppression
protocol has proven to be the most effective at controlling IBD pre-LT and accepted
IBD management is most commonly recommended. Similarly, choice of
immunosuppression regimen post-LT is complex. No single regimen is more effective.
Cyclosporine and azathioprine were noted to have protective effects for IBD post-LT
for PSC, whereas mycophenolate and tacrolimus were detrimental [ 1 2 9 ] .
Aminosalicylates may provide a protective benefit from IBD recurrence. Nevertheless,
despite significant immunosuppression post-LT, > 50% of patients will have active
IBD disease warranting additional therapy[130]. Furthermore, no consensus exists
regarding optimal timing of colectomy related to LT. While data suggests colectomy
pre-LT may prevent PSC recurrence, adequate data to suggest routine colectomy in all
patients does not exist[131]. Timing of colectomy should be personalized with factors
such as severity of portal hypertension and severity of underlying IBD taken into
consideration. The presence of dysplastic lesions in the colon is an absolute indication
for colectomy prior to LT.
Transplantation can occur with deceased and living donors with similar success.
Some data suggest living-related donation may offer superior survival[132]. This may
be related to shorter wait-times and being less ill at the time of transplant, or because
of immunologic similarities and lower rates of PSC recurrence. Roux-en-Y
choledochojejunostomy and duct-to-duct biliary anastomosis showed similar one-year
patient and graft survival in a meta-analysis[133]. PSC patients have an increased risk of
vascular thrombosis after LT[134] and require careful postoperative observation and
anticoagulant prophylaxis.
PSC frequently reoccurs (rPSC) in the transplanted liver. rPSC is diagnosed when
PSC-like ductal lesions and cholestasis occur six months or more after transplant. Care
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must be taken to exclude ductular lesions from vascular complications (hepatic artery
stenosis or thrombosis), anastomotic biliary strictures, and CMV infections. rPSC
occurs in 16% of adult transplant patients at a median of 6-years[135]. In children, the
five-year recurrence risk after LT for PSC is 23%. Graft survival after recurrence is
poor: 53% after five years[136]. The underlying etiology is unknown, but associated risk
factors include younger age at PSC diagnosis and/or transplant, the coexistence of
IBD, and thymoglobulin induction [137] . One study demonstrated rituximab may
prevent disease recurrence, including with ABO-incompatible LT donation [138] .
Prevention of rPSC requires ongoing study as factors such as colectomy (noted above)
and the optimal induction and maintenance immunosuppressive regimens.
After LT, rates of colorectal carcinoma are particularly high[139]. Colorectal cancers
occur in nearly 20% of all transplant recipients during follow-up. LT patients with IBD
need annual endoscopic surveillance for colorectal cancer.

CONCLUSION
There are presently no specific guidelines for the treatment of children with PSC. Data
is limited and much work needs to be done to identify a consistently effective therapy
and to define the best surrogate biomarkers for treatment response. At least some
patients respond to UDCA or OVT, and the vast majority of children with PSC
already try one or both of these therapies. In an effort to offer providers and patients a
framework for a standardized approach to treatment we suggest the following
evidence-based treatment algorithm, detailed in Figure 1, to be updated as more data
becomes available in the coming years.
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Figure 1

Figure 1 Endoscopic and medical management algorithm for pediatric primary sclerosing cholangitis.1consider CA 19-9 and abdominal ultrasound every 6-12
mo for all patients over 15 and surveillance colonoscopy every 1-2 yr for patients with primary sclerosing cholangitis-inflammatory bowel disease.
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Abstract
Slaughterhouse workers (SHW) are at increased risk of hepatitis which can occur
due to different organisms and should be investigated for viral, bacterial, and
parasitic organisms. Slaughter house personnel including butchers are at a higher
risk of infections from cuts and blood-letting, with the possible risk of the
transmission of blood-borne pathogens to their colleagues. The objective of this
review is to evaluate the common etiologies of hepatitis in SHW which will assist
in the assessment of these patients presenting with transaminitis. Types of
Microorganisms causing hepatitis with their reservoirs, routes of transmission,
laboratory diagnosis, clinical features, treatment options and preventive
strategies are included in this review. Proper investigation and awareness is of
utmost importance as it causes significant financial constraints derived from
workers health cost and from livestock production losses when the disease is
confirmed. The work up is essential because infected workers might be a source
of infections to other colleagues, family and the consumers.
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Core tip: Butchers and other personnel of slaughterhouse belong to a high-risk
occupation and are at increased risk of transmissible diseases. This group of patients
presenting to the healthcare providers with hepatitis require extensive work up to find the
causative agent. In this review article, we have searched a list of organisms associated
with hepatitis in slaughterhouse workers. We have also proposed an algorithm for the
evaluation and management of hepatitis in these workers. It is critical to work up
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hepatitis in these infective patients because they might be a source of transmissible
diseases to their colleagues, family members and consumers.
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INTRODUCTION
Slaughterhouse workers (SHW) are at a higher risk of infectious hepatitis that can be
multifactorial and should be evaluated for viral, bacterial, and parasitic organisms.
Viral infections are commonly sustained by certain reservoirs e.g., the hepatitis B virus
(HBV) has been found in gorillas, monkeys and cattle[1,2]. Slaughter house personnel
including butchers are at a higher risk of infections from cuts and blood-letting, with
the possible risk of the transmission of blood-borne pathogens to their colleagues[2,3].
The objective of this review is to evaluate the common etiologies of hepatitis in
SHW that will be helpful for the assessment of the patients coming with hepatitis. It
causes significant financial constraints derived from workers health cost and from
livestock production losses if the disease is confirmed. This is also certainly important,
as, the infected workers might be a source of infections to other colleagues, family,
and the consumers.

COMMON ETIOLOGIES OF HEPATITIS IN SHW
Viral infections
HBV: Several cases of HBV infection have been reported in the SHW. This not only
affects their colleagues but also their families[4]. HBV can be transmitted parenterally,
perinatally, sexually, and horizontally. Horizontal transmission occurs via open
wounds and by saliva, which is an important concern for the SHW as studies have
reported infection in the SHW via this transmission[5].
SHW is also a high-risk group for HBV infections like the surgeons and blood
donors etc. Many studies have compared rates of HBV infection among the high-risk
groups, including the SHW, in the hospital and community based locations and found
that HBV infection was quite higher in the community than reported in the hospital
cases[6]. Butchers are exposed to the public during encounters of sale; also, infection of
the cattle from the SHW is a concern, which can affect the community. SHW should
be considered high-risk population for HBV infection, like health care workers and be
recommended HBV vaccination[3]. A recent update by American Association for the
Study of Liver Diseases in regard to the high-risk who should be screened for HBV
infection , identifies the slaughter house workers at risk , in view of the blood or the
body fluid exposure and requires post-exposure prophylaxis[7].
Hepatitis E virus (HEV): HEV infection in humans is usually rare in developed
countries but is more frequent in many developing countries[8,9]. Majority of HEV
infections are unremarkable and self-limiting but can lead to acute liver failure in
immunosuppressed patients[10,11].
HEV is reported in the wild boar, camels, cows and goats. In addition to the fecaloral route, consumption of contaminated water, raw or undercooked animal tissues or
organs such as liver can be a source of HEV infection[12-14].
Rift Valley fever virus (RVF): RVF virus is an RNA virus responsible for causing
significant illness both in humans and animals [ 1 5 ] . Mostly the patients are
asymptomatic or have mild flu like disease, but small percentages of patients develop
a life-threatening illness with ocular disease, hepatitis, encephalitis or hemorrhagic
fever[16,17].
Humans are mostly affected by having contact with the blood and the fluids of the
animals infected with RVF virus during slaughtering, taking care of sick animals or
during the animal birth. Therefore, SHW and cattlemen are at an increased for the
infection due to direct exposure to the infected animals[18,19].
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Bacterial infections
Q fever: Q fever is a zoonotic disease caused by the bacterium, Coxiella burnetii. The
disease was first seen in Australia among the meat packers and mentioned as
“abattoir fever”[20]. The organism has extensive and worldwide reservoir, mostly
ungulates, can be transmitted in the urine, feces, milk and parturition products of
infected animals [21] . Humans dealing with animals are mostly infected after the
inhalation of contaminated aerosols in the air[22].
The disease may present acutely with a wide range of symptoms like fever,
pneumonia, hepatitis and different neurologic manifestations ranging from simple
headache to meningitis, encephalitis or both. Chronic disease can manifest later, after
an initial infection, as endocarditis, or chronic fatigue syndrome[21,23]. Many outbreaks
have been reported in the different parts of the world. Wilson et al[24] investigated the
largest outbreak of Q fever in Scotland reporting about 110 cases, which occurred in
the setting of the co-located slaughterhouse. In Korea, Chu et al[25] also reported the
seroconversion of about 10.2% among SHW for Q fever. In their research, the critical
risk factor was the contact with cattle blood especially around the mouth. Esmaeili et
al[26] found a higher seroprevalence among butchers and SHW in Iran in a large crosssectional study. The total seroprevalence of Q fever among subjects in the study was
22.5%.
Salmonellosis: Typhoid fever, a common infectious disease, typically manifests as
acute systemic disease involving multiple body organs, and difficult to distinguish
clinically from other infections. The liver can also be affected resulting in
hepatomegaly and transaminitis. Although, acute hepatitis due to salmonellosis is a
rare entity, delay in the treatment leads to increase mortality[27]. This is a very common
foodborne illness and associated with contaminated poultry meat and pork [28] .
Multiple studies through the world have evaluated the risks factors causing the
transmission of salmonella to the humans[29,30]. SHW dealing with the poultry directly
are at a higher risk for getting infected.
Campylobacter jejuni:Campylobacter jejuni, a gram-negative bacterium, is responsible
for causing a major food borne gastroenteritis in humans[31]. It also causes a variety of
extra-intestinal manifestations including meningitis, hepatitis, gram negative
bacteremia and cardiac complications [32] . The common mode of transmission to
humans include eating and handling of contaminated poultry[33]. Broiler flocks are
infected in the poultry houses. Many studies have discussed factors responsible for
the infection of the broiler flocks[34-36].
Leptospirosis: Leptospirosis is a zoonotic disease caused by spirochetes belonging to
the genus Leptospira. Different domestic animals host this bacterium and include
cattle, pigs, and sheep[37]. Humans are infected through the broken skin or exposure to
contaminated water and soil from infected urine of animals[38]. SHW are increasingly
exposed to Leptospira species and have noted to have the higher seroprevalence
values twice those of other non-risk occupations[39,40]. The identified factors leading to
increasing prevalence in SHW are smoking, drinking at work, and poor hygiene at
work[38,41]. Most of the infected cases are mild but more severe clinical spectrum of
leptospirosis include hepatitis, and Weil’s disease with renal failure and jaundice[42].
Esmaeilli et al did a serological survey of leptospirosis among different population
groups in Iran. The major risk factors associated with higher prevalence included
eating hare meat and exposure to dead animals[43].
Bovine tuberculosis: Although, an uncommon cause of hepatitis in slaughter
workers, Mycobacterium bovis (M. Bovis) is transmitted from animals to humans, either
through the ingestion of animal products or through the airborne inhalation of
spores[44]. Both domestic and domesticated animals are infested by M. Bovis and
include cattle, sheep, pigs, goats, cats, dogs and horses[45]. The disease spectrum is
similar to that of Mycobacterium tuberculosis and includes fever, night sweats, and
weight loss. The other symptoms result, depending on the tissue of the body infected
by the organism[46].
Brucellosis: Brucellosis, a zoonotic bacterial illness affects both animals and humans
worldwide. It spreads systemically and mainly affects the lymph nodes, liver, spleen
and bone marrow. The intracellular location of the bacterium is responsible for
chronic infections. It commonly infects the gastrointestinal tract, but brain, nerves,
GU, skin and hepatobiliary systems are also involved[47-49]. Brucella hepatitis usually
occurs in the chronic granulomatous form with mild transaminitis, but acute cases
have also been reported[49-51]. Brucellosis is transmitted to humans via the intake of
contaminated milk products or during physical contact with infected tissues of the
animals or inhalation of contaminated aerosols[52,53]. SHW, shepherds, veterinary
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doctors, meat packing staff and lab staff are at an increased risk for the infection, due
to increased exposure to the contaminated tissues[53].
Clostridium perfringens (C. perfringens):C. perfringens cause food poisoning from food
contaminated with the organism such as eating undercooked meats. Toxin mediated
illness is usually self-limited and cause abdominal pain, nausea and diarrhea and last
for about 6-24 h[54]. The worst form of illness is gas gangrene. Gas gangrene with C.
perfringens typically presents with necrosis of the soft tissue, gas production, and
septicemia. It rarely involves internal solid viscera like liver, kidneys, heart, etc.
Hepatic infection possibly results from the extension of infection into the biliary tree
and then into the liver[55,56]. Immunocompromised patients, such as liver transplant
patients, are at an increased risk of infection with C. perfringens[55,57]. Very few cases of
C. perfringens causing allograft failure are reported in the literature[58-60]. The disease
has also been reported in the animals especially broiler and may be a source of
transmission to the immunocompromised SHW[61].
Chlamydia psittaci: Ornithosis is a bacterial disease caused by Chlamydia psittaci
and transmitted from infected parrots, pigeons, sparrows and many other bird
species. The patients usually inhale the infected organism in the form of aerosolized
respiratory secretions or dried feces or contact from the infected tissues of the
birds[62,63]. The common symptoms of Psittacosis include influenza-like illness but can
worsen to severe pneumonia and other non-respiratory health problems.
Transaminitis with hepatomegaly and jaundice has been reported in the literature[62,64].

Parasitic infections
Echinococcosis: Echinococcosis is a zoonotic parasitic infection caused by larval form
of different species belonging to the Echinococcus tapeworms[65]. Cystic echinococcosis
represents a persistent zoonosis and one of the etiologies of parasitic hepatitis.
Humans are mostly infected via ingesting parasitic eggs excreted within the feces of
the definitive hosts, resulting in the development of cysts, primarily in the lungs and
liver. This causes damage as they enlarge resulting in hepatitis and pneumonitis[65].
Some cases are reported in France and Moldova but the disease is likely present
worldwide[66,67].
The prevalence in South America ranges from 20%-95% in some areas[68]. Although
intermediate hosts are variable, the common ones include sheep, goats, pigs, camels,
horses, and cattle 65]. Human Liver is mainly affected by the sheep strain (G1) resulting
in echinococcal cysts[69].
Toxoplasma gondii: Toxoplasma gondii is a common parasitic infection with varied
clinical presentations. The disease ranges from symptomless stage to a wide spectrum
of clinical presentation ranging from fever and lymphadenopathy to multi-organ
involvement including hepatitis, encephalomyelitis or myocarditis[70,71]. Toxoplasma
gondii is commonly transmitted via drinking water or eating undercooked/raw meat
contaminated with tissue cysts [72] . Many studies have reported an increased
prevalence of infection in the SHW[70,73].
Trichinosis: Trichinosis is a parasitic infection transmitted commonly by ingestion of
partially cooked/uncooked or raw pork contaminated with the cysts or larvae[74]. The
incubation period is variable from a few days to weeks depending on the stage of the
transmission (enteral phase or parenteral phase). The disease has acute and chronic
phases. The earlier manifestations of trichinellosis include gastrointestinal upset with
diarrhea along with, fever, muscle aches and persists while the larvae migrate
throughout the body [74] . Larval tissue penetration and migration in the body is
responsible for immune-mediated inflammatory reaction resulting in eosinophilia.
Severe illness causes cardiac, neurological, hepatic manifestations and
thromboembolic disease. Hepatic involvement is rare but has been reported in the
literature[75,76].

Fungal infections
Candidiasis and other fungal infections can be transmitted to the SHW but rarely
cause hepatitis in an immunocompetent patient. The possibility of hepatitis is usually
in the patient with systemic candidiasis or severe sepsis due to candidiasis.

APPROACH FOR THE EVALUATION AND MANAGEMENT
OF THE PATIENTS WITH HEPATITIS WORKING IN THE
SLAUGHTER HOUSE
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There is a wide array of the etiologies causing hepatitis in the patients working in the
slaughter house (Table 1). The initial evaluation of hepatitis should guide whether it is
an isolated presentation, or a manifestation of the systemic illness. The predominant
hepatitis presentation is usually viral in etiology which includes HBV or HEV.
Management is usually observant in acute disease, requires clinical monitoring to
evaluate for possible liver failure. As per current guideline , the anti-viral medication
are served for the fulminant presentation. The inquiry regarding the prevalent
livestock diseases in the community can help in diagnosis. The type of the animal
exposure will assist in identifying the causative organism. This is discussed in Figure
1.
The systemic manifestation should be evaluated for meningoencephalitis, renal
failure, pancytopenia, pulmonary infiltrates, splenomegaly, cardiac diseases, skin and
soft tissue infections, lymphadenopathy and muscular diseases. Management (antimicrobial) largely varies if the infection is bacterial or parasitic, hence the initial
serology and imaging studies should guide to differentiate between the etiologies.
Some bacterial diseases present as acute systemic illness and are usually from the
atypical organism. Thus, empiric treatment with doxycycline may be considered
while awaiting the bacterial serology. The bacterial infections, like bovine
tuberculosis, will have chronic onset and will need thorough evaluation before
consideration of anti-tuberculosis treatment. The parasitic etiology can be suspected
based on characteristic imaging finding like the echinococcal cysts in liver or lungs.
The other parasitic causes can be ruled out based on the serum serology and stool
examination for the ova and parasites. Figure 2 elaborates a proposed algorithm for
the assessment and management of slaughter house workers presenting with
hepatitis.

CONCLUSION
This review concludes that SHW are high-risk occupational group for hepatic
infections and there should be regular screening tests against the transmissible
infections. All SHW should be instructed to see medical attention as soon as they
there an event that might lead to transmission of disease. This is especially important
for the workers directly involved in animal slaughtering. Individuals involved in
transportation and handling of animal residues, or inspection the carcasses may be at
a lower risk.
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Table 1 Various microorganisms responsible for causing hepatitis among slaughterhouse workers along with their reservoirs, routes of
transmission, diagnostic tools, clinical features treatment and preventive strategies
Reservoirs of
infection

Routes of
transmission

Laboratory
diagnosis

Common clinical
Treatment options
features

Preventive
strategies

HBV

(1) Gorillas; (2)
Chimpanzees; and
(3) Cows[77]

(1) Parenterally; (2)
Perinatally; (3)
Sexually; and (4)
Horizontally[5]

Serology: (1) HBsAg;
(2) HBeAg; (3) AntiHBc IgM; (4) AntiHBc IgG; (5) AntiHBe; and (6) HBV
DNA[77]

(1) Constitutional
(1) NtRTIs: (a)
symptoms; (2)
Tenofovir; and (b)
Anorexia; (3)
Adefovir; (2) NRTIs:
Nausea; (4)
(a) Entecavir; (b)
Vomiting; (5) LowElbivudine; (c)
grade fever; (6)
Lamivudine; and (3)
Myalgia; (7)
PEG- interferon -a
Disordered
2a, interferon alfagustatory acuity and
2b[78]
smell; (8) RUQ pain;
(9) Hepatic
encephalopathy; (10)
Ascites; (11)
Gastrointestinal
bleeding; and (12)
Coagulopathy[77]

(1) Pre-exposure
vaccination; and (2)
Post exposure
prophylaxis with
vaccination and
immunoglobulin’s
depending on
clinical status[3]

HEV

(1) Wild boar; (2)
Camels; (3) Cows;
(4) Goats; and (5)
Pigs[13]

Fecal-oral route[14]

Anti-HEV IgM[14]

RVF

Livestock[15]

Microorganisms

Q fever

(1) Prodromal(1) Mostly are self- (1) Hygiene; and (2)
phase; (2) Myalgia;
limited; and (2)
Recombinant
(3) Arthralgia; (4)
Current treatment
vaccines have
Fever; (5) Anorexia;
options: (a)
demonstrated
(6)
Ribavirin; (b)
efficacy against
Nausea/vomiting; Pegylated interferon HEV. (Available in
(7) Weight loss; (8) for chronic infection
China)[79]
Right upper
in immunequadrant pain; (9)
compromised[79]
Icteric-phase; (10)
Jaundice; (11) Dark
urine; (12) Lightcolored stools; (13)
Pruritus; and (14)
Right upper
quadrant tenderness
and
hepatomegaly[12,14]

(1) Contact with the
(1) Both IgM and
Mostly the patients
blood and the fluids IgG antibodies are are asymptomatic or
of the animals; and
specific to RVF
have mild flu like
(2) Infected
virus; and (2) PCR of disease, but a small
[15]
[17]
mosquitoes
the antigens
percentage of
patients may
develop life
threatening illness
with ocular disease,
hepatitis,
encephalitis or
hemorrhagic
fever[16,17]

(1) Domestic
(1) Transmitted via (1) Serologic testing (1) Acute: (a) Fever;
with PCR in the
(b) Pneumonia; (c)
mammals, especially the urine, feces, milk
early stages of acute
Hepatitis; and (d)
ungulates (cattle,
and parturition
sheep, and goats); products of infected illness[81]; and (2) A
Neurologic
and (2) Also has
animals; and (2)
fourfold rise in IgG
manifestations
been found in wild
Aerosolized
antibody titer
ranging from a
between acute and
simple headache to
mammals, birds, and breathing in dust
convalescent
meningitis,
arthropods[21]
that has been
contaminated by
samples
encephalitis or both;
and (2) Chronic
infected animal
infection: (a)
feces, urine, milk,
and birth
Endocarditis; and (b)
products[22]
Chronic fatigue
syndrome[21,23]
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(1) Most human
cases of RVF are
mild and selflimiting; and (2) A
specific treatment
for RVF has not
established[80]

(1) Avoid contact
with blood, body
fluids, or tissues of
infected animals and
protecting
themselves against
mosquitoes and
other bloodsucking
insects; and (2) Use
of mosquito
repellents and bed
nets are two
effective methods[80]

(1) Acute illness:
(1) Avoiding contact
Self-limited but 2 wk
with animals,
of doxycycline
especially while
recommender; and
animals are giving
(2) Chronic Q fever: birth; and (2) Do not
Requires several
consume raw milk
months of antibiotics
or raw milk
with a combination
products[81]
of antibiotics
including
doxycycline and
[
hydroxychloroquine
81]
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Salmonella

Intestinal tracts of
humans and other
animals, including
poultry, other birds,
amphibians, and
reptiles[82]

Campylobacter jejuni

Wildlife reservoirs:
(1) Eating and
(1) Serological
(a) Wild birds
handling of
diagnosis with
species include
contaminated
ELISA; (2) PCR to
migratory
poultry, water and detect Campylobacter
birds—ranes, ducks, milk; and (2) Contact jejuni in stool; and
geese and seagulls; through the feces of
(3) Detection of
and (b) Rodents and
a dog or cat[33]
antigens in stool
insects[83]
specimens[84]

Foodborne illness
associated with
contaminated
poultry meat and
pork[28-30]

(1) Serotyping and (1) Systemic disease Antibiotics based on
(1) Do not eat or
DNA fingerprinting; involving multiple
sensitivities[82]
drink foods
(2) Blood cultures; body organs; and (2)
containing raw eggs,
(3) PCR using H1-d
Liver can also be
or raw
primers; and (4) The affected resulting in
(unpasteurized)
Widal test or
hepatomegaly and
milk; and (2) Wash
Typhidot for
transaminitis[27,28]
hands, kitchen work
serology is rarely
surfaces, and
used now[82]
utensils with soap
and water
immediately after
they have been in
contact with raw
meat or poultry[82]
(1) Food borne
gastroenteritis; (2)
Extra intestinal
manifestations; (3)
Meningitis; (4)
Hepatitis; (5)
Bacteremia; and (6)
Cardiac
complications[31,32]

(1) Azithromycin
and
Fluoroquinolones;
and (2)
Antimicrobial
susceptibility testing
is essential before
treatment[84]

Good hygiene[84]

(1) Most of the
infected cases are
mild; (2) Severe
disease; (2)
Hepatitis; and (3)
Weil’s disease with
renal failure and
jaundice[42]

(1) Mild
leptospirosis; (2)
Doxycycline; (3)
Ampicillin; (4)
Amoxicillin; (5)
Severe leptospirosis;
(6) Intravenous
penicillin G; (7)
Third generation
cephalosporin i.e.
cefotaxime and
ceftriaxone; and (8)
Alternative
regimens include
ampicillin,
amoxicillin, or
erythromycin[86]

Good hygiene[42]

Leptospirosis

(1) Domestic
animals; (2) Cattle;
(3) Pigs; and (4)
Sheep[37]

Humans are infected (1) DNA PCR; (2)
through the broken
Urine is the most
skin or exposure to reliable body fluid to
contaminated water
study because the
and soil from
urine contains
infected urine of
leptospires paired;
animals[38]
(3) Antileptospira
antibodies; and (4)
MAT of acute and
convalescent serum
specimens[85]

Bovine tuberculosis

(1) Both domestic
and domesticated
animals; (2) Cattle;
(3) Sheep; (4) Pigs;
(5) Goats; (7) Cats;
(8) Dogs; and (9)
Horses[45]

(1) Animals to
(1) AFB staining; (2) (1) Fever; (2) Night
Two months of
(1) Immunization
humans; (2)
Mycobacterial
sweats; (3) Weight
isoniazid, rifampin, with BCG vaccine;
Ingestion of animal
cultures; (3)
loss; and (4) The
and ethambutol ,
and (2) Treatment of
products; and (3) Molecular testing for
other symptoms
followed by seven
latent infection[88]
Airborne inhalation mycobacterial DNA; depend on the tissue months of isoniazid
of spores[44]
(4) TST; and (5)
of the body infected
and rifampin[46]
IGRAs[87]
by the organism[46]

Brucellosis

(1) Domestic
animals; (2) B.
abortus in cattle; (3)
B. melitensis in
sheep, goats, and
camels; and (4) B.
suis in swine[47,48]

(1) Intake of
contaminated milk
products; (2)
Physical contact
with infected tissues
of the animals; and
(3) Inhalation of
contaminated
aerosols[48]
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(1) Cultures; (2)
Serology; and (3)
PCR[48]
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(1) It commonly
infects the GI tract
but brain, nerves,
GU, skin and
hepatobiliary
systems can also be
involved; and (2)
Brucella hepatitis
usually occurs in the
chronic
granulomatous form
with mild
transaminitis but
acute cases have
been reported
also[48-50]

(1) Combination of
(1) Vaccination of
antibiotics is used;
domestic livestock,
(2) Doxycycline and
serologic testing,
streptomycin; and quarantine of herds,
(3) Based on the
and slaughter of
severity and location infected animals; (2)
of infection, multiple
Protection of
combinations and
slaughterhouse
longer durations are
workers; (3)
needed[89]
Separated areas for
killing from other
processing areas; (4)
Use of protective
clothing and
disinfectants; (5)
Control of air
circulation; and (6)
Pasteurization of
milk[89]
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C. perfringens

(1) Soil; (2) Water;
(1) Food Poisoning;
(3) Air; (4) Feces of (2) Ingestion of large
healthy and infected
number of C.
individuals; (5)
perfringens
Gastrointestinal tract
vegetative cells
of humans and
present in the
animals; and (7)
contaminated food;
Variety of
(3) Gas gangrene;
dehydrated and
and (4)
[90]
processed foods
Contamination of
wounds with dirt or
any foreign material
contaminated with
C. perfringens[90]

Chlamydia psittaci

(1) Infected birds; (2)
(1) Aerosolized
(1) Complement
(1) Mild disease; (2)
Parrots; (3) Pigeons;
respiratory
fixation; (2) Micro
Influenza-like
and (4) Sparrows[91] secretions; (2) Dried immunofluorescence illness; (3) Severe
feces; and (3)
; and (3) PCR[91]
disease; (4)
Contact from the
Pneumonia; (5)
infected tissues of
Transaminitis with
the birds[62,63]
hepatomegaly and
jaundice; and (6)
Cardiac
involvement[62,64]

(1) Antibiotics; (2)
Tetracycline; and (3)
Macrolides[91]

Echinococcosis

(1) Sheep; (2) Goats;
Ingestion of
(3) Pigs; (4) Camels;
Echinococcal eggs
(5) Horses; (6) Cattle; excreted within the
and (7) Human
feces of the
Liver is mainly
definitive host[92]
affected by the sheep
strain (G1) resulting
in echinococcal
cysts[65,69]

Toxoplasma gondii

(1) The definitive
hosts are cats; and
(2) The intermediate
hosts are warmblooded animals,
including most
mammals and
birds[93]

Trichinosis

(1) Albendazole; and
(1) ELISAs; (2)
(1) Diarrhea; (2)
Different species are Ingestion of partially
(2) Mebendazole[94]
found world-wide in cooked/ uncooked
Indirect
Fever; (3) Muscle
carnivorous and
or raw pork
immunofluorescence aches; (4) Cardiac,
neurological, and
omnivorous animals contaminated with
; (3) Latex
the cysts or larvae[69]
agglutination; (4)
thromboembolic
like bears, foxes,
Western blot; (5)
disease; and (5)
walruses, hyenas,
Pigs and cougars[94]
Muscle biopsy; and Hepatic involvement
(6) PCR[94]
is rare but has been
reported in the
literature[69]

(1) Cultures; (2)
Imaging of the
infected sites; and
(3) Tissue biopsy
with culture and
Gram stain[90]

(1)
(1) Treatment of gas
(1) Protective
Gastroenteritis[54,55];
gangrene; (2)
materials like Lab
(2) Gas gangrene; (3)
Surgical
coat, gloves and eye
Necrosis of the soft
debridement; (3)
protection when
tissue; (4)
Antibiotic therapy;
dealing with
Septicemia; (5) It
and (4) Supportive infected materials[90];
rarely involves
measures[90]
and (2) Vaccination
internal solid viscera
of non-immunized
like liver, kidneys,
trauma individuals
heart, etc.; and (6)
Hepatic infection
possibly results from
the extension of
infection into the
biliary tree and then
into the liver[56]
Follow precautions
when handling and
cleaning birds and
cage[91]

(1) Indirect
hemagglutination
test; (2) ELISA; and
(3) Imaging tests for
the location and size
of the cysts[92]

(1) Development of
cysts, primarily in
the lungs and liver;
and (2) This causes
damage as they
enlarge resulting in
hepatitis and
pneumonitis[65]

(1) Surgical removal Protective materials
of intact cysts; (2)
like Lab coat, gloves
Chemotherapy; (3)
and eye protection
Albendazole and/or when dealing with
Praziquantel; (4)
infected materials[92]
Chemotherapy is
recommended 4 wk
before, and for 1 mo
after the surgery;
and (5)
Percutaneous
aspiration, injection,
re-aspiration is used
in patients with
inoperable intraparenchymatous
cysts[92]

(1) Consumption of (1) Positive serology
poorly-cooked
for IgM and IgG
infected meat; (2)
antibodies; and (2)
Ingestion of water,
PCR[93]
food, or milk
contaminated with
oocysts; (3)
Inhalation of
aerosols containing
oocysts; (4) Contact
with sand or soil
contaminated by cat
feces; (5)
Transmission is also
possible through
blood transfusions
and organ
transplants; and (6)
Transplacental if
mother is infected[72]

(1) Fever; (2)
Lymphadenopathy;
(3) Multiorgan
involvement; (4)
Hepatitis; (5)
Encephalomyelitis;
and (6)
Myocarditis[70,71]

(1) Spiramycin; (2)
(1) Protective
Can be taken by
materials like Lab
women in their first coat, gloves and eye
trimester to prevent
protection when
transplacental
dealing with
transmission; (3)
infected materials[92];
Sulfadiazine and
and (2) Testing for
folinic acid; and (4)
toxoplasmosis in
For pregnant
females before
women in their third
pregnancy[93]
trimester[93]

Consumption of
properly cooked
meat[94]

PCR: Polymerase chain reaction; ELISAs: Enzyme-linked immunosorbent assays; NtRTIs: Nucleotide analog reverse-transcriptase inhibitors; NRTIs:
Nucleoside analog reverse-transcriptase inhibitors; MAT: Microscopic agglutination test; BCG: Bacillus Calmette-Guérin; TST: Tuberculin skin test; IGRAs;
Interferon-gamma release assays; HBV: Hepatitis B virus; RVF: Rift Valley fever virus; HEV: Hepatitis E virus; C. Perfringens: Clostridium Perfringens.
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Figure 1

Figure 1 Etiology of hepatitis in slaughter house workers based on the type of the animal exposure.
Figure 2

Figure 2 Algorithm for the evaluation and management of hepatitis in the patients working in Slaughterhouses.
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Abstract
Liver transplantation (LT) is the only potentially curative treatment for selected
patients with cirrhosis and hepatocellular carcinoma (HCC) who are not
candidates for resection. When the Milan criteria are strictly applied, 75% to
85%of 3- to 4-year actuarial survival rates are achieved, but up to 20% of the
patients experience HCC recurrence after transplantation. The Milan criteria are
based on the preoperative tumor macromorphology, tumor size and number on
computed tomography or magnetic resonance imaging that neither correlate well
with posttransplant histological study of the liver explant nor accurately predict
HCC recurrence after LT, since they do not include objective measures of tumor
biology. Preoperative biological markers, including alpha-fetoprotein, desgamma-carboxiprothrombin or neutrophil-to-lymphocyte ratio and platelet-tolymphocyte ratio, can predict the risk for HCC recurrence after transplantation.
These biomarkers have been proposed as surrogate markers of tumor
differentiation and vascular invasion, with varied risk magnitudes depending on
the defined cutoffs. Different studies have shown that the combination of one or
several biomarkers integrated into prognostic models predict the risk of HCC
recurrence after LT more accurately than Milan criteria alone. In this review, we
focus on the potential utility of these serum biological markers to improve the
performance of Milan criteria to identify patients at high risk of tumoral
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recurrence after LT.
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Core tip: The Milan criteria for liver transplantation have improved survival of patients
with small hepatocellular carcinoma (HCC), but up to 20% of patients still experience
HCC recurrence after transplantation. Microvascular invasion and tumors with poor
histologic grade of differentiation are the most important risk factors for HCC
recurrence, but they are evidenced after surgery on explant pathology examination.
Several surrogate pretransplant biomarkers, directly related with tumor biology or
systemic inflammation markers conditioning tumor progression, have been suggested to
identify, alone or integrated in pretransplant prognostic scores, patients at high risk of
HCC recurrence after liver transplantation.
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INTRODUCTION
Liver transplantation (LT) is the best treatment option for selected patients with
cirrhosis and small hepatocellular carcinoma (HCC) who are not candidates for
resection. Mazzaferro et al [1] proposed the Milan criteria in 1996 for selection of
patients with HCC for LT (defined as single lesion ≤ 5 cm, up to three separate lesions
with none larger than 3 cm, no evidence of gross vascular invasion, and no regional
nodal or distant metastases), and since then they have been applied worldwide.
Patients fulfilling these criteria achieve similar survival rates as patients with LT
without malignancies, of about 75% to 85% at 3 and 4 years respectively[2]. However,
albeit that the Milan criteria are considered too restrictive and limiting for the
transplantation option, HCC recurrence develops after LT in up to 20% of the
patients[1-3], having adverse negative impact on patient survival. A poor histologic
grade of differentiation, presence of vascular invasion, nodule size of > 5 cm, lymph
nodes metastases and bilobar tumor involvement are classically associated with an
increased risk of HCC recurrence after LT.
The Milan criteria are based on the preoperative tumor macromorphology on
computed tomography or magnetic resonance imaging, that neither correlate well
with posttransplant histologic study of the liver explant[4,5] nor accurately predict HCC
recurrence after LT, since they do not include objective measures of tumor biology. In
fact, small HCC may present biological aggressive features with unfavorable post-LT
outcome, while other patients with HCC beyond Milan criteria but fulfilling the
University of California San Francisco (UCSF) criteria[6] or the Up-to-7 criteria[7] could
have a low risk of HCC recurrence in the presence of favorable tumor biology and
could benefit from LT.
Liver biopsy is still the gold standard for determining the molecular biology of the
tumor, its behavior and invasive characteristics. Some centers deny LT to patients
with poorly differentiated tumors on needle biopsy, irrespective of number and size
of tumoral nodules, and they have reported an excellent overall survival and low
recurrence rates after LT even in patients exceeding Milan criteria[8-10]. However,
preoperative biopsy often underestimates poorly differentiated tumors and does not
accurately predict microvascular invasion, when compared with the final specimen
examination after liver resection or LT[11,12]. Due to these limitations and because of the
risk of needle tract tumor seeding, preoperative biopsy is not currently recommended
for routine HCC evaluation; although, it is still needed in patients with atypical
radiological features and in doubtful cases.
Preoperative biological markers can predict the risk for recurrence after
transplantation. Biological markers can be categorized as: (1) serum markers directly
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related with tumor biology, such as alpha-fetoprotein (AFP) and des-gammacarboxyprothrombin (DCP); or (2) systemic inflammation markers, such as
neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
conditioning tumor progression. In this review, we focus on the utility of these serum
biological markers to improve the performance of Milan criteria for predicting
recurrence after LT for HCC.

SERUM BIOLOGICAL MARKERS RELATED WITH TUMOR
BIOLOGY
AFP
AFP is a 67-kDa glycoprotein that is produced by the liver in early fetal life. In adults,
AFP production is restricted to a variety of liver tumors, including HCC, because of
the dedifferentiation of hepatocytes. First considered a reliable marker for HCC
diagnosis, at present the joined committees of the European Association for the Study
of the Liver (commonly known as EASL) and the European Organization for Research
and Treatment of Cancer (commonly known as EORTC) consider AFP testing as
suboptimal for routine screening of early HCC (2B)[13]. In fact, about 80% of small
HCC (< 2 cm) do not show high levels of serum AFP[14,15]. In the other hand, AFP level
can be increased in patients with chronic liver disease, with a degree of hepatocytes
regeneration in absence of malignancy[16].
Nevertheless, AFP is a surrogate marker of tumor differentiation and vascular
invasion[17-20] and has proven a useful biomarker to identify patients at a higher risk for
HCC recurrence [21] , with varied risk magnitudes depending on the defined AFP
cutoffs[22-33]. AFP has been integrated into several prognostic models for predicting
recurrence after LT for HCC, by combining AFP level with tumor size and number, at
different cutoffs for each variable (Table 1). Integration of AFP into the selection
criteria was first proposed for patients receiving living donor (LD) LT in Asian
countries, since the fast-track to LDLT may result in inclusion of patients with
biologically aggressive HCC.
In the score proposed by Yang et al[34] patients were awarded between 1 and 4
points for each feature, with three different cutoffs: tumor size of 3, 5 and 6.5 cm;
tumor number = 1, 3 and 5; and, AFP of 20, 200 and 1000 ng/mL. With a maximum
score of 12 points, patients with a score ≥ 7 were considered as nontransplantable
patients. In contrast, the Hangzhou criteria[35] consider transplantable patients as those
with well or moderately differentiated HCC and having a total tumor diameter of > 8
cm and AFP of < 400 ng/mL. A large study conducted in 6487 patients registered in
the Scientific Registry of Transplant Recipients database[36] showed that total tumor
volume of ≤ 115 cm3 and pretransplant AFP of ≤ 400 ng/mL identified patients at low
risk of HCC recurrence after LT more effectively than both the Milan and UCSF
criteria. This prognostic score has been validated both retrospectively in Poland[37] and
prospectively in a multicenter study carried out in Canada, Switzerland and the
United Kingdom[38].
The Liver Transplantation French Study Group developed and validated a
prognostic model, known as the AFP model, for predicting recurrence after LT that
combines AFP level, tumor size and number, at different cutoffs for each variable[17].
Tumor size was assigned: 0, 1 or 4 points when the largest tumor size was ≤ 3 cm,
between 3-6 cm or ≥ 6 cm respectively; 0 or 2 points for ≤ 3 nodules or ≥ 4 nodules;
and, AFP level added 0, 2 or 3 points for AFP ≤ 100, between 100-1000 or > 1000
ng/mL respectively; with a maximum score of 9 points. A cutoff of 2 points classified
patients at low or high risk for HCC recurrence after LT. Thus, AFP >1000 ng/mL
provides enough points for excluding patients from LT whatever the size and number
of nodules.
The AFP model better discriminated patients at high and low risk than Milan
criteria. This model identifies patients within Milan criteria but with high risk of 5year HCC recurrence as those having AFP > 1000 ng/mL (37.7% vs 13.3%), while
patients beyond Milan criteria but with AFP < 100 have a low risk of HCC recurrence
(14.4% vs 47.6%). Indeed, this model has been officially adopted in the liver allocation
policy in France since 2013. This score has been validated in a single center from
Spain [39] and in two multicenter studies, respectively from Italy [20] and Latin
America[40], with similar results. Moreover, the AFP model has also been validated in a
cohort of 400 patients with LDLT from Korea, in whom this model showed an
improvement in predicting no HCC recurrence but not the occurrence of HCC
recurrence[41].
All these models have been proved successful for selecting patients beyond the
Milan criteria who will achieve similar outcomes to patients within Milan criteria.
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Table 1 Main selection criteria for liver transplantation including alpha-fetoprotein
Reference

Country

n

AFP cutoff, ng/mL

Criteria

Yang et al[34], 2007

Korea

63

20, 200 and 1000

Tumor number, tumor
size and AFP level with
different cutoffs

Zheng et al[35], 2008

China

195

400

Hangzhou criteria: (1)
TTD ≤ 8 or (2) TTD > 8,
well or moderately
differentiated and AFP
< 400

SRTR database

6487

400

TTV/AFP criteria for Validated for recurrence
overall survival after LT: after LT: Grat et al[37],
TTV ≤ 115cm3 and AFP 2013; Toso et al[38],2015.
≤ 400

France

537 (training cohort);
435 (validation cohort)

100 and 1000

AFP model: tumor
Varona et al[39], 2015;
number, tumor size and Notarpaolo et al[20], 2017;
AFP level with different Piñero et al[40], 2016; Rhu
cutoffs
et al[41], 2018

Lai et al[45], 2012

Italy

158

400

AFP-TTD criteria: TTD
< 8 cm and AFP < 400

Grąt et al[42], 2014

Poland

101

100

Warsaw criteria: (I)
fulfillment of Milan
criteria; or (II) Up-to-7
or UCSF criteria and
AFP < 100

Kim et al[46], 2014

Korea

180

1000

Samsung criteria: Up to
7 tumors ≤ 6 cm, and
AFP ≤ 1000

Toso et al[36], 2009

Duvoux et al[17], 2012

Validated in

Piñero et al[43], 2016;
Grat et al[44], 2017

AFP: Alpha-fetoprotein; LT: Liver transplantation; SRTR: Scientific Registry of Transplant Recipients; TTD: Total tumor diameter; TTV: Total tumor
volume; UCSF: University of California San Francisco.

Also, in a recent study[42] evaluating the role of AFP as predictor of HCC recurrence
with respect to the fulfillment of Milan, UCSF or Up-to-7 criteria, patients beyond
Milan criteria but within UCSF or Up-to-7 and with AFP < 100 ng/mL had a minimal
risk of HCC recurrence after LT, criteria that have been validated in other studies[43,44].
Albeit AFP has proved to be a useful biomarker for identifying patients at a higher
risk for HCC recurrence, there is no consensus about the best cutoff value to be
considered. While different cutoffs have been proposed in several scores[17,34], other
criteria include a sole cutoff at 400 ng/mL [35,36,45] or 1000 ng/mL [46] . Also, serial
measurements of AFP (accounting for AFP variations) have been considered to better
reflect the dynamic variations in the tumor biological behavior than a cutoff value of
AFP level in a single assessment. Progression of AFP level while on the waiting list
exceeding 15 ng/mL per mo[47,48], 50 ng/mL per mo[49] or 0.1 ng/mL per d[50] have been
suggested as strong predictors of HCC recurrence after LT. In contrast, Grąt et al[42]
found AFP > 100 ng/mL to better identify patients at risk of HCC recurrence than
AFP slope.

DCP
Increased levels of DCP or prothrombin induced by vitamin K absence or antagonist
II (PIVKA-II) are found in patients with HCC [ 5 1 - 4 3 ] . This abnormal form of
prothrombin, produced during malignant transformation of hepatocytes, induces
expression of angiogenic factors such as endothelial growth factor receptor and
vascular endothelial growth factor (VEGF)[54,55]. Up-regulation of DCP has been found
to correlate with the degree of malignancy of HCC, as DCP-positive tumors are
characterized by increased likelihoods of intrahepatic metastasis, capsule infiltration,
and portal venous invasion [56,57] . Moreover, the DCP-positive and AFP-negative
tumors are more aggressive, for high risk of recurrence after treatment, since they are
usually larger tumors with a poor grade of differentiation and vascular invasion[58,59].
DCP has been suggested as a stronger predictor of HCC recurrence after LT than
AFP[57,60] and some centers from Asia have proposed the combined use of DCP level
with tumor number and/or size in selection of candidates for LDLT with or without
consideration of the AFP value (Table 2). The Kyoto criteria [61] and the Kyushu
criteria[62] have been retrospectively and prospectively validated in the same centers
where these scores were proposed[63-65]. Patients beyond Milan criteria but meeting
Kyoto criteria had similar recurrence rate as patients within Milan criteria[61], while
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Kyushu criteria was more powerful than UCSF, Tokyo and Kyoto criteria in
predicting HCC recurrence[65].
Other centers have proposed different scores combining AFP and DCP levels with
different cutoffs for both serum biomarkers that have improved Milan criteria for
selection of patients at higher risk of HCC recurrence after LT. The A-P level criteria[66]
included AFP ≤ 200 ng/mL “and” DCP ≤ 100 AU/mol, while the A-P 200 criteria[67]
considered AFP ≤ 200 ng/mL “or” DCP ≤ 200 AU/molto identify patients at lower
risk of HCC recurrence. Kim et al[68] found AFP > 150 ng/mL and DCP > 100 AU/mol
to be associated with a higher risk of HCC recurrence after LT.
Lee et al [69] from Seoul, Korea developed and validated a model to predict
recurrence after LDLT for HCC beyond the Milan criteria. Using a multivariate Cox
proportional hazard model, the authors derived the model of recurrence after LT
(commonly known as MoRAL) score using serum levels of AFP and DCP. Patients
with a low MoRAL score (≤ 314.8) and no extrahepatic metastasis, even though their
tumors exceeded the Milan criteria, had a lower tumor recurrence risk than patients
within the Milan criteria with a high MoRAL score (> 314.8). Finally, the only study
carried out in a non-Asiatic center found AFP ≥ 250 ng/mL and DCP ≥ 7.5 ng/mL to
be associated with a higher risk of HCC recurrence [70] , and added predictive
information to the Milan criteria [hazard ratio (HR): 4.5 vs 2.6 with Milan criteria
alone].

SYSTEMIC INFLAMMATION MARKERS
NLR and PLR
Two inflammation markers, the NLR and the PLR, have an important role in
predicting outcome in several malignancies and have been associated with HCC
recurrence after LT. Both the NLR and the PLR measure the proportion of peripheral
blood neutrophils or platelets, respectively, to lymphocytes.
The link between NLR and liver malignancies was first demonstrated by Halazun
et al[71] in patients who underwent surgery for colorectal liver metastasis. Same authors
also reported that patients within Milan criteria and NLR ≥ 5 had a poorer recurrencefree survival than those with NLR < 5 (25% vs 75%) and proposed a pre-LT score for
HCC recurrence after LT including NLR and tumor size > 3 cm (C-statistics: 0.74)[72].
Since then, NLR has been identified as an independent risk factor for HCC recurrence,
along with microvascular invasion and/or tumor size and number in some
studies[73-77], but not in others[78-80]. A recent systematic review by Najjar et al[81] and a
meta-analysis by Xu et al[82] showed that elevated NLR is associated with a lower
recurrence-free survival after LT (pooled HR: 3.77, 95%CI: 2.01-7.06) and with
vascular invasion. Because of the different NLR cutoffs considered in the studies
included in the meta-analysis (ranging from 2.6 to 6), Xu et al[82] recommend a cutoff
NLR value of 4.
The prognostic significance of PLR for HCC recurrence after LT has been less
extensively studied than that of NLR, but in a recent systematic review and metaanalysis including 899 patients from five studies, high PLR was associated with a
significant increase of HCC recurrence after LT[83]. However, this association must be
taken in consideration with great caution since a moderate level of heterogeneity was
found among the studies included. In a recent study by Xia et al[84], PLR failed to
predict HCC recurrence in patients meeting Milan criteria, but the 5-year recurrencefree survival in patients with HCC beyond Milan criteria but within Hangzhou
criteria (total tumor diameter of ≤ 8 cm or > 8 cm, well or moderately differentiated
and pretransplant AFP of < 400 ng/mL and PLR < 120) was comparable to the figure
for patients within Milan criteria (73.3% vs 72.8%).
Han et al[85] also found that PLR was associated with HCC recurrence after LT, but
interestingly a stronger association was found when considering the absolute platelet
count. HCC recurrence rate after LT was higher in patients with platelet count of 75 ×
109/L or greater at the day before surgery compared to patients with platelet count
lower than 75 × 10 9 /L (28.2% vs 13.2%). Moreover, the proportion of poorly
differentiated tumors, microvascular invasion and bile duct invasion were higher in
patients with platelet count of 75 × 10 9 /L or greater. In the experience of those
authors, the incorporation of platelet count at 75×10 9 /L into the Milan criteria
significantly increased the predictive power for HCC recurrence, over that of Milan
criteria alone.
The molecular mechanisms through which the NLR and PLR are associated with
HCC recurrence after LT remain unknown, but several hypotheses have been
proposed. Both neutrophils and platelets are involved in vascular invasion and
metastatization by increasing the production of proangiogenic factors such as
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Table 2 Main selection criteria for liver transplantation including des-gamma-carboxyprothrombin
Reference

Country

n

Cutoff values

Criteria

Validated in

Takada et al[61],2007

Japan

125

DCP: 400

Kyoto criteria: up to
10 tumors ≤ 5 cm
and DCP ≤ 400

Fujiki et al[63], 2009;
Kaido et al[64], 2013

Soejima et al[62],
2007

Japan

60

DCP: 300

Kyushu criteria: any Shirabe et al[65], 2011
number of tumors <
5 cm and DCP < 300

Todo et al[66], 2007

Japan

551

AFP:200, DCP: 100

United States

127

AFP:250, DCP: 7.5

Yang et al[67], 2016

Korea

88 (training cohort);
198 (validation
cohort)

AFP: 200; DCP: 200

A-P 200: AFP ≤ 200
or DCP ≤ 200

Kim et al[68], 2016

Korea

461

AFP: 150; DCP:100

--

Chaiteerakij et al[70],
2015

A-P level: AFP ≤ 200
and DCP ≤ 100

AFP: Alpha-fetoprotein; DCP: Des-gamma-carboxyprothrombin; MoRAL: Model of recurrence after liver transplantation.

VEGF[86,87]. Moreover, neutrophils, the common inflammatory infiltrate in tumors,
have been found to be enriched predominantly in the peritumoral stroma of HCC
tissue [75,88] , correlating with angiogenesis and disease progression [89] . Within the
circulatory system, platelets could help to establish metastatic lesions by blocking
tumor cell removal[90,91]. On the other hand, low lymphocyte numbers, which also
increase NLR and PLR values, could result in an impaired immunosurveillance
against disease development and progression.

C-reactive protein
The C-reactive protein (CRP) is an acute-phase reactant synthesized by hepatocytes in
response to systemic inflammation that has been related with the prognosis of various
malignancies, including HCC[92]. Two independent groups from Korea have reported
that high CRP level (with cutoff values at 1 mg/dL [93] or 0.3 mg/dL [94] ) is an
independent risk factor for HCC recurrence after LT, but only in patients beyond
Milan criteria.

COMBINATION OF SERUM BIOLOGICAL MARKERS
In recent years, several studies have showed that the combination of several systemic
inflammation biomarkers and tumor biomarkers predict the risk of HCC recurrence
after LT more accurately (Table 3). In all the nine studies summarized, the
relationship among tumor features and HCC recurrence was evidenced, and
interestingly all studies analyzing pre-LT AFP level, except for one[95], found AFP to be
an independent risk factor for HCC recurrence[80,96-98]. Also, Lai et al[78] found that
although AFP and PLR were associated with HCC recurrence in univariate analysis,
AFP > 200 ng/mL was the best prognostic factor with an area under the receiver
operating characteristic curve (AUC) of 70.6 compared to 66.1 for PLR. Similarly, only
two studies [80,99] out of three, found DCP to be an independent factor for HCC
recurrence.
Regarding the systemic inflammation markers, NLR was found to be associated
with HCC recurrence in six[82,95-99] out of nine studies and CRP in one[96] of two studies,
while PLR was not shown as an independent risk factor in any of the four studies in
which it was analyzed[78,79,99,100]. The two studies that analyzed inflammation marker
sonly, found none of the biomarkers included to be independent risk factors for HCC
recurrence[79,100]. Parisi et al[79] analyzed NLR, PLR and the inflammation-based index
score (CRP ≥ 10 mg/dL and albumin < 35 gr/L; one point each) in 150 patients within
Milan criteria before LT and found that absence of neoadjuvant therapy before LT and
exceeding Milan criteria on explant pathology were the only risk factors for HCC
recurrence. Fu et al[100] investigated the prognostic role of the systemic inflammation
index (SII; absolute platelet count × absolute neutrophil count/absolute lymphocyte
count) compared with PLR, NLR and monocyte-to-lymphocyte ratio in patients
fulfilling the Hangzhou criteria for LDLT. At a cutoff of 226 × 109/mL, high SSI was
associated with larger tumor size, greater total tumor volume, poorer differentiation
grade and higher AFP level. Nevertheless, although SII was the best prognostic factor
for overall survival, neither SSI nor the other systemic inflammatory markers
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Table 3 Main studies analyzing several pre-liver transplantation systemic inflammation biomarkers and proposed scores

Reference

Time of
biomarker test

Risk factors by
multivariate
analysis

Country

LT type

n

Biomarkers

Yoshizumi et
al[95], 2013

Japan

LDLT

104

AFP > 400,
DCP>300, NLR ≥
4

Not specified

NLR, tumor size
+ number ≥ 8

No

Na et al[96], 2014

Korea

LDLT

224

AFP ≥ 100, NLR ≥
6, CRP ≥ 1,

Day of LT

NLR ≥ 6 and AFP
≥ 100

Prognostic factor
score: NLR ≥ 6
and CRP ≥ 1 (one
point each)

Shindoh et al[80],
2014

Japan

LDLT

124

AFP, DCP, NLR

Lai et al[78], 2014

Belgium

DDLT

146

Parisi et al[79],
2014

UK

DDLT

150

NLR ≥ 5, PLR ≥
150, IBI score

Day of LT

Absence of
neoadjuvant
therapy, beyond
Milan criteria on
explant

No

Harimoto et
al[99], 2016

Japan

LDLT

190

DCP ≥ 300, NLR ≥
2.66, PLR ≥ 70.4,
CRP ≥ 0.27

Not specified

NLR, DCP, and
tumor number ≥ 5

No

Wang et al[97],
2016

China

DDLT/LDLT

248

NLR continuous,
AFP > 400

Within 1 wk
before LT

NLR , AFP > 400,
age, tumor
number and size

Model TFS: 1.094
× tumor number
(≤ 3, 0 points; > 3
(1 point) + 0.094 ×
maximum tumor
diameter + 0.754
× AFP (≤ 400, 0
points; > 400, 1
point) + 0.085 ×
NLR -0.024 × age

Halazun et al[98],
2017

United States

DDLT/LDLT

339

NLR ≥ 5, AFP

Fu et al[100], 2018

China

LDLT

150

NLR, PLR, MLR,
SII

Day before LT,
Tumor ≥ 5, MVI,
maximum and
mean NLR and
mean values
maximum AFP
within 90 d before and DCP before
LT
LT

Risk score

Tokyo criteria,
AFP > 250 and
DCP > 450 (one
point each)

AFP > 200, NLR > At inclusion on
AFP, NLR and
5.4, PLR > 150
the waiting list, at PLR in univariate
LT,
analysis

No

NLR at day of LT; Tumor size and MoRAL score: (1)
serial AFP at
number, NLR ≥ 5, pre-MoRAL: NLR
HCC diagnosis, maximum pre-LT ≥ 5 (6 points) +
before pre-LT
AFP, vascular
AFP > 200 (4
treatment and at invasion and poor points) + largest
LT.
differentiated
tumor size > 3 cm
tumors
by imaging (3
points); (2) postMoRAL: grade IV
tumors (6 points)
+ vascular
invasion (2
points) + tumor
size > 3 on
pathology (3
points) + tumor
number > 3 on
pathology (2
points); and (3)
combined score.
Within 1 wk
before LT

No association

No

AFP: Alpha-fetoprotein; CRP: C-reactive protein; DCP: Des-gamma-carboxyprothrombin; DDLT: Deceased donor liver transplantation; IBI: Inflammation
based index; LDLT: Living donor liver transplantation; LT: Liver transplantation; MVI: Microvascular invasion; NLR: Neutrophil-to-lymphocyte ratio;
PLR: Platelet-to-lymphocyte ratio; SII: Systemic inflammation index; TFS: Tumor-free survival.

analyzed were associated with recurrence-free survival.
Prognostic scores including inflammatory markers for HCC recurrence after LDLT
have been proposed by three different groups from Asia and one group from the
United States. Na et al[96] proposed a prognostic factor score assigning 1 point for preLT NLR ≥ 6 and CRP ≥ 1 each, and Wang et al[97], who included only males receiving a
LDLT, proposed the model tumor free survival, combining tumor morphological
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features with tumor biological information. Interestingly, both scores were
informative only in patients beyond Milan criteria, and not predictive of HCC
recurrence in patients within Milan criteria.
The score proposed by Shindoh et al[80] incorporates pre-LT maximum AFP and
DCP in the Tokyo criteria (≤ 5 tumors of ≤ 5 cm) to better stratify patients at risk of
HCC recurrence after LT. After evaluating three different pre-LT values for NLR, AFP
and DCP (the last value before LT, and the maximum and mean values within the 90
d before LDLT), the maximum AFP and DCP values and the mean value of NLR were
independently associated with HCC recurrence. However, NLR had a limited
prognostic impact (AUC: 0.62) and only maximum AFP and DCP values had
sufficient discriminative power (AUC: 0.88 and 0.76 respectively). So, the authors
proposed extending the Tokyo criteria by adding AFP > 250 and DCP > 450 (1 point
for each variable; maximum score of 3). Patients with a score 0-1 had a 5-year diseasefree survival rate of 97%, opposed to only 20% of patients with a score 2-3.
In 2017, Halazun et al[98] carried out a prospective study of 339 patients to identify
predictors of HCC recurrence after LT. Preoperative NLR > 5 (P < 0.0001, HR: 6.2),
AFP > 200 (P < 0.0001, HR: 3.8) and tumor size > 3 cm (P < 0.001, HR: 3.2) were found
to be independently associated with a worse recurrence-free survival. The authors
developed a new MoRAL score for predicting HCC recurrence after LT, mainly in
individuals receiving a liver from deceased donors[98]. They constructed three scores:
the pre-MoRAL, the post-MoRAL and the combined-MoRAL score, the latter
including both pre-MoRAL and post-MoRAL scores. The pre-MoRAL score, included
the three preoperative significant variables with a minimum of 0 points (no factors)
and a maximum of 13 points (all 3 factors). The highest risk patients in the preMoRAL (score > 10) had a 5-year recurrence-free survival of 17.9% compared with
98.6% for the low risk group (P < 0.0001). The post-MoRAL score included four
postoperatively available factors related to pathological features in liver explant,
namely grade 4 HCCs, vascular invasion, tumor size > 3 cm and tumor number > 3.
The pre-MoRAL, post-MoRAL and combo-MoRAL better predicted HCC recurrence
after LT than Milan criteria with C-statistics of 0.82, 0.87 and 0.91 respectively.

LIMITATIONS OF PRETRANSPLANT SERUM BIOMARKERS
Most of the studies to date have been retrospective and include a small sample size;
moreover, the included patients in the different studies are highly heterogeneous
regarding indications for LT, handling of incidental tumors or inclusion of salvage LT.
Also, frequent exclusion of patients who died within 1 mo or even 3 mo after LT could
have restricted data about the most aggressive tumors. Besides, there is a great
variation of time elapsed between the measurement of the markers and LT. Most
studies considered these markers from the analytical data of the day before LT, while
others considered these values within 1 wk before LT or did not specify it. Also, there
is no consensus about the best cutoff value for each biomarker, and it maybe those
different cutoffs should be considered in different populations or centers. In addition,
comparison of results from multiple laboratories is uncertain because of different
laboratory methods and processing techniques for measuring these biomarkers.
Another limitation of the different studies reviewed here relies on the analyses of
HCC recurrence as a time-dependent variable, such as recurrence or disease-free
survival, without accounting for competing risk, such as death. So, patients who died
early after LT or whose death was not related to HCC may never have had the chance
to experience HCC recurrence.
Albeit the serum markers reviewed here are potential markers to be included in
patient selection for LT, their utility is limited and they cannot be universally applied
in all patients. Although AFP is considered the most useful pretransplant marker of
HCC recurrence after LT, its utility is restricted by the existence of non-AFP secreting
HCC. More restricted is the utility of systemic inflammatory markers, for different
reasons. Although some meta-analyses have suggested NLR[82] and PLR[83] as useful
pretransplant biomarkers for HCC recurrence, they are based on very few
retrospective studies (four and five studies respectively), with most having small
sample size. However, the most important limitation may be that these inflammatory
serum biomarkers can be affected by other conditions, such an acute infection,
hematologic disorders, hypersplenism, gastrointestinal tract bleeding or systemic
inflammatory diseases, which are frequent in patients with end-stage liver diseases.

OTHER POTENTIAL SERUM BIOMARKERS
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In addition to the serum biomarkers reviewed here, some other markers have been
proposed as potential risk factors for HCC recurrence after LT.
AFP-L3%, which represents a serum AFP fraction reactive with lens culinaris
agglutinin, has been associated with HCC diagnosis[101,102]. In the LT context, an AFPL3% level > 50 ng/mL combined with Milan criteria improved HCC recurrence
prediction, when compared with Milan criteria alone[70]. Interestingly, AFP-L3% has
been suggested as a highly specific marker of HCC in patients with low AFP level[102],
which could overcome the limitation of AFP usefulness as a biomarker of HCC
recurrence in patients with AFP-negative HCC. However, more studies are needed for
this promising biomarker.
Liquid biopsy has attracted much attention as a feasible and noninvasive tool to
identify tumoral markers in peripheral blood for diagnosis, monitoring and prognosis
of cancer, overcoming tissue biopsy limitations. Circulating tumoral cells and tumoral
cell free nucleic acids in peripheral blood could be advisory of micro metastasis, and
their utility has been explored in HCC diagnosis and prognosis[103]. Very few data are
available about the potential role of these circulating tumoral components as
preoperative predictors of HCC recurrence after LT, and it is still a controversial issue.
Although circulating HCC cells have been detected before LT, they have not been
associated with HCC recurrence after LT[104]. Regarding circulating nucleic acids, AFP
mRNA expression in peripheral blood has been suggested as a surrogate of
circulating tumoral cells and has been associated with an increased risk of HCC
recurrence after LT [105] . However, their utility is controversial and some authors
consider AFP mRNA to be nonspecific for HCC micro metastases.
Some other circulating RNA have been explored, but none of them has been widely
recognized as valuable marker of HCC recurrence, probably because none of them are
specific for HCC[103]. Circulating tumor DNA has been isolated in patients with HCC,
and has been associated with microvascular invasion[106]. However, much effort is still
needed in order to consider these circulating tumor components as valuable markers
in clinical practice since some limitations still need to be overcome. Although the
complex methodology to isolate these tumoral components has improved
dramatically, their extremely low frequencies in peripheral blood require more
sensitive and cost effective techniques. Also, HCC-specific biomarkers should be
validated and evidence of their association with HCC recurrence after LT should be
proven.
Finally, different micro (mi) RNA signatures in liver tissue have been associated
with HCC recurrence after LT[107,108]. However, the necessity of liver tissue samples
limits their application preoperatively, and circulating miRNAs are at present being
explored. Several circulating miRNAs have been suggested as potential biomarkers
for HCC diagnosis[109], vascular invasion and prognosis[110,111]. To date, to the best of
our knowledge, there is no data about the association of miRNAs with HCC
recurrence after LT, and future studies are warranted to explore the utility of these
promising biomarkers in preoperative prediction of HCC recurrence after LT.

CONCLUSION
Although the Milan criteria have improved survival of patients receiving a LT for
small HCC, tumor recurrence after transplantation still develops in about 15% of
patients. On the other hand, patients with less aggressive tumors and at lower risk of
recurrence have proven benefit of LT. Since the Milan criteria are based on
morphological tumor feature sonly, combination of these criteria with other
preoperative available biomarkers related with tumor biology could better predict
HCC recurrence after LT. Some serum biomarkers have been proposed but there is no
consensus about their use, mainly due to the several limitations commented on in this
review. In addition, considering that tumor growth patterns are highly variable
among individuals, there probably is no perfect single biomarker for HCC prognosis
after LT; thus, the combination of biomarkers could be more informative than any
single biomarker alone.
For those reasons and taking into account the limitations highlighted here,
multicenter prospective studies are demanded and an international consensus is
mandatory in order to provide practical recommendations to guide the
implementation of serum biomarkers combined with morphological criteria to better
stratify patients at high or low risk of HCC recurrence after LT.
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Abstract
Hepatitis B virus (HBV) is one of the most significant hepatocarcinogens. The
ultimate goal of anti-HBV treatment is to prevent the development of
hepatocellular carcinoma (HCC). During the last two decades, with the use of
currently available anti-HBV therapies (lamivudine, entecavir and tenofovir
disoproxil fumatate), there has been a decrease in the incidence of HBVassociated HCC (HBV-HCC). Furthermore, several studies have demonstrated a
reduction in recurrent or new HCC development after initial HCC tumor
ablation. However, during an observation period spanning 10 to 20 years, several
case reports have demonstrated the development of new, subsequent new and
recurrent HCC even in patients with undetectable serum HBV DNA. The
persistent risk for HCC is attributed to the presence of covalently closed circular
DNA (cccDNA) in the hepatocyte nucleus which continues to work as a template
for HBV replication. While a functional cure (loss of hepatitis B surface antigen
and undetectable viral DNA) can be attained with nucleos(t)ide analogues, these
therapies do not eliminate cccDNA. Of utmost importance is successful
eradication of the transcriptionally active HBV cccDNA from hepatocyte nuclei
which would be considered a complete cure. The unpredictable nature of HCC
development in patients with chronic HBV infection shows the need for a
complete cure. Continued support and encouragement for research efforts aimed
at developing curative therapies is imperative. The aims of this minireview are to
highlight these observations and emphasize the need for a cure for HBV.
Key words: Hepatitis B; Hepatocellular carcinoma; Antiviral therapy; Persistent Risk for
hepatocellular carcinoma; Tumor ablation
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Core tip: Despite the advances in the management of hepatitis B virus (HBV) infection
and HBV-associated hepatocellular carcinoma (HCC), the risk for new, subsequent new
and recurrent HCC persists even after over a decade of antiviral therapy and initial tumor
ablation. This is due to the inability of the current antiviral therapy to eliminate the
cccDNA from the hepatocyte nucleus. There is a great need for an HBV cure drug.
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INTRODUCTION
Since the discovery of hepatitis B virus (HBV) by Blumberg et al[1] in 1965 and the
development of the first HBV vaccine in 1983, much knowledge has been obtained
regarding the pathogenesis, hepatocarcinogenesis, epidemiology and molecular
biology of HBV as well as the antiviral treatment.
With vaccination, there has been a decrease in the number of infected people
globally especially in the younger generations. There has also been a significant
increase in survival of HBV infected individuals due to antiviral treatment and earlier
detection of hepatocellular carcinoma (HCC) with simultaneous antiviral treatment.
However HBV is still responsible for 786000 deaths in 2010 with 341000 from HCC
and 312000 attributed to cirrhosis[2].
HBV is a major public health issue with more than 257 million carriers living today,
and up to one million who die annually from HBV-related liver disease including
HCC[3,4]. HCC is the sixth most common cancer and the third leading cause of cancer
deaths worldwide. Chronic infection with HBV is responsible for 50% of HCC cases
worldwide[5,6]. Current therapies available to treat chronic hepatitis B (CHB) include
interferon and the nucleos(t)ide analogues (NAs): Lamivudine, adefovir, entecavir,
telbivudine, tenofovir disoproxil fumarate and the recently FDA-approved tenofovir
alafenamide. Several studies have been conducted in the past to assess the impact of
antiviral therapies, specifically lamivudine, entecavir and tenofovir, on disease
progression and HCC development[7-10]. Multiple studies have demonstrated that for
patients diagnosed with HBV-related HCC, improved survival can be attained with
adjuvant antiviral therapy following curative liver resection and/or local tumor
ablation[11,12].
Current antiviral therapies used to treat CHB control viral replication through
inhibition of reverse transcriptase and subsequent interruption of HBV DNA
formation. While treatment can slow and/or prevent the progression of liver disease,
it does not eliminate the covalently closed circular DNA (cccDNA) from infected
hepatocytes and is therefore unable to cure the infection. As a result, patients usually
require lifelong therapy to control viral replication and help prevent
hepatocarcinogenesis.
However, it has been reported that despite several years of antiviral therapy, a
persistent risk for carcinogenesis still exists[13-15]. Studies have also demonstrated that
even after more than a decade of successful HBV suppression, the risk for HBVrelated HCC remains[16-18]. The aims of this minireview are to bring light to these
observations and emphasize the need for a cure for HBV[19-21].

HBC REPLICATION CYCLE AND HEPATOCARCINOGENESIS
HBV related hepatocarcinogenesis has been extensively described in the past[22-27].
HBV is an enveloped partially double-stranded relaxed circular DNA virus of the
Hepadnaviridae family. The viral replication cycle begins when HBV recognizes highlysulfated heparin sulfate proteoglycans on the hepatocyte surface and gains entry by
binding the liver-specific receptor, sodium taurocholate co-transporting polypeptide
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(NTCP or SLC10A1)[28,29]. Once in the cell, the virus enters the hepatocyte nucleus
where the relaxed circular DNA is converted to cccDNA. While little is known about
the formation and regulation of cccDNA, it is thought that most of the steps needed
for this conversion are provided by the host cell[19-21,30]. Viral cccDNA remains in the
nucleus of the infected host cell and is used as the template for transcription of four
viral mRNA intermediates. These mRNA intermediates eventually undergo
translation to produce seven viral proteins including DNA polymerase and the core
protein. One of these mRNA intermediates, called pregenomic RNA, is critical for the
viral replication. It undergoes reverse transcription and serves as the template for new
viral DNA. The newly formed viral DNA and viral proteins form viral nucleocapsids
that obtain HBV envelope proteins prior to being released from the hepatocyte as
mature enveloped virions[19-21,30]. These virions then go on to infect other hepatocytes.
As to HBV associated hepatocarcinogenesis, inside the hepatocyte nucleus, HBV
DNA integration with the host genome takes place during the acute phase of
infection[31,32]. This integration is thought to be one of several mechanisms that leads to
carcinogenesis and HCC. Activation of cellular oncogenes, inactivation of tumor
suppressor genes, chronic liver injury, inflammation and regeneration, activation of
cellular proto-oncogenes, suppression of growth regulating genes and increased HBx
protein have all been implicated in the development of HCC[33] (Figure 1).

CURRENT ANTIVIRAL THERAPIES FOR CHRONIC HBV AND
THE IMPACT ON HCC INCIDENCE
Current therapies available to treat CHB include interferon and NAs: lamivudine,
adefovir, entecavir, telbivudine, tenofovir disoproxil fumarate and the recently FDAapproved tenofovir alafenamide. While interferon works through immune
modulation and has a weak antiviral effect, the NAs inhibit viral replication through
direct inhibition of viral reverse transcriptase. The goal of these antiviral medications
is to improve quality of life and survival by preventing the progression of CHB and
development of cirrhosis and HCC. Currently the treatment objectives are categorized
as shown in Table 1. While a “functional cure” is defined as the loss of hepatitis B
surface antigen (HbsAg) and/or seroconversion to antibody to hepatitis B surface
antigen with undetectable serum HBV DNA, it is important to remember that this is
not a complete cure[19]. This complete cure is what is desperately needed to end the
persistent risk for HCC.

Decreased incidence of HCC with antiviral therapy
While a complete cure is not yet available, several studies have assessed the impact of
NAs on disease progression and HCC development. A randomized controlled trial by
Liaw et al[7] randomized patients with advanced fibrosis or cirrhosis secondary to CHB
to receive daily Lamivudine or placebo for up to 5 years. HCC occurred in 17/436
(3.9%) of patients treated with Lamivudine and 16/215 (7.4%) of patients who
received placebo (P = 0.047). After a median treatment duration of 32.4 mo, the
incidence of HCC was significantly reduced in the Lamivudine group and the study
was stopped[7].
A retrospective study by Eun et al[8] conducted from March 1997 to February 2005
also showed a decreased incidence of HCC with use of lamivudine in patients with
chronic HBV and compensated cirrhosis. HCC occurred in 4.9% of patients in the
group treated with Lamivudine with sustained viral suppression compared to 25% of
patients in the untreated group.
Similar results have also been shown with newer antivirals such as entecavir and
tenofovir. Hosaka et al[9] assessed the risk of HCC in patients with CHB treated with
entecavir compared to a control group of treatment-naïve patients. After 5 years of
treatment, patients treated with entecavir had a cumulative HCC incidence of 3.7%
compared to 13.7% in the treatment-naïve group (P < 0.001). Similarly, Kim et al[10]
examined the incidence of HCC in patients treated with tenofovir disoproxil fumerate
(TDF). Patients with CHB, including those with cirrhosis, were treated with TDF and
assessed for incidence of HCC. The investigators found that there was a decreased
incidence of HCC noted by the third year of treatment with TDF compared to the
predicted incidence.

Improved survival with antiviral therapy after the development of HCC
Since the first antiviral drug for HBV became available, antiviral therapy has been
used in patients following surgical resection or local ablative therapy for HBVassociated HCC. Longer survival with concomitant antiviral therapy following tumor
ablation has been observed in a number of studies conducted in Japan, Hong Kong,

WJH

https://www.wjgnet.com

67

January 27, 2019

Volume 11

Issue 1

Shinn BJ et al. Antiviral therapy and persistent risk for HCC
Figure 1

Figure 1 Hepatitis B replication life cycle.

Taiwan and China since 2007. Similar observations of improved survival were first
reported in the United States in 2011[34]. A meta-analysis conducted by Yuan et al[11]
reviewed sixteen of these studies in an effort to investigate the effect of antiviral
therapy after curative therapy in patients with HBV-associated HCC. The papers in
the analysis included four studies from China, three from Hong Kong, one from
Taiwan, six from Japan and one from the United States. The meta-analysis looked at
the impact of NAs on the one and three year recurrence rates, as well as one, three
and five year overall survival and disease-free survival rates. The results revealed that
NAs significantly reduced the recurrence of HBV-related HCC after curative therapy
and improved both overall survival and disease-free survival[11].
Liu et al[12] also conducted a meta-analysis to assess the effect of adjuvant antiviral
therapy following hepatectomy and/or percutaneous ablation for HBV-related HCC.
They looked at twenty-one studies that compared antiviral therapy with placebo or no
treatment. The primary end-points assessed were recurrence-free survival and overall
survival. While this meta-analysis did have some limitations including significant
between-study heterogeneity and most of the studies being observational in nature,
NAs did show a significant improvement in prognosis after curative treatment in
patients with HBV-associated HCC[12].

Development of new HCC while on successful antiviral therapy
While overall incidence of HCC has reduced with antiviral therapy, HCC can still
develop despite successful viral suppression, most commonly in patients with
cirrhosis. The most commonly reported cases of HBV-associated HCC developed
within five to ten years despite antiviral therapy[13-15]. However, recent observations at
the Liver Disease Prevention Center, Division of Gastroenterology and Hepatology of
Thomas Jefferson University Hospital have demonstrated development of HBVassociated HCC even after a decade of successful viral suppression[16,17]. Patients from
these observations were maintained on antiviral treatment anywhere from 5.2-18.4
years with undetectable serum HBV DNA for up to 12.4 years before HCC
development. Due to close monitoring and follow up, most of the tumors were
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Table 1 Definition of hepatitis B virus cure[19]
HBsAg

Anti-HBs

Viremia

cccDNA

Functional cure

-

+

-

+

Complete cure

-

+

-

-

HbsAg: Hepatitis B surface antigen; Anti-HBs: Antibody to hepatitis B surface antigen; cccDNA: Covalently
closed circular DNA.

discovered early and were ablated successfully (Table 2)[17].

Development of the subsequent new and recurrent HCC
After resection or ablation of the initial HCC, the patients were continued on antiviral
therapy and maintained successful viral suppression. However, the persistent risk for
subsequent new and recurrent HCC in this patient population has been observed. We
recently described three cases of subsequent new and recurrent HCC in patients who
underwent successful initial tumor ablation and had suppression of serum HBV DNA
for years. Figure 2 depicts these three patients and shows the time from their HBV
diagnosis to the initial HCC and eventual development of subsequent new and
recurrent HCC. One of these patients described in Figure 3 was diagnosed as HbsAg
(+) in 1987. She did not receive antiviral therapy as it was not available until after
1998. In 2000, thirteen years later, she was diagnosed with HCC. Following successful
transarterial chemoembolization (TACE) and radiofrequency ablation she was
maintained on antiviral therapy for five years at which point she was found to have a
1.1 cm × 0.8 cm arterially enhancing lesion with washout appearance near the
previously treatment site on abdominal magnetic resonance imaging consistent with
recurrent HCC. She underwent TACE and was maintained on antiviral therapy for
another ten years at which point she developed another 0.8 cm recurrent HCC despite
an undetectable serum HBV DNA[18].

Need for HBV Cure
Without eradication of cccDNA from infected hepatocytes, HBV continues to carry the
risk of development of HCC despite functional cure being achieved as described
above. As we become more aware of the persistent risk for new, subsequent new and
recurrent HCC, we become more aware of our need for a cure for HBV infection.
Antiviral therapy is able to control viral replication and slow the progression of liver
disease in the majority of treated patients, but the persistence of cccDNA and
continual suppression of the innate and adaptive host immune response causes a
persistent risk of hepatocarcinogenesis. Several steps in the HBV replication cycle
have been identified as potential targets for future therapies. These therapies can be
separated into four categories based on their target of action: (1) complete inhibition
of HBV replication; (2) restoration of host innate immunity and adaptive anti-HBV T
and B cell responses; (3) selective sensitization of HBV infected hepatocytes to
immune elimination; and (4) direct targeting of cccDNA[21].
Complete inhibition of HBV replication: The first category, complete inhibition of
HBV replication, should have in theory already been achieved with existing NAs.
However, complete inhibition of HBV replication is not achieved with NAs alone
since inhibition of DNA polymerase is only one step of the entire HBV replication
cycle. If this had been achieved, we would see elimination of HBV DNA and even
cccDNA as infected hepatocytes are replaced. In addition to direct inhibition of HBV
DNA polymerase, other steps in the replication cycle are being targeted. Entry
inhibitors are being investigated and work through targeting the NTCP receptor
preventing de novo infection of hepatocytes as well as the spread of the virus from
infected hepatocytes to non-infected hepatocytes. Capsid inhibitors are also being
investigated and have the potential to work at several different steps in the HBV
replication cycle where the capsid is essential including genome packaging, reverse
transcription, intracellular trafficking and re-importation into the nucleus. These
therapies have the potential to augment the action of NAs and lead to complete
inhibition of HBV DNA[19].
Restoration of host innate and adaptive immunity: In regards to restoration of host
innate and adaptive immune responses, several targets have been identified.
However, the challenge of stimulating an antiviral immune-mediated response
without triggering detrimental anti-HBV flares is difficult. Inhibiting HBV gene
expression has been investigated with RNA interference and nucleic acid polymers.
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Table 2 Development of hepatocellular carcinoma in patients with cirrhosis on long-term antiviral therapy[17]

Patient

Chang in
Date start
Date HCC
child class
Tx
Dx
on Tx

Years on
Years with
Size (cm)
anti-HBV
Age (yr) at
HBV DNA
HBV DNA
and site of
Tx at HCC
HCC Dx
at HCC Dx
(-)
HCC
DX

Anti-HBV
Tx

Status

1

4/1998

B→A

7/2007

9.3

3.41

53

1.1 Junction

UD

LAM + TDF

Alive

2

6/2002

A→A

8/2007

5.2

4.7

70

1.0 Rt

UD

LAM + TDF

Alive

3

1/1998

B→A

3/2008

10.2

8.2

68

2.8 × 2.5

UD

LAM + TDF

Dead

4

5/1998

A→A

2/2008

9.8

6.7

76

1.8 × 0.9 Lt

UD

LAM + TDF

Alive

5

7/2004

B→B

9/2009

5.2

4.7

52

3.9 Rt

UD

LAM + TDF

Alive

6

7/2001

B→B

9/2010

9.2

4.1

54

2.8 Rt

UD

LAM + TDF

Dead

7

2/2004

A→A

6/2013

9. 3

7.7

57

2.5 Lt med

UD

TDF

Dead

8

2/1996

A→A

7/2013

17.4

9.7

73

1.6 × 1.4 Rt

UD

TDF

Dead

9

8/1997

A→A

6/2014

16.8

5.9

54

2.2 × 1.9 Lt
lat

UD

ETV

Alive

10

5/1996

A→A

10/2014

18.4

10.4

74

3.4 Rt

UD

LAM + TDF

Dead

11

2/2000

A→A

4/2015

15.2

12.4

62

3.4 × 3.4 Rt

UD

TDF

Alive

12

2/2000

B→A

5/2015

15.3

12.2

65

3.8 Rt

UD

TDF

Alive

1

Patient has been hepatitis B virus (HBV) DNA (-) until 3 years before HBV DNA became detectable (22 IU/mL) when tenofovir disoproxil fumarate was
added. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; LAM: Lamivudine; TDF: Tenofovir disoproxil fumarate. UD: Undetectable.

Checkpoint inhibitors such as anti-PD-1 monoclonal antibodies currently used in
oncology are also being investigated. In HBV, the HBV-specific CD8+ T cells express
high levels of inhibitory molecules so inhibition of these checkpoint molecules can
rescue HBV-specific CD8+ T cells. Engineering HBV-specific T cells through transfer
of HBV-specific T cell receptors and therapeutic vaccines aimed at stimulating HBVspecific T cell immunity in patients chronically infected with HBV are also under
investigation. Finally, toll-like receptor agonists are being developed to help recognize
the virus and subsequently stimulate production of interferon-alpha and other
cytokines in an effort to activate natural killer cells and other lymphocytes[21].
Immune elimination of HBV infected hepatocytes: The third category of therapies
under investigation includes medications that target cellular inhibitor of apoptosis
proteins (cIAPs). These proteins have been found to attenuate TNF signaling during
HBV infection which leads to restricted death of infected hepatocytes. This lack of
infected hepatocyte death leads to viral persistence. Birinapant, a specific therapy
currently being investigated in preclinical models, antagonizes cIAP and has shown
anti-HBV activity[21].
Direct Targeting of cccDNA: The final category of potentially curative HBV therapies
under investigation involves direct targeting of cccDNA. There are several strategies
to target cccDNA which include inhibition of cccDNA formation, destruction of
cccDNA and functional silencing of cccDNA through targeting proteins involved in
cccDNA transcription and/or stability. Given the knowledge we have regarding
persistent cccDNA and impaired immune responses in patients with CHB, it is likely
that a combination of these newly investigated therapies will need to be used in order
to achieve complete cure[21].

CONCLUSION
The ultimate goal of HBV treatment is to prevent the development of HCC and death
from the virus. Of utmost importance is successful eradication of the transcriptionally
active HBV cccDNA from hepatocyte nuclei. While we currently aim for a functional
cure with loss of HBsAg and undetectable viral DNA, a complete cure can only be
attained with eradication of cccDNA. The several concerns regarding the
unpredictable nature of HCC development in patients with CHB shows the need for a
cure and we should continue to support and encourage research efforts aimed at
developing curative therapies.
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Figure 2

Figure 2 Hepatocellular carcinoma in three patients with chronic hepatitis B[18]. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus.
Figure 3

Figure 3 Persistent risk for recurrent hepatocellular carcinoma in a patient with chronic hepatitis B[18]. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus;
MRI: Magnetic resonance imaging; TACE: Transarterial chemoembolization; RFA: Radiofrequency ablation.
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Abstract
BACKGROUND
Chronic liver disease and cirrhosis is the 12th leading cause of death in the United
States. Patients with decompensated-cirrhosis, especially with hepatic
encephalopathy/coma (HC), have a higher rate of early readmission and
contribute to higher healthcare cost.
AIM
To evaluate the national inpatient trends of discharges, mortalities and financial
impacts associated with four common conditions of cirrhosis.
METHODS
The publicly available Healthcare Cost and Utilization Project National Inpatient
Sample database was utilized to examine the temporal trends of total number of
discharges, mortalities and inpatient costs related to hospitalization with a
primary diagnosis of HC, transjugular intrahepatic portosystemic shunt (TIPS),
esophageal varices with bleeding (EV) and spontaneous bacterial peritonitis
(SBP) from 2005 to 2014. The ten-year temporal trends were assessed using
simple linear regressions and multiple regression analysis. Two-sided P < 0.05
was considered statistically significant.
RESULTS
From 2005 to 2014, the total number of discharges with cirrhosis-associated
complications trended up for HC, SBP and EV (HC by 70% increase, P < 0.0001;
SBP by 819% increase, P = 0.0002; EV by 9% increase, P = 0.016), but not for TIPS
(P = 0.90). HC related to viral hepatitis showed faster increase by 357% (P <
0.0001) in comparison to HC not related to viral hepatitis by 33 % (P = 0.0006).
Overall, in-hospital mortality rates for each condition decreased from 2005 to
2014 (HC by 29% reduction, P = 0.0024; SBP by 26% reduction, P = 0.0038; TIPS
by 32% reduction, P = 0.021) except for EV (P = 0.34). After adjustment for
inflation, aggregate cost of hospitalization for EV, HC, and SBP significantly
increased by 20%, 86%, and 980%, respectively, from 2005 to 2014 (all P < 0.02),
while TIPS had trend toward decreasing cost by 3% (P = 0.95).
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CONCLUSION
The number of hospitalizations and costs for some of the cirrhosis-associated
conditions increased. However, the inpatient mortality rates for most of these
conditions decreased.
Key words: Cirrhosis; Hepatic encephalopathy; Spontaneous bacterial peritonitis;
Esophageal varices; Transjugular intrahepatic portosystemic shunt
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Core tip: Understanding recent temporal trends of cirrhosis-associated conditions is an
important aspect of developing strategies to reduce health care cost. Our study showed
increasing trends of hospital discharges related to cirrhosis-associated conditions despite
the decreasing trends for total hospital discharges across the nation. Importantly, hepatic
coma associated with viral hepatitis showed rapid increase in discharge volume in
comparison to hepatic coma not associated with viral hepatitis. After adjusting for
inflation, cirrhosis associated conditions showed disproportionately greater increase in
aggregate cost compare to national trends. This suggests that prevention of
hospitalizations secondary to cirrhosis-associated conditions likely reduces overall health
care cost.
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INTRODUCTION
Background
Chronic liver disease and cirrhosis is the 12th leading cause of death in the United
States[1]. Cirrhosis is associated with multiple life-threatening complications such as
intraabdominal infections, hepatic encephalopathy/coma (HC), portal hypertension,
esophageal varices and hepatocellular carcinoma. These complications are suggestive
of decompensated-cirrhosis and are indicative of worse prognosis among patients
with cirrhosis[2,3]. In addition, patients with decompensated-cirrhosis, especially with
HC, have a higher rate of early readmission and contribute to higher healthcare
cost[4-6]. Other cirrhosis-associated complications such as portal hypertension, renal
dysfunction and infections were also associated with higher inpatient mortality[7].

Objective
Reducing the preventable hospitalizations and readmissions are the focus of recent
national initiatives with the goal of improving quality of care and reducing health
care costs. Therefore, optimal management of cirrhosis to prevent decompensatedcirrhosis is emphasized. However, there is limited data on the temporal trend of
hospitalizations and mortality associated with cirrhosis-associated complications.
Recent retrospective studies showed a decline in the number of hospitalizations for
esophageal varices with bleeding (EV)[8-10]. However, there is paucity of data on other
cirrhosis-associated conditions. Therefore, we conducted a larger population-based
study to evaluate the national temporal trends of hospitalizations, mortalities and
financial impact associated with four common conditions of cirrhosis: HC;
intraabdominal venous shunt (transjugular intrahepatic portosystemic shunt or TIPS);
EV; spontaneous bacterial peritonitis (SBP).

MATERIALS AND METHODS
Data sources
National Inpatient Sample (NIS), the largest all-payer database of inpatient care in the
United States, from the Healthcare Cost and Utilization Project (HCUP) published by
the Agency for Healthcare Research and Quality, contains data from over 7-million
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hospital discharges each year from over 1000 hospitals and is weighted to produce
national estimates[11]. The HCUP validates the NIS for biases by comparing it with
other population-based data sets[12] and NIS data have been utilized and published in
the past[13-17]. There was a change in sampling methods in 2012, but the collection date
was adjusted for this change[11,18]. Data reporting met the NIS data use agreement as
established by the HCUP [11] . Since we utilized publicly-accessible, de-identified
administrative level aggregate data, rather than patient-specific data, approval from
the institutional review board was not required to conduct the study.

Study population
We conducted a retrospective study utilizing the NIS to assess 10 year temporal
trends from 2005 to 2014 for total number of discharges, death, mortality, length of
stay (LOS), mean charges, aggregate charges, aggregate costs, age, sex, insurance
types (Medicare, Medicaid, Private insurance, Uninsured, Other or Missing) and bed
size (Small, Medium and Large) related to hospitalization, with a primary diagnosis
of HC, TIPS, EV and SBP, using International Classification of Diseases (ICD)-9 codes
(HC: 572.2; HC secondary to viral hepatitis: 070.0, 070.20-23, 070.41-44, 070.49, 070.6,
070.71; TIPS: 39.1; EV: 456.0; SBP: 567.23)[11,19]. A primary diagnosis is the main reason
why patients are hospitalized, rather than a secondary diagnosis which sometimes
used to identify continuation of treatment for chronic conditions in the hospital. These
ICD-9 codes have been validated in literature except HC secondary to viral
hepatitis[19]. Codes for HC secondary to viral hepatitis include acute viral hepatitis
resulted in HC. However, if providers used codes for unspecified acute liver failure
which resulted in HC from viral hepatitis, our analysis was unable to include these
populations due to lack of specificity of codes. As the coding behavior is becoming
more specific due to insurance requirement, we expect that inclusion codes related to
HC secondary to viral hepatitis will be an important part of analysis. This will allow
us to evaluate if the changes related to HC is merely an artifact of coding behavior.
We also obtained data for a National all-cause hospitalization (national) for a
comparison. Importantly, the ICD-9 code for SBP, 567.23, was introduced in 2005[13].
We only evaluated a primary diagnosis of ICD-9 codes rather than a secondary
diagnosis to avoid duplication in the data. We chose to end the study period in 2014
since the official transition from ICD-9 codes to ICD-10 codes occurred nationally in
2015.

Statistical analysis
A biomedical statistician GZ reviewed and performed statistical analysis. Both
charges and costs were inflation-adjusted using the appropriate Consumer Price
Index (http://www.bls.gov/cpi/) and all converted to 2014 United States dollars. We
compared the 10-year temporal trends of discharges, mortalities, charges and costs
data using simple linear regressions using SAS version 9.4 (SAS Institute Inc., Cary,
NC). We also used multiple regression analysis to explore the adjustments of mean
age and LOS for outcomes that showed significant temporal trends in simple
regressions. Nonrandom temporal trends (or “special-cause variation”) were also
demonstrated by run charts using the statistical process control decision rule: there
are 6 or more consecutive data points always going up or going down over time[20].
Two-sided P < 0.05 was considered statistically significant without multiple
comparison adjustments.

RESULTS
Temporal trends of discharges for cirrhosis-associated conditions are shown in Figure
1A-C. From 2005 to 2014, the primary diagnosis of four cirrhosis related pathologies
were all trending up except TIPS [HC, 47268 to 80470 by 70% increase, slope estimate
(annual change rate) = 4205 [95% confidence interval (CI) = 3739 to 4671], P < 0.0001;
SBP, 821 to 7545 by 819% increase, slope = 660 (428 to 893), P = 0.0002; EV, 3942 to
4305 by 9% increase, slope = 55 (13 to 96), P = 0.016; TIPS, 4079 to 4060 by < 1%
decrease, slope = 9 (-151 to 168), P = 0.90]. Nationally, the total number of discharges
decreased from 37843039 to 35358818 by 7% [slope = -316319 (-433063 to -199576), P =
0.0002]. Similar significance of temporal trends of these discharges remained if
adjusted for mean age and LOS, and both variables did not show significant change
over time (all P > 0.11). HC not related to viral hepatitis (ICD-9 code 572.2) increased
from 41796 to 55485 by 33% from 2005 to 2014 [slope = 1688 (968 to 2408), P = 0.0006],
while HC related to viral hepatitis (070.0, 070.20-23, 070.41-44, 070.49, 070.6, 070.71)
increased faster, from 5472 to 24985 by 357% [slope = 2517 (1732 to 3302), P < 0.0001].
Overall as described in Figure 2, in-hospital mortality rates for each condition
significantly decreased from 2005 to 2014 [HC: 8.06% to 5.73% by 29% reduction, slope
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Figure 1

Figure 1 10-year temporal trends of discharges. A: Percent changes of discharge numbers compare to 2005; B:
Percent changes of discharge numbers compare to 2005 without SBP; C: Discharge volume for cirrhosis associated
conditions. From 2005 to 2014, the primary diagnosis of four cirrhosis related pathologies were all trending up except
TIPS. EV: Esophageal varices with bleeding; HC: Hepatic encephalopathy/coma; TIPS: Transjugular intrahepatic
portosystemic shunt; SBP: Spontaneous bacterial peritonitis.

= -0.21% (-0.33% to -0.10%), P = 0.0024; SBP: 8.34% to 6.16% by 26% reduction, slope =
-0.25% (-0.39% to -0.10%), P = 0.0038; TIPS: 10.81% to 7.39% by 32% reduction, slope =
-0.35% (-0.64% to -0.07%), P = 0.021] except for EV (5.84% to 6.04%; P = 0.34). If
adjusted for mean age and LOS, SBP was still reduced significantly (P = 0.034), but
TIPS were no longer significant (P = 0.067). The changes in in-hospital mortality rates
might be associated with the variations of mean LOS but not with mean age. For
example, one-day reduction in mean LOS seemed significantly associated with a
reduction in TIPS mortality rates of 1.73% (0.69% to 2.76%), P = 0.007. There was also
a statistically significant reduction on national mortality rate, from 2.04% to 1.90%, or
a 7% reduction, slope = -0.018% (-0.031% to -0.006%), P = 0.011.
Figure 3 shows the 10-year trends for mean LOS and mean ages. Mean LOS for
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Figure 2

Figure 2 10-year temporal trends of mortality rates. In-hospital mortality rates for each condition significantly
decreased from 2005 to 2014 except for esophageal varices with bleeding. EV: Esophageal varices with bleeding;
HC: Hepatic encephalopathy/coma; TIPS: Transjugular intrahepatic portosystemic shunt; SBP: Spontaneous bacterial
peritonitis.

TIPS decreased from 9.6 d in 2005 to 8.0 in 2014 with 17% decrease [slope = -0.18 (-0.34
to -0.01), P = 0.038]. However, other cirrhosis related conditions and national LOS did
not show any significant changes. TIPS had persistently higher LOS as compared to
other conditions. Mean ages of cirrhosis-associated conditions were consistently
higher than national average, and HC persistently had the highest mean age.
Figure 4A shows mean charges of four cirrhosis-associated conditions that have
been increasing more than 30% compared to 2005 data, after adjustment for inflation
[HC, $32045 to $47929 by 50% up, slope = 2042$/year (1425 to 2660), P < 0.0001; EV,
$33979 to $51336 by 51% up, slope = 1822$/year (1238 to 2406), P < 0.0001; TIPS,
$45425 to $59130 by 30% up, P = 0.0022; SBP, $33151 to $50824 by 53% up, slope =
2019$/year (687 to 3352), P= 0.008; from 2005 to 2014). Nationally, mean charge
increased from $26323 to $41633, or a 58% increase [slope = 1739$/year (1646 to 1833),
P < 0.0001]. Temporal trends of these mean charges were still significant (all P < 0.012)
after further adjustment for mean age and LOS. Figure 4B shows mean costs
associated with four cirrhosis-associated conditions. This figure demonstrates that
TIPS has persistently higher cost related to hospitalizations. Compared to mean
charges, mean costs had less variation over time. The mean costs of TIPS, EV and SBP
did not increase significantly over time (all P > 0.15). Only HC significantly increased
mean costs from $11041 in 2005 to $12282, or a 12% increase, slope = 217$/year (92 to
341), P = 0.004 (after adjusting for mean age and LOS, P = 0.002).
After adjustment for inflation, aggregate charges (so called “national bill”) for
hospitalizations related to EV, HC, SBP, TIPS and national increased by 65%, 150%,
1296%, 30 % and 48 %, respectively, from 2005 to 2014 (all P ≤ 0.0001 except for EV, P
= 0.30) (Figure 5a and 5b). Inflation adjusted aggregate costs of hospitalization for EV,
HC, SBP and national increased by 20%, 86%, 980% and 7%, respectively, from 2005 to
2014 (all P < 0.02), while TIPS trended toward a decreased by 3% (P = 0.95) (Figure 5C
and 5D).
Table 1 and Table 2 shows age and sex distributions, insurance coverage and bed
size for 2005 and 2014 respectively. For four cirrhosis-associated conditions,
proportions of patients are shifting from large hospitals to small-medium sized
hospitals.

DISCUSSION
Discharges with a primary diagnosis of HC, SBP, or EV showed increasing trends
despite the decreasing trend for total hospitalizations across the nation over a 10-year
period, from 2005 to 2014. Especially for SBP, trends show an 819% increase in
hospitalization for this primary diagnosis over 10 years. Hospitalization due to HC
also demonstrated significant increase over the study period, mainly attributable to
the increase in HC coding specifically related to viral hepatitis. Approximately 20.5%
of HC is precipitated by SBP [21] . Therefore, increasing SBP with increasing HC
suggests actual increase in case number along with change in coding behavior. One
recent study showed that there was an increase in hepatitis C virus infection-related
mortality from 2007 to 2013, and this may explain increasing trends of hepatic coma
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Figure 3

Figure 3 10-year temporal trends of mean length of stay and mean ages. A: 10-year temporal trends of mean
length of stay (LOS); B: 10-year temporal trends of mean ages. Mean LOS for transjugular intrahepatic portosystemic
shunt (TIPS) decreased from 9.6 d in 2005 to 8.0 in 2014 with 17%. However, other cirrhosis related conditions and
national LOS did not show any significant changes. TIPS had persistently higher LOS as compared to other
conditions. Mean ages of cirrhosis-associated conditions were consistently higher than national average, and HC
persistently had the highest mean age. EV: Esophageal varices with bleeding; HC: Hepatic encephalopathy/coma;
TIPS: Transjugular intrahepatic portosystemic shunt; SBP: Spontaneous bacterial peritonitis.

related to viral hepatitis[22]. The referenced study also noted decreasing mortality
related to hepatitis C infection from 2014 to 2016 due to introduction of direct-acting
antiviral agents[22]. Therefore, trends may change beyond 2014 and future study to
assess this change will be necessary. Previous population-based studies[8-10] showed
declining numbers of esophageal varices-related hospitalizations, which is in contrast
to our findings. One possible explanation is that our study consisted of more recent
data compared to the published studies. Jamal et al[8] used data from 1988 to 2002, Lim
et al[9] used data from 1998 to 2009 and Pant et al[10] used data from 2002 to 2012.
Furthermore, Pant et al[10] who also utilized data from NIS by HCUP, studied only the
EV patients who had concurrent diagnosis of cirrhosis. Our study only looked at a
primary diagnosis of EV, therefore secondary diagnosis of EV was not included which
may have accounted for the differences in the study results. In addition, there was a
change in sampling methods for NIS in 2012, which may have also impacted the
differences in our results compared to the prior studies[11].
Overall, in-hospital mortality rates for cirrhosis-associated conditions generally
decreased over a 10-year period except for EV, even though there were no significant
trends in the overall all-cause inpatient national mortality rate. This may reflect the
advances in pharmacotherapy such as introduction of rifaximin for HC treatment.
Another possible explanation is that mortality related to hepatitis B virus infection
declined from 2007 to 2016, likely due to improvement of care of hepatitis B virus
infection[22]. Since patients with decompensated cirrhosis, especially from HC, are at
risk for increased frequency of hospital readmission [4-6] , reducing the in-patient
mortality rates may be contributing to the number of readmissions following the
index admission. However, our study was not designed to assess the number of
readmissions in order to address this possibility. Kanwal et al[23] showed there is an
increasing trend for post discharge mortality related to cirrhosis admission, which has
likely replaced inpatient mortality. Therefore, decreasing inpatient mortality may not
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Figure 4 Inflation adjusted 10-year temporal trends of mean charges and mean costs. A: Shows mean charges
of four cirrhosis-associated conditions that have been increasing more than 30% compared to 2005 data, after
adjustment for inflation; B: Demonstrates that transjugular intrahepatic portosystemic shunt (TIPS) has persistently
higher cost related to hospitalizations. Compared to mean charges, mean costs had less variation over time. The
mean costs of TIPS, EV and SBP did not increase significantly over time (all P > 0.15). EV: Esophageal varices with
bleeding; HC: Hepatic encephalopathy/coma; TIPS: Transjugular intrahepatic portosystemic shunt; SBP:
Spontaneous bacterial peritonitis.

reflect actual improvement of care related to cirrhosis. Interestingly, TIPS showed
significant decrease in the hospital LOS from 9.6 in 2005 to 8.0 in 2014 by 17% down (P
< 0.04), but other cirrhosis-associated conditions did not play a significant role in the
LOS. This finding is different from a previous study that evaluated TIPS from 1998 to
2012, which showed relatively constant LOS for TIPS-related admissions[24]. TIPS had
persistently high LOS compared to other diagnosis, however this comparison may not
be appropriate as the ICD-9 code for TIPS was a procedure code rather than a
diagnostic code. In addition, there was a recent trend of minimizing post-procedural
hospital stays[25].
Finally, our aggregate financial analysis suggests that mean charges of cirrhosisassociated conditions increased over a 10-year period after adjusting for inflation. A
similar increased trend was also seen in the national all-cause hospitalization.
However, increase in aggregate cost for primary diagnosis of EV, HC and SBP was
disproportionately greater (45% increase) than the increase in aggregate cost for
national trends (7% increase) after adjusting for inflation. This suggests that
prevention of hospitalizations secondary to cirrhosis-associated conditions likely
reduces overall health care cost.
There are some limitations to our study, which are mostly associated with the lack
of patient-level, detailed clinical information as a result of using an aggregate claims
database. Also, we cannot rule out the possibility of temporal changes in the reporting
bias for these conditions, since the reporting process for the discharge diagnoses may
have become more specific over recent years with more prevalent use of electronic
medical records. Therefore, it is unclear if increasing numbers of cirrhosis-associated
discharges based on ICD-9 codes reflects actual increases in prevalence of the
conditions vs increase in more accurate reporting of these conditions. In addition,
previous studies have not validated ICD-9 codes related to HC secondary to viral
hepatitis. Therefore, use of unvalidated codes may skew results. Further prospective
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Figure 5

Figure 5 Inflation adjusted 10-year temporal trends of aggregate charges and aggregate costs. Same figures
without SBP for charges and costs. A and B: After adjustment for inflation, aggregate charges for hospitalizations
related to HC, SBP, transjugular intrahepatic portosystemic shunt (TIPS) and national increased from 2005 to 2014
except EV; C and D: Inflation adjusted aggregate costs of hospitalization for EV, HC, SBP and national increased
from 2005 to 2014, while TIPS trended toward a decreased. EV: Esophageal varices with bleeding; HC: Hepatic
encephalopathy/coma; TIPS: Transjugular intrahepatic portosystemic shunt; SBP: Spontaneous bacterial peritonitis.

studies are needed to find the explanations of these trends. We also utilized ICD-9
diagnostic codes for HC, EV and SBP, and an ICD-9 procedure code was utilized for
TIPS. Therefore, comparison between ICD-9 diagnostic codes and procedure codes
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Table 1 Number of all discharges, aggregate cost ($), percent of male (%), mean age, age
distribution, payer type, bed size
Diagnosis (2005)

HC

All discharges

SBP

EV

TIPS

47268

821

3942

4079

Male (%)

61.4

66.7

67.7

66.5

Age, mean

57.9

54.2

56.6

Age

n

%

n

%

55.2

n

%

n

%

18-44

4648

9.8

136

16.6

566

14.4

479

11.8

45-64

29350

62.1

471

57.4

2196

55.7

2600

63.7

65-84

12623

26.7

189

23.0

996

25.3

888

21.8

622

1.3

N/A

N/A

122

3.1

N/A

N/A

Medicare

20002

42.3

338

41.2

1298

32.9

1243

30.5

Medicaid

11819

25.0

181

22.1

639

16.2

870

21.3

Private insurance

10833

22.9

193

23.5

1271

32.2

1555

38.1

Uninsured

2785

5.9

65

7.9

537

13.6

237

5.8

Other

1782

3.8

N/A

N/A

192

4.9

174

4.3

Missing

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Small

4869

10.3

111

13.5

520

13.2

55

1.3

Medium

12046

25.5

167

20.4

1017

25.8

861

21.1

Large

30354

64.2

543

66.1

2405

61.0

3163

77.5

85+
Payer

Bed sizes

n: Number; N/A: Not available; HC: Hepatic coma; SBP: Spontaneous bacterial peritonitis; EV: Esophageal
varices; TIPS: Transjugular intrahepatic portosystemic shunt.

may not reflect differences in the respective trends. We understand that determining
the reason for TIPS is important as prognosis may differ for different causes.
However, NIS data did not allow us to separate etiologies. Additional studies to look
at this difference would be appropriate.
In summary, we observed significant temporal increase in hospitalization due to
cirrhosis-associated complications except for TIPS[2,3]. EV, HC and especially SBP had
significant increases in aggregate hospitalization cost. Strategies to prevent
readmission in the era of decreasing mortality rate are needed to effectively reduce
healthcare cost.
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Table 2 Number of all discharges, aggregate cost ($), percent of male (%), mean age, age distribution, payer type, bed size
Diagnosis (2014)
All discharges

HC

SBP

EV

TIPS

80470

7545

4305

4060

60.4

62.5

65.5

64.3

Male (%)
Age, mean

59.7

56.3

57.0

56.1

Age

n

%

n

%

n

%

n

%

18-44

5525

6.9

945

12.5

600

13.9

425

10.5

45-64

50085

62.2

4715

62.5

2540

59.0

2660

65.5

65-84

23770

29.5

1680

22.3

1000

23.2

885

21.8

85+

1080

1.3

105

1.4

125

2.9

N/A

N/A

Medicare

38995

48.5

3005

39.8

1445

33.6

1455

35.8

Medicaid

19545

24.3

2005

26.6

985

22.9

990

24.4

Private insurance

15745

19.6

1940

25.7

1225

28.5

1200

29.6

Uninsured

3240

4.0

360

4.8

470

10.9

270

6.7

Payer

Other

2715

3.4

220

2.9

175

4.1

125

3.1

229.999

0.3

N/A

N/A

N/A

N/A

N/A

N/A

Small

13620

16.9

1065

14.1

830

19.3

255

6.3

Medium

23280

28.9

2060

27.3

1265

29.4

1000

24.6

Large

43570

54.1

4420

58.6

2210

51.3

2805

69.1

Missing
Bed sizes

n: number; N/A: Not available; HC: Hepatic coma; SBP: Spontaneous bacterial peritonitis; EV: Esophageal varices; TIPS: Transjugular intrahepatic
portosystemic shunt.

ARTICLE HIGHLIGHTS
Research background
There is limited data on recent temporal trends of cirrhosis associated conditions in the United
States, which is critical to identify problems related to hospitalizations.

Research motivation
Healthcare cost reduction, especially in the United States, is a current focus on providing costeffective care. Recognizing problems in temporal trends enables to create action plan to reduce
unnecessary costs.

Research objectives
We aim to conduct a descriptive study to identify 10-year temporal trends of cirrhosis associated
conditions which can guide future prospective studies.

Research methods
We used publicly available National Inpatient Sample to conduct 10-year trends analysis of
cirrhosis associated conditions identified by ICD-9 codes from 2005 to 2014. Simple linear
regression and multiple regression models were utilized for statistical analysis.

Research results
The total number of discharges of Hepatic encephalopathy/coma (HC), Spontaneous bacteria
peritonitis (SBP) and esophageal varices with bleeding (EV) had significant increase. Notably,
HC associated with viral hepatitis showed faster rate of increase of hospitalizations. Mortalities
has decreased for HC, SBP and transjugular intrahepatic portosystemic shunt (TIPS), but no
change was observed for EV. Aggregate cost of hospitalizations for HC, EV and SBP had
significant increase after adjustment for inflation; however TIPS showed non-significant trends
toward decreasing cost.

Research conclusions
The number of hospitalizations and costs for some of the cirrhosis-associated conditions
increased. Especially, HC related to viral hepatitis showed fast rate of increase which suggest
appropriate treatment of viral hepatitis maybe necessary to reduce HC in these population. In
addition, the inpatient mortality rates for most of these conditions decreased.

Research perspectives
Viral hepatitis related cirrhosis maybe contributing to high cost of hospitalization especially
hospitalization related to HC. These findings suggest necessity of studies beyond 2014 after
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introduction of newer antiviral agents for hepatitis C as well as studies to identify trends of readmission and post-hospitalization mortality.
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Abstract
BACKGROUND
Hepatitis B virus is a viral infection that can lead to acute and/or chronic liver
disease, and hepatocellular carcinoma (HCC). Hepatitis B vaccination is 95%
effective in preventing infection and the development of chronic liver disease and
HCC due to hepatitis B. In 2011, the Centers for Disease Control updated their
guidelines recommending that adults at high-risk for hepatitis B infection be
vaccinated against hepatitis B including those with diabetes mellitus (DM). We
hypothesize that adults at high-risk for hepatitis B infection are not being
adequately screened and/or vaccinated for hepatitis B in a large urban healthcare
system.

Informed consent statement:
Patients were not required to give
informed consent to the study
because the analysis used
anonymous retrospective clinical
data. The study analyzed only
existing data that spanned multiple
years, and included a large number
of patients hindering the ability to
obtain retrospective consent from
all patients. The study was
descriptive in nature and lacked
identifying patient information.
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AIM
To investigate clinical factors associated with Hepatitis B screening and
vaccination in patients at high-risk for Hepatitis B infection.
METHODS
We conducted a retrospective review of 999 patients presenting at a large urban
healthcare system from 2012-2017 at high-risk for hepatitis B infection. Patients
were considered high-risk for hepatitis B infection based on hepatitis B practice
recommendations from the Center for Disease Control. Medical history including
hepatitis B serology, concomitant medical diagnoses, demographics, insurance
status and social history were extracted from electronic health records.
Multivariate logistic regression was used to identify clinical risk factors
independently associated with hepatitis B screening and vaccination.
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RESULTS
Among the 999 patients, 556 (55.7%) patients were screened for hepatitis B. Of
those who were screened, only 242 (43.5%) patients were vaccinated against
hepatitis B. Multivariate regression analysis revealed end-stage renal disease
(ESRD) [odds ratio (OR): 5.122; 2.766-9.483], alcoholic hepatitis (OR: 3.064; 1.0209.206), and cirrhosis or end-stage liver disease (OR: 1.909; 1.095-3.329); all P < 0.05
were associated with hepatitis B screening, while age (OR: 0.785; 0.680-0.906),
insurance status (0.690; 0.558-0.854), history of DM (OR: 0.518; 0.364-0.737), and
human immunodeficiency virus (OR: 0.443; 0.273-0.718); all P < 0.05 were instead
not associated with hepatitis B screening. Of the adults vaccinated for hepatitis B,
multivariate regression analysis revealed age (OR: 0.755; 0.650-0.878) and DM
were not associated with hepatitis B vaccination (OR: 0.620; 0.409-0.941) both P <
0.05.
CONCLUSION
Patients at high-risk for hepatitis B are not being adequately screened and/or
vaccinated. Improvements in hepatitis B vaccination should be strongly
encouraged by all healthcare systems.
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Core tip: This is a retrospective study evaluating clinical factors associated with Hepatitis
B virus (HBV) screening and vaccination in high-risk adults. Among the 999 high-risk
adults included in this study, 556 (55.7%) adults were screened for HBV. Of those who
were screened, only 242 (43.5%) adults were vaccinated against HBV. Clinical factors
such as End Stage Renal Disease, and cirrhosis were associated with HBV screening,
while diabetes mellitus (DM) was not. Patients with DM were less likely to undergo
HBV vaccination. HBV vaccination is highly effective in preventing HBV-related liver
disease and its sequelae. Increasing HBV vaccination in all high-risk adults should be
strongly encouraged by all healthcare systems.

Citation: Ayoola R, Larion S, Poppers DM, Williams R. Clinical factors associated with
hepatitis B screening and vaccination in high-risk adults. World J Hepatol 2019; 11(1): 86-98
URL: https://www.wjgnet.com/1948-5182/full/v11/i1/86.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i1.86

INTRODUCTION
Hepatitis B virus (HBV) is a major cause of acute and chronic liver disease (CLD) both
in the United States and worldwide. More than 350 million people worldwide are
infected with HBV, of whom approximately 1.4 million reside in the United States[1,2].
HBV is one of the leading causes of cirrhosis and the most common cause for
hepatocellular carcinoma (HCC), accounting for 50% of all HCC cases and virtually all
childhood cases of this condition[3].
The primary approach to HBV prevention is immunization through vaccination.
The vaccine is usually given as 2, 3, or 4 injections over a 6 mo period. With the
advent of a highly effective HBV vaccine, HBV infection rates have decreased from an
estimated 13.8 cases per 100000 in 1987 to roughly 1.5 cases per 100000 in 2007 in the
United States[4-7]. In 2006, the Centers for Disease Control (CDC) recommended HBV
vaccination for unvaccinated adults who are at high-risk for HBV infection[8]. These
indications were expanded in 2011 to include patients with diabetes mellitus (DM),
patients between 19 and 59 years of age, and those greater than 60 years of age at the
discretion of the supervising clinician (Table 1)[9].
HBV vaccination is the most effective measure to prevent hepatitis B infection and
its sequelae, including acute liver failure, cirrhosis, HCC, and overall liver-related
death. However, HBV vaccination among high-risk patients has been limited by a
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Table 1 High-risk condition for which hepatitis B vaccine is recommended for amongst
unvaccinated adults
High-risk conditions for HBV infection
People whose sex partners have hepatitis B
Sexually active persons who are not in a long-term monogamous relationship
Persons seeking evaluation or treatment for a sexually transmitted disease
Men who have sexual contact with other men
People who share needles, syringes, or other drug-injection equipment
People who have household contact with someone infected with the hepatitis B virus
Health care and public safety workers at risk for exposure to blood or body fluids
Residents and staff of facilities for developmentally disabled persons
Persons in correctional facilities
Victims of sexual assault or abuse
Travelers to regions with increased rates of hepatitis B
People with chronic liver disease, kidney disease, HIV infection, or diabetes
Anyone who wants to be protected from hepatitis B

HBV: Hepatitis B virus; HIV: Human immunodeficiency virus.

number of factors including a lack of appropriate physician implementation of CDC
recommendations, as well as inadequate insurance coverage to pay for patient
vaccination. Most health insurance plans cover recommended vaccines for adults at
little or no cost, but many people in the United States remain without health insurance
coverage. A 2012 US National Health Interview Survey (NHIS) study on vaccination
coverage (defined as those having received at least the three recommended
vaccination doses) reported only 24.6% of adults aged ≥ 19 yr being vaccinated (16.5%
among adults aged ≥ 50 yr) with rates of 42% in adults deemed at high-risk [9,10] .
Despite CDC recommendations and significant public health efforts, HBV vaccination
rates increased by less than 5% between 2004 and 2009, in the United States[11]. Since
the addition of DM as a vaccination criterion in 2011, rates of HBV vaccination in the
high-risk population is unclear. Previous epidemiological studies on HBV vaccination
rates have also demonstrated that underrepresented high-risk patient populations
have been noted to have the highest prevalence of HBV infection[12].
The purpose of this study was to perform a retrospective chart review of patients at
high-risk for HBV infection from 2012-2017 in a large, urban safety-net hospital and
tertiary care center. Our study had several aims: (1) To determine serologically
evident HBV vaccination and screening rates in adults at high-risk for HBV; (2) to
identify clinical factors significantly associated with screening and vaccination rates;
and (3) to identify the key baseline characteristics of these individuals.

MATERIALS AND METHODS
A retrospective cohort study was performed using our center’s electronic medical
record (EMR) of randomly selected patients presenting to our health system between
2012 and 2017 who were considered at high-risk for HBV. Our health system is a
large, academic medical center that incorporates a safety-net hospital that serves a
diverse patient population in an urban setting. The most recent CDC guidelines were
used to determine medical conditions considered high-risk for HBV infection (Table
1). Patients were included in the study if a high-risk condition or activity was noted in
the EMR. A patient list was generated using ICD-10 identifiers, with subject
demographics including clinical history obtained via individual chart review. Patients
from both inpatient and outpatient settings were included. Patients were excluded if a
high-risk ICD-10 designator was not documented in the medical history, or if the
patient had previously contracted HBV (positive serology for hepatitis B surface
antigen). Data accrual was terminated following review of 1100 individual patient
records.
The final study population was stratified into two cohorts: a screening cohort and a
vaccination cohort. The screening cohort consisted of all patients at high-risk for HBV
as determined by the study inclusion criteria. Patients were considered to have
undergone HBV screening if HBV serology (hepatitis B surface antigen (HBsAg),
hepatitis B core antibody (anti-HBc) and hepatitis surface B surface antibody (anti-
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HBs) was documented in the EMR. Patients without HBsAg, anti-HBc, and anti-HBs
in our EMR were not considered to have been screened. Demographic and clinical
factors were compared between patients who were screened for HBV versus those
who were not in order to identify factors associated with screening. The vaccination
cohort consisted of the subset of patients in the screening cohort who had HBV
serology on file. Patients were considered to have undergone HBV vaccination if the
anti-HBs was positive, and the HBsAg and anti-HBc were negative. Patients with
negative anti-HBs, HBsAg, and anti-HBc were not considered vaccinated. As with the
screening cohort, demographic and clinical factors were compared between patients
who were vaccinated for HBV and those who were not in order to identify factors
associated with vaccination.

Statistical analysis
Data are presented as percentages for categorical variables and medians for nonparametric continuous variables. Differences in proportions were determined using
the chi-square test with Yates correction factor or the Fisher exact test, as appropriate.
Differences in continuous variables were determined using the Mann-Whitney U-test.
Factors found significant (P < 0.05) on univariate analysis were inputted into a
multivariate logistic regression with the dichotomous dependent variable (screening
or vaccination) coded as 1. Dummy variables were used to code categorical variables.
For regression purposes, health insurance coverage was coded as follows “0” for
private insurance, “1” for Medicare, “2” for Medicaid, and “3” for uninsured or other
types of coverage. Age was coded by increasing deciles. BMI was grouped into
increasing 5 kg/m2 units as listed and coded as integers. Missing data fields were left
blank. Logistic regression results are reported as odds ratios with 95% confidence
intervals. The Hosmer-Lemeshow statistic was used to test model goodness-of-fit. A
biomedical statistician performed the statistical review of this study. Data analysis
was completed using Sigmaplot 12.0 (Systat Software, San Jose, CA, United States).
This study was approved by the Institutional Review Board of NYU Langone Health
(s16-01837).

RESULTS
A total of 1,100 patients were identified during the data collection period, of which
101 were excluded due to evidence of prior HBV infection (i.e., positive HBsAg). Of
the remaining 999 patients, 556 (55.7%) patients had been screened for hepatitis B and
443 patients (44.3%) had not been screened (“screening cohort”; Figure 1).
Demographics for the screening cohort are listed in Table 2, showing that a higher
proportion of patients were male (60.6%), between 50-70 yr of age (63.1%), and obese
(BMI > 25 kg/m2; 66.4%). Almost half of the study cohort was non-white (46.5%), and
40.6% did not have private health insurance.
High-risk medical conditions as determined by the CDC are listed in Table 3,
revealing that chronic kidney disease (CKD) (48.1%), DM (46.8%), and end-stage renal
disease (ESRD) (41.3%) were highly enriched in the study population. Hemoglobin
A 1 c was available for 499 (49.9%) patients, with a median A 1 c of 6.5% (25-75 th
percentile: 5.6%-7.7%). CLD was present in 25.7% of patients, including 10.3% with
hepatitis C virus (HCV) infection (i.e., a positive hepatitis C virus antibody [HCV Ab]
with a detectable viral load on RNA PCR assay), and 10.1% of patients were noted to
have non-alcoholic fatty liver disease (NAFLD). Cirrhosis was reported in 10.6% of
patients (median MELD: 16; 25-75th percentile: 10-21), with 70 patients (7.0%) currently
listed for liver transplant. A total of 75 (7.5%) expired at the end of data collection
period, including 13 from liver-related deaths. Most patients (76.0%) had at least two
or more high-risk conditions or activities as defined by the CDC.
Cardiovascular risk factors and other major comorbid conditions are listed in Table
4, showing that hypertension (59.6%), dyslipidemia (43.2%; median LDL: 80; 25-75th
percentile: 57-107), and coronary artery disease (CAD; 21.1%) were also common in
our study population. A total of 39.1% of patients had a current or former smoking
history, including 6.6% who were active tobacco users. As expected in underserved
patient populations, only 32.6% of patients had seen a primary care provider within
the previous year, and only 25.8% had been evaluated by a gastroenterologist within
the past year.
Demographic and clinical factors in the screening cohort were compared between
those who had been successfully screened for hepatitis B (n = 556; 55.7%) and those
who had not been screened (n = 443; 44.3%). Univariate analysis revealed that patients
who had been screened for HBV were more likely to be under 50 yr of age and have a
BMI of less than 25.0 kg/m2 (P < 0.05; Table 2). Race was significantly associated with
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Figure 1

Figure 1 Study design showing screening and vaccination cohorts.

screening status (P = 0.006), ranging from 67.5% in Hispanic patients to 51.9% in white
patients (Table 2). Insurance status was also significantly associated with screening (P
< 0.001), peaking at 59.5% in individuals with private health insurance to less than
30% in uninsured patients (Table 2).
High-risk medical conditions are listed in Table 3, revealing that HBV screening
was significantly more common in patients with CKD or ESRD (both P < 0.001).
Screening was also more frequent in patients with major cardiovascular risk factors
such as hypertension, CAD, or congestive heart failure (all P < 0.05; Table 4). In
contrast, a history of intravenous drug use (3.2% vs 0.9%), human immunodeficiency
virus (HIV) infection (22.3% vs 7.9%), or current tobacco use (8.8% vs 4.9%; all P <
0.05) were significantly more frequent in patients who had not been screened for
HBV, suggesting a bias against HBV screening in patients with a history of high-risk
activities such as polysubstance abuse.
Multivariate analysis revealed that medical conditions such as ESRD [odds ratio
(OR): 5.122; 2.766-9.483], alcoholic hepatitis (OR: 3.064; 1.020-9.206), and cirrhosis (OR:
1.909; 1.095-3.329) were positively associated with HBV screening (Figure 2).
Demographics including age (OR: 0.785; 0.680-0.906) or insurance status (OR: 0.690;
0.558-0.854), and chronic medical conditions such HIV (OR: 0.443; 0.273-0.718), and
DM (OR: 0.518; 0.364-0.737) were inversely correlated with screening (all P < 0.05),
suggesting that socioeconomic factors strongly impact likelihood of screening. The
Hosmer-Lemeshow goodness-of-fit test was not significant (P = 0.116), indicating that
the regression fit the data. Patients who were screened for HBV were also significantly
more likely to have undergone HCV screening, hepatitis A vaccination, or have a
documented hepatitis A serology on file (all P < 0.05; Table 5). These patients were
also more likely to have been evaluated by primary care providers, emergency
department personnel, or gastroenterologists within the past year (all, P < 0.001).
MELD score was significantly higher in patients who had undergone HBV screening
(median: 16 vs 12), and these patients tended to succumb more frequently to all-cause
(11.3% vs 2.7%; P < 0.001) and liver-related mortality (2.0% vs 0.5%; P = 0.067 trend).
Of the 556 patients who had been screened for HBV, a total of 242 (43.5%) patients
had been vaccinated for HBV, while 314 (56.5%) patients had not been vaccinated
(“vaccination cohort”; Figure 1). Demographic information is listed in Table 2,
revealing that most patients were male (59.7%), obese (BMI > 25 kg/m2; 62.2%), and
19.4% were under 50 years of age. The vaccination cohort was socioeconomically
diverse with 50.2% non-white and 36.5% without private medical insurance. Similar
to the screening cohort, the vaccination cohort was characterized by a large burden of
cardiovascular and other high-risk medical conditions including 64.6% with CKD,
26.4% with CLD 20.5% with high-risk sexual behavior, and 7.9% with HIV (Tables 2
and 3).
Clinical information was compared between those who had been vaccinated
against HBV vs those who had not been vaccinated. Univariate analysis revealed that
HBV vaccination was more frequently performed in non-obese patients (BMI < 25
kg/m2; 41.7% vs 34.6%) and those younger than 50 years of age (26.9% vs 13.7%; both
P < 0.05). Race significantly impacted vaccination status, with HBV vaccination
ranging from 55.2% in black patients to only 36.1% of white patients (P = 0.001).
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Table 2 Screening and vaccination cohort patient demographics
Screening cohort
Demographic

Male

Entire
screening
cohort (n = 999)

Screened for
HBV (n = 556)

Not screened
for HBV (n =
443)

60.6%

59.7%

61.6%

Age

Vaccination cohort
P-value

0.583

Entire
Vaccinated
Not vaccinated
vaccination
against HBV (n against HBV (n
cohort (n = 556)
= 242)
= 314)
59.7%

59.5%

59.9%

< 0.001

< 40

4.9%

7.9%

1.1%

7.9%

12.8%

4.1%

41-50

6.7%

11.5%

0.7%

11.5%

14.1%

9.6%

26.4%

22.3%

31.6%

22.3%

24.4%

20.7%

61-70

36.7%

28.2%

47.4%

28.2%

25.2%

30.6%

71-80

14.6%

15.6%

13.3%

15.6%

12.4%

18.2%

> 80

10.6%

14.4%

5.9%

14.4%

11.2%

16.9%

0.028

0.047

< 20

7.0%

8.7%

4.8%

8.7%

11.9%

6.3%

20-24.9

26.6%

29.0%

23.5%

29.0%

29.8%

28.3%

25-29.9

32.7%

31.5%

34.2%

31.5%

31.2%

31.8%

30-34.9

20.6%

19.0%

22.5%

19.0%

19.3%

18.9%

> 35

13.1%

11.7%

14.9%

11.7%

7.8%

14.7%

White

53.5%

51.9%

48.1%

49.8%

36.1%

63.9%

Black

17.1%

61.4%

38.6%

18.9%

55.2%

44.8%

Hispanic

11.7%

67.5%

32.5%

14.2%

41.8%

58.2%

Other

17.7%

53.7%

46.3%

17.1%

53.7%

46.3%

Race

0.006

Insurance

0.999
< 0.001

51-60

BMI

P-value

0.001

< 0.001

0.488

Private

59.4%

59.5%

40.5%

63.5%

41.4%

58.6%

Medicare

30.1%

53.5%

46.5%

29.0%

46.0%

54.0%

Medicaid

6.8%

45.6%

54.4%

5.6%

51.6%

48.4%

Uninsured

3.7%

29.7%

70.3%

2.0%

54.5%

45.5%

HBV: Hepatitis B virus; BMI: Body mass index.

Vaccination remained low among all insurance classes (range: 41.4%-54.5%) and was
not affected by type of coverage (P > 0.05). Moreover, vaccination was significantly
more common in patients with hypertension, CKD, or ESRD, while less common in
patients with CLD, NAFLD, DM, or cancer (all P < 0.05; Tables 3 and 4).
Multivariate analysis revealed that hypertension (OR: 1.626; 1.019-2.594) was
positively associated with HBV vaccination, while DM (OR: 0.620; 0.409-0.941) and
BMI (OR: 0.799; 0.671-0.952) were inversely correlated with vaccination (all P < 0.05;
Figure 3). Older age (OR: 0.755; 0.650-0.878; P < 0.05) was again inversely correlated
with vaccination, further suggesting that patient demographics are an important
clinical factor affecting HBV management. The Hosmer-Lemeshow test was not
significant (P = 0.470), indicating that the regression fit the data.
Additional data on gastrointestinal history and healthcare utilization is listed in
Table 5. MELD score (median: 16 vs 17), all-cause mortality (10.7% vs 11.8%), and
liver-disease specific mortality (2.4% vs 1.6%; all P > 0.05) were not significantly
different between patients with or without HBV vaccination.

DISCUSSION
The CDC recommends all individuals at high-risk for HBV infection undergo
vaccination. Updated CDC guidelines on HBV management in 2011 greatly increased
the number of eligible patients who should undergo HBV vaccination by expanding
vaccination criteria to include most patients with a history of DM. Despite this, only
55.7% of high-risk patients were screened for HBV, and only 43.5% were
appropriately vaccinated against infection. Socioeconomic factors such as age and
insurance status significantly affected HBV management, as well as high-risk medical
conditions including HIV. DM was a significant risk factor in patients who were
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Table 3 High-risk medical conditions or activities
Screening cohort

Vaccination cohort

Entire
screening
cohort (n = 999)

Screened for
HBV (n = 556)

Not screened
for HBV (n =
443)

P-value

Intravenous
drug use

1.9%

0.9%

3.2%

0.018

0.9%

1.2%

0.6%

0.769

Men who have
sex with Men

5.0%

4.0%

6.3%

0.120

4.0%

5.8%

2.5%

0.085

Chronic
kidney disease

48.1%

64.6%

27.5%

< 0.001

64.6%

73.1%

58.0%

< 0.001

End stage
renal disease
(dialysis)

41.3%

59.2%

19.0%

< 0.001

59.2%

69.0%

51.6%

< 0.001

Chronic liver
disease

25.7%

26.4%

24.8%

0.614

26.4%

21.5%

30.3%

0.026

Alcohol
hepatitis

3.2%

4.9%

1.1%

0.002

4.9%

2.9%

6.4%

0.091

Primary
sclerosing
cholangitis

0.5%

0.5%

0.5%

0.799

0.5%

0%

1.0%

0.347

Primary
biliary
cirrhosis

0.7%

0.2%

1.4%

0.067

0.2%

0%

0.3%

0.896

Cryptogenic
liver

0.6%

0.7%

0.5%

0.895

0.7%

0.8%

0.6%

0.807

Hemochromat
osis

0.2%

0%

0.5%

0.382

0%

0%

0%

n/a

High risk
condition

Entire
Vaccinated
Not vaccinated
vaccination
against HBV (n against HBV (n
cohort (n = 556)
= 242)
= 314)

P-value

Hepatitis C

10.3%

9.4%

11.5%

0.312

9.4%

8.9%

9.9%

0.799

Non-alcoholic
fatty liver
disease

10.1%

11.2%

8.8%

0.264

11.2%

7.9%

13.7%

0.042

Non-alcoholic
steatohepatitis

1.6%

1.6%

1.6%

0.837

1.6%

0.8%

2.2%

0.337

Autoimmune
hepatitis

0.7%

1.1

0.2%

0.221

1.1%

0.8%

1.3%

0.926

End stage
liver disease
(cirrhosis)

10.6%

12.8%

7.9%

0.017

12.8%

9.5%

15.3%

0.058

Human
immunodefici
ency virus

14.3%

7.9%

22.3%

< 0.001

7.9%

9.9%

6.4%

0.168

High risk
sexual
behavior

22.5%

20.5%

25.1%

0.102

20.5%

23.6%

18.2%

0.145

Diabetes
mellitus

46.8%

43.0%

51.7%

0.007

43.0%

37.2%

47.5%

0.019

HBV: Hepatitis B virus.

suboptimally managed, suggesting a failure to fully implement new CDC
recommendations in clinical practice. Results of a 2012 NHIS study found similar
HBV vaccination rates amongst high-risk individuals, but despite additional
recommendations by the CDC, as well as a 6-year time lapse, there has not been a
significant increase in HBV vaccination during this period. One would expect that
vaccination rates over time would increase as CDC HBV vaccination awareness had
increased. This may be due to lack of awareness by physicians, and the high demand
of quality patient care particularly in underserved populations. More awareness
regarding HBV vaccination recommendations is needed for both primary care
physicians and gastroenterology subspecialists.
As our demographics represent a diverse cohort typical of many large, urban
safety-net hospitals, our study identifies a significant disparity in HBV management
that disproportionately affects the most vulnerable and underserved patient
population. Older patients and patients with DM were less likely to be screened and
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Table 4 Other medical conditions
Screening cohort

Vaccination cohort

Entire
screening
cohort (n = 999)

Screened for
HBV (n = 556)

Not screened
for HBV (n =
443)

P-value

Acute liver
failure

0.4%

0.4%

0.5%

0.782

0.4%

0.4%

0.3%

0.597

Dyslipidemia

43.2%

41.9%

44.9%

0.373

41.9%

38.8%

44.3%

0.231

Comorbidity

Entire
Vaccinated
Not vaccinated
vaccination
against HBV (n against HBV (n
cohort (n = 556)
= 242)
= 314)

P-value

Hypertension

59.6%

63.0%

55.3%

0.017

62.9%

68.2%

58.9%

0.031

Coronary
artery disease

21.1%

24.3%

17.2%

0.008

24.3%

26.0%

22.9%

0.455

Chronic heart
failure

10.2%

12.2%

7.7%

0.024

12.2%

11.6%

12.7%

0.775

Chronic
obstructive
pulmonary
disease

5.6%

5.6%

5.6%

0.927

5.6%

4.1%

6.7%

0.265

Peripheral
arterial
disease

5.2%

6.1%

4.1%

0.191

6.1%

4.5%

7.3%

0.239

Cerebrovascul
ar accident

7.2%

8.6%

5.4%

0.067

8.6%

11.2%

6.7%

0.088

Psychiatric
disorder

10.0%

9.2%

11.1%

0.378

9.2%

8.7%

9.6%

0.836

Current
tobacco user

6.6%

4.9%

8.8%

0.018

4.9%

3.7%

5.7%

0.370

Current
Alcohol use

29.0%

31.3%

26.2%

0.090

31.3%

29.8%

32.5%

0.551

Cancer (any)

18.7%

19.1%

18.3%

0.816

19.1%

12.8%

23.9%

0.001

vaccinated for HBV, while patients with cardiac or renal comorbidities such as chronic
kidney disease and hypertension were more frequently evaluated for HBV. This result
is likely related to the necessity of hepatitis B serology before initiation of
hemodialysis, as well as the significant association between renal and cardiac disease.
The efficacy of HBV vaccination in a high-risk population has been found to be
greater than 90% in adults [13,14] . Despite the CDC and Advisory Committee on
Immunization Practices (ACIP) long-standing recommendations to vaccinate highrisk adult populations, national HBV vaccination coverage rates have remained
low [9,11,15] . Compared with high-risk vaccination coverage in the United States,
reported to be around 42% in 2012, these rates vary greatly in other industrialized
countries from 14%-38% in England in 2004, 25%-45% in France in 2004, and 6%-29%
in the Netherlands in 2007. Compared with previously published vaccination rates in
the US, our results were similar or lower[16-18].
From 2010–2015, HBV vaccination coverage decreased overall in adults 19 years of
age or older, and coverage still remains suboptimal, minimally changed from
previous years, with room for improvement, particularly amongst higher-risk
populations, especially based upon current recommendations[10].
In 2011, the CDC and ACIP created new recommendations for HBV vaccination for
all unvaccinated adults with DM under 60 years of age. Vaccination of patients
greater than 60 years of age was advised at the discretion of individual health care
providers. People with both type 1 and type 2 DM have higher rates of HBV than the
general population and are at additional risk because of shared blood glucose meters,
fingerstick devices, and other diabetes-care equipment such as syringes or insulin
pens[9,19]. HBV outbreaks in people with DM in assisted living, long-term care facilities,
and nursing homes have been seen related to inadequate hand hygiene between
fingerstick procedures and the maintenance of sterility of blood glucose monitoring
and podiatric equipment and supplies. Consistent with these studies, we report that
patients with DM had lower vaccination rates than those with similar high-risk
medical conditions. Previous NHIS data from a 2014-15 collection period reports that
vaccination coverage for DM patients was 24.4% for those aged 19–59 years and 12.6%
for those 60 years of age and older[10]. Our data and those from other studies highlight
the need to educate both patients and clinicians regarding the increased risk of HBV
transmission among patients with DM and the need to increase HBV screening and
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Figure 2

Figure 2 Multivariate logistic regression showing odds ratio for variables independently associated with
hepatitis B screening.

vaccination in this higher-risk subpopulation.
Given the high prevalence of HBV infections in high-risk patients, it is reasonable
to screen patients for hepatitis B prior to administering the vaccine[20]. Although
screening is currently not universally recommended, it can aid in identifying patients
who are already immune to HBV, and help distinguish between those who may or
may not require vaccination, minimizing unnecessary vaccinations. One challenge in
HBV screening is its cost effectiveness.
Post-vaccination screening can also identify those who do not seroconvert after
completing the requisite vaccination series. Post-vaccination screening may be
indicated in CLD as superimposed viral hepatitis B is associated with morbidity and
mortality in these patients[21,22]. Patients with CLD who receive HBV vaccination have
generally lower rates of seroconversion compared to otherwise healthy adults, which
may be as low as 18% in patients with advanced fibrosis [23-25] . Post-vaccination
screening is justified in patients with CLD and a repeat course of HBV vaccination
should be considered in those who initially fail to seroconvert.
Despite the safety and well-documented benefits, rates of HBV immunization have
not increased as expected. Different actions can be implemented to improve
vaccination coverage. This may start with educating patients and physicians about the
importance of immunization and the diseases it prevents, staying updated with
current vaccination guidelines, identifying barriers to vaccination including cost, and
addressing patient misconceptions. Implementing population-based immunization
registries can provide access to comprehensive immunization records for patients at
the community level. These registries have been shown to be effective at improving
immunization rates due to their various capabilities.
Vaccination reminder-recall systems are another cost-effect method to notify adults
who should undergo immunization. Many EMRs can implement standing orders,
assisting healthcare professionals with identifying patient who may benefit from
additional screening. These prompts may consist of electronic pop-ups in the EMR
that automatically display alerts to help notify viewers that the patient is due or
overdue for vaccination.
A strength of our study is an emphasis on the determination of clinical factors that
may be used to identify patients in the inpatient and outpatient setting who are likely
to benefit from further review of their HBV vaccination record. Previous populationbased HBV vaccination and screening data have been based on surveys, and our
study population is more representative of real-world data based on patient
serologies in underserved urban populations. Previously reported survey-based 2012
NHIS HBV vaccination rates in high-risk adults were similar but did not include
patients with DM. Our study also included anti-HBc data in the serologic panel to
differentiate between immunity due to vaccination compared with prior HBV
infection.
This retrospective study is subject to a number of limitations. High-risk factors in
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Table 5 Gastrointestinal history and healthcare utilization
Screening cohort

Vaccination cohort

Screened for HBV (n
= 556)

Not screened for
HBV (n = 443)

P-value

Vaccinated against
HBV (n = 242)

Not vaccinated
against HBV (n =
314)

P-value

HCV serology

82.4%

19.2%

< 0.001

78.5%

85.4%

0.047

HCV infection

9.4%

11.5%

0.312

12.1%

10.2%

0.629

Hepatitis A
vaccination

36.0%

0%

< 0.001

51.7%

23.9%

< 0.001

Hepatitis A
(HAVab IgM or
IgG)

26.1%

4.3%

0.002

27.9%

24.7%

0.616

1 or more primary
care visit per year

43.8%

30.9%

< 0.001

38.1%

48.1%

0.030

1 or more
emergency
department visit
per year

56.6%

26.7%

< 0.001

57.0%

56.4%

0.956

1 or more
gastroenterology
visit per year

35.4%

19.4%

< 0.001

31.9%

38.0%

0.166

MELD score
(median; 25-75th
percentile)

16 (11-23)

12 (8-20)

0.019

16 (11-22)

17 (12-24)

0.586

All-cause mortality

11.3%

2.7%

< 0.001

10.7%

11.8%

0.804

Liver-related
mortality

2.0%

0.5%

0.067

2.4%

1.6%

0.662

Listed for livertransplant

8.1%

5.6%

0.167

6.6%

9.2%

0.333

Variate

MELD: Model for end-stage liver disease.

patients are often underreported by patients (and physicians) or may not be
consistently documented. Patients may frequently hesitate to report high-risk
activities or history such as intravenous drug use or high-risk sexual behavior,
thereby underestimating the proportion of high-risk individuals in the general study
population. Patients may also not be cognizant of their complete medical histories,
underscoring the need to thoroughly review and document a patient’s medical
history. Further, this study only used data accessible from the EMR, and not all
outside records or serological information were available in the EMR. This may
underestimate screening and vaccination data as many patients seek care at several
inpatient and outpatient centers, along with other primary care services. Hence, the
true number of unvaccinated individuals may be even lower. However, given the
large proportion of underserved individuals in our study population, it is likely that
our safety-net hospital (as part of our larger urban academic center) is the primary site
for many of these patients’ healthcare. Future studies are needed to further identify
and improve ways to improve HBV vaccinations, particularly in high-risk patients.
In conclusion, Despite the most recent CDC guidelines, patients at high-risk for
HBV infection are not being adequately screened and vaccinated against hepatitis B
infection and show little improvement compared to historical averages, even when
compared to other studies. Despite numerous studies and taskforce- or professional
society-based guidelines, there has been minimal improvement in vaccination rates
over the past several years. We found that comorbid conditions such as older age, and
diabetes were associated with a lower likelihood of being screened or vaccinated for
HBV, while the opposite was found in patients with ESRD. Vaccination rates were
lower in Black and Hispanic populations.
An improvement in HBV vaccination coverage is needed. Educating patients and
clinicians alike to help identify highest-risk populations is essential, in order to raise
awareness that could potentially increase HBV vaccination rates, with the end goal of
decreasing the burden of chronic HBV-related liver disease, including advanced
fibrosis, cirrhosis, portal hypertension, and HCC. Public health programs and
initiatives are essential at providing these clinical services. Greater vaccination
coverage can be achieved by routinely assessing patients’ vaccination status, using
standing orders for vaccination, incorporating vaccination information guidelines and
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Figure 3

Figure 3 Multivariate logistic regression showing odds ratio for variables independently associated with
hepatitis B vaccination.

prompts in electronic medical records, and using other immunization information
systems[26,27].
Identifying patients who are at high-risk and implementation of the CDC HBV
vaccination recommendations is important in helping decrease the incidence (and
ultimately the prevalence) of HBV infections, along with the physical, emotional, and
financial burden of both acute and chronic HBV and its numerous associated
sequelae. Educating patients and physicians about hepatitis B vaccination, and
implementation of immunization registries, reminder-recall systems and provider
prompts may help increase vaccination rates.

ARTICLE HIGHLIGHTS
Research background
Hepatitis B is a liver infection caused by the hepatitis B virus (HBV), affecting 1.4 million people
in the United States, and 350 people worldwide. HBV infection accounts annually for 4000 to
5500 deaths in the United States and 1 million deaths worldwide from cirrhosis, liver failure, and
hepatocellular carcinoma (HCC). Hepatitis B vaccination is 95% effective in preventing infection
and the development of chronic disease and liver cancer due to hepatitis B in adults vaccinated
before being exposed to the virus. Hepatitis B disproportionately affects certain high-risk
populations. HBV vaccination coverage in high-risk individuals in the United States was
reported to be around 42% in 2012. The Centers for Disease Control (CDC) recommends all
individuals at high-risk for HBV infection undergo vaccination. These guidelines expanded in
2011 to include those with diabetes mellitus (DM). The purpose of our study is to evaluate
clinical factors associated with HBV screening and vaccination in high-risk individuals.

Research motivation
Hepatitis B infection is a significant cause of liver disease in the United States. With the advent of
HBV vaccination, rates of hepatitis B infection have declined, but the rates of vaccination in highrisk individuals have not significantly increased over previous years. With the recommendation
for expanded HBV vaccination guidelines from the CDC, current rates in high-risk individuals
may be underestimated. Our research study looks to evaluate clinical factors associated with
HBV screening and vaccination in high-risk individuals, which may provide better
understanding to the current vaccination rates in this population. Estimating current vaccination
rates in high-risk individuals is important for future research that can study different methods to
improving vaccination rates.

Research objectives
The main objective of this study was to evaluate screening and vaccination rates in high-risk
individuals, and clinical factors associated with screening and vaccination. We found that the
vaccination rates in high-risk individuals remains low in our study population, and that these
rates are similar to previous national rates despite updated CDC guidelines.

Research methods
We conducted a retrospective review of 999 patients presenting at a large urban healthcare
system from 2012-2017 at high-risk for hepatitis B infection. Patients were considered high-risk
for hepatitis B infection based on hepatitis B practice recommendations from the Centers for
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Disease Control. Medical history including hepatitis B serology, medical diagnoses,
demographics, insurance status and social history were extracted from electronic health records.
Multivariate logistic regression was used to identify clinical risk factors independently
associated with hepatitis B screening and vaccination.

Research results
Among the 999 patients, 556 (55.7%) patients were screened for hepatitis B. Of those who were
screened, only 242 (43.5%) patients were vaccinated against hepatitis B. Multivariate regression
analysis revealed end-stage renal disease (ESRD) [odds ratio (OR): 5.122; 2.766-9.483], alcoholic
hepatitis (OR: 3.064; 1.020-9.206), and cirrhosis or end-stage liver disease (OR: 1.909; 1.095-3.329;
all P < 0.05) were associated with hepatitis B screening, while increasing age (OR: 0.785; 0.6800.906), insurance status (0.690; 0.558-0.854), history of DM (OR: 0.518; 0.364-0.737), and human
immunodeficiency virus (OR: 0.443; 0.273-0.718; all P < 0.05) were less likely to undergo hepatitis
B screening. Of adults vaccinated for hepatitis B, multivariate regression analysis revealed
increasing age (OR: 0.755; 0.650-0.878), BMI (0.799; 0.671-0.952), and DM (OR: 0.620; 0.409-0.941;
all P < 0.05) were less likely to undergo hepatitis B vaccination.

Research conclusions
Vaccination rates in high-risk individuals remain low at 43.5% in our study and ways to improve
these rates need to be evaluated. The CDC recommends all individuals at high-risk for HBV
infection undergo vaccination. Our study reveals that patients at high-risk for hepatitis B are not
being adequately screened and/or vaccinated. With the addition of DM in the CDC HBV
vaccination guidelines, we found that older age, diabetes, and decreasing insurance coverage
were associated with a lower likelihood of being screened or vaccinated for HBV, while ESRD
was associated with increased likelihood of screening. Vaccination rates likely remain low due to
lack of knowledge by patients and physicians on appropriate implementation of CDC
guidelines. Identifying patients who are at high-risk for infection is an important step in
decreasing the incidence (and ultimately the prevalence) of HBV infections in the United States.
Future studies are needed to further identify and improve ways to improve HBV vaccinations,
particularly in high-risk patients.

Research perspectives
Identifying high-risk patients who are likely to benefit from further review of their HBV
vaccination status and implementation of vaccination to those in need is of high importance in
the prevention of hepatitis B infection and its sequelae including chronic liver disease, cirrhosis
and HCC. Despite CDC recommendations, HBV vaccination rates in high-risk individuals are
still not optimal. The direction of future research should be aimed at obtaining national rates to
better gauge vaccination in the United States. Also, with the knowledge of current vaccinations
rates, future studies can evaluate different modalities including patient and physician education,
immunization registries, reminder-recall systems and provider prompts that can help improve
HBV management.
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Abstract
BACKGROUND
The impact of platelets on liver transplantation (LT) is well recognized, but not
completely understood. Platelets exert dichotomous effects on the graft and on
the patient. On the one hand, they are essential for primary hemostasis and tissue
repair and regeneration. On the other hand, they support ischemia/reperfusion
injury and inflammatory processes. Recent evidence has shown a new role for
platelet count (PC) in predicting outcomes after LT.
AIM
To evaluate if low PC is a predictor of short- and long-term outcomes after LT.
METHODS
Four hundred and eighty consecutive LT patients were retrospectively assessed.
PC from the preoperative to the seventh postoperative day (POD) were
considered. C-statistic analysis defined the ideal cutoff point for PC. Cox
regression was performed to check whether low PC was a predictor of death,
retransplantation or primary changes in graft function within one year after LT.
RESULTS
The highest median PC was 86 × 109/L [interquartile range (IQR) = 65–100 ×
109/L] on seventh POD, and the lowest was 51 × 109/L (IQR = 38–71 × 109/L) on
third POD. The C-statistic defined a PC < 70 × 109/L on fifth POD as the ideal
cutoff point for predicting death and retransplantation. In the multivariate
analysis, platelets < 70 × 109/L on 5POD was an independent risk factor for death
at 12 mo after LT [hazard ratio (HR) = 2.01; 95% confidence interval (CI) 1.06-3.79;
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P = 0.031]. In the Cox regression, patients with PC < 70 × 109/L on 5POD had
worse graft survival rates up to one year after LT (HR = 2.76; 95%CI 1.52-4.99; P =
0.001).
CONCLUSION
PC < 70 × 109/L on 5POD is an independent predictor of death in the first year
after LT. These results are in agreement with other studies that indicate that low
PC after LT is associated with negative outcomes.
Key words: Predictive factors; Prognosis; Platelet count; Liver transplantation; Graft
survival; Mortality
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Recent evidence shows that low platelet count (PC) can predict outcomes after
liver transplantation (LT). We evaluated if a low PC in the immediate postoperative
period of LT, defined as a PC < 70 × 109/L on the fifth postoperative day (5POD), is a
predictor of death or retransplantation. We retrospectively assessed 480 consecutive LT
patients. This study showed that a PC < 70 × 109/L on the 5POD was independently
associated with shorter patient and graft survival within one year after LT. These results
are in agreement with other studies indicating that thrombocytopenia in the immediate
postoperative period of LT is associated with negative outcomes.

Citation: Beltrame P, Rodriguez S, Brandão ABDM. Low platelet count: Predictor of death
and graft loss after liver transplantation. World J Hepatol 2019; 11(1): 99-108
URL: https://www.wjgnet.com/1948-5182/full/v11/i1/99.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i1.99

INTRODUCTION
Low platelet count (PC) is common in candidates for liver transplantation (LT). Its
etiology is multifactorial, including increased spleen destruction, inability to produce
bone marrow and reduced production of thrombopoietin[1-3]. Reduction in PC is also
commonly observed in the postoperative period of LT. In this period, there are other
possible contributing factors for its occurrence, such as graft and splenic
sequestration, hemodilution, use of some medications and immunological
reactions [4-8] . After LT, PC reach their lowest level around the third or fifth
postoperative day (POD), returning to preoperative values in around two weeks[9].
Low PC after LT is associated with shorter graft and patient survival and higher rates
of negative outcomes[10], possibly due to the fact that platelets play an important role
in the promotion of angiogenesis[11-14] and hepatic regeneration[15,16].
Lesurtel et al [17] observed that a PC < 60 × 10 9 /L on the fifth POD was an
independent risk factor for complications and shorter graft and patient survival
within the first 90 d posttransplantation. They then proposed the “60-5 criterion”,
where a PC of < 60 × 10 9 /L on 5POD of LT could be used to predict severe
complications[17]. Subsequently, Takahashi et al[18] reported that a PC of < 72 × 109/L on
5POD was associated with graft loss and shorter patient survival. The present study
aimed to confirm the hypothesis that a low PC in the immediate postoperative period
of LT is a predictor of death or retransplantation.

MATERIALS AND METHODS
All adult patients consecutively submitted to LT with a deceased donor between June
2006 and June 2016 were eligible at a referral center in southern Brazil. Excluded from
the study were patients who underwent double organ transplantation (liver and
kidney), late liver retransplantation (more than one year between LT and
retransplantation) or LT due to acute liver failure and who had incomplete medical
records. The study followed the recommended guidelines for observational studies[19]
and was approved by the Institutional Review Board of Santa Casa de Misericórdia de
Porto Alegre (No. 1.183.375).

WJH

https://www.wjgnet.com

100

January 27, 2019

Volume 11

Issue 1

Beltrame P et al. Low PC for LT outcome prediction

Variables analyzed
The following variables were analyzed: (1) Demographic characteristics of the
recipient and donor (sex, age and body mass index); (2) variables related to the
procedure (times of cold and warm ischemia, volume of bleeding and transfusions
during transplantation); (3) blood components transfused up to the first week after
LT; (4) biochemical tests performed immediately before LT and up to the seventh
POD: PC, international normalized ratio (INR), aspartate aminotransferase, alanine
aminotransferase (ALT), total bilirubin, factor V, alkaline phosphatase and gammaGT; (5) relevant preoperative characteristics of the recipient: Need for ventilation or
hemodynamic support, renal replacement therapy, hepatorenal syndrome, cirrhosis
etiology, model for end-stage liver disease (MELD) score, and Child-Turcotte-Pugh
(CTP) score[20-22].

Surgical procedure
All patients underwent LT by the same team, where the technique of choice was
hepatectomy with preservation of the inferior vena cava (piggy-back technique). The
preservation solutions used during the period were: First, the University of Wisconsin
solution, then histidine-tryptophan-ketoglutarate and, since 2013, the Institute
Georges Lopez-1 solution. The decision to transfuse blood components was based on
clinical, laboratory and hemodynamic parameters. Blood loss was restored by
transfusion of packed red blood cells, with the goal of maintaining hemoglobin levels
between 8.0 and 10.0 g/dL. Platelet concentrate was administered only in patients
with platelet dysfunction and persistent bleeding, even after correction of other
coagulation factors.

Outcomes
The primary outcome was death, by any cause, within 30, 90 and 365 d after LT. The
secondary outcome was the need for liver retransplantation in the same period. We
considered any cause of death and retransplantation after LT, which could be primary
or secondary. Secondary death/retransplantation was due to technical,
immunological, infectious or cardiovascular causes. Primary death/retransplantation
was due to delayed graft function or primary graft dysfunction. Delayed graft
function was defined as the presence of at least 1 of the following parameters 7 d after
LT: A serum bilirubin level ≥ 10 mg/dL and an INR ≥ 1.6 or an ALT level > 2000
IU/L[17]. Primary graft dysfunction was defined as the presence of one or more of the
following postoperative laboratory parameters: A serum bilirubin level ≥ 10mg/dL on
day 7, INR ≥ 1.6 on day 7, and an ALT level > 2000 IU/L within the first 7 d[23].

Statistical analysis
Statistical analysis was performed with IBM SPSS software version 22.0 for Windows
(IBM, Armonk, NY, United States). Quantitative variables were described by mean
and standard deviation (SD), and significance was determined by Student t-test.
Categorical variables were described by counts and percentages, and significance was
assessed using the chi-square test or Fisher exact, when needed. The C-statistic,
equivalent to the area under the receiver operating characteristics (ROC) curve (AUC)
assessed on each POD of LT, was adopted to establish the day on which the PC
showed the best performance. Recursive analyses of ROC curves, within the day
previously detected, allowed us to identify the cutoff point. Univariate and
multivariate Cox regression analyses were performed to adjust the PC findings with
the potential effect of other factors. The pre-operative variables chosen, with potential
confounding effect over PC in the postoperative period, as previously shown in
similar studies[17,18,23], were: MELD score before LT > 20, pre-LT PC <70 × 109/L, age of
the recipient > 60 yr, donor age > 40 yr and diagnosis of hepatorenal syndrome at the
time of transplantation. In addition, the need for intraoperative transfusion of platelet
concentrates, perioperative bleeding > 2500 mL and cold ischemia time > 8 h were
considered. Survival curves were obtained using the Kaplan-Meier method. P < 0.05
was considered statistically significant.

RESULTS
Population studied
Of the 617 eligible patients for study, 137 (22.2%) were excluded from the analysis for
the following reasons: Underwent combined liver and kidney transplantation (n = 32;
5.2%); late liver retransplantation (performed one year after the initial LT) (n = 21;
3.4%); transplantation for acute liver failure (n = 21; 3.4%); or incomplete information
in medical records up to seventh POD, due to either death, retransplantation or
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inadequate completion of medical records (n = 63; 10.2%). Therefore, 480 patients
were included in the study. Approximately 20% of them were older than 60 yr, with
the majority being male, and hepatitis C virus infection was the most frequent
etiology of cirrhosis. At the time of LT, the mean MELD score was 16; approximately
49% of patients were in the B classification of the CTP score and 3.5% underwent
hemodialysis immediately before transplantation. About 48% of the donors were
older than 40, and most times the cold ischemia time was < 8 h (Table 1).

Characteristics of patients in relation to platelet count
The highest median number of PC was observed on seventh POD: 86 × 10 9 /L
[interquartile range (IQR) = 65-100 × 109/L], exceeding the preoperative median, i.e.,
77 × 109/L (IQR = 57-97 × 109/L). The lowest median was found on the third POD: 51
× 109/L (IQR = 38-71 × 109/L).
C-statistical analysis showed that a PC < 70 × 109/L on 5POD was the ideal cutoff
point for predicting death and retransplantation at 365 d after LT [AUC-ROC = 0.632;
95% confidence interval (CI) 0.558-0.705; P = 0.001]. Patients were then stratified into
two groups according to PC on 5POD: Patients with ≥ 70 × 109/L platelets and those
with < 70 × 109/L platelets (Table 1). In the group with < 70 × 109/L PC, the recipients
were transplanted at later stages of their disease according to the CTP score (P =
0.014) and, although without statistical significance, they received organs with a
longer time of cold ischemia and from donors over 40 yr old (Table 1).

Outcomes and platelet counts on 5POD
Univariate analysis (Table 2) showed that patients with a PC of < 70 × 109/L on 5POD
had higher all-cause mortality rates at 90 and 365 d after LT, compared to patients
with a higher PC. The 90-day mortality rate was 7.5%, higher in patients with a PC <
70 × 109/L on 5POD (9.7% vs 4.2%, P = 0.037). Overall mortality at 365 d post-LT was
13.3%. Likewise, the highest mortality rates occurred in the group with PC < 70 ×
109/L on 5POD (17.4% vs 7.3%; P = 0.002). Retransplantation rates at 30, 90 and 365 d
were higher in patients with lower PC (< 70 × 109/L) on 5POD. In fact, the need for
retransplantation up to 90 d after LT was only observed in the group of patients with
a lower PC, and only one patient with a PC of ≥ 70 × 10 9 /L on 5POD required
retransplantation within 365 d post-LT (5.2% vs 0.5%; P = 0.004) (Table 2).

Multivariate analysis
Multivariate analysis (Figure 1) showed that, in the first year after LT, a PC < 70 ×
109/L on 5POD was a risk factor for death, independently of age of the recipient > 60
yr, pre-LT MELD score > 20, bleeding volume > 2500 mL intraoperatively and need
for transfusion of platelet concentrates during the procedure. Pre-LT MELD > 20 and
age of the recipient > 60 yr also appeared to be independent risk factors for mortality
up to one year after LT (P = 0.031 and P = 0.012, respectively).

Survival of grafts and recipients
Eighty grafts were lost in up to one year of follow-up: 64 (80.0%) due to death of the
recipient and 16 (20.0%) due to the need for liver retransplantation. Of the patients
who underwent liver retransplantation, six were due to primary causes: three for
primary graft nonfunction (18.75%), two for primary graft dysfunction (12.5%) and
one for delayed graft function (6.25%). The most common causes of death were
infection (28.1%), cardiovascular events (21.8%) and primary causes related to the
graft (7.8%). Graft survival in the first year after LT was significantly lower in the
group with PC < 70 × 109/L on 5POD compared to ≥ 70 × 109/L on 5POD group, even
when adjusted for the factors used in multivariate analysis (77.5% vs 92.2%, P = 0.001)
(Figure 2). Overall survival at 12 mo for patients with a PC ≥ 70 × 109/L on 5POD was
higher than for those with a lower PC (92.8% vs 82.7%, P = 0.002) (Figure 3).

DISCUSSION
This study showed that PC < 70 × 10 9 /L on 5POD of LT were independently
associated with shorter patient and graft survival within one year after LT. These
results are in agreement with other studies indicating that thrombocytopenia in the
immediate postoperative period of LT is associated with negative outcomes[17,18,23].
Platelets contain a marked number of secretory granules, filled with proteins
essential for hemostasis and different tissue growth factors, such as platelet-derived
growth factor (PDGF), hepatocyte growth factor (HGF), insulin-like growth factor
type 1 (IGF-1), vascular endothelial growth factor (VEGF), serotonin, ADP and ATP[14].
Platelets are activated by various types of stimuli and release these substances
depending on the situation. In addition to its known role in primary hemostasis and

WJH

https://www.wjgnet.com

102

January 27, 2019

Volume 11

Issue 1

Beltrame P et al. Low PC for LT outcome prediction

Table 1 Comparison of patients according to platelet count on fifth postoperative day of liver transplantation
Variables prior to LT

All patients (n = 480)

Platelets < 70 × 109/L 5POD (n = 288)

Platelets ≥ 70 × 109/L 5POD (n = 192)

P-value

Related to recipients
Age > 60 yr, n (%)

97 (20.2)

65 (22.6)

32 (16.7)

0.071

Sex: Male, n (%)

311 (64,8)

189 (65.6)

122 (63.5)

0.355

BMI (kg/m )

25.7 (± 3.8)

25.7 (± 3.5)

25.4 (±3.4)

0.410

Hepatitis C, n (%)

141 (29.4)

85 (29.5)

56 (29.2)

> 0.99

2

Hepatitis B, n (%)

20 (4.2)

12 (4.2)

8 (4.2)

> 0.99

16.3 (± 5.3)

16.8 (± 5.4)

15.7 (±5.0)

0.033

A

117 (24.5)

59 (20.6)

58 (30.4)

0.014

B

228 (47.8)

140 (49)

88 (46.1)

C

45 (23.6)

MELD score (± SD)
CTP score, n (%)

132 (27.7)

87 (30.4)

Life support1, n (%)

3 (0.6)

3 (1)

0 (0.0)

0.215

HRS, n (%)

45 (9.4)

27 (9.4)

18 (9.4)

0.560

Hemodialysis2, n (%)

17 (3.5)

10 (3.5)

7 (3.6)

0.554

Age > 40 yr, n (%)

223 (47.2)

139 (49.3)

84 (44.2)

0.161

CIT > 8 h, n (%)

192 (40.6)

116 (41.1)

76 (39.8)

0.422

Bleeding > 2500 mL, n (%)

276 (57.5)

172 (59.7)

104 (54.2)

0.133

Transfusion of platelets, n
(%)

180 (37.5)

109 (37.8)

71 (36.9)

0.890

Transfusion of fresh frozen
plasma, n (%)

288 (60.0)

171 (59.4)

117 (60.9)

0.805

Related to donors

Variables during LT

5POD: fifth postoperative day; BMI: body mass index; CIT: cold ischemia time; CTP: Child-Turcotte-Pugh; HRS: hepatorenal syndrome; LT: liver
transplantation; MELD: Model for End-stage Liver Disease; SD: standard deviation;
1
Patients needing vasoactive drugs or mechanical ventilation before liver transplantation;
2
Patients needing renal replacement therapy before liver transplantation.

thrombosis, platelets exert other functions, such as promoting liver regeneration and
liver protection[10-14]. In liver recipients, it is common to have thrombocytopenia[1,24], a
situation that worsens during transplantation, for reasons not completely
understood [10] . However, many factors have been identified and associated with
thrombocytopenia, such as their consumption in the process of hemostasis and
sequestration by reperfusion graft or spleen[4,10,25,26].
The relationship between low PC and events after LT was suggested in the late
1990s, when thrombocytopenia (defined arbitrarily) in the immediate postoperative
period of LT was associated with shorter patient and graft survival[10,25,27,28]. However,
it was the Lesurtel et al[17] who established a cutoff point in the number of platelets that
could be used as a predictor of outcomes after LT. In a retrospective study, Lesurtel et
al[17] evaluated a cohort of 257 patients who underwent LT with a deceased donor.
They observed that a PC < 60 × 109/L on 5POD was an independent predictor of
Clavien-Dindo IIIb/V complications (OR = 1.96; 95%CI 1.07-3.56), graft loss [hazard
ratio (HR) = 2.0; 95%CI 1.1-3.6], and lower survival of patients (HR = 2.2; 95%CI 1.44.6, P = 0.03) within 90 d after LT. They then proposed the “60-5” criterion, in which
the determination of the number of platelets on 5POD could be used to predict
outcomes, anticipate complications, and thus be used prophylactically. Later,
Takahashi et al[18], also retrospectively analyzing a cohort of transplanted patients with
a deceased donor, reported that a PC < 72 × 109/L on 5POD was associated with graft
loss and shorter patient survival within one year after LT. The authors postulated that
in patients with a greater number of platelets, more thrombocytes accumulate in the
graft, which would allow the release of a greater amount of growth factors (PDGF,
HGF, IGF-1 and VEGF), improving graft survival and survival in general [18] . In
studying 234 adult patients submitted to LT with living donors, a Chinese study[23]
concluded that a PC of ≤ 68 × 109/L at any time in the immediate postoperative period
was an independent risk factor for early graft dysfunction (OR = 2.88; 95%CI 1.226.82, P = 0.016).
The present study validated the “60-5 criterion”, where we found that a PC < 70 ×
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Table 2 Univariate analyses of postoperative outcomes according to patients’ platelet count after liver transplantation.
Platelet count < 70 × 109/L Platelet count ≥ 70 × 109/L
- 5POD (n = 288)
- 5POD (n = 192)

Outcome

HR (95%CI)

P-value

Mortality in 30 d, n (%)

17 (5.9)

7 (3.6)

1.62 (0.68-3.83)

0.37

Mortality in 90 d, n (%)

28 (9.7)

8 (4.2)

2.33 (1.09-5.00)

0.037

Mortality in 1 yr, n (%)

50 (17.4)

14 (7.3)

2.38 (1.36-4.18)

0.002

Retransplantation, n (%)
within 30 d

10 (3.5)

0 (0.0)

-

0.007

Retransplantation, n (%)
within 90 d

12 (4.2)

0 (0.0)

-

0.002

Retransplantation, n (%)
within 1 yr

15 (5.2)

1 (0.5)

10 (1.33-76.92)

0.004

Delayed graft, n (%)
function

28 (9.7)

15 (7.8)

1.24 (0.68-2.27)

0.58

95%CI: 95% confidence interval; 5POD: fifth postoperative day; HR: hazard ratio.

10 9 /L on 5 POD was independently associated with mortality at 365 d after LT.
Overall survival of patients with < 70 × 109/L on 5POD was 2.5-fold lower than for
patients with a PC ≥ 70 × 109/L on 5POD. In addition, lower liver graft survival was
observed in the first year after surgery: patients with PC < 70 × 109/L on 5POD had a
2.76-fold greater risk of graft loss than patients with a higher PC. Therefore, our
results are in line with the “60-5 criterion”, although the cutoff point was different. In
fact, another study[29] validating the “60-5 criterion” also identified a cutoff point
different from the one originally proposed. At the time of transplantation, patients
with a lower PC on 5POD had a more severe disease: The mean MELD was higher
(16.8 ± 5.4 vs 15.7 ± 5.0; P = 0.033), and most of them were in the C category of the CTP
score (30.4% vs 23.6%, P = 0.014), which could predict the onset of intra- and
postoperative complications. However, the intraoperative variables analyzed, such as
the requirement for transfusion of blood components (including platelets), were
similar in the two groups, and it is unlikely that the severity of the disease at the time
of LT showed any clinical significance. Another issue to be pondered is how a
decreased PC on 5POD can have an influence on late outcomes. Considering that
patients with a reduced number of platelets on 5POD have a higher rate of biliary
tract complications[29], and that these are associated with infectious complications,
hospital readmissions and endoscopic or surgical interventions, it is possible that such
complications may have an impact on the survival of grafts and patients in the long
run[18,29].
Theoretically, for patients with post-transplant thrombocytopenia, preventive
measures should be taken to avoid or minimize adverse effects: Platelet transfusion,
suspension of potentially myelosuppressive drugs, or administration of serotonin or
thrombopoietin. However, further studies are needed before these interventions are
considered in clinical practice, although transfusion of platelets in transplant
recipients seems to be positively associated with graft regeneration[30,31]. In addition,
this study pointed out that a pre-LT MELD > 20 and age of the recipient > 60 yr was
also independent risk factors for mortality up to one year after LT.
This study had some limitations. One of them is inherent to retrospective studies;
this study was carried out in a single center. However, the same team of surgeons and
anesthesiologists performed the procedures, and in the immediate postoperative
period, patients were treated in an intensive care unit exclusively for patients
undergoing organ transplantation. The study design also did not allow us to
demonstrate that platelet transfusion could effectively exert a protective effect for the
graft and patient. In addition, with this study, it was not possible to clarify, in fact, if
low PC in the postoperative period is the cause of negative outcomes after LT or if it is
a surrogate marker of another clinical condition, which could be the real problem.
In summary, patients with PC of < 70 × 109/L on 5POD of LT showed higher
mortality within 365 d after transplantation and lower graft survival. This study
reinforces the need to evaluate the role of interventions to maintain a minimum PC
after LT to potentially improve outcomes after LT.
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Figure 1

Figure 1 Independent risk factors of death within one year after liver transplantation, in multivariate analysis. 5POD: Fifth postoperative day; 95%CI: 95%
confidence interval; HR: hazard ratio; IntraOp: Intraoperative; PLT: Platelets; MELD: Model for end-stage liver disease; LT: Liver transplantation.
Figure 2

Figure 2 Cumulative survival of liver graft of patients with platelets < 70 × 109/L on fifth postoperative day, adjusted for different variables, during first year
of follow-up after liver transplantation. 5POD: Fifth postoperative day; CI: confidence interval; HR: hazard ratio; HRS: Hepatorenal syndrome; IntraOp:
Intraoperative; PLT: platelets; MELD: Model for end-stage liver disease; LT: Liver transplantation.
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Figure 3

Figure 3 General survival within first year after liver transplantation (LT) of patients with platelet count < 70 × 109/L on fifth postoperative day vs patients
with platelet count ≥ 70 × 109/L on 5POD. Together, the description of the number of patients at risk of death at, 0, 3, 6, 9 and 12 mo after liver transplantation,
respectively. 5POD: Fifth postoperative day; CI: confidence interval; HR: hazard ratio; LT: liver transplantation.

ARTICLE HIGHLIGHTS
Research background
Platelets have several functions and exert dichotomous effects on the graft and on the patient in
the context of liver transplantation (LT). Low platelet count (PC) after LT is associated with
higher rates of complications. However, it is not clear whether low PC in the postoperative
period is the cause or a surrogate marker of negative outcomes.

Research motivation
The accurate prediction of which LT recipients will do well and which ones will have serious
complications remains somewhat elusive. Some authors suggest that low PC after LT can predict
early posttransplant survival or graft loss. Confirmation of these findings can provide the
clinician with the opportunity to intervene early and theoretically change the postoperative
course of the patient.

Research objectives
To confirm the hypothesis that a low PC after LT is a predictor of death or graft loss.

Research methods
We performed a retrospective database analysis. PC from the preoperative to the seventh
postoperative day (POD) were considered. C-statistic analysis was adopted to establish the day
on which the PC showed the best performance. Recursive analyses of receiver operating
characteristics curves allowed us to identify the cutoff point. Cox regression was performed to
check whether low PC was a predictor of death, retransplantation or primary changes in graft
function within one year after LT.

Research results
PC < 70 × 10 9 /L on 5POD was defined as the ideal cutoff point for predicting death and
retransplantation. PC < 70 × 109/L on 5POD was an independent risk factor for death at 12 mo
after LT. In the Cox regression, patients with PC < 70 × 109/L on 5POD had worse graft survival
rates up to one year after LT.

Research conclusions
A low PC on 5POD was associated with graft loss and mortality one year after LT. This result is
in agreement with previous studies indicating that low PC in the immediate postoperative
period of after LT is associated with negative outcomes.

Research perspectives
Our results reinforce the need to evaluate the role of interventions to maintain a minimum PC
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after LT. Preventive measures, such as platelet transfusion, suspension of potentially
myelosuppressive drugs, and administration of serotonin or thrombopoietin, could be used in
the future in the LT setting. However, further studies are still required before these interventions
can be considered in clinical practice.
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Abstract
BACKGROUND
Occult hepatitis C virus (HCV) infection (OCI) may be associated with
extrahepatic diseases and it is known that the patients with chronic kidney
disease (CKD) who are on hemodialysis (HD) present a higher prevalence of this
type of infection than the general population, with a worse clinical outcome.
However, there are no data in the literature to assess the presence of OCI in
patients prior to the initiation of renal replacement therapy (RRT). Therefore, this
study aimed to evaluate the occurrence and epidemiological aspects of OCI in
patients with Predialysis CKD. We hypothesize that this infection could occur
before RRT initiation.
AIM
To research the status in predialysis patients when HD patients have high
prevalence of OCI.
METHODS
A cross-sectional study was conducted between 2015 and 2017. Adults with
creatinine clearance < 60 mL/min·1.73m2 (predialysis patients) were recruited to
the study. Pregnant and postpartum women, patients with glomerulopathies,
and patients showing positivity for serological markers of hepatitis B virus
(HBV), HCV or human immunodeficiency virus infection were excluded. Patients
were diagnosed with OCI according to test results of anti-HCV antibody
negativity and HCV RNA positivity in either ultracentrifuged serum or, if serum-
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negative, in peripheral blood mononuclear cells.
RESULTS
Among the 91 total patients included in the study, the prevalence of OCI was
16.5%. Among these 15 total OCI patients, 1 was diagnosed by 14
ultracentrifuged serum results and 14 were diagnosed by peripheral blood
mononuclear cell results. Compared to the non-OCI group, the OCI patients
presented higher frequency of older age (P = 0.002), patients with CKD of mixed
etiology (P = 0.019), and patients with markers of previous HBV infection (i.e.,
combined positivity for anti-hepatitis B core protein antibody and anti-hepatitis B
surface protein antibody) (P = 0.001).
CONCLUSION
Among predialysis patients, OCI involved the elderly, patients with CKD of
mixed etiology, and patients with previous HBV infection.
Key words: Occult hepatitis infection; Chronic hepatitis C; Chronic kidney disease;
Hemodialysis; Hepatitis C virus-RNA; Peripheral blood mononuclear cells
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Evaluation of patients with chronic renal disease and glomerular filtration rate
lower than 30 mL/min·1.73 m2 showed high occurrence of occult hepatitis C virus
infection (OCI). In addition, the study population showed higher occurrence of OCI
among patients who were older, had chronic kidney disease (CKD) of multifactorial
etiology, and had prior contact with the hepatitis B virus. Further studies will be needed
to clarify the pathophysiology of renal injury caused by OCI, the influence of this type of
infection on the transmissibility of hepatitis C virus, and the role of treatment for patients
with OCI and CKD.
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INTRODUCTION
Occult hepatitis C virus (HCV) infection (OCI) is characterized by presence of HCV
genetic material (HCV RNA) in a patient’s peripheral blood mononuclear cells
(PBMCs), ultracentrifuged serum, or hepatic tissue, along with the absence of HCV
antibodies (anti-HCV) and HCV RNA in the non-ultracentrifuged serum[1]. This form
of viral hepatitis may be associated with tissue damage in the liver (i.e., chronic
cryptogenic liver disease and nonalcoholic fatty liver disease)[2-4] and extrahepatic
diseases (i.e., glomerulopathies, lymphoproliferative diseases, and end-stage renal
disease)[5-7].
It has been suggested that a specific cellular immune response underlies OCI, one
that is less effective than the response in individuals without infection but which is
more effective than that in individuals with the classic form of the disease (HCV
RNA-positive serum)[8]. It is known that the patients with chronic kidney disease
(CKD) who are on hemodialysis (HD) present a higher prevalence of HCV infection
than the general population, both in its classical form[9] and the occult form, reaching
up to 45% prevalence among patients with OCI[7,10].
Nowadays, due to universal precautions in HD units and the reduced need for
blood transfusion, some authors suggest that HCV infection may occur in the
predialytic period [11] . Indeed, patients with predialysis (PD)CKD have a higher
prevalence of infection with HCV and hepatitis B virus (HBV), as compared to the
general population[12-14]. However, there are no data in the literature to assess the
presence of OCI in patients prior to the initiation of renal replacement therapy.
The study of the epidemiology of OCI in patients with PDCKD is relevant
according to: (1) the higher prevalence of classic HCV infection in HD patients[9,15]; (2)
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the outlook for the use of diagnostic OCI techniques in these patients before the onset
of HD[1]; (3) the greater difficulty in identifying hepatic aggression in patients with
CKD due to reduced serum aminotransferase levels resulting from hemodilution[16];
and, finally; and (4) the possibility of HCV treatment with the new direct-acting
antiviral agents that have few side effects and high efficacy[17].
Therefore, this study aimed to evaluate the occurrence and epidemiological aspects
of OCI in patients with PDCKD.

MATERIALS AND METHODS
Study design
A cross-sectional study was carried out from October 2015 to April 2017, in which
patients with PDCKD were evaluated in the CKD Outpatient Clinic of the
Nephrology Service of the Federal University of Pernambuco (Brazil). Adult patients
with a follow-up period of more than 3 mo and with an estimated creatinine clearance
of less than 60 mL/min·1.73m2 were included. Pregnant and postpartum women,
patients with glomerulopathies, and patients with serological markers of infection
with either HBV (hepatitis B surface antigen (HBsAg)-positive), HCV (anti-HCVpositive) or human immunodeficiency virus (commonly known as HIV) (anti-HIVpositive) were excluded.
Each study participant provided written informed consent following the
explanation that study participation would: (1) not disrupt the patient’s normal
attendance at the outpatient clinic; (2) include a copy of all exam results being placed
in their medical record, so that the doctor accompanying the patient in clinic will
know the results; and (3) provide information for research for publication, with any
exam results being published without the patient name. The risks and benefits of
study participation were also explained. Samples were only taken from patients after
agreement to study participation and signing of the informed consent form.
Each study participant enrolled in the study filled out a questionnaire on
demographic characteristics (sex, age, ethnicity), clinical diagnoses of CKD (stage,
etiology) and risk factors for viral hepatitis acquisition (transfusion, tattooing,
piercing, intravenous drug use). A blood sample (20 mL in vacutainer tube) was
drawn from each participant’s peripheral vein, for use in biochemical, serological and
virological laboratory tests.
Serum levels of aminotransferases (aspartate aminotransferase, alanine
aminotransferase) and creatinine were determined by automated method (UV DiasysArchitect c8000; Abbott Diagnostics, Lake Forest, IL, United States). The creatinine
clearance rate was evaluated by the Chronic Kidney Disease Epidemiology
Collaboration formula (commonly known as the CKD-EPI equation)[18].
Evaluation of viral infections included third-generation ELISA serum screening for
anti-HCV, rapid immunochromatographic assay for the qualitative determination of
HBsAg, and immunoassays for anti-HBs detection by direct chemiluminescence
(ADVIA Centaur® automated system; Siemens Healthcare Diagnostics S.A., Sao Paulo,
Brazil) and for total qualitative anti-hepatitis B core protein (HBc) (IMMUNITE 2000®
Imunoassay; Siemens Healthcare Diagnostics S.A.). Patients with negative results on
anti-HCV and HBsAg screening were included in the study and evaluated for OCI.
Patients were diagnosed with OCI if they were positive for HCV RNA by PCR
screening of ultracentrifuged serum or PBMCs. If the screening was positive for HCV
RNA in the ultracentrifuged serum, the patient’s sample of non-ultracentrifuged
serum was screened using the same procedure to confirm the diagnosis of OCI.

Detection of HCV RNA
Each peripheral blood sample was initially centrifuged at 3000 x g for 7 min at room
temperature, to obtain serum. Then, a 2 mL aliquot of the serum was overlaid by a
10% sucrose buffer, in a ratio of 1:1, and ultracentrifuged at 100000 x g for 17 h at 4 °C.
The precipitate obtained by ultracentrifugation was eluted in 200 μL of
diethylpyrocarbonate (DEPC; Invitrogen, Carlsbad, CA, United States), to generate an
RNase-free sample. A separate aliquot of the peripheral blood with anticoagulant)
was subjected to the density gradient centrifugation with Ficoll-Paque (GE
Healthcare, Little Chalfont, United Kingdom), to isolate PBMCs. The cDNA synthesis
was performed with random primers having as template RNA strands extracted from
peripheral blood mononuclear cells and/or ultracentrifuged serum, using the enzyme
M-MVL reverse transcriptase (Invitrogen T M ), following the manufacturer's
specifications.
Detection of HCV RNA in the ultracentrifuged serum and PBMCs was performed
by PCR prepared with 100 ng of cDNA, 5 μM of the primers specific for amplification
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of the HCV genome (UTRLC1: 5'-CAAGCACCCTATCAGGCAGT-3'; UTRLC2: 5'CTTCACGCAGAAAGCGTCTA-3'), 1 x PCR Rxn buffer (Invitrogen), 5 mmol/L
MgCl2, and 10 pmol dNTPs. The reaction conditions consisted of an initial cycle of 10
min at 95 °C, followed by 30 cycles of 95 °C for 30 sec, 55 °C for 30 s and 72 °C for 30 s,
and with a final 5-min extension at 72 °C, performed in the SimpliAmp Thermal
Cycler (Applied Biosystems Inc., Foster City, CA, United States). Positive and
negative controls consisted of a sample of patients known to be positive for classic
hepatitis C and the PCR mix without DNA addition, respectively. The amplified
product was subjected to 2% agarose gel electrophoresis and visualized on the SYBRsafe gel through the L-PIX Transilluminator (Loccus, São Paulo, Brazil). The presence
of a fragment of approxiately 230 base pairs in the absence of nonspecific bands was
considered a positive result. The positive result was confirmed by a new PCR from
another aliquot of the patient’s sample, using the same procedure.

Statistical analysis
Numerical variables were represented by measures of central tendency and
dispersion measures. The categorical variables were submitted to χ2 test and Fisher's
exact test to evaluate the occurrence of association between them. The KolmogorovSmirnov normality test was applied to the quantitative variables. When the normal
distribution was evidenced, the Student t test was used. When the variable was nonnormal the comparison was performed using Mann-Whitney (Non-Normal).
STATA/SE 12.0 and Excel 2010 were used for data storage and processing. In all tests,
95%CIs were applied.

RESULTS
We initially recruited 154 patients with creatinine clearance < 60 mL/min·1.73m2 as
potential participants for the study; of those, 130 were enrolled, including 24 patients
who had follow-up time of < 3 mo. Ultimately, 39 of the enrolled patients were
excluded from study participation, for presence of glomerulopathies (n = 23), refusal
to participate (n = 7), positivity in HIV serology (n = 3), positivity for anti-HCV (n = 3),
positivity for HBsAg (n = 2), and impossibility of venipuncture (n = 1).
The demographic, clinical and laboratory characteristics of the 91 study
participants are described in Table 1. The prevalence of OCI among them was 16.5%
(15/91), including 14 cases for who the HCV RNA positivity was identified in the
PBMCs and 1 with positivity in the ultracentrifuged serum. Figure 1 shows an
electrophoresis of a patients positive for OCI.
OCI showed an age relationship, since older patients presented a higher risk of
infection compared to younger patients (69.4 ± 7.9 vs 60.9 ± 13.5, P = 0.002). CKD of
mixed etiology was observed in 11 of the 15 cases (73.3%) of OCI and was much more
frequent than in cases without OCI (P = 0.019). No relationship was found between
the occurrence of OCI and sex, skin color or stage of CKD. There was no difference
between serum levels of aminotransferases between the groups with and without OCI
neither with albumin, bilirubin or gamma glutamyl transferase serum levels.
Risk factors associated with viral hepatitis transmission were also tested (previous
HD, use of injectable drugs, occupational exposure, contaminated family member,
history of hemotransfusion, piercing, tattoo, acupuncture, sexually transmitted
infection, and condom use). None showed an association to the occurrence of OCI.
Of the 91 total patients evaluated, 2 provided an insufficient sample for assessment
of HBV antibodies. Thus, of the 89 patients analyzed, 75 (84.2%) were anti-HBc
negative, 9 (9.8%) were anti-HBc positive, and 5 (5.5%) were undetermined. A total of
4 out of the 5 patients with undetermined anti-HBc were positive for anti-HBs and
were considered as having had previous contact with HBV. A total of 31 patients were
anti-HBs positive only and this antibody was not found more frequently in OCI
patients (P = 0.59); however, the presence of total anti-HBc and anti-HBs in
combination (indicating previous HBV infection) was more frequent in patients with
OCI, when compared to uninfected patients (P = 0.001), as shown in Table 2.

DISCUSSION
This was the first study to describe the occurrence of OCI in patients with PDCKD. It
was previously known that patients with PDCKD present a higher occurrence of HCV
infection in the classic form than the general population, with reported prevalence
rates range from 3.9% to 7.3% and being up to seven times higher than in the control
populations studied[12-14].
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Table 1 Distribution of clinical parameters according to the occurrence of occult hepatitis C
virus infection in 91 patients with chronic kidney disease: 2015 to 2017
Total (%),

Occult hepatitis C infection

n = 91

Age

62.4 ± 13.1

Yes (%),

No (%),

n = 15

n = 76

69.4 ± 7.9

60.9 ± 13.5

P-value

0.0021
0.0011

Age ≥ 60 yr
Yes

59

(64.8)

15

(100)

44

(57.9)

No

32

(35.2)

0

(0)

32

-42.1
0.3232

Sex
Male

44

(48.4)

9

(60)

35

(46.1)

Female

47

(51.6)

6

(40)

41

(53.9)
0.7191

Ethnicity
Mixed

50

(54.9)

7

(46.7)

43

(56.6)

Caucasian

30

(33.0)

6

(40.0)

24

(31.6)

African Americans

11

(12.1)

2

(13.3)

9

(11.8)

BMI

27.1 ± 4.4

27.4 ± 4.7

27.0 ± 4.3

0.7501

GFR

21.6 ± 10.3

24.6 ± 10.6

21.0 ± 10.2

0.2311
0.5802

CKD stage
IIIa

2

(2.2)

0

0

2

(2.7)

IIIb

22

(24.4)

6

(40.0)

16

(21.3)

IV

38

(42.2)

5

(33.3)

33

(44.0)

V

28

(31.1)

4

(26.7)

24

(32.0)
0.0192

Etiology of CKD
Mixed

31

(34.1)

11

(73.3)

20

(26.3)

DM

26

(28.6)

1

(6.70)

25

(32.9)

HA

19

(20.9)

3

(20.0)

16

(21.1)

ADPKD

7

(7.70)

0

0

7

(9.20)

1

(1.1)

0

0

1

(1.3)

Others
ALTe

18.1 (14.2; 23.2)

17.9 (15.2; 20.9)

18.1 (14.2; 24.7)

0.859

ASTe

19.5 (16.6; 24.8)

18.1 (17; 22.6)

19.5 (16.6; 25.3)

0.713

1

Student’s t test;
Fisher’s exact test;. ADPKD: Autosomal dominant polycystic kidney disease; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; BMI: Body mass index; CKD: Chronic kidney disease;
DM: Diabetes mellitus; GFR: Glomerular filtration rate; HA: Hypertension.
2

One of the possible reasons underlying the high prevalence of OCI (16.5%) in our
study could be the low sensitivity of the ELISA tests used, that is, false negative antiHCV results. However, in this study, patients underwent at least two anti-HCV
screenings, with the first one in the diagnosis of CKD and the second as an inclusion
criterion for this study. Along with both having negative results, a third-generation
immunoenzymatic assay was employed, which shows close to 100% accuracy[19]. The
other possibility would be the immunological deficiency of patients with PDCKD who
would not be able to produce anti-HCV antibodies in detectable titers.
We could still consider the possibility of a false positive result in the PCR reaction
to detect the HCV RNA in the PBMCs or ultracentrifuged serum; however, this is
unlikely since the different steps in the procedure were performed in different
environments under laminar flow with quality reagents. In addition, positive results
were confirmed by a new PCR from another aliquot of the patient's blood sample,
using the same technique for detection of HCV RNA.
In this study, we did not perform HCV RNA screening by PCR in the serum (nonultracentrifuged) of all patients since our objective was not to identify patients with
serum anti-HCV negativity and HCV RNA positivity. However, HCV RNA screening
was performed in all patients’ non-ultracentrifuged serum when HCV RNA was
positive in PBMCs or in ultracentrifuged serum. Moreover, it would be unlikely to
find patients with anti-HCV negativity and HCV RNA negativity in both PBMCs and
in ultracentrifuged serum, but with positivity in non–ultracentrifuged serum.
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Figure 1

Figure 1 Electrophoresis showing a positive sample visualized on the SYBR-safe gel through the L-PIX
Transilluminator (Loccus, São Paulo, Brazil).

According to these parameters, then, we question the need for performing the HCV
RNA screening by PCR of serum before RNA screening of PBMCs and
ultracentrifuged plasma for diagnostic confirmation of OCI.
The practical relevance of the findings from our study is uncertain. However, the
high frequency of OCI found in our study population may play a significant role in
the transmissibility of the disease within HD units once the patients do not have
detectable antibodies and circulating virions, when they could potentially be
infectious[20]. Moreover, the vast majority of patients (14/15) with OCI had viral
genome components at detectable levels in PBMCs, making them potential
transmitters of the infection[21]. These are intriguing findings since, in general, about
50% of HCV-infected patients do not have identifiable risk factors for HCV
infection[22].
Epidemiologically, a phylogenetic study conducted by Castillo et al[23] found that
patients with OCI have high intrafamilial transmissibility. Moreover, Roque-Cuellar et
al[24] evaluated the immunological response in the presence of OCI in heterosexual
partners of patients with the classic form of infection; they found a specific CD4+ and
CD8+ immune response and a higher prevalence of OCI in the partners compared to
those with uninfected heterosexual partners. These findings were corroborated by
Shazly et al[25], who evaluated 50 partners of patients with positive anti-HCV in serum
and found a about 4% prevalence rate for OCI, higher than expected in the general
population.
In addition to the exclusion of patients with glomerulopathies (since this group
may present a prevalence of OCI of up to 39%), our results are strengthened by the
fact that two techniques were used to identify OCIboth the serum ultracentrifugation
and the identification of the viral genome in PBMCs, which increases the chance of
detection of OCI. In fact, Castillo et al[5] demonstrated that positivity for HCV in
PBMCs by PCR corresponded to 82% of positive cases for OCI; in addition, when
using ultracentrifugation, the number of positive patients increased. In none of the
cases of that study was the examination of OCI positive by both techniques.
In our study, OCI was associated with age, mixed etiology CKD, and positivity for
HBV antibodies (anti-HBc and anti-HBs), suggesting previous infection.
Certainly, older patients are more exposed to contamination during their longer
lifetimes. These patients also have more comorbidities, as described in a meta-analysis
published in 2016 by Alvarez et al[26]. Age has been characterized as an independent
risk factor for acquisition of HCV infection[27]. In addition, a North American study
found that about 75% of HCV-infected patients were born between the years of 1945
and 1965, representing the so-called Baby Boomer generation[28].
Patients with CKD of mixed etiology are reported to have more comorbidities and,
therefore, have greater chance of exposures to other diseased patients, such as those
infected with hepatitis, in hospital settings and to diagnostic and therapeutic
procedures, all known risk factors for HCV infection[29]. In fact, a case-control study
conducted by Perez et al[30] in the United States, involving acute and symptomatic
HCV infections in individuals over 55 years of age, found that exposure in a
healthcare environment with intravenous drug infusion was related to a higher risk of
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Table 2 Distribution of antibodies against hepatitis B virus according to the occurrence of
hepatitis C virus occult infection in 89 patients with chronic kidney disease: 2015 to 2017
Occult HCV infection
Total (%), n = 89

Yes (%),

No (%),

n = 14

n = 75

P-value

Anti-HBs + anti-HBc total
Positive

13

(14.6)

7

-50

6

-8

0.0011

(34.8)

4

(28.6)

27

-36

0.5901

(50.6)

3

(21.4)

42

-56

0.011

Anti-HBs (anti-HBc negative)
Positive

31

Anti-HBs + anti-HBc total
Negative

45

1

Fisher’s exact test. HBc: Hepatitis B core protein; HBs: Hepatitis B surface protein; HBV: Hepatitis B virus;
HCV: Hepatitis C virus.

HCV infection; namely, 2.7-fold higher than in the controls, with risk attributable to
exposure of 37% (OR = 2.7, 95%CI: 1.3-5.8).
In our study, patients with OCI showed a higher frequency of positivity for antiHBc and anti-HBs, when compared to those not infected. It is also known that patients
with HCV infection present a higher chance of HBV contamination, since the risk
factors for transmission of these infections are similar[31].
Our study had some limitations that must be considered when interpreting our
findings. Specifically, by not quantifying the viral load and not genotyping the
patients, the epidemiological and transmissibility factors could not be determined for
our study population of patients with OCI.
The reasons underlying the emergence of the occult form of HCV infection are not
known. We can speculate that virus-related factors may be involved in this form of
infection, as described in genomic studies where genetic variations between different
viral strains of HCV constitute a mechanism of viral survival, contributing to their
pathogenicity and resistance to the host's immune system[32,33]. We can also speculate
that host-related factors may be involved in the occult form of HCV infection. Of
course, the specific cellular immune response (CD4+ and CD8+) in patients with OCI
would be less effective than in individuals without infection but more intense than in
those with the classic form of disease, presenting with HCV RNA positivity in the
serum[8].
In addition, although most infected patients show a specific cellular immune
response to HCV, only 20% of infected individuals are able to achieve viral clearance
in the acute phase of the disease[34,35]. Indeed, Burke et al[36] observed that patients who
were unable to achieve viral clearance had lower cell responses and decreased
numbers of CD4+ and CD8+ T lymphocytes. In addition, existing differences between
the human leukocyte antigen (commonly known as HLA) molecules can target poorly
effective immune responses, as some HLA super types affect the recognition and
binding affinity of T lymphocytes to antigenic epitopes[37].
Treatment of OCI can be performed with antiviral therapy, as reported by Pardo et
al[38]. Those authors administrated pegylated-interferon and ribavirin for 6 mo to 10
patients who presented with OCI and abnormalities in serum levels of
aminotransferases that were associated with chronic hepatitis (diagnosed by biopsy).
At the end of treatment, 6 patients presented normalization of the serum alanine
aminotransferase levels and in 7 cases the HCV RNA was no longer detectable in the
PBMCs, suggesting viral behavior similar to that of the classic HCV infection[38].
In our study, presented herein, occurrence of OCI was high among patients with
PDCKD. OCI in this patient population was more common in the elderly, in patients
with CKD of mixed etiology and in patients with serological markers of HBV
(indicating previous infection). Further studies will be needed to evaluate the
influence of this form of infection on the transmissibility of HCV in the HD setting
and the role of treatment for HD patients with OCI.

ARTICLE HIGHLIGHTS
Research background
Patients with chronic kidney disease (CKD) and who are on hemodialysis (HD) have a higher
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prevalence of hepatitis C virus (HCV) infection, both in its classical form and the occult (OCI)
form. However, no studies in the literature have evaluated the occurrence of OCI in predialysis
patients.

Research motivation
The motivation of this study was borne of the new lines of evidence showing OCI having
implications on transmissibility, prognosis and progression of CKD in patients on dialysis, and
knowledge that this infection could be diagnosticated and treated before end-stage kidney
disease is reached.

Research objectives
The main objective of this study was to evaluate the prevalence of OCI in predialysis CKD
patients. The findings of this study could help in future efforts to trace the transmissibility of
OCI and even to develop a treatment to improve these patients’ prognosis.

Research methods
This was a cross-sectional study, wherein patients were allocated if they had glomerular
filtration rate < 60 mL/min·1.73m2 and were anti-HCV negative. PCR was performed on patient
samples of ultracentrifuged plasma and peripheral blood mononuclear cells.

Research results
OCI was found in 16.5% of the study population of CKD patients. It was more common in the
elderly, in patients with CKD of mixed etiology, and in patients with previous hepatitis B virus
infection.

Research conclusions
This study found a high prevalence of OCI among CKD patients, suggesting that patients with
low kidney function may be reservoirs for HCV. This high prevalence appears to be associated
with infection occurring before the beginning of dialysis. Moreover, OCI could be an important
transmission route of HCV infection in dialysis centers. The collective findings from this study
could help future studies evaluating the transmissibility of hepatitis infection and the
progression of CKD to need for dialysis.

Research perspectives
This is the first study to evaluate the prevalence of OCI in this specific group of patients, who are
more vulnerable to viral infections. Future research should evaluate the influence of this form of
infection on the transmissibility of HCV in the HD setting and the role of treatment for these OCI
patients. A prospective study evaluating the clinical behavior of patients with OCI will be
insightful.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) is the second most lethal malignancy
worldwide. There has been virtually no change in the survivability of HCC in
spite of improvement in therapies. Surgery is considered the ideal first, curative
intervention, however most patients present in advanced stages with
unresectable disease. Therefore, systemic and liver-directed non-operative
therapies are initially offered to downstage the disease. To ensure optimal
management, a multidisciplinary team approach is often warranted. Our case
highlights the benefits of a multidisciplinary approach in a young woman with
multifocal, bilobar HCC.
CASE SUMMARY
A 36-year-old Chinese woman with untreated hepatitis B was found to have large
bilobar HCC during work up for abdominal pain. Her initial serum alphafetoprotein was significantly elevated to 311136 ng/mL. Computed tomography
scan demonstrated bulky bilobar liver masses, consistent with intermediate stage
HCC, Barcelona Clinic Liver Cancer Stage B. Her case was discussed and a
personalized care plan was developed at the Multidisciplinary Center for
Advanced Minimally Invasive Liver Oncologic Therapies at the University of
Washington. She initially underwent bilobar transarterial chemoembolization
with partial response of the left lobar tumor. Salvage hypofractionated proton
beam radiation therapy was delivered to the right lobe followed by two
additional transarterial chemoembolizations to the left lobe with good response.
Finally, to remove left lobar residual disease, she was taken to the operating room
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for a left hepatectomy eleven months after her initial presentation. She continues
to be without evidence of disease.
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CONCLUSION
Coordinating the multiple HCC treatment modalities is complex and our case
highlights the benefits of a multidisciplinary approach.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the second most lethal malignancy worldwide,
claiming over 745,000 lives in 2012[1]. This figure is projected to rise despite new and
effective antiviral drugs to eradicate hepatitis C infection and is due to increasing
rates of fatty liver disease from diabetes and the obesity epidemic[2]. There has been
virtually no change in the survivability of HCC over the last three decades[3]. This is
especially true for intermediate and advanced HCC where the standard of care
therapy with sorafenib provides only a 2% response rate and 3-mo survival
advantage [4] . While checkpoint inhibition immunotherapy (e.g., nivolumab and
pembrolizumab) have demonstrated significant response rates, a large proportion of
HCC patients do not respond to this immunotherapy[5]. Therefore, more effective
treatments for advanced cases of HCC are greatly needed.
Several modalities exist for treatment of intermediate and advanced stage HCC.
Potential therapies include ablative techniques using ethanol (percutaneous ethanol
injection), microwave or radiofrequency; catheter-directed transarterial
chemoembolization (TACE) or radioembolization (TARE); external beam radiation
therapy in the form of stereotactic body radiation therapy or proton beam therapy
(PBT); systemic targeted small molecules; and immunotherapy and investigational
agents. In certain cases, these therapies can be utilized simultaneously or in sequence
to achieve optimal tumor control. Furthermore, this approach can be used to
effectively downstage advanced HCC and make it amenable for curative liver
resection (LR) or transplantation[6].
Coordinated management of the HCC patient with these different modalities has
become increasingly complex. To navigate this complexity, discuss suitable
therapeutic options, and generate personalized treatment plans, many centers have
adopted a multidisciplinary team (MDT) approach with established "tumor boards."
These teams include members from several complementary specialties including
surgical, medical and radiation oncology, transplant surgery and hepatology,
diagnostic and interventional radiology, pathology, physical and occupational
therapy, nursing, nutrition, genetic counseling, spiritual, and palliative care. The MDT
approach has been adopted for the treatment of a wide variety of malignancies, and it
is in fact required for accreditation as a comprehensive cancer care center by the
American College of Surgeons Commission on Cancer. Although the MDT approach
has several putative benefits for patient care, there is a concern over the paucity of
high quality evidence demonstrating an improvement in patient outcomes [7,8] .
Furthermore, it has been associated with high operating costs.
Our patient presented with advanced, multifocal, and bilobar HCC; an extent of
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disease associated with a dismal prognosis. Herein, we highlight a year-long MDT
approach that demonstrates how it can downstage advanced disease and lead to
improved patient outcomes. We report a young patient with advanced, multifocal,
bilobar, and initially unresectable HCC that benefited from a year-long MDT
approach.

CASE PRESENTATION
A 36-year-old woman originally from China was evaluated in September 2016 for
management of large bilobar liver masses. Her pertinent past medical history was
significant for untreated hepatitis B virus infection diagnosed in 1999 while pregnant
with her first child. The rest of her past medical and surgical history was remarkable
only for a previously excised benign breast mass. Her family history was positive for
lymphoma in her father. She had never smoked tobacco, consumed alcohol, or used
illicit drugs. Her physical examination was unremarkable with no appreciable liver
masses.
Her oncologic history began in 2015 when she first experienced right shoulder and
chest pain with work-up revealing mildly elevated transaminases. No further
evaluation was performed until 2016 when the pain worsened with associated weight
loss and fatigue. She underwent right upper quadrant ultrasound, which
demonstrated large bilobar liver masses. The serum alpha-fetoprotein (AFP) was
significantly elevated to 311136 ng/mL (reference 0-8.6). A multiphase liver protocol
computed tomography (CT) scan demonstrated bulky bilobar liver masses (Figure
1A), including a left lobe lesion measuring 8.1 cm x 14.4 cm x 10.7 cm with central
necrosis, in addition to a multilobular right lobe lesion measuring 10.5 cm x 9.5 cm x
14.9 cm. No IVC, hepatic, or portal venous invasion or thrombosis was identified, and
there was no evidence of extrahepatic disease. Her serum was positive for HBsAg
with a HBV quantitative PCR of 12000 IU/mL for which she initiated entecavir
therapy. Her liver function was well-preserved with a child-turcotte-pugh score of A5
and model for end-stage liver disease score of 6.

MULTIDISCIPLINARY EXPERT CONSULTATION
Her case was discussed at the University of Washington Multidisciplinary Center for
Advanced Minimally Invasive Liver Oncologic Therapies composed of members from
the surgical, medical and radiation oncology, transplant surgery and hepatology,
pathology, and diagnostic and interventional radiology teams. Given her history of
hepatitis B, elevated AFP, and imaging characteristics consistent with HCC, a
diagnosis was made.

FINAL DIAGNOSIS
Intermediate stage HCC, Barcelona Clinic Liver Cancer Stage B.

TREATMENT
She was not a candidate for orthotopic liver transplantation, LR, or any ablative
therapies given the large size of the masses and their intimate relationship to the
vasculature. She underwent bilobar TACE in October 2016, resulting in a decrease of
the serum AFP to 132150 ng/mL, and post-treatment imaging demonstrated a partial
response (Figure 1B). However, during chemoembolization of the right lobar mass,
the right inferior phrenic artery was inaccessible, leaving part of the right tumor
untreated.
Given this and the large size of the right lobar mass, she underwent salvage
hypofractionated PBT to the right lobe tumor using a simultaneously integrated boost
intensity modulated proton therapy technique with pencil beam scanning in
December 2016. A total dose of 60 GyE to the tumor periphery and 67.5 GyE to
internal sub-volumes within the tumor were delivered in 15 fractions (Figure 2A and
2B). Because optimally preserving the future normal liver remnant from radiation was
critically important, a pre-treatment functional liver imaging scan with technetium99m sulfur colloid single-photon emission CT was employed to assist in functional
liver avoidance radiation planning (Figure 2C and 2D). She tolerated radiotherapy
well with maintenance of normal liver function.
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Figure 1 Initial portal venous phase contrast-enhanced computerized tomography showing bilobar lesions
consistent with hepatocellular carcinoma. A: Arterial phase contrast-enhanced low-dose radiation therapy
planning computerized tomography showing post-transarterial chemoembolization treatment changes to bilateral
lobes 3 mo after diagnosis; B: Arterial phase T1-weighted fat-saturated post-contrast magnetic resonance imaging
showing complete right lobar mass response following proton radiation therapy 6 mo after diagnosis; C: Axial arterial
phase T1-weighted fat-saturated post-contrast magnetic resonance imaging showing no evidence of disease
following left hepatectomy; D: Axial arterial phase T1-weighted fat-saturated post-contrast magnetic resonance
imaging showing no evidence of disease 14 mo after diagnosis.

Three weeks after completion of PBT, the serum AFP declined to 62728 ng/mL,
with a liver protocol magnetic resonance imaging (MRI) scan demonstrating complete
response of her right lobar mass but significant residual tumor in the left lobe (Figure
1C). In February 2017 and April 2017, she underwent two additional TACE sessions to
the left lobe. The serum AFP continued to decrease with each treatment to a nadir of
22700 ng/mL. However, post-treatment MRI demonstrated residual disease in the left
lobe. She was referred for consideration of hepatic resection.
Pre-operative MRI demonstrated an adequate future liver remnant but with an
obscured middle hepatic venous outflow with drainage of the non-tumor involved
anterior right lobe via a large collateral vessel connecting to the middle hepatic vein
and circumscribing the previously irradiated right lobe tumor. Doppler ultrasound
was performed and confirmed appropriate venous caval outflow through this
collateral vessel, which drained through the right hepatic vein into the IVC. Therefore,
the middle hepatic vein, the anomalous venous collateral, and the right hepatic vein
all required preservation. The patient underwent formal left hepatectomy in August
2017, eleven months after initial presentation. The case was quite challenging due to
the tumor’s long segment abutment of the middle hepatic vein, but LR with salvage of
all aforementioned vasculature was successful. Pathology demonstrated a 11.5 cm x
10.5 cm x 7.5 cm HCC involving segments 2, 4a, and 8 with 25% tumor necrosis. The
tumor was confined to the liver without vascular invasion and negative surgical
margins was achieved with a final pathologic stage of ypT1bN0M0.

OUTCOME AND FOLLOW-UP
The serum AFP level at 16, 29, and 42 wk postoperatively was 13.3, < 5.0 and < 5.0
ng/mL, respectively (Figure 3). MRI scans performed 16, 29, and 42 wk
postoperatively have been negative for any evidence of residual or recurrent disease
(Figure 1D). The patient continues to do well greater than 12 mo postoperatively, with
normal liver function (Na 139 mEq/L, Cr 0.63 mg/dL, bilirubin 0.7 mg/dL, albumin
4.1 g/dL, and platelet count 117000/μL) and performance status of ECOG 0. There
have been no adverse or unanticipated events.
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Figure 2 Radiation therapy approach. A, B: Proton radiation therapy treatment using a 2-beam approach for the
treatment of the right-sided hepatocellular carcinoma highlighting low dose to the contralateral lobe of the liver; C, D:
Demonstrated functional liver imaging using technetium-99m sulfur colloid single-photon emission computerized
tomography scan co-registered to the radiation therapy planning computed tomography to aid in target delineation of
the gross tumor volume and sparing of the highly functional liver (max sulfur colloid single-photon emission counts
shown in red). Key: Liver minus gross tumor volume is demonstrated by the teal line (panels A, B), internal target
volume (gross tumor volume + tumor motion on 4D-computed tomography scan) is shaded in red (panels A, B).

DISCUSSION
The MDT approach has been increasingly utilized for the management of a variety of
diseases from diabetes to cancer. In oncology, some of the first successes were
demonstrated in the management of breast cancer in the National Health Service[9]. It
has been widely adopted internationally as the standard of care for newly diagnosed
malignancies. Published evidence demonstrates improved accuracy of pre-operative
staging [10,11] , increased access to care, adherence to clinical guidelines [12,13] , and
satisfaction for both patients and health care providers[14-16]. In spite of this widespread
adoption, there has been concern over the paucity of evidence demonstrating a
significant improvement in clinical outcomes with the MDT approach[7,15]. Two recent
systematic reviews published by Croke et al[8] and Pillay et al[11] demonstrated MDT
approaches resulted in a significant impact on patient management, but there was
little evidence to support an improvement in clinical outcomes. On an individual
level, our case supports the significant patient impact of the MDT approach.
The management of HCC is increasingly complex as advances in more effective
liver-directed therapies and systemic therapies become available. Optimal
management of intermediate or advanced stage HCC requires thoughtful sequencing
and timing of the various therapeutic modalities, which is best achieved through a
tightly knit multidisciplinary team. We have found in our experience at the University
of Washington Center for Advanced Minimally Invasive Liver Oncologic Therapies
that multidisciplinary management of these patients is a beneficial endeavor, as seen
in our presented case. With complementary multidisciplinary therapy, a combination
of local, loco-regional, and systemic therapies can be successful in downstaging an
advanced-stage HCC to one amenable to curative intervention with LR or orthotopic
liver transplantation[6,17-19]. This has been demonstrated in prior series with multiple
studies indicating the impact of downstaging prior to LR or transplantation. A
prospective study by Yao et al[17] demonstrated that with careful patient selection,
loco-regional therapies was successful in downstaging > 50% of patients to liver
transplantation. This has similarly been examined in LR for HCC where liver-directed
non-operative therapies have been successful in downstaging tumors for resection.
Our present case is novel in that it highlights a patient with extensive multifocal
disease involving both lobes requiring several rounds of sequential TACE and proton
beam radiation therapy followed by a complex partial hepatectomy. A limitation of
this approach is that it is resource intensive with complex scheduling issues that arise
in routine clinical practice.
An important technique in tumor downstaging includes catheter based therapies
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Figure 3

Figure 3 Serum alpha-fetoprotein level (ng/mL) during treatment course.

such as TACE and TARE. These have been demonstrated to both improving overall
survival [20] in addition to serving as both bridging and downstaging treatment
modalities. A study published in 2009 by Lewandowski et al[21] reported successful
downstaging from UNOS T3 to T2 in 61% and 37% for TARE and TACE,
respectively[13]. Six of twenty-one patients in a 2012 case series who underwent TARE
for palliative intent for UNOS T3 HCC were sufficiently downstaged, enabling
definitive LR, definitive ablation, or orthotopic liver transplantation[22]. TACE was
chosen over TARE for our patient due to the potential of inadvertent lung dose of
yttrium-90 due to significant shunting.
Technological advancements have resulted in the increasing use of external beam
radiation therapy in the treatment of HCC given high rates of durable local control
ranging from 87%-100% at 1 to 3 years[23-26]. For our patient, radiotherapy offered a
promising local treatment option for the right-sided lesion due to the large tumor size
and vascular anatomy prohibitive of further catheter-based therapy or surgical
resection. PBT was the preferred radiation modality due to the tumor size, and
dosimetric advantage with improved normal liver parenchyma sparing from low-tomoderate doses as compared to photon-based radiation, e.g., stereotactic body
radiation therapy. In radiation therapy akin to surgery, a “critical volume model” is
applied to describe the minimum volume of normal liver that should be uninjured by
radiation as to limit the incidence of radiation-induced liver disease. Dose and
dosimetric constraint guidelines were derived from Hong et al[26] multicenter phase II
clinical trial of dose-escalated proton beam radiation for unresectable primary hepatic
cancers, where they demonstrated a low incidence of radiation-induced liver disease
as measured by worsening Child-Turcotte-Pugh-score in 3.6% and no grade 4 or 5
radiation-related toxicities. Given the complexity of this case, we used technetium99m sulfur colloid single-photon emission CT imaging co-registered to our radiation
planning CT to assist in delineating the borders of the residual gross tumor volume,
as well as a tool for more accurate global and spatial liver function to guide placement
of radiation beams through less functional normal liver parenchyma[27-29].
LR continues to be a potentially curative treatment option in 15% to 20% of HCC
patients with an operative mortality of less than 5% even in cirrhotic patients or those
undergoing major LR, resulting in a 5-year overall survival of over 50%. The safety
and outcomes of LR for HCC have improved substantially over the last three decades,
which is attributed to refinements in patient evaluation and selection, the ability to
manipulate the future liver remnant volume, advances in surgical and anesthetic
techniques, and the enhanced peri-operative management. In this case, the patient
was young and medically fit, with an ECOG performance status 0, adequate hepatic
reserve in the future liver remnant, and absence of portal hypertension.
Biologic markers to predict HCC tumor biology are under development. Current
surrogate markers predicting prognosis are based on tumor size, number, and
vascular invasion. For HCCs, some researchers reported that larger tumor sizes
exceeding the University of California at San Francisco criteria and serum AFP levels
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over 400 ng/mL were associated with post-resection recurrence. Other markers such
as retinoic acid-induced protein 3 as well as miRNA expression profiles have been
used to predict poor prognosis and assess the risk of disease recurrence after
orthotopic liver transplantation. Large tumor size has traditionally been a relative
contraindication to LR given the elevated risk of vascular invasion. However, HCCs
over 10 cm in size without invasion amenable to LR can result in good outcomes, and
therefore identification of such tumors is important[30,31]. In this case, the lack of
macrovascular invasion, and good response to TACE and PBT were considered in the
surgical decision making.

CONCLUSION
The primary aim of MDT approach in cancer care is to improve patient outcomes by
bringing together key specialists with complementary expertise to review cases,
ensure accurate diagnosis and develop optimal, individualized plans of care. They
often result in significant changes in patient diagnosis and management and are
generally considered beneficial for patient care. A multidisciplinary approach to our
presented case clearly resulted in an improved patient outcome on an individualized
level; however, recent systematic reviews have failed to demonstrate improvement in
patient outcomes on a population level. Further research is needed to understand the
true clinical impact of a MDT approach to cancer care.
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Abstract
BACKGROUND
Calciphylaxis is a form of vascular calcification more commonly associated with
renal disease. While the exact mechanism of calciphylaxis is poorly understood,
most cases are due to end stage kidney disease. However, it can also be found in
patients without kidney disease and in such cases is termed non-uremic
calciphylaxis for which have multiple proposed etiologies.
CASE SUMMARY
We describe a case of a thirty-year-old morbidly obese Caucasian female who
had a positive history of alcoholic hepatitis and presented with painful
calciphylaxis wounds of the abdomen, hips, and thighs. The hypercoagulability
panel showed low levels of Protein C and normal Protein S, low Antithrombin III
and positive lupus anticoagulant and negative anticardiolipin. Wound biopsy
confirmed the diagnosis of non-uremic calciphylaxis in the setting of alcoholic
liver disease. The calciphylaxis wounds did not improve when Sodium
Thiosulfate was used alone. The patient underwent a series of bedside and
surgical debridement. Broad spectrum antibiotics were also used for secondary
wound bacterial infections. The patient passed away shortly after due to sepsis
and multiorgan failure.
CONCLUSION
Non-uremic Calciphylaxis can occur in the setting of alcoholic liver disease. The
treatment of choice is still unknown.
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Core tip: In this case report, we present a patient with alcoholic liver disease and low
levels of Protein C who developed calciphylaxis and died shortly after due to
complications. The pathogenesis is not completely understood but the disruption of
calcium-phosphate-byproduct has been implicated to play a role in the disease process.
Liver dysfunction can lead to low levels of coagulation inhibitors specifically Protein C
and Protein S. The aim of the medical treatment is to lower the calcium-phosphatebyproduct and decrease the vascular calcification. The use of surgical wound
debridement is less established.
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INTRODUCTION
Calciphylaxis is a form of vascular calcification commonly associated with renal
disease. Patients diagnosed with calciphylaxis usually face an unfavorable prognosis
with most patients dying within 12 mo of diagnosis[1]. Although rare, calciphylaxis
has an incidence rate of 35 per 10000 patients in the United States with around 70% of
the patients being females and the average age of diagnosis being at 50-70 years[1]. The
vascular calcification in calciphylaxis results in ischemic skin lesions that are very
painful, treatment resistant, and predisposed to bacterial infections. Most patients
with calciphylaxis have a diagnosis of end stage renal disease or other forms of
kidney dysfunction including chronic kidney disease, kidney transplantation, or acute
kidney injury. Some studies have reported calciphylaxis in patients with normal
kidney function, termed non-uremic calciphylaxis[2,3]. Other non-uremic causes of
calciphylaxis reported in the literature included primary hyperparathyroidism,
malignancy, connective tissue disease, and liver disease [1] . As the main clinical
manifestation associated with calciphylaxis, the cutaneous lesions can range from
minor painful induration to skin necrosis[3].

CASE PRESENTATION
A thirty-year-old Caucasian female was transferred to our medical center for further
management of painful wounds of the abdomen, hips, and thighs. She had a past
medical history of alcoholic hepatitis, diagnosed four months earlier with a liver
biopsy that showed steatohepatitis and stage 3 fibrosis rather than cirrhosis, and
morbid obesity (BMI = 56) status post Roux-en-Y gastric bypass done twelve years
ago (unknown pre-surgical BMI). History was negative for diabetes mellitus, kidney
dysfunction, autoimmune diseases, hyperparathyroidism or Warfarin intake.
Eight weeks after the onset of alcoholic hepatitis, the patient developed tender
erythema on her abdomen, hips, and thighs, which evolved into painful firm
subcutaneous nodules.
On admission to our hospital, vital signs were notable for temperature 36.7 °C (98.1
°F), blood pressure 98/41 mmHg, pulse 119 bpm, and respiratory rate 20/min.
Physical examination showed woody, indurated, exquisitely tender erythematous
plaques on the abdomen, hips, and thighs, with central stellate necrotic eschar and
purpura (Figure 1A). She also had anterior abdominal wall edema and bilateral lower
extremity pitting edema. Laboratory workup was significant for leukocytosis 24 ×
109/L , with absolute neutrophil count 21.5 × 109/L , hemoglobin 7.2 g/dL, MCV 87.5
fL, total protein 6.1 g/dL, albumin 1.7 g/dL, AST 56 U/L, ALT 19 U/L, alkaline
phosphatase 172 U/L, total bilirubin 1.8 mg/dL, PT 17.7 s, INR 1.6, APTT 37.3, BUN
15 mg/dL, creatinine 1.32 mg/dL, calcium 8.2 mg/dL, phosphorus 3.9 mg/dL, PTH
22 (normal), and 1,25 OH Vit D3 5.8 (low). The hypercoagulability panel showed low
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levels of Protein C 33 IU/dL (normal: 76-147), low normal levels of protein S 67
IU/dL (normal: 65-135), low antithrombin III levels, positive lupus anticoagulant and
negative anticardiolipin. Wound biopsy showed dermal hemorrhage, dermal vascular
occlusion, calcium deposition within the walls of large veins and the surrounding
adipose tissue (Figure 2). These pathologic findings, correlated clinically, were most
consistent with non-uremic calciphylaxis in the setting of alcoholic liver disease.

FINAL DIAGNOSIS
These pathologic findings, correlated clinically, were most consistent with non-uremic
calciphylaxis in the setting of alcoholic liver disease.

TREATMENT
Management consisted of sodium thiosulfate infusions, a series of bedside nonexcisional and surgical excisional debridement (Figure 1B); in addition to broad
spectrum antibiotic treatment for secondary pseudomonas aeruginosa and morganella
morganii wound bacterial infections.

OUTCOME AND FOLLOW-UP
The patient was eventually transferred to a regional burn unit for specialized
management of the extensive calciphylaxis wounds. Shortly after, the patient passed
away due to sepsis and multiorgan failure.

DISCUSSION
We present a patient with alcoholic liver disease and low normal levels of protein C
who developed calciphylaxis and died shortly thereafter from related complications.
The pathogenesis of non-uremic calciphylaxis is not completely understood, but
disruption in the calcium-phosphate-byproduct has been implicated to play a role in
the disease process[4]. Abnormalities of the Receptor Activator of Nuclear Factor-B
(RANK, NF-κB), RANK ligand, and osteoprotegerin may be involved. Factors such as
liver disease, hyperparathyroidism and corticosteroid use are known to stimulate the
expression of RANK ligand and decrease osteoprotegerin, thus activating NF-κB and
ultimately leading to osseous mineral loss and extraosseous mineral deposits[5].
Liver dysfunction can lead to low levels of coagulation inhibitors, specifically
protein C and S, which can lead to vascular injury [6] as well as thromboembolic
manifestations such as deep venous thrombosis and pulmonary embolism. Another
theory behind the link between liver dysfunction and calciphylaxis could be related to
Fetuin-A which is a protein synthesized in the liver that acts as a circulating inhibitor
of vascular ossification-calcification. Its effects are mediated by ‘‘calciprotein
particles’’, which clear the circulating calcium and phosphorus, and therefore
selectively inhibit vascular ossification–calcification without affecting the bone
mineralization. Another inhibitor of that pathway is the Matrix-GLA-Protein (MGP).
Activated MGP, through Vitamin K dependent carboxylation, forms a complex with
fetuin-A which inhibits the Bone-Morphogenetic-Protein-2 induced osteogenic
differentiation. Thus, liver dysfunction induced vitamin K deficiency can lead to
decreased MGP activity and increased vascular ossification-calcification. This
mechanism may also explain the association between calciphylaxis and Warfarin-a
Vitamin K antagonist[7]. Total uncarboxylated MGP (t-ucMGP) could reflect arterial
calcification, with lower values being associated with more widespread calcium
deposits[8]. However, its level was not assessed in our patient; its measurement in
future studies may be required.
Gastric bypass surgery can also predispose to Vitamin D and Calcium deficiency
with secondary hyperparathyroidism due to alterations in the digestive anatomy
which could set up a suitable environment for calciphylaxis[9].
The abdomen and thighs are the commonest predilection sites for calciphylaxis
lesions due to higher adipose tissue density. The lesions present as indurated plaques
or nodules that may have ulcerations and eschar and can be associated with livedo
reticularis[10]. A tissue biopsy is essential to confirm the diagnosis[11,12]. Histopathologic
changes are similar in both uremic and non-uremic calciphylaxis. Microscopic
findings include calcification of dermal vessels and diffuse dermal thrombi. Dermal
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Figure 1

Figure 1 Calciphylaxis wounds in the thigh. A: Before debridement; B: After debridement.

angioplasia was frequently reported[13]. Pseudoxanthoma elasticum-like changes were
also reported and described as thickened, fragmented and curled elastic fibers[14].
Non-uremic calciphylaxis usually has a poor prognosis with mortality that can
reach 50%, most commonly due to sepsis[4]. When calciphylaxis affects proximal areas
of the body, such as the abdomen, thighs and buttocks, the mortality rates can reach
up to 63%. Distal calciphylaxis, however, is associated with lower mortality, being
23% as reported in one series. The presence of associated ulceration carries a mortality
rate of greater than 80%[1,5].
The aim of medical treatment is to reduce the serum calcium-phosphate-byproduct,
which can decrease the vascular calcification. Sodium thiosulfate increases the
solubility of the calcium deposits and is considered a successful therapy for uremic
calciphylaxis[1,2] but our non-uremic patient did not improve when sodium thiosulfate
was used alone. Cases of calciphylaxis are usually treated with analgesics, wound
care, and proper nutrition. Treatments that have been studied specifically for such
cases include sodium thiosulfate, bisphosphonate, and hyperbaric oxygen therapy.
The use of surgical wound debridement is less established and the decision is
typically individualized based on the patient characteristics and presentation[1]. No
effective treatment is available for non-uremic etiologies of calciphylaxis as the
pathology remains unclear[6]. Few cases of non-uremic calciphylaxis were reported
with alcoholic liver disease and were treated mainly by serial debridement
procedures with wound care and sodium thiosulfate infusions[6,15].
Corticosteroid use was believed to be a predisposing factor for non-uremic
calciphylaxis [3] , however, Biswas et al [16] reported a case with acute non-uremic
calciphylaxis that improved on systemic corticosteroids. Similarly, Elamin et al[17]
described another case of calcifying panniculitis that was treated with a 10 d course of
oral prednisone resulting in complete healing.
An increasing number of cases of calciphylaxis have been reported in the setting of
alcoholic liver disease. The treatment of choice for those patients is still unknown.
There is a gap in literature about the role of extensive debridement of the
calciphylaxis wounds and whether it can lead to improvement of the outcomes or
cause more complications such as sepsis. At this time, further research and
interventional studies need to be done to better understand the mechanism of
calciphylaxis in those patients, which can help us develop a more effective treatment
regimen.

CONCLUSION
An increasing number of cases of calciphylaxis in the setting of liver failure have
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Figure 2

Figure 2 Dermal vascular occlusion and calcium deposition within the walls of large veins and the
surrounding adipose tissue.

recently been reported, but no primary treatment option has been discovered.
Surgical debridement and sodium thiosulfate were utilized in this patient, but success
was unable to be evaluated as the patient passed from complications before healing
could occur. Future studies should expand upon and investigate other therapeutic
options for management of non-uremic calciphylaxis in the setting of liver failure.
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BACKGROUND
Caval vein thrombosis after hepatectomy is rare, although it increases mortality
and morbidity. The evolution of this thrombosis into a septic thrombophlebitis
responsible for persistent septicaemia after a hepatectomy has not been reported
to date in the literature. We here report the management of a 54-year-old woman
operated for a peripheral cholangiocarcinoma who developed a suppurated
thrombophlebitis of the vena cava following a hepatectomy.
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CASE SUMMARY
This patient was operated by left lobectomy extended to segment V with bile duct
resection and Roux-en-Y hepaticojejunostomy. After the surgery, she developed
Streptococcus anginosus, Escherichia coli, and Enterococcus faecium bacteraemias, as
well as Candida albicans fungemia. A computed tomography scan revealed a
bilioma which was percutaneously drained. Despite adequate antibiotic therapy,
the patient’s condition remained septic. A diagnosis of septic thrombophlebitis of
the vena cava was made on post-operative day 25. The patient was then operated
again for a surgical thrombectomy and complete caval reconstruction with a
parietal peritoneum tube graft. Use of the peritoneum as a vascular graft is an
inexpensive technique, it is readily and rapidly available, and it allows caval
replacement in a septic area. Septic thrombophlebitis of the vena cava after
hepatectomy has not been described previously and it warrants being added to
the spectrum of potential complications of this procedure.
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Core tip: Caval vein thrombosis after hepatectomy is rare, although it increases mortality
and morbidity. Its evolution into a septic thrombophlebitis responsible for persistent
septicaemia after a hepatectomy has not been reported to date in the literature. This study
reports the management of a 54-year-old woman with peripheral cholangiocarcinoma
who developed a suppurated thrombophlebitis of the vena cava following a hepatectomy.
A combination of antibiotic and anticoagulation treatments, prompt surgical
thrombectomy and complete caval reconstruction was associated with a favorable
outcome. Use of the peritoneum as a vascular graft is an inexpensive technique, and it
allows caval replacement in a septic area.
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INTRODUCTION
Caval vein thrombosis after hepatectomy is rare, although it increases mortality and
morbidity[1]. The evolution of this thrombosis into a septic thrombophlebitis has not
been reported to date in the literature. We here report the management of a 54-yearold woman operated for a peripheral cholangiocarcinoma who developed a
suppurated thrombophlebitis of the vena cava following a hepatectomy.

CASE PRESENTATION
This patient was operated by left lobectomy extended to segment V with bile duct
resection and Roux-en-Y hepaticojejunostomy. Besides its cancer, the patient had no
medical history, including thromboembolic or cardiovascular diseases. On postoperative day 3 (POD3), she developed Streptococcus anginosus, Escherichia coli, and
Enterococcus faecium (E. faecium) bacteraemias, as well as Candida albicans (C. albicans)
fungemia. A computed tomography (CT) scan revealed a 5 cm bilioma. Antibiotic
treatment based on ceftriaxon, teicoplanin, and caspofungin was started while the
bilioma was percutaneously drained on POD10, and cultures were positive for C.
albicans. However, both the E. faecium bacteraemia and the C. albicans fungemia
persisted, with sepsis (high-grade fever, hyperleukocytosis and tachycardia). The
choice and the administration of these antibiotics were deemed to be appropriate, as
were the teicoplanin serum levels.
The clinical condition of the patient continued to deteriorate, despite appropriate
antibiotic treatment. Another CT scan on POD25 revealed thrombophlebitis of the
inferior vena cava closed to the bilioma (Figure 1), and new subpleural nodular
lesions suggestive of an embolic mechanism.

FINAL DIAGNOSIS
A diagnosis of septic thrombophlebitis of the inferior vena cava was made.
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Figure 1

Figure 1 Coronal computed tomography scan of thrombophlebitis of the vena cava after hepatectomy.

TREATMENT
The patient was operated again on POD27 for a thrombectomy and replacement of the
inferior vena cava. First, the vena cava was controlled above and below the hepatic
vein and the upper the renal veins after performing the Kocher manoeuvre. The
bilioma was found along with an infectious necrosis with suppuration and
thrombosis of the front side of the vena cava at the rear of the hepatic pedicle (Figure
2). A vascular resection was performed with vena cava clamping without exclusion of
the liver. A reconstruction of the vena cava with a parietal peritoneum patch
harvested from the posterior aponeurosis of the left rectus abdominal muscle was
carried out. The segment of peritoneum was sutured into a 20 mm tubular shape with
a longitudinal Prolene 5-0 running suture. The segment of peritoneal tube was
sutured to the vena cava with a longitudinal Prolene 5-0 running suture (Figure 3).
The thrombus was positive for both E. faecium and C. albicans.

OUTCOME AND FOLLOW-UP
In the days that followed, the fever abated progressively, while the sepsis disappeared
and all of the repeated blood cultures remained negative. The patient was discharged
on POD67 with anticoagulation treatment. She remained afebrile, and the antibiotic
treatment has been terminated.

DISCUSSION
Septic thrombophlebitis related to vascular invasion from adjacent non-vascular
infections is best illustrated by thrombophlebitis of the internal jugular vein[2]. This
complication has also been reported for limb veins, portal (pylephlebitis) and
mesenteric veins after abdominal infections, pelvic veins following postpartum
infections, and dural sinuses[3].
Isolated septic thrombophlebitis of the vena cava has been reported in a small
number of cases, mainly caused by prolonged central venous catheterization, but
never after hepatectomy[4-6]. Septic thrombophlebitis of the vena cava is a rare disease
that induce the increase of the morbidity and the mortality, as a result of sepsis and
septic emboli that can cause septic pulmonary emboli and infective endocarditis[7]. The
rarity of these complication results in diagnostic delay and a higher level of severity.
Optimal management of septic thrombophlebitis remains unclear due to the limited
data available from comparative trials [8] . Key components comprise appropriate
antibiotic treatment along with surgical or radiological drainage of the primary or
secondary embolic infectious foci. Anticoagulation is an option, although it should be
considered early in the management of septic thrombophlebitis in the absence of non-
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Figure 2

Figure 2 Image of the thrombus during the second surgery.

acceptable haemorrhagic risk[9]. Finally, endovascular or surgical thrombectomy can
be an option in cases of deep vein septic thrombophlebitis that are refractory to
conservative treatment[3,9,10]. In this unstable septic patient, management relied on
removal of the foci of infection by surgical thrombectomy of the inferior vena cava,
thereby allowing prompt and definitive control of the sepsis. In this septic
environment, autologous parietal peritoneum for complete caval replacement was
used to avoid reconstruction of the vena cava with synthetic materials. The parietal
peritoneum was harvested from the posterior aponeurosis of the rectus abdominal
muscle, thereby allowing a particularly stiff graft for support of the vena cava flow to
be obtained[11]. Use of the peritoneum as a vascular graft has been reported in animal
models [12] and has been described as a safe and good option for circumferential
replacement of the vena cava[11,13-16]. This technique is inexpensive, it is readily and
rapidly available, it uses the same surgical incision, and it allows caval replacement in
a septic area.
Septic thrombophlebitis of the vena cava after hepatectomy has not been described
previously, and it warrants being added to the spectrum of potential complications of
this procedure. A combination of antibiotic and anticoagulation treatments, prompt
surgical thrombectomy, and complete caval reconstruction with a parietal peritoneum
tube graft was associated with a favorable outcome in this severe case.

EXPERIENCES AND LESSONS
Septic thrombophlebitis of the vena cava after hepatectomy is a rare complication of
this procedure. Septic thrombophlebitis of the vena cava was successfully treated with
antibiotic and anticoagulation treatments, prompt surgical thrombectomy and caval
reconstruction. Use of the peritoneum as a vascular graft is an inexpensive technique,
it is readily and rapidly available, and it allows caval replacement in a septic area.
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Figure 3

Figure 3 Vena cava reconstruction with a parietal peritoneum tube graft.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is increasingly recognized as a
significant liver disease, and it covers the disease spectrum from simple steatosis
with a risk of development of non-alcoholic steatohepatitis (NASH) to fibrosis,
subsequent cirrhosis, end-stage liver failure, and liver cancer with a potential
need for liver transplantation. NAFLD and NASH are closely related to obesity,
metabolic syndrome, and type 2 diabetes (T2D). The role of gut hormones,
especially glucagon-like peptide 1 (GLP-1), is important in NAFLD. Bariatric
surgery has the potential for inducing great weight loss and may improve the
symptoms of metabolic syndrome and T2D. Recent data demonstrated significant
effects of bariatric surgery on GLP-1 and other gut hormones and important lipid
metabolic and inflammatory abnormalities in the pathophysiology of NAFLD.
Therefore, bariatric surgery may reverse the pathological liver changes in
NAFLD and NASH patients. In the present review, we describe NAFLD and
NASH pathophysiology and the primary effects of bariatric surgery on metabolic
pathways. We performed a systematic review of the beneficial and harmful
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effects and focused on changes in liver disease severity in NAFLD and NASH
patients. The specific focus was liver histopathology as assessed by the invasive
liver biopsy. Additionally, we reviewed several non-invasive methods used for
the assessment of liver disease severity following bariatric surgery.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is a significant liver disease with
risks of steatohepatitis (NASH), fibrosis, and cirrhosis. NAFLD and NASH are closely
related to obesity, the metabolic syndrome, and type 2 diabetes (T2D). Bariatric surgery
induces weight loss and improves the features of the metabolic syndrome and T2D.
Surgery may reverse pathological liver changes. In the present review, we focus on the
primary effects of bariatric surgery on metabolic pathways and systematically reviews
the effects of bariatric surgery on changes in liver disease severity in NAFLD and NASH
patients.
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INTRODUCTION
Alarming increases in obesity and diabetes coupled with changes towards unhealthy
lifestyles and dietary habits have contributed to a dramatic increase in non-alcoholic
fatty liver disease (NAFLD), which affects 25%-30% of the general population [1] .
NAFLD is most often asymptomatic and consists of a disease spectrum ranging from
simple steatosis (NAFL) and steatohepatitis (NASH) to fibrosis and cirrhosis, with
significant clinical consequences, including but not limited to ascites, varices, hepatic
encephalopathy, liver cancer and liver transplantation or early death[2]. NASH may
develop with hepatic inflammation, hepatocellular injury, macrophage and hepatic
stellate cell activation in patients with simple steatosis. If untreated, NASH may
progress to cirrhosis. NASH-induced cirrhosis is fast becoming the most common
indication for liver transplantation, which is strongly associated with poor quality of
life[3].
NAFLD is closely related to obesity and type 2 diabetes mellitus (T2D), and it is
often termed the hepatic manifestation of metabolic syndrome[4,5]. The prevalence of
NASH increases with components of the metabolic syndrome in T2D[6]. Available
epidemiological data suggest a prevalence of NAFLD of 40%-70% in European T2D
patients[1]. Insulin resistance is more prevalent in NASH patients than patients with
simple steatosis[7], and patients with NAFLD without T2D exhibit decreased insulin
sensitivity[8].
Bariatric surgery is an efficient treatment of obesity and causes sustained weight
loss with potential reductions in hepatic fat, inflammation and fibrosis[9,10]. Roux-en-Y
gastric bypass surgery (RYGB) is the most effective treatment for obesity[11]. This
procedure improves glycaemic control, and T2D patients experience a reduced need
for antidiabetic medication within days after surgery[9]. Sleeve gastrectomy (SG) and
adjustable gastric banding (AGB) are alternative surgical approaches that significantly
reduce gastric volume without changing the upper gastrointestinal tract anatomy. SG
has gained popularity in recent years and been established as a comparable method to
RYGB. In contrast, AGB is associated with less weight loss than RYGB surgery. The
indication for bariatric surgery is severe obesity with or without T2D and/or other
comorbidities[9].
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LITERATURE SEARCH
We searched the following databases: MEDLINE Ovid (1946 to June 2018), Science
Citation Index Expanded (Web of Science; 1900 to June 2018), and PubMed [Bethesda
(MD): National Library of Medicine (US) 1966 to June 2018]. The following search
terms were used: “Non-alcoholic fatty liver disease” (MeSH, all fields) or “Nonalcoholic steatohepatitis” (all fields) and “bariatric surgery (MeSH, all fields). Only
English language articles were selected, and case reports were excluded. Full-text
evaluation was performed, and references from relevant manuscripts were reviewed
manually for additional manuscripts. This search strategy identified 404 studies at the
end of June 2018. Studies were included in our comprehensive review if they were
published between January 2010 and June 2018, were prospective or retrospective
observational studies and if they evaluated the effects of bariatric surgery on
histopathological NAFLD. In total, we ended up with 13 studies.

PATHOGENESIS OF NAFLD
The pathogenic mechanisms for the development and progression of NAFLD are
complex and multifactorial[12] (Figure 1). Genetic and epigenetic factors affect the
development of NAFLD and NASH progression and potentially influence or modify
risk factors[13-16]. Dietary sugars, fat, adipose tissue lipolysis, and de novo lipogenesis
contribute to increased hepatic fat influx and accumulation in obese patients[17]. Obese
patients exhibit increased adipose tissue mass, which leads to adipocyte dysfunction,
including insulin resistance, increased lipolysis and apoptosis, and results in local
inflammation and cytokine release. Insulin resistance reduces insulin-induced
inhibition of lipolysis, and negatively affects the ability of the adipose tissue to store
fat, which results in increased free fatty acids in the blood. Insulin resistance induces
further insulin secretion, which instigates high blood insulin levels[18,19].
Hepatic de novo lipogenesis is also augmented in obese patients, partially due to
enzyme upregulation induced by hyperinsulinaemia, elevated plasma glucose levels
and endoplasmic reticulum (ER) stress[20-22]. Lipid accumulation in the liver primarily
consists of triglycerides, which may not be hepatotoxic per se, but reflects the general
inability of hepatocytes to handle fatty acids and leads to the concurrent accumulation
of toxic lipid metabolites[23-25]. Long-chain saturated fatty acids resulting from de novo
lipogenesis specifically harm liver cells via triggering the formation of reactive oxygen
species, which highly contribute to hepatic lipotoxicity[19].
Activation of death receptors and their ligands, induction of ER stress, the
production of reactive oxygen species and mitochondrial stress and dysfunction lead
to hepatocyte injury and death with subsequent release of proteins, debris, etc., which
are collectively defined as damage-associated molecular patterns (DAMPs)[26,27]. Fatty
acids, DAMPs and pathogen-associated molecular patterns (PAMPs), e.g., bacteria
and endotoxins, likely originating from a leaky gut, are the primary inducers of
hepatic inflammation, which involves activation of resident and recruited
macrophages in the liver[28,29]. Macrophage activation results in pro-inflammatory
cytokine secretion and the activation of hepatic stellate cells into myofibroblasts,
which secrete the collagen that contributes to extracellular matrix formation.
Myofibroblasts are also directly responsive to cytokines, DAMPs and PAMPs, thus
further propagating fibrosis formation[30].

METABOLIC EFFECTS OF BARIATRIC SURGERY
Bariatric surgery has tremendous effects on metabolic functions. Buchwald et al[31]
performed a meta-analysis of 136 studies that assessed the impact of bariatric surgery
on metabolic outcomes and reported a complete resolution of T2D in more than 75%
of diabetic patients and an excessive weight loss of almost 60%. A review of key
results from the Swedish Obese Subjects study reported a 72% remission rate of T2D
two years post-bariatric surgery[32]. Several other studies demonstrated that RYGB and
SG were superior to conventional pharmacological therapy in achieving glycaemic
control in T2D patients[33-35].
NAFLD is closely associated with obesity and T2D, and the mechanisms implicated
in improving obesity and T2D following bariatric surgery likely play important roles
in the resolution of NAFLD. Several mechanisms independent of weight loss are
involved in the initial metabolic responses to RYGB and SG procedures and
maintaining these improvements over the long term, despite the obvious causality
between weight loss and improvements in T2D and NAFLD.
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Figure 1

Figure 1 Risk factors and mechanisms associated with non-alcoholic fatty liver disease development and
progression. NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; ER: Endoplasmic
reticulum; ROS: Reactive oxygen species; HCC: Hepatocellular carcinoma.

The almost immediate metabolic benefits of bariatric surgery, independent of any
significant weight loss, have been known for decades [ 3 6 ] but are striking
nonetheless[31,37,38]. Three primary mechanisms are involved in the improved glycaemic
control associated with the RYGB and SG procedures: (1) early improved hepatic
insulin sensitivity due to the post-surgery calorie restriction; (2) late improved
peripheral insulin sensitivity due to weight loss; and (3) improved post-prandial
insulin secretion due to a rise in glucagon-like peptide 1 (GLP-1) secretion (Figure 2).
Several studies investigated the post-surgical metabolic changes, and whether the
change in the release of gut hormones or surgery-induced restriction of food intake
provides the essential effects on glycaemic control remains controversial. Jørgensen et
al[38,39] found an increase in post-prandial GLP-1, insulin secretion and hepatic insulin
sensitivity within days after RYGB, and this increase was sustained for at least 1 year
in diabetic and non-diabetic-matched subjects, which is consistent with other RYGB
and SG studies[37,40,41]. The GLP-1 increase represents a powerful beta-cell stimulus and
is explained by the accelerated entry of nutrients into the small intestine after
RYGB [42,43] and SG [44] , which increases the glucose absorption rate in the L cells
responsible for the GLP-1 secretion[45]. The accelerated transport of nutrients into more
distal parts of the small intestine may further explain the exaggerated GLP-1 response
because a higher density of L cells are found in this area[46]. Notably, GLP-1 may have
beneficial gene-regulatory effects on fatty acid oxidation and insulin sensitivity in
hepatocytes [47] , but these findings require confirmation in humans. Postprandial
glucagon responses also increase post-operatively[38,48] despite the inhibitory effects of
GLP-1 on glucagon secretion[39]. This paradoxical effect (in the context of improved
glucose metabolism) may represent gut-derived glucagon [42] and may exert an
attenuating effect on glycaemic control post-surgery.
Steven et al[49], among others[50], demonstrated that the reduced liver fat content
from calorie restriction explained the early improvement in hepatic insulin sensitivity,
as illustrated using magnetic resonance imaging. These data suggest that significant
caloric restriction explains the almost immediate metabolic benefits from bariatric
surgery due to improved liver function[49,51]. Vetter et al[48] demonstrated that the
improvements in liver insulin sensitivity from RYGB exceeded lifestyle modifications.
However, blockade of the GLP-1 receptor using the antagonist exendin9–39
consistently lowered insulin secretion after RYGB and SG[39,52], and it reversed the
postprandial hyperinsulinaemic hypoglycaemia observed post-operatively[38], which
confirmed the causative role of GLP-1 in beta-cell stimulation[53-55]. Calorie restriction
is the leading mechanism of the early metabolic changes after bariatric surgery, but
the gut hormones, particular GLP-1, remain crucial for the fine-tuning of the
glycaemic control and post-prandial insulin secretion[56].
A hyperinsulinaemic clamp study of Bojsen-Møller et al [37] demonstrated that
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Figure 2 Main metabolic effects of bariatric surgery on remission. NAFLD: Non-alcoholic fatty liver disease.

peripheral insulin sensitivity, as assessed using glucose disposal and suppression of
fatty acids, increased after three months in relation to the surgery-induced weight
loss. Lifestyle modifications exert the same powerful effects on glycaemic control and
NAFLD[48,57], but this intervention generally fails to sustain the short-term weight
loss[32]. Notably, bariatric surgery is superior in maintaining calorie restriction and
long-term weight loss, which is facilitated at least partially by the reduced appetite
observed post-operatively[58,59]. The long-term reduced appetite may be attributable to
a favourable shift in the anorectic gut hormones GLP-1 and peptide-YY (PYY)[58,60]. An
antagonist study using exendin9–39 and a dipeptidyl peptidase 4 (DPP-4) inhibitor
(blocking the DPP-4-mediated formation of active PYY from its precursor) in RYGBoperated subjects demonstrated a 20% increase in food intake[61]. Several other factors
are candidates for the long-term metabolic improvements of bariatric surgery,
including ghrelin [62] , adiponectin [63] , increased plasma bile acids [64] and changed
intestinal microbiota [65] , but proof of causality for these factors remains to be
established in humans.

HEPATIC EFFECTS OF BARIATRIC SURGERY
Bariatric surgery affects NAFLD not only through a rapid and substantial weight loss
but also via simultaneous effects on important lipid metabolic and inflammatory
pathways involved in NAFLD pathophysiology [66,67] . Bariatric surgery promotes
changes in three crucial metabolic areas influencing NAFLD: improved glucose
homeostasis, improved lipid metabolism and reduced inflammatory activity (Figure
2). These effects are followed by significant effects on liver abnormalities in NAFLD
and NASH patients.

Liver histology
A systematic review and meta-analysis[68] in 2008 assessed the histological effects of
bariatric surgery in NAFLD patients. This review concluded that the features of
steatosis, steatohepatitis, and fibrosis improve or resolve in most patients following
weight loss after bariatric surgery. A Cochrane review in 2010 reported more discrete
conclusions[69]. These authors were not able to identify any randomized clinical trials
at that time and advised caution even though several reports demonstrated potential
favourable effects of bariatric surgery. Most studies reported beneficial effects on
steatosis, and more than half of the studies demonstrated significant improvements in
histological inflammation. Six studies demonstrated improvement in fibrosis scores,
but 4 studies[70-73] reported some worsening of fibrosis.
Our literature search did not identify any randomized controlled trials that
assessed the hepatic histological effects of bariatric surgery in NAFLD patients. We
performed a comprehensive review of prospective and retrospective observational
studies published since 2010 to evaluate the effects of bariatric surgery on
histopathological NAFLD (Table 1). We identified 13 studies: Eight studies with
prospective designs, two studies with retrospective designs and three studies in
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which the design was not obvious. The types of surgery included RYGB, AGB and SG,
and most studies assessed the effect of RYGB. The sample size ranged from 9 to 578
patients. The studies clustered into three categories based on participant numbers:
Two large studies with more than 150 participants[74,75], three studies with 50-150
participants[10,76,77] and eight small studies with less than 50 participants[78-85].
In the largest study by Caiazzo et al[74] including more than 500 patients, the effects
of RYGB and AGB were compared. Improvement and resolution of steatosis,
inflammation and fibrosis were observed one and five years after both types of
surgery. Biopsies at all three time points (before and 1 and 5 years post-surgery) were
available in 315 patients, and the authors did not describe any cases of worsening. The
best effects on weight loss and liver histology were achieved in the RYGB patients,
and the primary effect derived from a greater weight loss but additionally explained
by a more positive influence on glucose and lipid metabolism.
The second largest study of 160 patients undergoing RYGB or ABG with a mean
follow-up of 31 mo demonstrated resolution or improvement of steatosis and
inflammation in most patients[75]. Fibrosis resolved or improved in more than half of
the patients. However, 8% of the patients progressed or developed steatosis de novo
after surgery. Portal inflammation worsened in 10% and developed de novo in 27% of
the patients, and 16% developed lobular inflammation after surgery. Fibrosis
progressed in 12% of the patients with pre-surgery fibrosis and another 21%
developed de novo fibrosis. Three patients developed NASH de novo after surgery.
In general, all of the smaller studies reported improvements in steatosis,
inflammation and fibrosis. However, three of these studies found a worsening of
some histological features, e.g., inflammation[79] and fibrosis[77,81], and three other
studies reported no worsening [76,78,80] . The remaining studies did not describe
worsening in any patients. The histological liver changes were accompanied with
beneficial effects on metabolic syndrome [78,79] , hypertension, dyslipidaemia and
obstructive sleep apnoea[84]. Most studies performed follow-up biopsies after one year
or later after surgery, but two studies performed follow-up at three[83] and six[80]
months. Notably, the effects of surgery were visible at these time points, even for
fibrosis.
Lassailly et al[10] investigated differences in patients with resolution of NASH one
year after surgery and patients with persistent NASH and found that these patients
had lost significantly less weight and were more frequently classified with a
refractory IR profile, which suggests that the weight loss was of primary importance.

Non-invasive methods
Other studies used diverse non-invasive methods to examine the hepatic effects of
bariatric surgery and found improvements in general. Several studies investigated
how bariatric surgery affected the levels of circulating liver transaminases, in general
reporting favourable effects, as summarized in a meta-analysis [86] . However,
transaminases exhibit limited accuracy for the prediction of NASH severity.
Several studies used non-invasive fibrosis scores. One study demonstrated
decreases in NAFLD fibrosis scores, ratio of aminotransferase (AST) to alanine
aminotransferase (ALT), AST-to-platelet ratio index (APRI), and BARD score (BMI,
ASAT/ALAT ratio, and the presence of T2D) one year after surgery[87]. Decreases in
the NAFLD fibrosis score were confirmed in several other studies. Two studies of
RYGB found a significant decrease 12 mo[88] and 36 mo after surgery[89], but higher
levels in patients who regained weight after the initial weight loss. One study of 56
adolescents described a decrease in NAFLD fibrosis score one and two years after
AGB[90]. However, Simo et al[91] questioned the feasibility of the NAFLD fibrosis score
in relation to RYGB because several patients were wrongly classified or ended in a
group of indeterminate classification. None of these studies included pre- or postsurgery biopsies as golden standards for treatment effects.
Forty-two patients who underwent diverse types of surgery were followed up with
liver stiffness measurements and controlled attenuation parameter (CAP) using
transient elastography. Liver stiffness declined from 8.6 to 6.0 kPa one year after
surgery. CAP values declined from 322 dB/m at baseline to 251 dB/m at one year.
These changes paralleled the histological changes in 32 of the patients[85]. The decrease
in liver stiffness was consistent with a decrease from 6.95 to 5.37 kPa in another study
of 38 patients after bariatric surgery[92]. Another study of 100 prospectively included
bariatric patients reported a decrease from 12.9 to 7.1 kPa[87].
Magnetic resonance imaging (MRI) is increasingly used in the assessment of liver
pathology. A prospective study of 31 obese patients undergoing RYGB demonstrated
a significant reduction in hepatic fat content using MRI spectroscopy 12 mo after
surgery[93]. A decrease in the liver fat fraction using MRI was also observed six[94] and
12 mo[95] after surgery in other studies. These results were supported by a decreased or
complete resolution of liver steatosis/NAFLD on ultrasonography one to five years
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Table 1 Recent studies (2010-) with histological assessment of liver biopsies at follow-up

Inflammation

Fibrosis

Any cases of
worsening

Mean/median
follow-up in
months

Improved, 70% Improved, 86%
complete
complete
resolution
resolution

Improved

No

19.4 (± 8.3)

Improved
ballooning, 55%
complete
resolution of
NASH

Trend for
improvement

Yes

Unknown

Improved

Improved, 84%
complete
resolution of
NASH

Improved

No

16 (± 3)

RYGB

Improved, 95%
complete
resolution

Improved,
100% complete
resolution of
NASH

Improved

Yes

12

578 (1 yr), 413
(5 yr)

RYGB, AGB

Improved

Improved

Improved

NA

12 and 60

Prospective

82

Gastric bypass,
AGB, SG, PBDDS

Improved

Improved, 85%
complete
resolution of
NASH

Improved

NA

12

Praveen et
al[80], 2015

Prospective

30

RYGB, SG

Improved in
97%

Improved in
46%

Improved in
46%

No

6

Taitano et
al[75], 2015

Missing

160

RYGB, AGB

Improved,
complete
resolution in
73%

Yes

31 (± 26)

Schneck et
al[81], 2016

Missing

9

RYGB

Improved

Yes

55 (44-75)

Froylich et
al[82], 2016

Retrospective

25

RYGB, SG

Improved

Improved

Trend for
improvement

NA

18

Aldoheyan et
al[83], 2017

Prospective

27

SG

Improved

Improved

Improved

NA

3

Manco et al[84],
2017

Prospective

20

SG (n = 20) vs
IGWLD, NSWL

Improved

Improved,
100% complete
resolution of
NASH

Improved

NA

12

Garg et al[85],
2018

Prospective

32

RYGB, AGB,
SG

Improved

Improved

Improved

NA

12

Patients with Surgical interfollow-up
vention

Ref.

Design

Steatosis

Weiner et
al[76], 2010

Missing

116

RYGB, AGB,
BPD-DS

Moretto et
al[77], 2012

Retrospective

78

Gastric bypass

Improved

Vargas et al[78],
2012

Prospective

26

RYGB

Tai et al[79],
2012

Prospective

21

Caiazzo et
al[74], 2014

Prospective

Lassailly et
al[10], 2015

Improved, 88% Improved, 53%
complete
complete
resolution of
resolution
NASH

Improved in all Improved in all
patients
patients

RYGB: Roux-en-Y gastric bypass; AGB: Adjustable gastric banding; BPD-DS: Biliopancreatic diversion with duodenal switch; SG: Sleeve gastrectomy;
IGWLD: Intragastric weight loss device; NSWL: Nonsurgical weight loss; NA: Not assessed.

after SG[96,97]. A decrease in hepatic left lobe volume on ultrasound was also observed
after two years in 75 women who underwent laparoscopic AGB[98]. Two small studies
found improvements in liver damage and NAFLD using ultrasound imaging[99] and
CT[100].
Additional exploratory results include decreased serum levels of the hepatocyte
apoptosis marker cytokeratin (CK)-18 one year after surgery in nine patients, which
was maintained approximately four years later with corresponding improvements in
liver histology[81]. Significant improvements in metabolic liver function capacity using
LiMAx, which is based on hepatic 13C-methacetin metabolism by cytochrome P450
1A2, were also observed six and 12 mo after surgery[101].

Liver-related mortality
Overall, current studies reported no significant effects on liver-related mortality after
bariatric surgery, but larger long-term follow-up studies are necessary to firmly
establish the effect of bariatric surgery on liver-related mortality. A recent nation-wide
study of patients after bariatric surgery observed no increase in all-cause mortality
compared with the general population. However, there was an increased mortality
rate ratio 2.01 (95%CI: 1.06-3.84) for gastrointestinal and liver diseases, including
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peritonitis and intestinal obstruction [102] . Mortality was significantly reduced in
patients undergoing bariatric surgery compared to a propensity-score matched cohort
of obese patients, but there was no difference in survival when the analysis was
restricted to include NASH patients only [ 1 0 3 ] . Liver cirrhosis is a relative
contraindication to bariatric surgery. However, no increased risks of postoperative
complications or cirrhosis-related complications were observed in 13 cirrhosis patients
undergoing SG with a follow-up of 18 mo. Weight loss in the cirrhosis patients was
comparable to the non-cirrhotic patients[104].

CONCLUSION
In conclusion, bariatric surgery has the potential to induce great weight loss and
improve the features of metabolic syndrome and T2D. Recent data demonstrate
significant effects of bariatric surgery on GLP-1 and other gut hormones and
important lipid metabolic and inflammatory abnormalities involved in the
pathophysiology of NAFLD. Therefore, bariatric surgery may reverse the pathological
liver changes in NAFLD and NASH patients. Several cohort studies demonstrated
improvements in NASH histology, but some studies reported worsened liver
histology after bariatric surgery. No studies demonstrated reduced liver-related
mortality.
Large randomized clinical trials with long-term follow-up are needed to
demonstrate the beneficial effects of bariatric surgery and identify a definitive role of
bariatric surgery in NASH patients.
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Abstract
Liver metastasis is the commonest form of distant metastasis in colorectal cancer.
Selection criteria for surgery and liver-directed therapies have recently been
extended. However, resectability remains poorly defined. Tumour biology is
increasingly recognized as an important prognostic factor; hence molecular
profiling has a growing role in risk stratification and management planning.
Surgical resection is the only treatment modality for curative intent. The most
appropriate surgical approach is yet to be established. The primary cancer and
the hepatic metastasis can be removed simultaneously or in a two-step approach;
these two strategies have comparable long-term outcomes. For patients with a
limited future liver remnant, portal vein embolization, combined ablation and
resection, and associating liver partition and portal vein ligation for staged
hepatectomy have been advocated, and each has their pros and cons. The role of
neoadjuvant and adjuvant chemotherapy is still debated. Targeted biological
agents and loco-regional therapies (thermal ablation, intra-arterial chemo- or
radio-embolization, and stereotactic radiotherapy) further improve the already
favourable results. The recent debate about offering liver transplantation to
highly selected patients needs validation from large clinical trials. Evidencebased protocols are missing, and therefore optimal management of hepatic
metastasis should be personalized and determined by a multi-disciplinary team.
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Core tip: Surgery offers the only hope of cure in colorectal liver metastasis. It can be
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performed if complete metastasectomy is attainable. There is no consensus on the ideal
management strategy for synchronous disease. A subset of patients presenting with
unresectable disease may become eligible for resection after liver remnant augmentation
or conversion therapy (chemo-therapeutics +/- biological agents). Amid increasing
application of loco-regional therapies to colorectal liver metastasis, their role in the
treatment paradigm remains to be defined. Refined patient selection – with greater
emphasis on tumour biology – is essential to improving treatment outcome. The
multidisciplinary approach helps determine the optimal treatment strategy from an
expanding armamentarium of therapeutic options for each patient.

Citation: Chow FCL, Chok KSH. Colorectal liver metastases: An update on multidisciplinary
approach. World J Hepatol 2019; 11(2): 150-172
URL: https://www.wjgnet.com/1948-5182/full/v11/i2/150.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i2.150

INTRODUCTION
Colorectal cancer (CRC) is a leading cause of tumour-related morbidity and mortality
worldwide[1]. Approximately 50% of patients develop liver metastases (LM) in their
course of disease[2]. Surgical resection is the only treatment that offers a chance of cure
and long-term survival, with 5- and 10-year survival rates at around 40% and 25%
respectively[3]. In selected cohorts, up to 97% of ten-year survivors remained diseasefree after resection of colorectal LM (CRLM)[4]. However, only a minority of patients is
suitable for upfront surgery. While improving surgical techniques and better adjuvant
therapies are pushing forward the frontiers of resection, the importance of careful
patient selection should not be overlooked. Not all patients undergoing resection
enjoy long-term benefit – around 30% developed recurrence and 15% succumbed to
their disease within a year after surgery[5]. A personalized treatment approach –
taking tumour biology, disease staging and patient condition into consideration – is
the key to improving outcomes.
Management of stage IV CRC is optimized by grouping relevant specialists
together under a multidisciplinary team (MDT) setting[6]. A proficient MDT consists of
at least a colorectal surgeon, a liver surgeon, medical and radiation oncologists, a
radiologist, a pathologist and a case nurse[7]. Better patient and disease evaluation,
joint decision-making and optimization of multimodal therapy not only improve
patient outcome, but also enhance consistency and coordination of care. The value of
multidisciplinary approach in the management of gastrointestinal malignancies has
been demonstrated in a prospective study. Despite 84% of clinicians being certain of
their original plan before discussion, a change was recommended in 36% of cases, 72%
of which were major[8]. This review highlights current controversies and relevant
evidence in the management of CRLM.

PATIENT AND TUMOUR EVALUATION
Accurate assessment of a patient’s general health condition (comorbidities,
performance status and liver function) and the extent of disease is important for
treatment planning.

Radiological assessment
Guidelines recommend CT scan of thorax, abdomen and pelvis for initial workup. It is
adequate for determining resectability in most cases. In cases of doubt, a second
imaging modality such as MRI could be added[9,10]. In patients planning for upfront
resection, sensitivity of MRI and CT were similar (94% vs 91%) [11] . However, in
general, MRI was more sensitive than CT in detecting CRLM (91% vs 82%),
particularly for sub-centimetre lesions or reassessment after neoadjuvant
chemotherapy (when the sensitivity of CT dropped to 77%)[12]. Gadoxetic contrast
further increased the diagnostic confidence of MRI to 98.3%, compared with 85.7%
and 65.2% in conventional contrast MRI and CT[13]. High-quality baseline imaging is
essential before any chemotherapy, when lesions are more readily detectable; whereas
comparison with post-chemotherapy films gauges treatment response and delineates
tumour biology. MRI is useful when characterization is difficult e.g., underlying fatty
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liver, or multiple small nodules with uncertain nature.
Controversy 1: Role of positron emission tomography - computed tomography:
Whether positron emission tomography - computed tomography (PET-CT) offers
additional information to CT and/ or magnetic resonance imaging (MRI) is
controversial. An early randomized study showed PET (without CT) significantly
reduced the number of futile operations (28% vs 45% in control) and prevented an
unnecessary surgery in every 6 patients[14]. In another randomized trial, however,
PET-CT did not influence decision-making in patients with resectable CRLM – the
PET-CT group had similar hepatic resection rate and survival as the controls; it only
altered surgical management in 8% patients (2.7% did not undergo surgery and 3.4%
underwent additional organ surgery)[15]. Long-term follow-up of this trial concluded
PET-CT did not improve disease-free or overall survival[16]. According to a metaanalysis, PET-CT was less sensitive but more specific than CT or MRI in detecting
CRLM – sensitivity 66% vs 79% vs 89%; specificity 86% vs 67 vs 81%[17]. In our practice,
we still perform PET-CT in the majority of patients to assess for extra-hepatic disease
(EHD). As an adjunct to CT, its value in staging EHD was evident in 20% patients –
preventing futile operations, guiding resection of loco-regional nodal disease, or
clarifying indeterminate CT findings[18].

Evaluation of future liver remnant (before major hepatectomy)
Accurate preoperative estimation of liver functional reserve is essential to prevent
post-hepatectomy liver failure, especially in patients with extensive tumour load or
highly compromised livers. CT volumetry is routinely used before major
hepatectomy. In most centres, future liver remnant (FLR) volumes of 25% and 40% are
accepted as adequate for normal and diseased liver respectively. However, FLR
volume does not necessarily reflect its function, particularly as quality of liver tissue
can be affected by pre-operative chemotherapy[19].
Indocyanine green (ICG) clearance is a long-established functional test for selecting
surgical candidates with adequate liver reserve; its determination by pulse dye
densitometry and intra-operative application have attracted great interest[20,21]. The use
of ICG has limitations though: its uptake by hepatocytes can be impaired by
hyperbilirubinemia, and it reflects the total liver function rather than specifically the
FLR performance, failing to address regional variations within the liver[19]. Segmental
hepatic function can be measured by hepatobiliary scintigraphy; the commonest used
agent being Technetium-99m (99mTc) labelled mebrofenin, which is taken up by
hepatocytes and directly excreted into the biliary tree. Using a single cut-off value of
2.7%/min·m2 irrespective of the liver tissue quality, 99mTc-mebrofenin hepatobiliary
scintigraphy has been shown to outperform CT volumetry in predicting the risk of
post-hepatectomy liver failure[22]. Nonetheless, further evidence is required to support
its widespread use in clinical practice.

PATIENT SELECTION AND PROGNOSTIC PREDICTION
Although hepatic resection gives the best results on a population level, not everyone
with technically operable disease benefits from surgery [5] . Appropriate patient
selection ensures the offered intervention, surgical or systemic, is optimal to each
particular patient.
Resectability of a particular CRLM should be determined in a multidisciplinary
setting, with input from hepatobiliary surgeons, oncologists, radiologists and
pathologists. Apart from pure technical considerations, there is a growing emphasis
placed on oncological resectability [23] . The former focuses on whether a marginnegative (R0) resection can be achieved while preserving a liver remnant comprised of
two contiguous segments with adequate volume, function, vascular inflow and
outflow, as well as biliary drainage. Oncological/prognostic evaluation aims to select
patients with higher likelihood of cure or sustained disease remission; taking tumour
biology (in particular disease progression/remission during neoadjuvant therapy),
mutation status, intra-hepatic tumour burden and extent of EHD into consideration.
Resection criteria based on the number, maximal size and distribution of tumours no
longer apply; instead resectability should be defined case-by-case based on different
prognostic factors. With continued advancement in surgical technology, systemic
therapies and multimodality treatment, the definition of resectability will continue to
evolve and expand to cover advanced diseases once deemed non-resectable.
Traditional clinico-pathological prognostic factors include[24-26]: (1) Characteristics of
primary CRC, e.g., advanced T stage, nodal status, location of tumour (right sided
tumour associated with poorer outcome); (2) Factors related to CRLM e.g., size of
largest liver metastasis, number of lesions, grade of differentiation, margin status; (3)
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Presence of extrahepatic disease; (4) Elevated serum carcinoembryonic antigen (CEA)
level; and (5) Disease-free interval between primary CRC and metachronous CRLM
In clinical practice, the predictive value of each individual factor is limited. Several
scoring systems were devised aiming to provide an overall risk assessment; the most
widely quoted one is the Fong clinical risk score (assigning points to positive margin,
EHD, node-positive primary, disease-free interval from primary to CRLM, more than
one solitary LM, largest LM > 5 cm, and CEA > 200 ng/mL) [27] . These systems,
however, failed to demonstrate predictive accuracy for long-term survival or in the
neoadjuvant setting across institutions[28,29]. Their clinical utility remained uncertain.
Both radiological and pathological response to preoperative chemotherapy predict
better survival after resection of CRLM[30,31]. On CT or MRI scans, treatment response
can be judged by degree of tumour shrinkage and morphological changes unrelated
to size (e.g., tumour density, tumour-liver interface). Due to the limitations of the
Response Evaluation Criteria in Solid Tumours (RECIST), new parameters like early
tumour shrinkage and depth of response have been proposed to aid in
prognostication [32,33] . 18-fluorodeoxyglucose ( 18 FDG) PET/CT also has a role in
prognostication–LM with high glucose metabolism [high pre-treatment standardized
uptake value (SUV)] and poor metabolic response to systemic therapy had poorer
overall and disease-free survivals[34]. Complete pathological response, on the other
hand, has been associated with an excellent 5-year survival of 76%[35].
All these clinical, radiological and pathological characteristics are considered
surrogate markers of the underlying tumour biology. There is growing interest in
directly assessing tumour biology by molecular profiling and integrating biomarkers
into prognostication systems. KRAS gene has been extensively studied. As there was a
high concordance of KRAS status between primary CRC and CRLM, it can be
evaluated on biopsy or resected specimens of the primary tumour[36]. Apart from
predicting poor response to anti-epidermal growth factor receptor (EGFR) therapies,
KRAS mutation has been associated with higher rates of EHD, adverse response to
chemotherapy, positive resection margin, worse overall and recurrence-free survivals
after surgery irrespective of the chemotherapy regimen, and poorer survival after reresection for recurrence [25,37,38] . In view of the poor prognosis, some suggested
aggressive treatment might not be worthwhile for KRAS mutant tumours with
multiple risk factors (e.g., node-positive primary, individual CRLM > 3 cm, more than
7 cycles of systemic chemotherapy given)[39]. Incorporating KRAS mutation status to
traditional risk scores might improve survival prediction[40]. BRAF, another commonly
tested gene in CRC, also predicted survival outcome in CRLM. BRAF mutated
tumours were refractory to standard chemotherapy and anti-EGFR agents and had far
inferior survival; resection should only be offered to those with limited disease, taking
note of the high risk of recurrence [41,42] . By using gene expression microarray on
resected CRLM, a 20-gene molecular risk score was externally validated to be an
independent prognosticator of overall and recurrence-free survival after liver
metastasectomy; it was more accurate than traditional clinical risk scores[43]. With
further research, risk stratification and individualized therapy based on molecular
profiling could be realized in the foreseeable future.
Nowadays we realize tumour heterogeneity exists not only amongst different
patients, but also within individual tumours and among metastatic sites. Multiple
cancer subclones coexist and evolve simultaneously, with treatment acting as
selection pressure. Tumour biopsy at a single site at a particular time cannot reflect
the entire disease throughout the treatment period [25] . Serial imaging has the
advantage of assessing multiple tumour locations in a longitudinal fashion, but is
frequently limited by spatial resolution. The role of circulating liquid biomarkers is
under investigation; its collection at several time points (e.g., pre-treatment, after each
cycle of chemotherapy, before and after resection) can offer insight into the evolving
tumour biology. Presence of circulating tumour cells (CTCs) predicted impaired
survival in CRLM; it could also be a source to detect KRAS and BRAF mutations to
guide choice of targeted therapy [44,45] . Plasma level of circulating cell-free DNA
(cfDNA) has been proven a predictor of survival in metastatic CRC[46]. Early work
showed cfDNA sequencing allowed identification of gene mutation or micro-satellite
instability[47]. Its detection and analysis may improve diagnostic efficiency in both
screening and surveillance settings[48]. MicroRNA provides a molecular snapshot of
intracellular activity within cancer; its signature has been shown to predict metastasis
and prognosis in CRC[49]. If microRNA profiling can be obtained from serum samples,
tumour prognostication from blood tests is distinctly feasible.

NEOADJUVANT TREATMENT

WJH

https://www.wjgnet.com

153

February 27, 2019

Volume 11

Issue 2

Chow FCL et al. Colorectal liver metastases

Controversy 2: Role of neoadjuvant therapy in clearly R0 resectable CRLM
Theoretically, neoadjuvant therapy allows assessment of the natural history of disease
before embarking on metastasectomy. It potentially shrinks the tumour and reduces
the extent of liver resection, treats micro-metastases thereby lowering recurrence rate,
as well as guides further therapeutic plan based on disease response to treatment. Its
benefit is not proven from an evidenced-based point of view though.
Earlier studies confirmed an objective radiological response could be expected in
two-thirds of treated patients[50]. However, the majority of retrospective studies failed
to demonstrate any overall survival (OS) benefits from neoadjuvant therapy – fiveyear OS rates ranged from 38.9% to 74% in patients who had pre-operative
chemotherapy before liver resection, compared with 20.7 to 56% in patients who
underwent upfront surgery[51]. A landmark randomized controlled trial (the EORTC
intergroup trial 40983) showed perioperative FOLFOX (folinic acid, fluorouracil, and
oxaliplatin; 6 cycles before and 6 cycles after surgery) improved 3-year progressionfree survival (PFS) modestly – 42.4% compared with 33.2% in surgery-only patients,
an absolute 9.2% increase – at the cost of higher peri-operative morbidity (25% vs
16%). This did not translate into any overall survival benefit at a median follow-up of
8.5 years[52,53]. A meta-analysis including 18 studies concurred neoadjuvant treatment,
in general, did not offer PFS or OS advantage; however, it could improve survival in
patients considered high risk of recurrence (pooled hazard ratio for 5-year OS =
0.69) [54] . The CHARISMA randomized trial is underway to investigate whether
neoadjuvant XELOX improves survival in high-risk CRLM patients[55].
Based on current evidence, the European Society for Medical Oncology (ESMO)
guidelines suggested the need for perioperative systemic therapy is defined by
“technical criteria for resection and prognostic considerations”. Upfront surgery is
justified in patients with clearly resectable disease and favourable prognosis; while
peri-operative FOLFOX or XELOX should be considered when resectability or
prognostic criteria is unclear or “not excellent”[9]. In our centre, we favour the surgeryfirst approach as long as R0 resection can be attained, because the unclear survival
benefit of neoadjuvant treatment carries with it the risk of chemotherapy-associated
liver injury (discussed below). Future research should focus on accurately defining
“high-risk” patients who will benefit most from preoperative therapy.

Regimens and potential risks
Current guidelines suggest oxaliplatin-based doublet chemotherapy (FOLFOX/
XELOX) as the neoadjuvant treatment-of-choice for resectable CRLM, while FOLFIRI
or FOLFOXIRI are alternatives[9,10]. A meta-analysis showed the addition of molecular
targeted therapy conferred a higher overall response rate than chemotherapy alone
(68% vs 43%), but did not improve survival[56]. A lack of PFS benefit was also observed
in the New EPOC trial, which studied the effect of combining EGFR-inhibitor
(cetuximab) to perioperative systemic chemotherapy; patients who received
cetuximab actually experienced worse PFS (14.1 vs 20.5 months in control)[57]. Given
these results, cetuximab should not be added to standard perioperative chemotherapy
regimens. Bevacizumab, an anti-vascular endothelial growth factor (VEGF), plus
FOLFIRI in the neoadjuvant setting yielded a response rate of 66.7% in resectable
CRLMs[58]; whether this translates into any survival benefit remains to be investigated.
The ongoing PERIMAX trial compares perioperative bevacizumab plus FOLFOXIRI
with adjuvant FOLFOX; with the primary endpoint being failure-free survival[59].
The potential risks of perioperative chemotherapy include disease progression
during treatment and hepatotoxicity. Initially resectable CRLM may progress despite
using the best available chemotherapeutics, and become unresectable or require a
more extensive surgical approach; the rate was 7% in the EORTC trial [52] . From
another perspective, this small group of patients have very aggressive tumour and
their disease would progress despite any treatment given; some argue neoadjuvant
treatment only selects them out and prevents futile operations.
Chemotherapy-associated liver injury (CALI) can occur with commonly used
regimens. Oxaliplatin was associated with sinusoidal obstruction syndrome in up to
38% patients, while steatosis and steatohepatitis complicated 9.3% patients receiving
irinotecan[60]. Patients with severe sinusoidal dilation (OR 1.73) or steatohepatitis (OR
2.08) were more likely to suffer from postoperative major morbidity and liver surgeryspecific complications[61]. It has been shown postoperative complication rate increases
if the interval between chemotherapy completion and surgery is too short (< 4 wk) or
too many cycles (>9) of preoperative chemotherapy are given [62,63] ; limiting the
duration of neoadjuvant therapy and ensuring recovery of liver function before
operation can reduce the impact of CALI. Future research should focus on identifying
patients at risk of CALI and devising liver protective strategies for such patients.

Disappearing LM
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A subset of CRLMs can totally vanish on imaging after neoadjuvant treatment; they
were referred as disappearing LMs (DLMs). This phenomenon is related to the quality
of imaging, particularly as chemotherapy can compromise radiological detection of
CRLM[64]. The key question is whether the lesions have been truly cured or just being
missed by suboptimal post-neoadjuvant scans.
MRI has the highest sensitivity and is the preferred imaging modality in this
setting[65]. In existing literature, the percentage of patients with one or more DLMs
ranged widely from 7% to 37%; however, this phenomenon may be over-reported as
most studies only utilized CT and intraoperative ultrasound for reassessment[66].
Complete disappearance of all initial CRLMs is rare, with an incidence of 0%-6%;
therefore, most patients still undergo surgery. In laparotomy, macroscopic residual
disease could be detected at 11%-67% DLM areas, highlighting the inadequacy of
current post-neoadjuvant imaging. Importantly, there was clear difference between
complete radiological and pathological responses – when areas of DLM were resected,
microscopic residual disease was found in up to 80% of specimens[67].
Only surgery potentially offers cure; the phenomenon of DLM should be
prevented, albeit complete pathological response has been associated with good
prognosis[35]. To reduce the risks of DLMs, preoperative over-treatment has to be
avoided – some proposed restaging after every 3 cycles of neoadjuvant therapy to
enable earlier decision of surgery, and limiting the entire course of chemotherapy to 4
to 6 cycles[66,68]. Using a combination of imaging modalities enhances the detection of
residual metastases and lowers the incidence of false DLMs. As conservative
management i.e. leaving DLMs in-situ resulted in a local recurrence rate of 19% to
74%[66], DLMs should be resected whenever feasible. Some proposed even in patients
with complete radiological resolution of all CRLMs, surgical exploration may be
warranted for meticulous intra-operative assessment. Whether resection offers
survival benefit is unclear though; patients with untreated DLMs could have
comparable OS to those who underwent complete surgical treatment, in spite of a
higher intrahepatic recurrence rate[69]. In selected patients, leaving certain DLMs
untreated may be reasonable but this decision should only be made in a multidisciplinary setting[23,68,70]. Ablation of DLM sites is an appealing alternative, but there
is no evidence proving its efficacy to date. Initial experience with computer-guided
resection of DLMs showed promising results. Augmented reality is a technology
fusing reconstructed pre-treatment CT images with real-time patient images, thereby
facilitates DLM localization and ensures clear resection[71].

SYNCHRONOUS DISEASE
About one sixth of CRC patients had LM at presentation [72] . Defined as CRLM
detected concurrently or before the primary CRC, synchronous disease has been
shown to have less favourable cancer biology and post-resection survival – 5-year
survival was 39%, compared with 48% in metachronous CRLM[7]. Western guidelines
and expert consensus recommend neoadjuvant chemotherapy in this higher-risk
setting, unless resection at both sites are considered easy[7,9]. However, an analysis
based on the Liver Met Survey International Registry showed neoadjuvant therapy
offered no survival advantage in resectable synchronous CRLM, with a 5-year OS of
42% similar to 47% in the upfront surgery group[73]. In Asian countries, preoperative
chemotherapy is not a standard in resectable synchronous disease.

Controversy 3: Optimal surgical sequencing for resectable synchronous disease
To date, there has been no randomized trial on the surgical approach to synchronous
disease. The optimal strategy remains controversial. Decision should be
individualized taking into consideration of patient’s fitness and tumour status –
whether the primary CRC is symptomatic or obstructive (CRC needs to be resected
first under these circumstances), as well as the extent of CRLM and magnitude of liver
resection required. Treatment strategy is best determined in multi-disciplinary setting,
which has been associated with greater likelihood of simultaneous resection[74].
The conventional approach comprises of resection of the primary CRC followed by
liver metastasectomy, commonly with chemotherapy applied between the two
surgeries. This avoids potential complications of the primary tumour, but carries
significant risk of CRLM progression beyond resectability; less than 30% patients
completed the whole treatment and underwent liver resection[75].
The liver-first approach, also known as the reversed strategy, may be more
appropriate if an asymptomatic colon primary coexists with extensive CRLM or the
primary tumour is a locally advanced rectal cancer (which needs neoadjuvant
chemoirradiation). After systemic chemotherapy, patients underwent liver
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metastasectomy prior to removal of primary CRC. Given hepatic metastases rather
than the primary tumour dictates these patients’ prognosis, early administration of
chemotherapy to control liver and systemic diseases optimizes the chance of
potentially curative hepatic resection and long-standing survival[76]. Compared to the
classical approach, more patients (around three quarters) could complete the whole
paradigm and underwent both liver and colorectal resection [77] . In spite of a
respectable 5-year OS of 33.1% and acceptable perioperative morbidity and mortality
rates of 31.5% and 3.3%, a recent single-centre study reported a high recurrence rate of
51.4% after a median follow-up of 20.9 mo[78]. Whether liver-first approach confers
survival benefit remains undetermined.
Combined colorectal and liver resection in one single operation is generally
reserved for patients with easy-to-resect primary tumours and limited hepatic
disease [7] . Traditionally this approach was associated with increased morbidity,
including infectious liver and anastomotic complications. With technological
advancement, outcomes of combined resection have improved. Provided resection at
the other site is minor, incorporating a major liver or rectal resection into this
approach is deemed safe [79,80] . Cumulative morbidity and mortality rates were
comparable to, or even better than, staged procedures; long-term oncological
outcomes were similar – 1- and 5-year OS rates for one-stage operation were 90.5%
and 38.5% respectively, while 5-year DFS was 25.3%[81,82]. A recent meta-analysis of 30
studies confirmed simultaneous liver and colorectal resection was associated with
shorter hospital stay compared with staged procedure, without adversely affecting
perioperative morbidity or long-term survival[83]. This approach is gaining popularity
as more evidence proved its safety and efficacy.
A meta-analysis comparing the classical, synchronous and liver-first approaches
did not show any difference in surgical outcomes or survival advantage[84]. Because of
the limited evidence available, the optimal treatment strategy is unclear. Choice of
procedure should be personalized and based on expertise available in different
institutions.
In the presence of unresectable metastases, the benefit of resecting an asymptomatic
primary without liver surgery is debatable. A meta-analysis showed primary tumour
resection conferred a survival benefit of 6.4 months compared with chemotherapy
alone, however the result is questionable given the significant selection bias[85]. To
date, no randomized trial was completed to clarify this issue.

HEPATIC RESECTION
CRLM resection offered an overall median survival of 3.6 years; five- and 10-year
survival ranged from 16% to 74% (median 38%) and 9% to 69% (median 26%)
respectively[3]. Following major hepatectomy for CRLM, large contemporary series
reported perioperative mortality and major morbidity rates of 1%-5% and
approximately 20% respectively.

Surgical approach
Despite the addition of systemic chemotherapy, intra-hepatic recurrence is common
after surgery of curative intent and occurred in two-thirds of patients within 3 years[5].
Increasing evidence showed re-resection of liver-limited recurrence is safe and can
produce good long-term outcomes in selected patients[86]. Compared with anatomical
resection, parenchymal-sparing hepatectomy (PSH) enhances the likelihood of
repeated resection in the event of intra-hepatic recurrence. Both approaches have
equivalent safety profile and oncological outcomes (R0 resection rate, liver recurrencefree survival and OS) after the index operation. However, in case of recurrence, PSH
has been associated with a better 5-year survival since more patients could underwent
salvage surgery[87,88]. Nowadays, PSH is considered the standard approach to CRLM
unless it is precluded by the anatomy of the disease.
Amid growing interest in laparoscopic liver resection (LLR), the recently published
OSLO-COMET randomized controlled trial demonstrated the safety and short-term
efficacy of laparoscopic minor PSH for CRLM. Compared with the open-surgery
group, the LLR group had less postoperative complications and a shorter hospital
stay, while 90-d mortality and percentage of involved resection margins were
similar [89] . For oncological outcomes, both approaches had comparable tumour
recurrence rate, DFS, and 5-year OS in a meta-analysis of propensity-score matched
studies; the LLR group even had better 3-year OS[90]. While there were evidence
supporting the use of minimally invasive techniques for minor CRLM resection, its
role in major liver surgery and challenging tumour locations needs further
clarification. The advanced laparoscopic skills required can limit its widespread
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application. There are ongoing efforts to facilitate the education and implementation
of LLR worldwide[91].

Width of resection margin
Contrary to the historic “1-cm rule”, several large series showed as long as R0
resection (≥ 1 mm) is achieved, extra margin width does not add DFS/OS
advantage[92-94]. From observations that (1) survivals were similar between R0 and R1
resections if tumour showed optimal radiological or pathological response to
neoadjuvant chemotherapy[95]; (2) most recurrences occurred outside the surgical
margin in a disseminated manner; and (3) margin re-resection from R1 to R0 did not
improve long-term outcomes[96], positive margin status could just be a surrogate of
aggressive tumour biology. The latter is increasingly recognized as the most
important prognostic determinant. While an expected close margin (especially when
tumour is close to vital vessels) is not a contraindication to surgery, surgeons should
aim at wider margins to ensure a R0 resection[97].
Controversy 4: Role of surgery in the presence of extrahepatic disease: Management
of CRLM in this setting remains controversial. Albeit defined as a poor prognostic
factor, limited extrahepatic disease (EHD) does not contraindicate liver surgery; the
prerequisite is all diseases including the primary CRC, LM and EHD can be
completely resected or controlled[9,98]. Resection of CRLM together with concurrent
EHD significantly improved the 5-year OS from 0% to 28%, with a median survival of
31 mo[99].
The location of EHD matters – lung metastasis carries a more favourable prognosis
than peritoneal or portal/para-aortic nodal metastases (5-year OS being 26%, 17% and
15% respectively after complete resection of CRLM and EHD)[100]. According to data
from the LiverMetSurgery registry, resection of concurrent liver and lung metastases
was associated with similar OS as isolated liver metastasectomy[101]. The relative
indolent nature of most colorectal pulmonary metastases supports CRLM resection in
the presence of unresectable lung disease – 5-year OS of 13.1% was better than 1.6%
achieved by chemotherapy alone, but as expected much worse than the 56.9% after
complete metastasectomy at both sites[102].
Although long-term survival is possible, true definitive cure is rare after resecting
concurrent CRLM and EHD. In a retrospective review, disease recurred in 90.2%
patients at a median of 8 mo, 85% being systemic recurrence; 5-year recurrence-free
survival was 5%[103]. Effort was made to identify subgroups who benefit most from
radical surgery. For example, in patients with synchronous LM and peritoneal
carcinomatosis (PC) of colorectal origin, complete cytoreductive surgery and liver
metastasectomy followed by intra-peritoneal chemotherapy achieved a median OS of
40 mo in those with limited PC (peritoneal cancer index, PCI < 12) and 1-2 LM.
Outside these criteria, the survival benefit of radical surgery was significantly reduced
– patients with PCI ≥ 12 or at least 3 LM had a median OS of 27 mo [104] . Nonpulmonary EHD, EHD concomitant to LM recurrence, CEA ≥ 10 ng/mL, more than 5
LM and right-sided colonic primary all predict poor prognosis after surgery for
concurrent CRLM and EHD; no patients with more than 3 factors achieved 5-year
survival[105]. However, this prognostication system has not been externally validated.
In summary, complete resection of all concurrent metastases can improve disease
control and survival in selected patients, although cure is rare and recurrence is
expected. Future research can help develop prognostic scores to better select patients
for radical surgery.
Controversy 5 – Ablation or surgical resection? Thermal ablation involves
destruction of cancer by heat, with radiofrequency ablation (RFA) and microwave
ablation (MWA) being the most widely employed and studied modalities. Despite
showing advantage of fewer complications and better post-procedural quality of life,
RFA was inferior to hepatic resection in terms of survival (lower OS and DFS) and
recurrence (higher rates of local, intra-hepatic and any recurrences)[106-108]. Surgical
resection is the choice of treatment in young, fit patients, based on its proven longterm efficacy and lower recurrence rate.
In small tumours less than 3 cm, however, RFA may attain comparable oncological
outcomes to resection. Following ablation to complete tumour necrosis with a margin
over 5 mm, one-year local disease progression rate as low as 3% has been
reported[109,110]. In high-risk patients (elderly, or with significant comorbidities), the
considerably lower morbidity associated with ablation could justify its use over
resection, provided patients accept the trade-off of potentially inferior long-term
results. The ongoing LAVA randomized trial is designed to clarify the optimal
treatment strategy in these high-risk individuals[111].
Borderline resectable disease due to insufficient liver remnant: Patients with
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extensive bilobar LM poses a unique challenge. The major limiting factor for a
curative resection is the volume and function of the future liver remnant (FLR).
Different management strategies and their advantages and disadvantages were listed
below.
Portal vein embolization (PVE) is a well-established method for augmentation of
small liver remnant, thereby enables extensive curative resection initially deemed
high risk of postoperative liver failure. By obliterating portal flow to the liver
segments involved by metastases (intended to be resected) and diverting it to the side
that will remain, PVE is expected to increase the FLR volume by 43.1% on average.
Less than 5% patients had inadequate hypertrophy response precluding them from
the planned resection[112]. In one study, extended right hepatectomy became feasible
after PVE in two thirds of patients who initially had inadequate FLR, yielding a
survival similar to those who did not need PVE[113]. There were concerns about postPVE tumour progression leading to unrectable disease, which could occur in up to 2030% patients; whether PVE itself accelerates tumour growth remained controversial.
Continued administration of chemotherapy after PVE has been shown to reduce
tumour progression rate, while minimizing the interval between PVE and resection to
4 wk has also been advocated[114]. Reassuringly a meta-analysis showed PVE did not
adversely affect overall survival or intrahepatic recurrence in patients undergoing
major liver resection for CRLM[115]. Future research goals include identification of
individuals at risk of rapid tumour progression and strategies to reduce progression
rate without compromising FLR hypertrophy.
Two-stage hepatectomy (TSH) aims to remove all CRLM in two sequential
operations for selected patients with advanced bilobar disease, in whom removing all
lesions with safe margin is impossible during a single procedure. Pre-operative
chemotherapy was frequently employed to select patients with favourable tumour
biology. Following the first stage (for tumour clearance of FLR), a 2- to 3-mo interval
allows liver tissue to regenerate (often aided by PVE) before a second stage
hepatectomy took place to achieve R0 resection. A systematic review reported three
quarters of patients successfully underwent second stage hepatectomy and R0
resection rate was 75%; the main reason for non-completion was interval disease
progression (88%). Postoperative morbidity rate was 17% and 40% after first and
second stage respectively, and overall mortality was less than 5%. A median OS of 37
mo and a 3-year DFS rate of 20% were encouraging, and comparable to other series of
lesser-scale CRLM resections[116].
Both PVE and TSH, although proven effective, have a considerable patient dropout rate due to tumour progression in the waiting interval. A novel surgical technique
was introduced in 2012 to treat advanced bilobar liver tumour in a more rapid
fashion.
Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS)
comprises liver transection and ligation of portal vein in the first operation, followed
by resection of the diseased liver segment 7-14 d later. By redistributing total portal
blood flow to FLR and triggering an inflammatory response, ALPPS induces rapid
hypertrophy of FLR at an estimated growth rate of 22-35 mL/d (compared with 3-5
ml/d after PVE)[117]. The benefits of ALPPS include a greater FLR hypertrophy (76% vs
37% for PVE) and a higher rate of completion of stage 2 hepatectomy (100% vs 77% for
PVE) [118] . A recent randomized controlled trial confirmed ALPPS had superior
resection rate compared with TSH in patients with advanced CRLM, 92% vs 57%[119].
ALPPS has also been reported as a salvage treatment for failed PVE[120]. However,
these came at the price of higher morbidity and mortality. The relative risks for
overall and major morbidity (e.g., bile leakage and sepsis) were 1.39 and 1.57
compared with TSH[117]. As per the international ALPPS Registry, the 90-d mortality
rate was high at 8.8%, three quarters were due to postoperative liver failure [121] .
Oncological outcomes after ALPPS were also unclear; limited data available came
from case series only. For CRLM, recurrence rates ranged from 14.3% (after a median
follow-up of 9 mo) to 78.3% (after a median of 22.5 mo)[122,123]. Patients with “otherwise
unresectable” advanced CRLM were identified from the international ALPPS registry,
overall survival after ALPPS was not superior to matched controls who received
palliative systemic treatment (with median OS of 24.0 mo vs 17.6 mo, P = 0.88)[124]. To
improve outcomes of this radical surgical strategy, careful patient selection is
essential; a consensus on the ideal indications of ALPPS is urgently needed. Recent
promising results from high-volume centres suggest that, with surgical advancement,
ALPPS can have low perioperative risk (0% mortality and 21% severe complications)
and satisfactory survival (3-year OS 50% and 3-year DFS 13%) in experienced
hands[125]. However, given the unclear long-term outcome and questionable safety
profile, currently ALPPS should be limited to high-volume institutes in research
setting.
Combining ablation with resection allows potential tumour clearance in extensive

WJH

https://www.wjgnet.com

158

February 27, 2019

Volume 11

Issue 2

Chow FCL et al. Colorectal liver metastases

bilobar CRLM. This approach could achieve long-term survivals (5-year OS 37%-56%)
comparable to that of TSH, with improved perioperative outcomes – less blood loss
and shorter length of stay. The short disease-free interval (median DFS around 9 mo),
though, suggested a temporary disease control rather than complete cure[126-128].

ADJUVANT THERAPY (AFTER POTENTIALLY CURATIVE
METASTASECTOMY)
Adjuvant systemic therapy aims to reduce recurrence and prolong survival after
curative resection, ideally with minimal treatment-related toxicity. In primary CRC,
postoperative oxaliplatin-containing chemotherapy has been shown to offer survival
benefit for up to 10 years after curative resection for stage III disease[129].
The role of adjuvant treatment is more controversial for CRLM; according to
existing evidence, it only improves DFS but not OS. From pooled analysis of two early
randomized trials’ results (French FFCD trial and English ENG trial), adjuvant
fluorouracil potentially improved OS (median 62.2 mo vs 47.3 mo, P = 0.095) and PFS
(median 27.9 mo vs 18.8 mo, P = 0.058) compared with surgery alone, but both did not
reach statistical significance[130]. Adjuvant oral uracil-tegafur and leucovorin also only
prolonged recurrence-free survival (from 0.70 to 1.45 years) without improving OS, as
demonstrated by a Japanese RCT [131] . Current recommendations for oxaliplatincontaining adjuvant regimen (FOLFOX) were based on extrapolation of result of the
EORTC intergroup trial 40983, which showed perioperative FOLFOX conferred a PFS
benefit but did not affect OS[53]. The JCOG0603 trial is now underway to determine if
adjuvant mFOLFOX is superior to resection alone[132]. Meanwhile, adjuvant FOLFIRI
did not improve DFS or OS compared with 5FU alone, but was associated with lower
treatment tolerance in a randomized study[133]; therefore, FOLFIRI is not commonly
used in the adjuvant setting for CRLM. According to the latest ESMO guidelines,
there was no strong evidence supporting the use of adjuvant chemotherapy in
patients with good oncological and technical criteria who underwent upfront surgery;
on the other hand, patients with unfavourable prognostic criteria or have not received
any previous chemotherapy for metastatic disease may benefit from adjuvant therapy
(e.g., FOLFOX/ XELOX)[9].
To date, no evidence supports the combined use of chemotherapeutics and
biological targeted agents in the adjuvant setting after resection of CRLM. Addition of
bevacizumab to modern chemotherapy or combination of hepatic arterial
chemotherapy infusion (HAI) and systemic chemotherapy did not prolong survival,
but appeared to increase biliary toxicity[134,135]. A randomized trial is in progress to
assess whether bevacizumab gives additional benefit to adjuvant XELOX[136]. As the
New EPOC trial linked its use in the peri-operative setting to a shorter PFS, cetuximab
is generally not recommended in the adjuvant setting after liver metastasectomy[57].
Taking advantage of CRLM’s predilection of hepatic artery neovascularization,
infusion of cytotoxics via the hepatic artery can deliver high concentration of
therapeutic agents to the tumour while minimizing side-effects. An earlier RCT
showed adding floxuridine-HAI to systemic fluorouracil (5-FU) chemotherapy
improved PFS but not OS after a median follow-up of 10 years [137] . In a recent
retrospective study, adjuvant HAI offered an OS advantage of approximately 2 years
compared to systemic chemotherapy alone, and this benefit was substantiated in
patients receiving modern chemotherapy[138]; the 5- and 10-year OS reached 78% and
61%[139]. The ongoing PACHA-01 trial compares the outcomes of adding oxaliplatinHAI vs systemic oxaliplatin to adjuvant systemic 5-FU after resection or thermal
ablation of at least four CRLM[140]. More evidence is needed to show whether HAI
offers additional benefit to modern doublet or triplet adjuvant chemotherapy.
However, the unique expertise required and the need of placing a special portcatheter has limited its use in specialized centres only.

UNRESECTABLE LIVER-ONLY OR LIVER-DOMINANT
METASTASES – A MULTIDISCIPLINARY APPROACH
As mentioned, resectability should be determined by a MDT on a per patient basis,
taking into consideration of technical and oncological factors. For unresectable CRLM,
the former standard of care is palliative systemic chemotherapy. Although modern
doublet or triplet chemotherapy (FOLFOX, FOLFIRI, FOLFOXIRI) have considerably
improved the median OS to 15-21 mo and these were further extended by targeted
agents, long-term survival remained rare[141,142]. In an attempt to obtain durable local
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disease control or even cure, two approaches have been employed – (1) conversion
therapy followed by potential curative resection; and (2) use of single or a
combination of liver-directed therapies. For systemic treatment regimen and local
therapy, clinicians can determine the most appropriate strategy from a ‘toolbox’ of
ever-expanding options, according to patient and disease factors, treatment goal and
its related morbidity[9]; again, the decision is best made in a multi-disciplinary setting.

CONVERSION CHEMOTHERAPY
A subset of patients with initially unresectable CRLM (around 15%-30% depending
on the definition of unresectability) may be rendered resectable after conversion
chemo-therapy. In a systematic review of 10 studies using different downsizing
regimens, an objective radiological response was achieved in 64% (range 43%-79%)
patients; 22.6% underwent macroscopically curative liver resection (most studies
reported a range of 12.5%-45%) and R0 resection rate was 87%. The median OS and
DFS after liver metastasectomy were 45 and 14 months respectively[143].
The optimal regimen for conversion to operable disease remains unclear. Standard
doublet chemotherapy FOLFOX or FOLFIRI had conversion rates between 9% to
33% [144] . Compared with FOLFIRI, intensified triplet chemotherapy FOLFOXIRI
improved the secondary R0 resection rate from 12% to 36%, median PFS from 6.9 to
9.8 mo, and median OS from 16.7 to 22.6 mo; albeit at the cost of greater but
manageable toxicity e.g., peripheral neuropathy and neutropenia[145]. Addition of
targeted agents is recommended by guidelines, but there is no concrete supporting
evidence. In a large RCT, giving bevacizumab together with XELOX/ FOLFOX only
moderately improved resectability (from 6.1% to 8.4%) and PFS (from 8 to 9.4 mo), but
did not prolong OS [146] . According to a recent meta-analysis, the combination of
bevacizumab and FOLFOXIRI offers more promising results – the R0 surgery
conversion rate was 28.1%, and the median OS and PFS were 30.2 and 12.4 mo
respectively[147]. Multiple randomized trials have shown the addition of cetuximab to
chemotherapy in KRAS wild-type (WT) unresectable disease improved the R0
resection rate by 2-3 folds[144,148]. An increase in complete resection rate from 11 to 18%,
however, did not translate into survival benefit in a meta-analysis[149]. Panitumumab,
another anti-EGFR agent, has also been linked with greater likelihood of curative
resection when added to FOLFOX (29% vs 17%) in KRAS-WT unresectable CRLM[150].
Adding floxuridine-HAI to best systemic chemotherapy achieved a 47% conversion
rate to resectable disease at a median of 6 months; median OS and PFS were 38 and 13
mo[151]. Oxaliplatin-HAI, meanwhile, was associated with response rates ranging from
24% to 81% in multiple small-scale studies[152]. In the French multicentric OPTILIV
trial, triplet-agent-HAI plus systemic cetuximab gave a 30% secondary resection rate
in KRAS-WT disease[153]. Whether HAI strategies offer additional benefit to modern
intensive systemic chemotherapy regimens have to be tested by future RCTs.
Of note, patients who required prolonged chemotherapy (> 12 cycles) to achieve
resectability had higher perioperative morbidity and inferior oncological outcomes.
Conservative strategies rather than radical operation may be more appropriate for this
subgroup [154] . Nonetheless, in general, conversion therapy followed by curative
resection should be attempted whenever possible, as survival in this secondary R0
resected group is similar to those who had curative upfront surgery; early recurrence
is not uncommon though.

LIVER-DIRECTED THERAPIES IN UNRESECTABLE CRLM
Clinicians nowadays can choose from an ever-growing armamentarium of locoregional therapies to attain hepatic disease control. Yet, there is a lack of high-quality
evidence assessing the benefits of each modality and no large-scale trials compared
the different treatment strategies. Most of these liver-directed therapies require
specific expertise, and should be recommended only in institutions with extensive
experience with the procedure; the choice of treatment modality often depends on the
availability of expertise. Here we will present an update of the available evidence
regarding popular treatment modalities.

Ablation
Radiofrequency ablation (RFA) produces heat by delivering high-frequency
alternating electric current through an electrode. Its widespread application has been
limited by the relatively high local recurrence rate (ranged from 5% to 60% across
different studies) and associated technical barriers e.g., tissue desiccation (charring)
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and heat-sink effect affect energy delivery[109]. Five-year survival varies between 17%
and 51% [155] . According to an international expert panel position paper, thermal
ablation is indicated for limited number (five or fewer) of small-sized (preferably < 3
cm) metastases deemed inoperable because of tumour or patient factors (e.g., multiple
comorbidities); well-located tumours up to 5 cm or patients with up to nine tumours
could also be considered[155]. Complete ablation with 10 mm margins in all directions
should be attained[156]. In the landmark EORTC CLOCC study (40004), on top of
systemic chemotherapy, RFA offered PFS benefit (median 16.8 mo vs 9.9 mo) and a
significant prolongation of OS (median 45.6 mo vs 40.5 mo) in unresectable
CRLM[157,158].
Producing heat from oscillation of water molecules, microwave ablation (MWA) is
less susceptible to charring and heat sink, and could be more efficient in the treatment
of large lesions and those near major hepatic vessels. It has been associated with lower
local recurrence rate compared to RFA, with similar long-term survival outcomes and
safety profiles[159,160].
Irreversible electroporation (IRE) induces cell death by creating permanent
nanopores in cellular membranes while preserving tissue architecture. It can be a
good ablative modality for tumours adjacent to major vascular or biliary structures.
Early series showed encouraging results with PFS and OS rates of 18 and 62% at 2
years, but further evidence is necessary before advocation for its more widespread use
in clinical practice[109,161].

Intra-arterial therapies
Intra-arterial therapies (IATs) are used to palliate symptoms or prolong survival in
selected patients with unresectable CRLM refractory to chemotherapy. Selective
infusion of tumoricidal and/or embolizing agents into hepatic artery branches
enhances their delivery to liver tumours, while minimizes their effect on normal liver
parenchyma; thereby avoiding significant hepatic and systemic toxicity.
Trans-arterial chemoembolization (TACE) kills cancer cells by means of high
concentration of cytotoxic agents and ischemia. For CRLM, it is mainly used as rescue
therapy for chemo-refractory diseases, although evidence for that is lacking.
Mitomycin C- and cisplatin/doxorubicin-based conventional TACE (cTACE) offered
median survivals of 14 and 11 months from the start of salvage therapy[162,163]. Postembolization syndrome was reported in two-thirds of patients, but most only have
nausea, fever, fatigue and mildly deranged liver function; severe complications e.g.,
liver abscess, hepatic failure and peptic ulcer were rare[164].
The newer drug-eluting bead (DEB)-TACE utilizes microspheres loaded with
cytotoxics (doxorubicin or irinotecan); the drug is released in a controlled manner and
a higher intra-tumoral dose can be delivered, meanwhile reduced peak plasma
concentration may improve patient tolerance. In patients who failed previous
chemotherapy, the median OS and PFS after DEB-TACE were 25 and 8 mo
respectively[165]. In a small RCT, irinotecan-loaded DEB-TACE alone achieved better
OS (median 22 mo vs 15 mo), PFS (7 mo vs 4 mo) and quality of life than systemic
FOLFIRI; this needs to be verified in larger studies though[166]. Compared with cTACE,
fewer patients (30%) experienced drug-related adverse events and most reported only
minor symptoms e.g., abdominal pain, vomiting and fever[164]. Recent studies explored
the combination of DEB-TACE with systemic chemotherapy or other treatment
modalities. Concurrent capecitabine administration improved disease control but not
survival[167], while adding FOLFOX and bevacizumab increased the conversion rate to
resectability[168]. In non-surgical candidates, RFA combined with TACE attained local
tumour control in 92% and OS at 2 years was 88.0%[169]. With better understanding of
the properties of drug-eluting microspheres, results of DEB-TACE will improve and it
will become a therapeutic option earlier in the course of disease e.g., neoadjuvant
therapy, first-line treatment for unresectable disease.
For selective internal radiation therapy (SIRT), instead of cytotoxics, radiolabeled
microspheres (Yttrium-90) were infused into the arterial system, delivering an
effective dose of radiation to the tumour without causing intolerable toxicity to
normal liver. Similar to TACE, it is typically considered in CRLM not amenable to
resection or ablation. Earlier data confirmed its role in chemo-refractory disease –
when given together with systemic 5-FU as salvage therapy, SIRT prolonged PFS
(from 2.1 to 4.5 mo) in spite of no OS advantage[170]. However, more recent evidence
did not support SIRT as a first-line therapy. Pooled data from 3 randomized trials
(FOXFIRE, SIRFLOX and FOXFIRE-Global; including 1103 patients not suitable for
curative resection or ablation and have not received any chemotherapy) showed,
although associated with a higher objective response rate (72% vs 63%), early use of
SIRT in combination with FOLFOX did not improve OS, PFS or hepatic resection rate,
compared with FOLFOX alone (median OS 22.6 mo vs 23.3 mo, median PFS 11.1 vs
11.9 mo, hepatic resection rate 17% vs 16%). The SIRT group had more grade 3 or
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above adverse events (OR 1.42, 74% vs 67%). The authors concluded SIRT should not
be used in unselected chemotherapy-naive liver-dominant or liver-only CRLM[171].
Further studies can help define patient selection and the role of SIRT in the
management of CRLM.
In unresectable CRLM, HAI achieved a better tumour response rate but similar
survival compared with standard 5-FU chemotherapy[172]; its role in the era of modern
chemotherapy and targeted agents is less well-defined. HAI has been associated with
relative high rates of technical failure (hepatic artery dissection and thrombosis 21%,
catheter occlusion 5%, pump failure and infection 2% and 3%); together with the
special equipment and expertise required, its availability is limited to relatively few
centres[164].
No randomized trial has compared the efficacy and safety of the above three IAT
modalities; evidence supporting one over the other is lacking. A recent systematic
review tried to settle this issue - the pooled RECIST response rates for cTACE, DEBTACE and SIRT were 23%, 36% and 23%, while medians survivals from first therapy
were 16, 16 and 12 mo respectively[173]. However, significant heterogeneity in terms of
patient characteristics, tumour burden, previous and post-IAT therapies exists
between the included studies; and this precluded meaningful comparisons between
the three therapies. We need higher-quality evidence to properly answer this
question.

Stereotactic body radiation therapy
This technique allows delivery of a conformal high dose radiation to the tumour,
while sparing normal liver. It is suitable for patients with adequate hepatic function
but unresectable CRLM. Precise selection criteria are not well defined; some included
good performance status, not more than 3 CRLMs and the largest tumour size less
than 3 cm[174]. From a systematic review including 18 heterogenous studies with
different RT doses and schedules (most patients had 1-2 oligo-metastases), the pooled
1- and 2-year local control rates were 67% and 59.3%, while one- and two-year OS
were 67.2% and 56.5% respectively; mild/moderate and severe liver toxicity occurred
in 30.7% and 8.7% patients [175] . The limited evidence so far showed encouraging
results; however, this has to be validated in large prospective trials. Guidelines define
stereotactic body radiation therapy as a reasonable treatment option for patients
unsuitable for surgery or ablative therapies[9,10].
Controversy 6: Role of liver transplantation: Traditionally CRLM was regarded as a
contraindication to liver transplantation (LT); this concept was challenged by the pilot
SECA study[176]. Twenty-one patients with unresectable liver-only CRC metastases
underwent deceased donor liver transplantation after at least 6 weeks of
chemotherapy. OS rates of 95%, 68% and 60% at 1, 3 and 5 years were comparable to
results of LT for other indications, and significantly better than a similar cohort who
received first-line chemotherapy (5-year OS 9%). However, only 35% patients
remained recurrence-free at 1 year; most of the recurrences were small slow-growing
lung metastases. Compared with the chemotherapy group, the equivalent DFS but
markedly superior OS attained by LT can be attributed to the different metastatic
patterns – progression of non-resected LM carries a much worse prognosis than the
post-LT indolent pulmonary metastases[177]. Similar OS rates were observed in a small
series containing 12 patients – one third remained relapse-free after 4 years,
suggesting LT may achieve long-term cure in selected patients with unresectable
CRLM[178].
These results have to be interpreted with caution, though. They were small studies
and there were no standardized selection criteria for recruiting these patients; it is
questionable whether this survival benefit can be reproduced in other patients.
Currently, LT remains experimental until better selection criteria help achieve lower
recurrence rate, particularly in the setting of limited liver graft availability. A number
of trials are underway to address the potential of LT for unresectable CRLM,
including clarification of survival advantage by RCTs, the role of living donor LT, and
the safety and efficacy of total hepatectomy after transplantation of left lateral section
graft[179-182].

CONCLUSION
Recent advances in CRLM management have significantly improved outcome on the
one hand while complicating the formulation of treatment strategy on the other.
Multi-disciplinary involvement from the outset helps define resectability and devise
personalized treatment approach. Refined patient selection, with greater emphasis on
tumour biology, ensures patients benefit most from the offered interventions.
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Surgical resection remains the cornerstone of treatment for curative intent. Liver
augmentation strategies and conversion therapy have expanded the definition of
resectability and increased the number of patients getting cured. The role of
neoadjuvant therapy in operable disease is still controversial, while the use of
adjuvant chemotherapy has gained generalized acceptance. Liver-directed therapies
are getting more popular, resulting in better local disease control; however, they are
currently not recommended as first-line treatment in unresectable CRLM. Liver
transplant remains experimental and needs further evidence to validate its use. In the
absence of standardized evidence-based protocols, the optimal management of CRLM
should be determined by a multi-disciplinary team.
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Abstract
Hepatic encephalopathy (HE) is a major complication that is closely related to the
progression of end-stage liver disease. Metabolic changes in advanced liver
failure can promote cognition impairment, attention deficits and motor
dysfunction that may result in coma and death. HE can be subdivided according
to the type of hepatic injury, namely, type A, which results from acute liver
failure, type B, which is associated with a portosystemic shunting without
intrinsic liver disease, and type C, which is due to chronic liver disease. Several
studies have investigated the pathogenesis of the disease, and most of the
mechanisms have been explored using animal models. This article aimed to
review the use of preclinical models to investigate HE. The most used animal
species are rats and mice. Experimental models of type A HE include surgical
procedures and the administration of hepatotoxic medications, whereas models
of types B and C HE are generally surgically induced lesions in liver tissue, which
evolve to hepatic cirrhosis. Preclinical models have allowed the comprehension
of the pathways related to HE.
Key words: Hepatic encephalopathy; Acute liver failure; Preclinical studies; Hepatic
cirrhosis; Neuroinflammation; Hyperammonemia
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hepatic encephalopathy (HE) is a major complication closely related to the
progression of end-stage liver disease. It can be subdivided according to the type of
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hepatic injury: type A, which results from acute liver failure, type B, which is associated
with a portosystemic shunting without intrinsic liver disease, and type C, which is due to
chronic liver disease. In this article, we have described the use of preclinical models to
investigate HE. We have briefly described the applicability and the characteristics of
these experimental models. In conclusion, preclinical models have allowed the
comprehension of the pathways related to HE.
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INTRODUCTION
Hepatic encephalopathy (HE) is defined as a neuropsychiatric syndrome that occurs
in patients with acute or chronic liver diseases[1]. Clinically, it is characterized by a
spectrum of symptoms, including cognition impairment, altered levels of
consciousness that may progress to coma and death [2] . The risk of mortality has
usually been related to higher grades of HE, and the incidence of this disease is
increased in patients with frequent infections [3,4] . Patients with HE are greatly
impacted in terms of quality of life and the high costs caused by increased healthcare
utilization[5,6].
The pathophysiology of HE is not completely understood, and several studies have
shown biochemical disturbances, with elevation of serum ammonia levels and
increased oxidative stress in blood, alterations of neurotransmission systems,
development of brain edema, astrocyte swelling and inflammation[8]. A wide range of
animals, including dogs, goats, pigs, rabbits, guinea pigs, rats and mice, have been
used for better understanding the mechanisms underlying HE pathogenesis and for
the development of novel therapeutic agents for HE, providing a basis for future
clinical research. Therefore, the objective of this brief review is to discuss relevant
aspects of the HE pathogenesis and the current animal models employed, which may
closely resemble the disease in humans.

HEPATIC ENCEPHALOPATHY
HE is a central nervous system (CNS) dysfunction resulting from acute or chronic
liver failure that leads to a wide range of neuropsychiatric manifestations[7]. Clinically,
patients with HE may present sleep-wake cycle disturbance, personality changes and
cognitive, motor activity and coordination dysfunctions, which ultimately progress to
stupor, coma and death. Importantly, HE often affects health-related quality of life,
clinical management strategies, liver transplant priority, and patient survival[8].
According to the American Association for the Study of Liver Disease (AASLD)
updated guidelines, HE should be classified as type A, B, or C based on the
underlying disease. Type A (acute) results from an acute liver failure (ALF), while
type B (bypass) is associated with a portosystemic shunting without intrinsic liver
disease and type C (chronic) is the consequence of cirrhosis[7]. The incidence of ALF is
low, affecting approximately 2000 people per year in the United States or Europe[8,9].
However, the mortality of ALF is high and is mostly attributed to fast progression to
HE, leading to cerebral edema, increased intracranial pressure and cerebral
herniation[8,9].
In contrast, chronic liver diseases are highly prevalent, affecting approximately 5.5
million individuals only in the United States. Approximately 80% of patients with
cirrhosis will develop a less severe form of HE, known as minimal HE (MHE), which
is characterized by mild cognitive impairment, attention deficits, psychomotor
slowing and impaired visuomotor and bimanual coordination[10]. MHE is detected
only by employing psychometric or neurophysiological tests and is considered an
important predictive factor for the development of HE since 30%-40% of cirrhotic
patients progress to this later condition[10,11]. Apart from its educational and social
impact, HE also carries a significant economic burden. For instance, in 2009, in the
United States, HE led to approximately 22931 hospitalizations, with an average cost of
each stay ranging from 46663 to 63108 USD[8].
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The broad spectrum of HE, especially regarding the type of underlying disease,
severity of clinical manifestations, and precipitating factors (e.g., infections,
gastrointestinal bleeding and drug toxicities) should be considered to understand the
pathophysiological mechanisms of HE as well as to identify potential therapeutic
targets[12].

HEPATIC ENCEPHALOPATHY PATHOPHYSIOLOGY
HE is a complex condition who’s cellular and molecular mechanisms remain to be
fully elucidated. Over the past decades, some hypotheses have been proposed,
including neurotransmitter system dysfunction, impaired energy and lactate
metabolism and oxidative stress (for review see[1,13]). However, the hyperammonemia
and the neuroinflammation hypotheses have been the mostly recognized ones and
will be briefly revisited in the current review. Figure 1 shows the main
pathophysiological features of the available models of HE.

Hyperammonemia
Currently, increased systemic and brain levels of ammonia are the main factors
implicated in HE pathogenesis. Under physiological conditions, the ammonia,
resulting from nitrogenous compounds, such as proteins metabolized by gut
microflora, is metabolized in the liver via the urea cycle, forming urea, which is
mainly excreted by the kidneys. ALF, portosystemic shunting or chronic liver disease
can impair liver function, leading to increased levels of ammonia in the blood[14].
Ammonia metabolism in the liver depends on phosphate-activated glutaminase
(PAG), which catalyzes the hydrolysis of glutamine to produce glutamate, energy,
nucleotide synthesis and ammonia. PAG has two isoforms, the hepatic type (L-PAG),
restricted to the liver, and the kidney-type (K-PAG), found in the kidney, brain and
enterocyte villi, especially in the small intestine. Interestingly, PAG activity in the
intestine has been associated with increased systemic levels of ammonia during liver
cirrhosis and seems to play a major role in the pathogenesis of HE[15,16].
As the levels of ammonia increase systemically, the molecule crosses the bloodbrain barrier and starts to be metabolized in the CNS[14]. The ammonia detoxification
in the brain requires its incorporation into glutamine by the action of the enzyme
glutamine synthetase, which is present only in astrocytes. The glutamine
accumulation in astrocytes as a result of ammonia detoxification results in increased
water entry and osmotic forces, ultimately inducing astrocytes to swell and causing
cytotoxic edema[17]. The impact of hyperammonemia on astrocyte function in response
to HE remains to be fully elucidated. However, it has been reported that, apart from
increasing oxidative stress and osmotic pressure, hyperammonemia may also
influence inflammatory and signal transduction pathways[18,19], gene expression and
neurotransmitter release[20] as well as posttranslational protein modifications[21].
Although a great deal of attention continues to be focused on ammonia as the main
toxin related to HE pathogenesis, there is evidence that patients with elevated levels
of systemic and local ammonia may not present HE symptoms; additionally, the
ammonia concentration is not always consistent with the severity of HE in cirrhotic
patients[22,23]. Moreover, ammonia-lowering agents, including L-ornithine, L-aspartate
and lactulose, have so far been of limited value in preventing HE in ALF and in
cirrhosis[24-26], supporting a role for other factors alone or in association with ammonia
in the development of HE. For instance, the effect of the glycerol phenylbutyrate
(GPB), approved by the Food and Drug Administration in 2013 for the treatment of
urea cycle disorders, was investigated in a randomized, double-blind, placebocontrolled phase II trial with cirrhotic patients who experienced two or more HE
events in the last 6 mo. The GPB acts as an ammonia-lowering agent by producing
phenylacetyl glutamine, which is excreted in urine. GPB treatment in cirrhotic
patients decreased plasma levels of ammonia, the proportion of patients who
experienced HE and hospitalizations due to HE. These findings supported the
involvement of ammonia in HE pathophysiology and the potential therapeutic role of
GPB[27].

Neuroinflammation
In addition to the ammonia hypothesis, brain inflammation, also known as
neuroinflammation, is thought to be a major component in the development of HE.
Clinical and experimental evidence of activation of microglia, the brain resident
immune cells, in response to ALF and cirrhosis extensively supported the
neuroinflammation hypothesis[28-32]. For instance, increased expression of the major
histocompatibility complex class II antigen marker CD11b/c (also termed OX-42), an
indicator of microglial activation, was found in an ALF model following liver
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Figure 1

Figure 1 Main pathophysiological feature of the available models of hepatic encephalopathy. APAP: Acetaminophen; A/C Hamm: Acute/chronic
hyperammonemia; BDL: Bile duct-ligated; CCl4: Carbon tetrachloride; GP-VS: Graded portal-vein stenosis; PCA: Portosystemic anastomosis; TAA: Thioacetamide.

ischemia in rats[30]. Importantly, the administration of minocycline, a potent inhibitor
of microglial activation, attenuates the encephalopathy grade and prevents brain
edema in the same ALF experimental model [32] . Corroborating these findings,
increased expression levels of microglial activation markers, including human
leukocyte antigen DR (CR3/43) and ionized calcium-binding adaptor molecule 1 (Iba1), were found in the CNSs of patients with ALF associated with viral hepatitis[29] and
in liver cirrhosis[31], respectively.
Microglial activation has often been associated with increased release of cytokines
and chemokines, which are also implicated in the pathogenesis of neurodegenerative
and neuropsychiatric diseases[33,34]. The first evidence of upregulation of inflammatory
molecules in HE was obtained in a study of patients with ALF due to acetaminophen
overdose. The levels of inflammatory cytokines (TNF, IL-1β and IL-6) were measured
in blood samples from an artery and a reverse jugular catheter. Increased arterial
levels of cytokines correlated with intracranial hypertension. Brain cytokine efflux
was noted, indicating brain cytokine production in these patients[35]. Supporting data
were also provided by several studies employing pharmacological and
nonpharmacological liver failure models in rodents, which also showed increased
levels of inflammatory cytokines (TNF, IL-1β and IL-6) and chemokines, such as
CXCL-I, CCL2, CCL3, CCL5 and CX3CL1[30,32,36-38]. Importantly, anti-inflammatorybased strategies attenuated cognitive decline and motor activity impairment,
supporting the involvement of neuroinflammation in HE pathophysiology[39-42]. It is
worth mentioning that ammonia alone is capable of inducing microglial and astrocyte
activation, leading to increased expression of inflammatory cytokines, such as IL-1β
and IL-6. This finding suggests that hyperammonemia may trigger neuroinflammation in HE in a synergistic manner. However, a direct link between both
mechanisms is still missing[43].

PRECLINICAL MODELS
Choice of animal species
In 2008, a commission formed by members of ISHEN (International Society of Hepatic
Encephalopathy and Nitrogen Metabolism) gathered in Padua, Italy to establish
guidelines for HE animal models. Due to the variety of etiologies of hepatic
dysfunction and the many factors that may influence the development of neurological
symptoms, HE is considered difficult to reproduce faithfully in animals. Table 1
summarizes the main advantages and disadvantages of the available HE models.
Currently, there is no ideal animal model to resemble hepatic failure caused by
ethanol, virus or acetaminophen, the most common etiologies in human beings[44].
The availability of animal models is indispensable for studying the mechanisms of
diseases and possible therapies [45] . Many animal species have been used for the
investigation of HE, including dogs, goats, pigs, rabbits, guinea pigs, rats and mice.
Large animals are advantageous for neurological examinations and the availability of
biological samples, such as blood samples, body fluids and biopsies but are rarely
used due to the cost of the animals, the maintenance involved and ethical concerns.
The most common species currently used in HE models are rats and mice, mainly due
to the accessibility of molecular and anatomical studies and the availability of
literature on behavioral, pathological and biochemical methods and findings. Other
advantages of these species are the complete characterization of the genome, easy
availability of antibodies and molecular probes and low costs for obtaining and
maintaining the animals[44].
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Table 1 Advantages and disadvantages of animal models of hepatic encephalopathy
Model features

Advantages

Disadvantages

Type A Model. Encephalopathy
associated with acute liver failure

Type A models have been developed Anhepatic model: The course of HE is
by exclusion (anhepatic models),
relatively rapid. Applied to studies of
partial removal of the liver or from brain metabolism, neurotransmission
the administration of a hepatotoxins
abnormalities, gene expression and
brain inflammation in ALF. The
model responds to hypothermia,
ammonia-lowering agents and antiinflammatory drugs; Hepatotoxic
model: Different hepatotoxins could
be used to create Type A models.
Generally, these models produce
hypothermia, hypoglycemia and
other systemic complications;
Thioacetamide: Model with good
repeatability, easy operation, and
high similarity to human HE;
Acetaminophen: Easy preparation, low
price and dose-dependence; Dgalactosamine: Good repeatability.
Simulates the pathophysiological
changes of acute liver failure. Shows
manifestations of liver injury that are
similar to viral hepatic failure

Type B Model. Encephalopathy
associated with portosystemic
bypass without liver disease

Type B models have been developed
by portosystemic shunting
(portacaval anastomosis, congenital
portacaval shunts, graded portal vein
stenosis, and biliary duct ligation).
Different HE aspects could be
assessed using different shunt
methods and species (pig, dog,
rabbit, rat, and mouse)

Type C Model. Encephalopathy
associated with liver disease

HE associated with cirrhosis and
Biliary duct ligation: Animals develop No satisfactory Type C animal model
portal hypertension (Type C) is the
liver failure, jaundice, portal
induced by alcoholic liver disease or
most common form of HE in patients.
hypertension, immune system
viral hepatitis exists at the present
At present, there is no appropriate
dysfunction, and bacterial
time; Biliary duct ligation: Immune
model to study HE that occurs in
translocation. (Rat) Reproducible
system dysfunction and other
liver cirrhosis; nevertheless, some
model of biliary cirrhosis with the
diseases may affect the final HE
models have been developed
development of hyperammonemia, phenotypes. (Rat) Weight loss due to
low-grade encephalopathy, and
hunger suppression; CCl4: Animaldecreased locomotor activity. (Rat)
to-animal variations lead to a lack of
Bile duct-ligated animals fed with
reproducibility. Limited
ammonium salts provide a model
neurobehavioral assessment due to
that reproduces human Alzheimer
the presence of ascites. Possible
Type II astrocytosis
health damage when a researcher
uses this chemical

Models of acute/chronic
hyperammonemia

These models are designed to study
the effects of hyperammonemia on
brain function without liver
dysfunction

Anhepatic model: Neither procedure
could lead to a potential recovery.
The surgical procedure causes great
trauma to the animal. Absence of
injured or necrotic hepatic cells. The
toxic substances and inflammatory
mediators present in the injured liver
are not perfused into the blood
circulation; Partial hepatectomy: The
surgery is difficult to control. Severe
hypoglycemia leads to death;
Hepatotoxic model: Each of these toxins
could produce hepatitis with variable
pathological nature. Animal-toanimal variations lead to a lack of
reproducibility. Some hepatotoxins
show extrahepatic toxicity;
Acetaminophen: Poor reproducibility.
Shows side effects in kidneys and
other organs; D-galactosamine: High
cost, short survival time and poor
stability

Portacaval anastomosis: Can better
Portacaval anastomosis: Cause severe
simulate the clinical mild HE
coma due to hypersensitivity to
phenotypes in different animal
ammonia. (Rabbit) Portacaval
models. (Dog) EEG changes and
anastomosis may lead to death of
neurological status correlate with
animal in most cases. (Rat) Needs
ammonia in the plasma; Congenital
high surgical skills to perform;
portacaval shunts: (Dogs) Naturally
Congenital portacaval shunts: Access to
develop psychomotor dysfunction,
animals with this congenital
reduced hepatic function, and
alteration
hyperammonemia and are
susceptible to high-protein diets;
Graded portal vein stenosis: Easy to
perform. The surgery may be
reversed. (Rat) Provides a Minimal
Hepatic Encephalopathy model. (Rat)
Develop loss of activity, altered
circadian rhythm, hyperammonemia,
and altered ammonia/glutamine in
the brain

Inexpensive and simple to perform.
Limited to rats and mice. TimeThe model shows alterations of
consuming; not suitable for long-term
multiple neurotransmitter systems in
studies. Lacks liver failure
the brain. The model shows
impairments in learning and memory

Animal HE models of ALF (type A)
According to the HE guidelines established by ISHEN, an animal model of HE in ALF
has to essentially reproduce the clinical picture to facilitate staging of encephalopathy
and to show the progression of symptoms, including brain edema and its
complications (i.e., intracranial hypertension and brain herniation). The model should
also be capable of being reversed, with high concentrations of ammonia and
glutamine in the brain, classical hepatic and brain pathology and minimal hazards to
personnel from toxins and infectious agents. All animal models of ALF produce
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hypothermia and hypoglycemia, making it essential to control the temperature and
glucose levels and to provide supportive care to the animals. A brief description of
ALF models is presented in Table 2.

Pharmacological models
Several hepatotoxins have been extensively used in the development of animal
models of ALF[46]. The main hepatotoxic substances used to cause ALF in animals
include galactosamine, acetaminophen, azoxymethane (AOM) and thioacetamide
(TAA) [44] . Although the administration of carbon tetrachloride (CCL 4 ) has been
primarily described as a type A HE model, the ALF and behavioral changes in this
model are not commonly observed. However, the ability of this model to induce liver
cirrhosis makes it a valuable tool for studying type C HE[44]. Thus, in the current
review, the CCL4 model will be discussed as a Type C HE model.
Thioacetamide: Until 1943, TAA was used as fungicide in orange crops. In 1948, it
was discovered that chronic administration of the substance led to liver cirrhosis and
hepatocellular carcinomas. TAA causes hepatocellular necrosis after
biotransformation to an active metabolite via the flavin adenine dinucleotide
monooxygenase pathway, resulting in the formation of TAA-S-oxide[47]. TAA reduces
antioxidant activity and enhances lipid peroxidation in the liver, leading to oxidative
stress and cellular necrosis[48]. The most common forms of administration of TAA are
oral (in drinking water) and intraperitoneal injection[49]. TAA has been extensively
used to induce ALF in rats and mice, producing encephalopathy, metabolic acidosis,
high transaminases, abnormal coagulation and histological centrilobular necrosis. The
TAA model of HE shows good reproducibility and well-described hepatic and
cerebral changes[50-52]. Chronic administration can produce hepatic cirrhosis[49,53,54].
D-Galactosamine: D-Galactosamine (D-Gal) is an amino sugar that is metabolized in
the liver, causing consumption of uridine nucleotides and blockade of transcriptional
factors in the liver. The hepatic failure resulting from D-Gal administration has been,
at least in part, associated with the production of uridine-containing compounds
during hepatic biotransformation [55] . The administration of D-Gal in rats was
described by Keppler et al [56] as an acute hepatic failure model that induced
encephalopathy and increased aspartate transaminase, prothrombin time, ammonia
and intracranial pressure. The same model was described by Blitzer et al[57] in rabbits
and by Sielaff et al[58] and Diaz Buxo et al[59] in dogs.
There are differences in species susceptibility. Mice are resistant until high doses
are administered, while rats are sensitive to D-Gal-induced hepatic failure[60]. D-Gal
and acetaminophen models cause liver failure, although the development of HE is
variable. Both models are difficult to reproduce and have poorly characterized
cerebral pathology[44].
Acetaminophen: Acetaminophen is known as APAP (in the United States) and
Paracetamol (in Europe and other areas of the world). Acetaminophen has been
widely used as an antipyretic and/or analgesic since 1955, particularly because it is
easily accessible in various formulations as an over-the-counter medication. However,
acetaminophen is one of the most common causes of ALF, accounting for more than
60% of all cases in the United States[61].
The metabolism of APAP occurs in the liver. Under normal circumstances, the
medication undergoes biotransformation by a combination of glucuronidation and
sulfation and is then excreted by the kidneys. When excessive amounts of
acetaminophen are administered, these metabolic pathways are saturated, and APAP
is metabolized by the P450 cytochrome oxidase enzyme system, leading to the
formation of a toxic electrophile, N-acetyl-p-benzoquinoneimine (NAPQI). NAPQI
produces cell injury unless conjugated with endogenous glutathione. NAPQI is
supposed to disrupt mitochondrial calcium flux, resulting in cell damage by the
production of free radical oxygen species, hydroxyl radicals, nitrites and nitrates. The
cascade is amplified by the activation of Kupffer cells and the release of cytotoxic
mediators (e.g., cytokines and free radicals), leading to apoptosis and cell necrosis[62-65].
Miller et al[66] reported a model of APAP-induced liver failure in pigs. Animals
exhibited metabolic acidosis, encephalopathy, coma, increased transaminase levels
and histological evidence of severe centrilobular coagulative necrosis. However,
changes produced by APAP administration were variable according to animal species
used, as was described by Gazzard et al[67], who showed a variable clinical outcome in
greyhound dogs.
Later, Francavilla et al[68] induced ALF by APAP administration for the first time in
beagles. The authors compared the routes of administration: intravenous,
intramuscular and subcutaneous. APAP toxicity was very variable in different animal
models, and the incidence of sudden death due to methemoglobinemia was
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Table 2 Brief description of type A animal models of hepatic encephalopathy
Species used

Main findings

Surgical models
Hepatic devascularization
Hepatectomy

Rat, rabbit, pig

Increased AST, hypoglycemia, lethargy and coma

Rat, pig

Increased AST, TNF, PT, NH3, lactate, hypoglycemia, hepatic necrosis

Pharmacological models
Galactosamine (IP, IV, SC)

Rat, rabbit, guinea pig

Increased AST, PT, NH3, hepatic necrosis

Acetaminophen (IP, IV, SC,
oral)

Rat, dog, pig

Increased AST, NH3, bilirubin, hypoglycemia, metabolic acidosis, centrilobular coagulative
necrosis

Thioacetamide (IP, oral)

Rat

Increased AST, PT, NH3, metabolic acidosis, centrilobular necrosis

Azoxymethane (IP, SC)

Mouse

Increased AST, NH3 and bilirubin, hepatic necrosis

AST: Aspartate transaminase; TNF: Tumor necrosis factor; PT: Prothrombin time; NH3: Ammonia; IP: Intraperitoneal; IV: Intravenous; SC: Subcutaneous.

frequently observed. This drug exhibited cardiotoxicity and nephrotoxicity, which
was associated with acute lung injury[69-71].
Azoxymethane: AOM is an active metabolite of the cycad palm nut found on the
island of Guam. AOM is a potent hepatotoxin that induces ALF in mice in a dosedependent manner. Liver toxicity has also been reported in humans, livestock and
rats following the ingestion of Guam cycad palm nuts due to AOM toxicity. The AOM
model was first described as a model of hepatotoxin-induced liver failure and HE by
Matkowskyj et al[72]. This model leads to encephalopathy, cerebral edema, elevated
brain ammonia and unbalanced amino acid levels. This model also shows
characteristic pathologic aspects[28].
The AOM model generates microvesicular steatosis, dilation of hepatic sinusoids,
and hepatocyte necrosis in addition to elevations in serum transaminases and bile
acids, with the largest increases observed when mice progressed toward coma[73].

Surgical models
The surgical models can be divided into variations of partial and total hepatectomy
and partial and complete devascularization of the liver[46].
Hepatic devascularization: Rappaport was the first to describe a devascularization
model, in 1953[74]. The model is usually produced by a portocaval anastomosis (PCA)
with subsequent hepatic artery ligation (HAL). ALF can be reversible by the occlusion
of the hepatic artery for only a short period of time. There is no blood lost. The
presence of necrotic hepatic tissue is comparable to ALF in humans[45]. Hypoxic insult
results in dysfunction of the mitochondrial respiratory chain, which, in turn, reduces
ATP levels due to impaired oxidative phosphorylation, interferes with the
intracellular calcium homeostasis and activates enzymes responsible for protein, lipid
and DNA damage. After hypoxic injury, the reperfusion process induces more
damage in liver tissue[75-77].
Hepatectomy: Hepatectomy is considered a model of postoperative liver failure
(POLF) that can accurately reproduce all neurological and metabolic changes as a
consequence of extensive liver resections in humans[78]. Almost 100% survival and
intense regeneration occur in partial hepatectomy that removes approximately 70% of
the liver in rats and pigs [79-81] . In contrast, progressive necrosis follows partial
resections of the liver, as reported by Panis et al[82]. Among other disadvantages of
partial hepatectomy are the lack of consistency of injury degree and the increased
intraoperative blood loss. Additionally, the surgery often hampers the animal’s
capability to immediately restore drink and food consumption, which may lead to
severe hypoglycemia and death[83].
The altered physiological state is attributed to increased total blood flow through
the remnant liver tissue, leading to flow injury and damage to sinusoidal endothelial
cells, activation of Kupffer cells and release of inflammatory cytokines[84]. This model
is also associated with increased levels of aspartate transaminase (AST), tumor
necrosis factor (TNF) and hypoglycemia[85].
The “anhepatic” model is made by the total removal of the liver. In clinical practice,
total hepatectomy has been performed only in cases of very severe ALF, pending the
arrival of a donor liver, which follows the removal of a “toxic” organ[86,87]. Overall, the
anhepatic model seems not to be suitable for evaluating therapies as an artificial liver
support for ALF. Moreover, due to the lack of the liver, this model has very poor
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reversibility[46].

Animal models of HE types B and C
An ideal model of HE classified as type B or C should have some essential features,
including a precipitant factor and neuropathological findings of HE, such as
symptoms of encephalopathy, ranging from MHE to coma. Additionally, increased
brain ammonia/glutamine along with low-grade brain edema and Alzheimer Type II
astrocytosis at advanced stages of HE might also be observed. These models should
exhibit clinical responses to established treatments[29]. Table 3 displays the animal
models of HE associated with portosystemic shunting (type B) and chronic liver
disease (type C).

Type B hepatic encephalopathy
As previously mentioned, animal models of type B HE are based on portal-systemic
shunting and include the following approaches.
Portacaval anastomosis: PCA is the most common animal model used in the study of
chronic HE. The basis of this model is the creation of a portal-systemic shunt (end-toside PCA) that mimics the situation induced in cirrhosis by collateral circulation[45].
It is known that the deviation of portal blood decreases the total hepatic blood flow,
depriving the liver of oxygen and hepatotrophic factors from the portal vein that are
necessary for metabolic processes. These phenomena induce hepatic parenchyma
atrophy. Among other factors, the high levels of ammonia, as a consequence of
reduced hepatic metabolism, contribute to HE. The severity of neurological
manifestations depends on the intensity of liver injury. Animals submitted to PCA
have increased brain ammonia/glutamine, altered circadian cycle, hypokinesia and
reduced memory and learning ability[88].
Congenital portacaval shunts: Dogs and cats with congenital portacaval shunts are
considered naturally occurring models of type B HE. These animals develop
psychomotor dysfunction, abnormal motor signs, altered day–night rhythms,
hyperammonemia, and hepatic dysfunction[89].
Graded portal vein stenosis: Graded portal vein stenosis provides a MHE model in
rats. This procedure is easier to perform than the end-to-side portacaval anastomosis.
Alterations associated with this model are hypoactivity, altered circadian cycle and
increased brain ammonia/glutamine[44].

Type C hepatic encephalopathy
Animal models of type C HE should lead to decompensated liver cirrhosis. It is worth
noting that there is currently no ideal animal model of type C HE[44]. Some models that
resemble human hepatic cirrhosis have been employed, as described below.
CCl4: CCl4 was extensively used in the 1970s as a model of acute hepatic failure, but
the species variation was significant, and it was difficult to reproduce. It has been
used more recently in the study of liver cirrhosis [90,91] . CCl 4 is metabolized by
cytochrome P-450, generating free radicals, causing lipoperoxidation, increased
hepatic membrane permeability, tissue fibrosis and hepatic failure. This model does
not seem to produce many behavioral changes, except in cases of advanced
cirrhosis[92]. It is used in the study of astrocytic response at the level of RNA synthesis.
Inconsistent lesions animal to animal may represent a major disadvantage. Moreover,
the presence of ascites may limit neurobehavioral assessments[44].
Bile duct ligation: The ligation of the common bile duct ligation (BDL) induces a
reproducible model of biliary cirrhosis in rats, leading to liver failure, portal
hypertension, translocation of bacteria and immune system dysfunction. BDL rats
show hyperammonemia and decreased motor activities, but only low-grade
encephalopathy[45,93-95]. It is possible to reproduce the human neuropathology of type C
HE, Alzheimer type II astrocytosis, altered brain osmolytes, low-grade brain edema,
inflammation and motor activity deficits by feeding BDL rats with ammonium salts.
Of note, by giving ammonium salts to BDL rats, it is possible to obtain a model of
acute-on-chronic HE[96].

HE MODELS RESULTING FROM PURE HYPERAMMONEMIA
These models are usually limited to rats and mice and are used to study the effects of
hyperammonemia on brain function, in the absence of liver damage or portacaval
shunting. They are produced by means of the administration of high-ammonia diets,

WJH

https://www.wjgnet.com

180

February 27, 2019

Volume 11

Issue 2

Lima LCD et al. Preclinical studies in HE

Table 3 Brief description of findings obtained with types B and C experimental models of hepatic encephalopathy
Experimental model

Animal species

Portacaval anastomosis

Rats, dog, rabbit, pig

Congenital portacaval shunts

Biological findings

Clinical Signs

Increased brain ammonia/glutamine Altered circadian cycle, hypokinesia,
reduced memory and learning ability

Dogs, cats

Hyperammonemia

Hepatic dysfunction, psychomotor
dysfunction, motor signs

Graded portal vein stenosis

Rats

Increased brain ammonia/glutamine

Minimal hepatic encephalopathy,
loss of activity, altered circadian cycle

Carbon tetrachloride (CCl4)

Rats, mice

Generation of free radicals,
lipoperoxidation, tissue fibrosis,
increased hepatic membrane
permeability

Hepatic failure, motor activity
dysfunction

Rats

Bacterial translocation, immune
system dysfunction,
hyperammonemia

Liver failure, portal hypertension,
decreased locomotor activities due to
low-grade encephalopathy

Bile duct ligation

parenteral infusion of ammonia or urease treatment. These models are inexpensive
and easily reproducible and result in animals with impaired memory and learning
skills[44]. However, the disadvantages of these models include the time involved to
produce alterations and their unsuitability for long-term studies[45].

CONCLUSION
HE is a very severe complication in the context of liver failure. HE can be subdivided
according to the type of hepatic injury, namely, type A, which results from ALF, type
B, which is associated with a portosystemic shunting without intrinsic liver disease,
and type C, which is due to chronic liver disease. The pathophysiology of HE has two
major factors, namely, increased ammonia levels and neuroinflammation.
Preclinical models have been very useful in investigating the mechanisms of HE
and in evaluating novel therapeutic approaches. The most used animal species are
rats and mice. Experimental models of ALF (type A) include surgical procedures
(hepatectomy and hepatic devascularization) and the administration of hepatotoxic
medications. Surgical models resemble postoperative liver failure in humans, whereas
pharmacological models are similar to adverse drug reactions due to hepatotoxicity.
Ideally, models of HE associated with portosystemic shunting (type B) and due to
chronic liver disease (type C) must exhibit liver cirrhosis, a precipitant factor,
neuropathological and neurochemical alterations. These models are generally
surgically induced lesions in liver tissue, which evolve to hepatic cirrhosis.
In conclusion, preclinical models have allowed the comprehension of the pathways
related to neurological damage as a consequence of acute and chronic liver injury,
resulting in the identification of potential therapeutic targets.
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Abstract
BACKGROUND
Patients with hepatitis C virus (HCV) and hepatocellular carcinoma (HCC) may
or not develop iron overload (IO), which is associated with worst prognosis,
because can cause serious damage to organs. HFE gene controls the iron uptake
from gut, particularly in patients with hereditary hemochromatosis (HH).
AIM
To identify associations between HFE coding region in patients exhibiting
hereditary hemochromatosis and in diseases associated with acquired IO.
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METHODS
We sequenced exons 2 to 5 and boundary introns of HFE gene, evaluating all
polymorphic sites in patients presenting hereditary (hemochromatosis) or
acquired iron overload HCV and HCC) and in healthy controls, using Sanger
sequencing. We also determined the ensemble of extended haplotype in healthy
control individuals, including several major histocompatibility complex loci,
using sequence specific probes. Haplotype reconstruction was performed using
the Arlequin and Phase softwares, and linkage disequilibrium (LD) between
histocompatibility loci and HFE gene was performed using the Haploview
software.
RESULTS
The HFE*003 allele was overrepresented (f = 71%) and HFE*001 allele was
underrepresented (f = 14%) in HH patients compared to all groups. A strong
linkage disequilibrium was observed among the H63D-G, IVS2(+4)-C and C282YG gene variants, particularly in HH; however, the mutation IVS2(+4)T>C was not
directly associated with HH susceptibility. The HFE*001/HFE*002 genotype
conferred susceptibility to HCC in HCV patients exhibiting IO (P = 0.02, OR =
14.14). Although HFE is telomeric to other histocompatibility genes, the H63DG/IVS2(+4)-C (P ≤ 0.00001/P ≤ 0.0057) combination was in LD with HLA-B*44
allele group in healthy controls. No LD was observed between HFE alleles and
other major histocompatibility loci.
CONCLUSION
A differential HFE association was observed for HH and for diseases associated
with acquired IO (HCV, HCC). Since HFE is very distant from other
histocompatibility loci, only weak associations were observed with these alleles.
Key words: HFE gene; Hepatocellular carcinoma; Hepatitis C; Hemochromatosis
hereditary; Alleles; Haplotypes
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Core tip: Patients with hepatitis C virus (HCV) and hepatocellular carcinoma (HCC) may
or not develop iron overload (IO), which is associated with worset prognosis. The
sequencing of the HFE gene permitted to assemble the previously described variation
sites (H63DC>G-, S65CA>T and C282YG>A) associated with hereditary
hemochromatosis into HFE haplotypes, under the standardized HLA nomenclature. A
differential association of HFE alleles was observed for hereditary and acquired IO
(HCV, HCC). In addition to the HFE gene, we also typed other major histocompatibility
loci (HLA-A/-B/-C/ DRB1/-DQB1, and HLA-G 14bp INDEL and TNFa-d microsatellites)
in the healthy population to understand how the HFE gene variability is associated with
these loci.
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INTRODUCTION
The HFE gene has seven exons and five introns, which code the α-heavy chain of the
molecule. Exon 1 codes the signal peptide, exons 2-4 encode the α1, α2 and α3
domains, exons 5 the transmembrane domains, and the 5’ portion of exon 6 the
cytoplasmic tail[1]. Considering that HFE gene controls the iron uptake from gut,
defects of the encoded molecule have been associated with iron overload (IO),
particularly in hemochromatosis hereditary (HH). Major variation sites observed at
exons 2 to 4 have been associated with HH, including the H63DC>G (exon 2),
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S65CA>T (exon 2) and C282YG>A (exon 4) variants[2]. However, not all HH patients
exhibit these mutations[1].
Besides HH, some acquired liver disorders have been associated with IO and
fibrosis, including chronic hepatitis C virus (HCV), cirrhosis and hepatocellular
carcinoma (HCC)[3]. The C282Y-A allele is associated with high iron serum levels,
increased hepatic iron content and advanced fibrosis in HCV patients. Increased
frequency of the classical HFE mutations has also been reported for HCC patients[4].
We sequenced exons 2 to 5 and boundary introns in HH patients, HCV patients
presenting or not IO, and HCC patients exhibiting or not chronic HCV infection to
associate with iron overload. We also evaluated the linkage disequilibrium (LD)
between the HFE and HLA-A, HLA-B, HLA-C, HLA-DRB1 and DQB1 genes, as well as
HLA-G 14bp INDEL and TNFa-d microsatellites to understand the association between
HFE alleles and other major histocompatibility genes.

MATERIALS AND METHODS
This study was approved by the local Ethics Research Committee (Process HCRPFMRP, USP nº 4822/2011), and informed consent was obtained from all participants.

Subjects
A total of 204 patients followed-up at Gastroenterology Units of University Hospitals
of the University of São Paulo (USP) were studied: (1) 14 patients (9 men) aged 32-81
years (55.35 ± 15.16) exhibited HH, defined by high transferrin saturation (≥ 45%) and
liver IO in the absence of secondary causes; (2) 130 patients with HCV (93 men) aged
19-69 years (42.60 ± 10.98), exhibiting (71 patients, 57 men) or not IO (59 patients, 36
men) (HCV-IO+ and HCV-IO-, respectively) in the absence of chronic alcohol ingestion
(> 60 g/d). All patients exhibited IgG antibody against recombinant HCV antigens by
second-generation ELISA (Abbott, Chicago, IL) for at least 6 mo and positive serum
HCV RNA (Roche Diagnostic Systems, Branchburg, NJ). Serum levels of liver
enzymes, iron, ferritin, and transferrin saturation were also determined. Liver
specimens were scored for necroinflammatory activity, as previously described by
Desmet et al[4]. Iron deposits were assessed and scored on the basis of the amount and
cellular/lobular location[4,5]; and (3) 60 patients (43 men) aged 14-78 years (57 ± 14)
exhibiting HCC, of whom 24 (18 men) presented IO and chronic hepatitis C (HCC
HCV-IO + ), and 36 (25 men) presented several underlying disorders including
cryptogenic hepatitis, hepatitis B, non-alcoholic steatohepatitis and other comorbidities. Since there is no need for liver biopsy for HCC diagnosis, liver iron was
not screened in these patients (HCC-IO?). The diagnosis of HCC was performed
according to Bruix and Sherman[6].
Iron overload was defined when iron deposits were detected in liver biopsy using
Perl’s iron staining[7,8] and/or when serum transferrin saturation was higher than or
equal to 45% with or without elevated ferritin. Patients presenting other types of
congenital, virus or autoimmune liver disorders were excluded.
A total of 100 healthy unrelated blood donors (CTL), 80 men, and aged 20-52 years
(33.31 ± 8.18) was also studied.

HFE typing
Exons 2 to 5 and boundary introns were evaluated using Sanger sequencing[9] (Figure
1). HFE nucleotide variations were retrieved from the NCBI (NC_000006.12) and
Ensembl (ENSG00000010704) databases. Primer sequences, amplification conditions
and allele nomenclature were defined as previously reported[10]. Sequencing was
performed using an ABI 3500 sequencer (Applied Biosystems, Foster City, CA).

Major histocompatibility complex loci typing
HLA-A/-B/-C/-DRB1 and -DQB1 typing was performed using commercial kits (OneLambda, Canoga Park, CA). HLA-G 14bp INDEL[11] and TNFa-d microsatellites[12] were
typed as previously described. Haplotype inferences combining major
histocompatibility genes were performed only for healthy controls.

Statistical analysis
Allelic and genotype frequencies (f), Hardy Weinberg Equilibrium (HWE), Fisher
exact test, and linkage disequilibrium (LD) were performed using the GENEPOP v.4.2
and ARLEQUIN v.3.1 softwares. Image map of the pairwise LD parameters [Log of
the Odds (LOD) and Linkage Disequilibrium Coefficient (D')] was generated using
the HAPLOVIEW v.3.32 software.
Extended major histocompatibility alleles were reconstructed by means of the EM
(ARLEQUIN) and PHASE v.2 algorithms. For all situations, P values ≤ 0.05 were
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Figure 1

Figure 1 Structure of the HFE gene (ID# ENSG00000010704 - http://www.ensembl.org) at chromosome region 6p21.3, showing the reference number (rs) of
variation sites (NCBI Data base - http://www.ncbi.nlm.nih.gov/snp), previously associated with iron disorders. Shaded grey areas indicate the sequenced
gene regions and the respective pairs of primers, as previously described[10]. The combination of these variation sites, translated into the official nomenclature for HFE
alleles is also shown in the bottom chart; i.e., the combination of the triplet bases and respective encoded residues of the two most important mutations (H63DC>G
and C282YG>A) that defined the four major HFE allele groups (mutated bases are shown in bold type). 1Single nucleotide polymorphism; 2Aminoacid.

considered to be significant.

RESULTS
The results regarding HFE alleles are presented in two forms: (1) as previously
reported in the literature, including the single nucleotide polymorphism (SNP)
reference number (rs), the usual SNP names (H63DC>G, C282YG>A, IVS2(+4)T>C
and IVS4(-44)T>C) and new variation sites (Table 1); and (2) as the newly described
official HFE allele nomenclature (Table 2)[10]. The location of the previously reported
variation sites with respect to the nucleotide sequence that defined the new HFE
nomenclature is illustrated in Figure 1.

HFE alleles and genotypes according to previously described variation sites
All population samples adhered to the HWE, except HCC patients (IO + ) at the
C282YG>A variation site (P = 0.031). Overall, patients and healthy controls shared the
same most frequent alleles at each SNP, except when HH patients were compared to
healthy controls, for whom the C282Y-A (ƒ = 0.714) allele was the most frequently
observed, significantly associated with susceptibility to HH (P < 0.001; OR = 53.06;
95%CI: 18.41-152.90). The C282Y-G allele was protective against HH (P < 0.001; OR =
0.01; 95%CI: 0.006-0.05). On the other hand, when the genotype frequencies were
compared between HH patients and healthy controls several differences were
observed. The IVS2(+4)-TT genotype was associated with susceptibility to HH (P =
0.04, OR = 3.91; 95%CI: 1.14-13.34). The C282Y-GG genotype was associated with
protection against HH (P < 0.001; OR = 0.007; 95%CI: 0.0008-0.065), while the C282YAA genotype was associated with susceptibility to HH (P < 0.001; OR = 201.00;
95%CI: 10.44-3,871) (Table 1).
The most remarkable LD among these loci included: (1) H63DC>G and
IVS2(+4)T<C in almost all groups analyzed separately and in the whole population;
(2) IVS2(+4)T>C and IVS4(-44)T>C in most patient samples; and (3) IVS2(+4)T>C and
C282YG>A in the HH population (Table S1). The Haploview software was used to
analyze and visualize the patterns of linkage disequilibrium observed in these data
and confirmed the strong LD between H63DC>G and IVS2(+4)T>C (D’ = 95) and
IVS2(+4)T>C and IVS4(-44)T>C (D’ = 90), and a less strong linkage between
IVS2(+4)T>C and C282YG>A (D’ = 77) (Figure 2). Therefore, the most relevant SNPs
in LD with each other were H63DC>G, IVS2(+4)T>C, IVS4(-44)T>C and C282YG>A.
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Table 1 The single nucleotide polymorphism reference number (rs), the usual single nucleotide polymorphism names (H63DC>G,
C282YG>A, IVS2(+4)T>C and IVS4(-44)T>C) and new variation sites
SNPs
H63DC>G (rs1799945) [+3511]

IVS2(+4)T>C (rs2071303) [+3668]

G>C (rs807209) [+5197]

C282YG>A (rs1800562) [+5473]

IVS4(–44)T>C (rs1800708) [+5635]

New mutation (G>Del) at intron 5 [+5811]

Allele/genotype

HH

HCV-IO+

HCV-IO-

HCC HCV-IO+

HCC-IO?

CTL

C

0.893

0.859

0.864

0.805

0.921

0.825

G

0.107

0.141

0.136

0.195

0.079

0.175

GG

0.000

0.042

0.000

0.024

0.000

0.030

CG

0.214

0.197

0.271

0.341

0.158

0.290

CC

0.786

0.761

0.729

0.634

0.842

0.680

HW P value

1.000

1.000

0.580

1.000

1.000

1.000

T

0.857

0.641

0.669

0.585

0.684

0.610

C

0.143

0.359

0.331

0.415

0.316

0.390

TT

0.714

1

0.408

0.424

0.390

0.526

0.390

TC

0.286

0.465

0.492

0.390

0.316

0.440

CC

0.000

0.127

0.085

0.220

0.158

0.170

HW P value

0.528

1.000

0.556

0.212

0.295

0.528

G

0.000

0.007

0.017

0.000

0.053

0.035

C

1.000

0.993

0.983

1.000

0.947

0.965

GG

0.000

0.000

0.000

0.000

0.000

0.010

GC

0.000

0.014

0.034

0.000

0.105

0.050

CC

1.000

0.986

0.966

1.000

0.895

0.940

HW P value

-

-

1.000

-

1.000

0.103

G

0.286

2

0.979

0.983

0.902

1.000

0.955

A

0.7142

0.021

0.017

0.098

0.000

0.045

GG

0.0712

0.958

0.966

0.854

1.000

0.910

GA

0.429

0.042

0.034

0.098

0.000

0.090

AA

0.500

2

0.000

0.000

0.049

0.000

0.000

HW P value

1.000

1.000

1.000

0.031

-

1.000

T

1.000

0.880

0.907

0.817

0.842

0.925

C

0.000

0.120

0.093

0.183

0.158

0.075

CC

0.000

0.014

0.000

0.024

0.000

0.000

TC

0.000

0.211

0.186

0.317

0.316

0.150

TT

1.000

0.775

0.814

0.659

0.684

0.850

HW P value

1.000

1.000

1.000

1.000

1.000

1.000

G

1.000

1.000

1.000

1.000

1.000

0.995

Del

0.000

0.000

0.000

0.000

0.000

0.005

GG

1.000

1.000

1.000

1.000

1.000

0.990

G Del

0.000

0.000

0.000

0.000

0.000

0.010

Del Del

0.000

0.000

0.000

0.000

0.000

0.000

HW P value

-

-

-

-

-

-

Frequency of single nucleotide polymorphism (SNP) alleles and genotypes observed at the HFE coding region (ordered from 5’ to 3’) in patients with
hereditary hemochromatosis (HH), hepatitis C exhibiting (HCV-IO+) or not (HCV-IO-) iron overload, hepatocellular carcinoma and hepatitis C plus iron
overload (HCC HCV-IO+), hepatocellular carcinoma caused by diverse etiologies other than HCV and without information regarding iron overload (HCCIO?), and in healthy control individuals (CTL). The reference SNP numbers (rs) and the position SNP base [ ] are also shown for the previously described
HFE variation sites and were assigned according to NCBI (http://www.ncbi.nlm.nih.gov) and Ensembl (http://www.ensembl.org) databases. Significant
Fisher’s exact test P values (≤ 0.05) and Hardy-Weinberg equilibrium adherence are shown in table.
1
HH x CTL: TT (P = 0.04; OR = 3.91; 95%CI: 1.14-13.34);
2
HH x CTL: G (P < 0.001; OR = 0.01; 95%CI: 0.006-0.05), A (P < 0.001; OR = 53.06; 95%CI: 18.41-152.90), GG (P < 0.001; OR = 0.007; 95%CI: 0.0008-0.065) and
AA (P < 0.001; OR = 201.00; 95%CI: 10.44-3.871). The most frequent allele/genotype different of healthy controls. In italics: alleles and genotypes that
presented statistically significant values.

Considering that: (1) H63DC>G and IVS2(+4)T>C were in LD in almost all analyses;
(2) H63DC>G and C282YG>A presented LD only in HH patients; and (3) H63DC>G
and C282YG>A polymorphic sites were frequently associated with susceptibility to
HH in the literature, a third LD approach was performed, analyzing only HH and
healthy control individuals to evaluate specifically-linked alleles and the strength of
these associations. Accordingly, in both healthy controls and HH populations, a
remarkable LD between the H63DC>G and IVS2(+4)T>C was observed (D' = 1.000 in
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Table 2 HFE coding region allele frequency in individuals exhibiting congenital or acquired iron overload and healthy control population
Allele

SNPs
sequences

Population frequencies (f)
IO-

1-2-3-4-5-63

CTL

IO+
HCV-IO-

HCV-IO+

HCC HCVIO+

IO?
HH

TOTAL

Whole

HCC-IO?

n=
100

%

n=
59

%

n=
71

%

n=
24

%

n=
28

%

n=
109

%

n=
36

%

n = 304

%

HFE*0014

C-T-C-G-T-G

107

0.54

74

0.63

86

0.61

23

0.48

42

0.14

113

0.52

40

0.56

334

0.55

HFE*001:unofficial:
025

C-C-C-G-T-G

28

0.14

12

0.10

15

0.11

3

0.06

1

0.04

19

0.09

4

0.06

63

0.10

HFE*001:unofficial:
035

C-T-G-G-T-G

8

0.04

2

0.02

1

0.01

0

0.00

0

0.00

1

0.00

2

0.03

12

0.02

HFE*001:unofficial:
045

C-T-C-G-C-G

0

0.00

0

0.00

1

0.01

1

0.02

0

0.00

2

0.01

1

0.01

3

< 0.01

HFE*001:unofficial:
055

C-C-C-G-C-G

13

0.07

11

0.09

16

0.11

71

0.15

0

0.00

23

0.11

12

0.17

59

0.10

HFE*001:unofficial:
065

C-C-G-G-T-Del

1

0.01

0

0.00

0

0.00

0

0.00

0

0.00

0

0.00

0

0.00

1

< 0.01

HFE*0024

G-C-C-G-T-G

35

0.17

16

0.13

20

0.14

91

0.19

3

0.11

32

0.15

8

0.11

92

0.15

4

C-T-C-A-T-G

8

0.04

3

0.02

3

0.02

3

0.06

202

0.71

26

0.12

4

0.06

40

0.06

HFE*0044

G-C-C-A-T-G

0

0.00

0

0.00

0

0.00

1

0.02

0

0.00

1

0.00

0

0.00

1

< 0.01

HFE*003

Number of alleles

200

118

142

48

28

218

72

608

Patients with hereditary hemochromatosis (HH), patients with hepatitis C exhibiting (HCV-IO+) or not (HCV-IO-) iron overload, hepatocellular carcinoma
(HCC) plus HCV-IO+, HCC caused by diverse etiologies other than HCV and without information regarding iron overload (HCC-IO ?), and population
healthy control individuals (CTL).
1
HCC HCV-IO+ x CTL: HFE*001:unofficial:06/HFE*002 (P = 0.02; OR = 14.14; 95%CI: 1.40-142.80);
2
HH x CTL: HFE*001 (P < 0.001; OR = 0.14; 95%CI: 0.04-0.43), HFE*003 (P < 0.001; OR = 60.00; 95%CI: 20.31-177.20), HFE*001/HFE*003 (P = 0.03; OR = 7.20;
95%CI: 1.40-36.85), HFE*003/HFE*003 (P < 0.001; OR = 174.20; 95%CI: 8.92-400.00);
3
Order of base changes for each single nucleotide polymorphism (SNP) observed, encompassing H63DC>G; IVS2(+4)T>C; rs807209G>C; C282YG>A;
IVS4(-44)T>C; new deletionG>DEL (5’ to 3’);
4
Alleles recognized by ImMunoGeneTics information system – IMGT;
5
Alleles in validation process.

LD of H63D-G and IVS2(+4)-C was detected as well as an absence of the recombinant
H63D-G in linkage with the IVS2(+4)-T. Another relevant result was the linkage of
both mutant H63D-G and IVS(+4)-C mutants with the C282Y-G (D' = 1.000 in both
analyses, and r2 = 0.3000 and 0.4267, respectively) (Table S2).

HFE alleles and genotypes using the HFE nomenclature

The reconstruction of the meiotic phase generated nine alleles, included into four
major allele groups (HFE*001 to *004), as standardized by IMGT [10] . These allele
groups encoded four distinct proteins (HFE*001 to *004) on the basis of polymorphic
sites along the coding region, encompassing the H63DC>G (exon 2), IVS2(+4)T>C
(intron 2), rs807209 (G>C intron 3), C282YG>A (exon 4) IVS4(-44)T>C (intron 4) and
the new mutation (G>DEL at intron 5) (Table 2).
The HFE*001:01:01 was the most frequently observed allele in all studied
populations (f varying from 48-63%), except in HH patients (f = 14%). In contrast, the
HFE*003 allele was underrepresented in all studied populations (f varying from 2%12%), except in HH patients (f = 71%). Therefore, the HFE*001, containing the H63DC; IVS2(+4)-T; rs807209-C; C282Y-G; IVS4(–44)-T variation sites (from 5’ to 3’),
conferred protection against the development of HH (P < 0.0001, OR = 0.14) and the
HFE*003 allele, containing the H63D-C; IVS2(+4)-T; rs807209-C; C282Y-A; IVS4(–44)-T
(from 5’ to 3’), conferred a high risk for HH development (P < 0.0001, OR = 60.00). The
HFE*001/HFE*003 (P = 0.03, OR = 7.2) and HFE*003/HFE*003 (P < 0.001, OR = 174.20)
genotypes, both containing the HFE*003 allele, were also overrepresented in HH
patients. On the other hand, the HFE*001/HFE*002 genotype was associated with the
development of HCC (P = 0.02, OR = 14.14) in patients exhibiting the underlying HCV
infection and iron overload (HCC HCV-IO+).

Linkage disequilibrium between other major histocompatibility complex genes and
HFE

The major histocompatibility complex (MHC) LD analysis was performed using two
approaches: (1) considering HFE alleles (Table S3); and (2) considering separately the
two HFE SNPs most frequently reported in association with HH (H63DC>G and
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Figure 2

Figure 2 Linkage disequilibrium among single nucleotide polymorphisms observed along the coding region
of the HFE gene. Areas in dark gray represent strong linkage disequilibrium (LD) (LOD ≥ 2 and D' = 1), medium gray
indicates moderate LD (LOD ≥ 2, D’ < 1), light gray indicates weak LD (LOD < 2, D' = 1); and white indicates no LD
(LOD < 2, D’ < 1). Values of D' different from 1.00 are represented as a percentage within the square. LOD: Log of
the odds; D': Linkage disequilibrium coefficient.

two HFE SNPs most frequently reported in association with HH (H63DC>G and
C282YG>A) (Table 3). Considering the first approach, no LD was observed between
HFE alleles and MHC alleles, except for H63DC>G and HLA-B locus (P = 0.03),
showing a weak association between H63DC>G and HLA-B*44 (Table 3). We also
observed an absence of LD between the classical C282YG>A SNP and HLA-A, HLA-B,
HLA-C, 14bp HLA-G, TNFa-d microsatellites. Since the variation site IVS2(+4)T>C is
located only 157bp downstream from the H63DC>G site and since these loci are in LD,
the IVS2(+4)T>C would be a good candidate to be analyzed regarding the
disequilibrium between HFE and HLA-B genes (Table 4). The weak HLA-B
associations were confirmed.

DISCUSSION
Individual HFE gene variation sites
The frequency of the H63D-G allele in healthy controls varies from 7.9% to 17.5% in
worldwide populations, exhibiting high frequencies in Netherlands and Iberian
Peninsula (around 20%)[13,14]. The frequency of the C282Y-A allele decreases from
North (4%-10%) to South Europe (0%-3%) [15] , and in populations without a high
European genetic ancestry, the frequency of this allele is negligible. The frequency of
the C282Y-A allele in our healthy control series, as well as in other Southern Brazilian
samples [16-18] , is closely similar to South European populations, indicating the
European ancestry influenced on the Brazilian gene pool. The mutant S65C-T allele is
observed at low frequency (0-1%) in European populations[19-21], as well as in the
Brazilian population[22,23] (absent in our samples – data not shown).
Although the IVS2(+4)T>C SNP does not change protein sequence, it is in LD with
H63DC>G, C282YG>A and IVS2(+4)-T alleles. Considering that IVS2(+4)-T allele is
increased in HH population, and considering that this allele is only 157bp distant from
the H63D-G allele, this association probably reflects a hitch-hiking effect, and possibly
does not present biological significance in the susceptibility to HH. Indeed, de Lucas
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Table 3 Linkage disequilibrium between HLA-B alleles and HFE coding region H63DC>G single nucleotide polymorphism alleles
Observed
frequency

Expected
frequency

HLA-B

Standardized value
of disequilibrium(D’)

Standardized value of correlation(r2)

QUI2value

P value
of QUI2

HFE H63DC>G
C

G

C

G

C

G

07

16

2

14.83

3.17

0.3683

-0.3683

0.0029

0.5728

0.4492

08

12

1

10.71

2.29

0.5626

-0.5626

0.0047

0.9396

0.3324

13

3

1

3.30

0.70

-0.0899

0.0899

0.0008

0.1547

0.6941

14

10

0

8.24

1.76

1.0000

-1.0000

0.0113

2.2471

0.1339

15

17

0

14.01

2.99

1.0000

-1.0000

0.0199

3.9669

0.0464

18

10

0

8.24

1.76

1.0000

-1.0000

0.0113

2.2471

0.1339

27

2

2

3.30

0.70

-0.3933

0.3933

0.0149

2.9586

0.0854

35

17

4

17.31

3.69

-0.0177

0.0177

0.0002

0.0345

0.8526

37

1

2

2.47

0.53

-0.5955

0.5955

0.0254

5.0617

0.0245

38

3

0

2.47

0.53

1.0000

-1.0000

0.0033

0.6500

0.4201

39

4

2

4.94

1.06

-0.1911

0.1911

0.0053

1.0582

0.3036

40

3

0

2.47

0.53

1.0000

-1.0000

0.0033

0.6500

0.4201

41

3

0

2.47

0.53

1.0000

-1.0000

0.0033

0.6500

0.4201

42

1

0

0.82

0.18

1.0000

-1.0000

0.0011

0.2145

0.6433

44

8

11

15.66

3.34

-0.4891

0.4891

0.11831

23.5443

< 0.00001

45

6

0

4.94

1.06

1.0000

-1.0000

0.0066

1.3203

0.2505

48

2

0

1.65

0.35

1.0000

-1.0000

0.0022

0.4312

0.5114

49

8

0

6.59

1.41

1.0000

-1.0000

0.0089

1.7788

0.1823

50

2

0

1.65

0.35

1.0000

-1.0000

0.0022

0.4312

0.5114

51

9

5

11.54

2.46

-0.2199

0.2199

0.0172

3.4137

0.0647

52

7

0

5.77

1.23

1.0000

-1.0000

0.0078

1.5484

0.2134

53

5

0

4.12

0.88

1.0000

-1.0000

0.0055

1.0946

0.2955

55

2

0

1.65

0.35

1.0000

-1.0000

0.0022

0.4312

0.5114

56

0

1

0.82

0.18

-1.0000

1.0000

0.0237

4.7094

0.0300

57

8

2

8.24

1.76

-0.0293

0.0293

0.0002

0.0423

0.8371

2

4.94

1.06

-0.1911

0.1911

0.0053

1.0582

0.3036

0

0.82

0.18

1.0000

-1.0000

0.0011

0.2145

0.6433

58
67

1

1

The higher value of correlation. Identification of single nucleotide polymorphisms and most frequent allele according to NCBI (http://www.
ncbi.nlm.nih.gov) and Ensembl (http://www.ensembl.org): rs1799945 (H63DC>G). Shaded cells are showing significant LD values.

et al[24] reported that HH patients presenting homozygosis for the C282Y-A allele did
not exhibit the IVS2(+4)-C allele, indicating that the presence of the C282Y-A allele
excludes the presence of IVS2(+4)-C allele in the same haplotype. Therefore, the sole
analysis of the allelic frequency of the IVS2(+4)T>C SNP is not adequate to evaluate
HH susceptibility, since the frequency of the C282Y-A allele is high in HH patients,
and consequently, there is a high frequency of IVS2(+4)-T allele in the same sample
(Table 1). The C282Y-A allele and the AA genotype have been associated with
susceptibility to HH patients[24,25], including the HH patients of this study and other
Brazilian HH populations [23] . Although the HH cohort is small, the mutated AA
genotype appeared in high frequency in patients and was not observed in the healthy
control group. The C282Y-G allele and the GG genotype have been associated with
protection against HH development in various worldwide populations[21]. The H63DG allele and the GG genotype have been associated with HH in European and North
American patients[1,25]. However, these associations were not observed in ours nor in
other HH Brazilian samples[26].
The role of H63DC>G and C282YG>A variation sites in acquired IO disorders is
controversial. Apart from HH, no other association involving such polymorphisms
was observed in the present study. A previous study evaluating chronic hepatitis C
patients reported an association between HFE mutations (H63DC>G and C282YG>A)
and elevated serum transferrin saturation, but not with liver iron deposits[5]. On the
other hand, some authors have observed an increased prevalence of C282YG>A
mutation in hepatitis C patients from North England [27] , Austria [28] , and North
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Table 4 Linkage disequilibrium between HLA-B alleles and HFE coding region IVS2(+4)T>C single nucleotide polymorphism alleles
Observed
frequenc
y
HLA-B

Expected
frequency

Standardized value
of
disequilibrium(D’)

Standardized value of correlation(r2)

QUI2value

P value of QUI2

HFE IVS2(+4)T>C
T

C

T

C

T

C

07

13

5

10.98

7.02

0.2877

-0.2877

0.0052

1.0471

0.3062

08

8

5

7.93

5.07

0.0138

-0.0138

0.0000

0.0017

0.9672

13

4

0

2.44

1.56

1.0000

-1.0000

0.0130

2.6096

0.1062

14

4

6

6.10

3.90

-0.3443

0.3443

0.0098

1.9513

0.1624

15

11

6

10.37

6.63

0.0950

-0.0950

0.0005

0.1073

0.7433

18

8

2

6.10

3.90

0.4872

-0.4872

0.0080

1.5973

0.2063

27

1

3

2.44

1.56

-0.5902

0.5902

0.0111

2.2235

0.1359

35

17

4

12.81

8.19

0.5116

-0.5116

0.0196

3.9264

0.0475

37

0

3

1.83

1.17

-1.0000

1.0000

0.0238

4.7638

0.0291

38

2

1

1.83

1.17

0.1453

-0.1453

0.0002

0.0411

0.8393

39

1

5

3.66

2.34

-0.7268

0.7268

0.0256

5.1103

0.0238

40

3

0

1.83

1.17

1.0000

-1.0000

0.0097

1.9472

0.1629

41

2

1

1.83

1.17

0.1453

-0.1453

0.0002

0.0411

0.8393

42

1

0

0.61

0.39

1.0000

-1.0000

0.0032

0.6426

0.4228

44

6

13

11.59

7.41

-0.4823

0.4823

0.03821

7.6388

0.0057

45

3

3

3.66

2.34

-0.1803

0.1803

0.0016

0.3146

0.5749

48

2

0

1.22

0.78

1.0000

-1.0000

0.0065

1.2916

0.2558

49

8

0

4.88

3.12

1.0000

-1.0000

0.0266

5.3279

0.0210

50

2

0

1.22

0.78

1.0000

-1.0000

0.0065

1.2916

0.2558

51

10

4

8.54

5.46

0.2674

-0.2674

0.0034

0.6882

0.4068

52

3

4

4.27

2.73

-0.2974

0.2974

0.0050

1.0037

0.3164

53

5

0

3.05

1.95

1.0000

-1.0000

0.0164

3.2787

0.0702

55

0

2

1.22

0.78

-1.0000

1.0000

0.0158

3.1598

0.0755

56

1

0

0.61

0.39

1.0000

-1.0000

0.0032

0.6426

0.4228

57

4

6

6.10

3.90

-0.3443

0.3443

0.0098

1.9513

0.1624

58

1

5

3.66

2.34

-0.7268

0.7268

0.0256

5.1103

0.0238

67

1

0

0.61

0.39

1.0000

-1.0000

0.0032

0.6426

0.4228

1

The higher value of correlation. Identification of single nucleotide polymorphisms and most frequent allele according to NCBI (http://www.
ncbi.nlm.nih.gov) and Ensembl (http://www.ensembl.org): rs2071303 (IVS2(+4)T>C). Shaded cells are showing significant LD values.

America[29]. These studies have shown an association between HFE mutations and
higher serum iron indices and liver iron deposits, especially for C282Y homozygotes.
In contrast, another study did not show association between HFE mutations and liver
iron deposits[30].
The association between the C282YG>A mutation and the HCC risk is also still
controversial. HH is a condition characterized by hepatic IO, leading to higher cancer
incidence [31] . However, the role of moderate liver IO and of the carriage of HFE
mutations on the HCC risk remains unclear. Some studies have shown higher
prevalence of the C282YG>A mutation in patients with HCC compared with cirrhotic
patients without HCC[32], whereas other studies found no association between HFE
and HCC[33]. Additionally, another study reported an association between liver IO and
C282YG>A with a higher risk of HCC in patients with alcoholic but not with HCVrelated cirrhosis[34].

HFE alleles and genotypes
The HFE*001 allele was underrepresented, while the HFE*003 was overrepresented in
HH patients of this series. These findings corroborate the importance of the
C282YG>A SNP on the susceptibility to HH, since only the HFE*003 allele has an
Adenine at this position (C282Y-A), which is the unique difference between both
alleles. In addition, the HFE*001/HFE*003 and HFE*003/HFE*003 genotypes were
also significantly associated with high risk for HH development. The homozygosis for
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the HFE*003 allele group, which was not observed in the healthy control population,
drastically increased the susceptibility to HH. Indeed, the HFE*003 allele was present
in 13 out of 14 patients and its presence in double doses was observed in 7 out of 14
HH patients.
In relation to acquired diseases exhibiting IO, the HFE*001/HFE*002 genotype was
overrepresented in HCC patients exhibiting HCV infection and IO. When the HFE
SNPs were analyzed separately, no significant differences were observed.
Noteworthy, these results indicate that these populations are heterogeneous and in
some circumstances represented small groups.

Extended MHC haplotypes encompassing the HFE SNPs and alleles
HH was initially associated with the HLA-A3, HLA-A14 and HLA-B14 antigens[35].
Microsatellite evaluations pointed out a susceptibility locus for HH. This locus was
initially named as HLA-H[25], which is the same name of a pseudogene, located close to
HLA-A, stressing the disequilibrium concept between HLA-A/B genes and the HH
locus. Later, this HH locus was renamed HFE to put an end on this ambiguity[36].
Considering the great distance between the HFE and HLA-A, -B and -C loci, strong LD
between these genes are not expected; however, some studies reported LD between
H63DC>G and C282YG>A SNPs with HLA-A and HLA-B alleles. Taking advantage of
the fact that our healthy control population was typed for ten additional MHC loci,
LD between HFE and all these loci was evaluated.
The pairwise test detected no disequilibrium between the HFE alleles and other
MHC loci (Table S3), which is in agreement with the argument that the HFE gene is
far from the other loci tested. When LD analyses were performed evaluating the
H63DC>G and C282YG>A SNPs, a significant disequilibrium between the H63DC>G
and HLA-B (P = 0.03) was observed, encompassing HLA-B*15/H63D-C, HLAB*37/H63D-G, HLA-B*44/H63D-G and HLA-B*56/H63D-G alleles (Table 3), being
stronger for HLA-B*15/H63D-C and HLA-B*56/H63D-G alleles (D' = 1). Since HLA-B
locus is multiallelic, H63DC>G is biallelic, and H63D-G is rare, it is possible that not
all H63DC>G/HLA-B haplotypes were represented in our CTL. In addition, the
recombination coefficient, which indicates the power of the correlation between
alleles, was weak for all these combinations, except for the HLA-B*44/H63D-G (r2 =
0.11) (Figure 3 and Table 3) which was much stronger than in the other combinations
(r2 = 0.01-0.02). Most likely, this HLA-B*44/H63D-G disequilibrium has a historical
origin.
Since the IVS2(+4)T>C SNP exhibited a significant LD with the H63DC>G SNP, as
we discussed before, and considering that both SNPs are located at a relatively short
distance, we further evaluated the LD between this SNP and HLA-B, which showed
similar results: HLA-B*35/IVS2(+4)-T; HLA-B*37/IVS2(+4)-C; HLA-B*44/IVS2(+4)-C;
HLA-B*49/IVS2(+4)-T and HLA-B*58/IVS2(+4)-C. The analyses of LD between HLA-B
alleles and IVS2(+4)T>C and H63DC>G showed that HLA-B*37 and B*44 exhibited
weaker correlations in relation to H63DC>G (r2 = 0.02 and 0.03, respectively) (Table 4).
This analysis resulted on the identification of the extended H63D-G/IVS2(+4)-C/HLAB*44 haplotype (Figure 3).
Regarding genetic studies in patients with IO, HLA-B*44 and C282Y-A alleles are
reported to be overrepresented in patients with HH[1] or in patients with acquired
diseases associated with IO [37] , however, without reaching significance. Since
haplotypes containing HLA-B*44 are common in Europe, West and North Africa, and
in North-American Caucasians[38], there is a high probability of overrepresentation of
the H63D-G/HLA-B*44 haplotype in these populations. Although the present study
revealed that C282Y-A is not a part of this extended haplotype, the mentioned
associations suggest an independent role of H63D-G and C282Y-A on HH
susceptibility.
In conclusion, this study systematically reports variation sites along the HFE gene
using HFE allelic official nomenclature, previously described by our group. The
HFE*003 was frequently observed in HH patients, whereas the HFE*001 was
frequently observed in healthy controls. The HFE*001/HFE*002 genotype was
identified as a risk factor for HCC HCV patients exhibiting IO. Even if a strong LD has
been observed among the H63D-G, IVS2(+4)-C and C282Y-G alleles, particularly in
HH patients, the mutation IVS2(+4)T>C was not directly associated with HH
susceptibility. Although the HFE gene is distant from other MHC genes, the HFE
H63D-G/IVS2(+4)-C alleles were in weak LD with the HLA-B*44 allele.
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Figure 3

Figure 3 Linkage disequilibrium observed between two relevant HFE coding region [H63DC>G and IVS2(+4)T>C] single nucleotide polymorphism alleles
and HLA-B alleles.

ARTICLE HIGHLIGHTS
Research background
HFE gene controls the iron uptake from gut, and defects of the encoded molecule have been
associated with iron overload (IO), particularly in hemochromatosis hereditary (HH), which can
cause serious damage to the liver. Besides HH, patients with hepatitis C virus (HCV) and
hepatocellular carcinoma (HCC) may or not develop IO.

Research motivation
The search for markers associated with IO may be very useful for the early diagnosis of these
patients, which is essential for their survival.

Research objectives
The main objectives of this work is to identify associations between HFE coding region variable
sites in patients exhibiting HH and in diseases associated with acquired IO.

Research methods
We sequenced exons 2 to 5 and boundary introns of the HFE gene to evaluate all polymorphic
sites in patients presenting HH or acquired IO (HCV and HCC), and in healthy controls, using
Sanger sequencing. We also determined the extended haplotype in healthy controls, including
other major histocompatibility genes (HLA-A/-B/-C/-DRB1/-DQB1 alleles, and HLA-G 14bp
INDEL and TNFa-d microsatellites). Haplotype reconstruction was performed using the
Arlequin and Phase softwares, and linkage disequilibrium (LD) between histocompatibility loci
and HFE gene was performed using the Haploview software.

Research results
The HFE*003 allele was overrepresented (f = 71%) and HFE*001 allele was underrepresented (f
= 14%) in HH patients compared to all groups. A strong LD was observed among the previously
reported H63D-G, IVS2(+4)-C and C282Y-G gene variants, particularly in HH; however, the
mutation IVS2(+4)T>C was not associated with HH susceptibility. The HFE*001/HFE*002
genotype conferred susceptibility to HCC in HCV patients exhibiting IO (P = 0.02, OR = 14.14).
Although HFE is telomeric to other histocompatibility genes, the H63D-G/IVS2(+4)-C (P ≤
0.00001/P ≤ 0.0057) combination was in LD with HLA-B*44 allele group in healthy controls.

Research conclusions
This study systematically evaluated variation sites along the HFE gene using the HLA official
nomenclature, previously described by our group. The HFE*003 allele that was overrepresented
in HH patients encompasses major variation sites previously described in association with HH in
several worldwide populations, in contrast with the HFE*001 allele which does not present HHassociated variation sites and predominates among healthy controls. On the other hand, the
HFE *001/ HFE *002 genotype was identified as a risk factor for HCC and HCV patients
exhibiting IO. Although the HFE gene is distant from other histocompatibility genes, the HFE
H63D-G/IVS2(+4)-C alleles were in weak LD with the HLA-B*44 allele. Thus, a differential HFE
association was observed for HH and for diseases associated with acquired IO (HCV, HCC).

Research perspectives
Besides the identification of markers associated with IO, which may permit an early detection of
patients prone to develop iron deposits, the knowledgement of the major gene associated with
iron uptake may help on the understanding of the IO pathogenesis.
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Abstract
BACKGROUND
Major hepatectomies are routinely performed because they are often the only
curative treatment for metastatic liver disease. There has been a trend to
concentrate major hepatectomies in referral hospitals that perform these
operations at high volumes. These high volume referral centers are usually
located in developed countries, but many patients in developing nations are not
able to access these centers because of financial limitations, lack of social support
and/or travel restrictions. Therefore, local hospitals are often the only options
many of these patients have for surgical treatment of metastatic liver disease.
This is the situation in many Caribbean countries.
AIM
To determine the clinical outcomes after major liver resections in a low-resource
hepatobiliary center in the Caribbean.
METHODS
We prospectively studied all patients who underwent major liver resections over
five years. The following data were extracted: patient demographics, diagnoses,
ECOG status, operation performed, post-operative morbidity and mortality.
Statistical analyses were performed using SPSS ver 16.0
RESULTS
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There were 69 major liver resections performed by two teams at a mean case
volume of 13.8 major resections/year. Sixty-nine major hepatic resections were
performed for: colorectal liver metastases 40 (58%), non-colorectal metastases 9
(13%), hepatocellular carcinoma 8 (11.6%), ruptured adenomas 4 (5.8%), hilar
cholangiocarcinomas 4 (5.8%), hemangiomata 2 (2.9%), trauma 1 (1.5%) and
hepatoblastoma 1 (1.5%). Twenty-one patients had at least one complication, for
an overall morbidity rate of 30.4%. There were minor complications in 17 (24.6%)
patients, major complications in 11 (15.9%) patients and 4 (5.8%) deaths.
CONCLUSION
There are unique geographic, political and financial limitations to healthcare
delivery in the Caribbean. Nevertheless, clinical outcomes are acceptable in the
established, low-volume hepatobiliary centers in the Eastern Caribbean.
Key words: Liver; Surgery; Resection; Caribbean; Volume; Outcomes
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Although there has been a global trend to concentrate major liver resections in
tertiary referral centers, it is not practical in the Caribbean region. However, the
hepatobiliary centers in the Caribbean do not meet the criteria to be defined as highvolume centers. This study prospectively evaluated outcomes after 69 consecutive major
liver resections in a Caribbean center that only performed 13.8 resections per year. With
a major morbidity rate of 15.9% and mortality rate of 5.8%, we have shown that the
clinical outcomes after major liver resections are acceptable in the established, lowvolume hepatobiliary centers in the Eastern Caribbean.
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INTRODUCTION
Major hepatectomies are routinely performed because they are often the only curative
treatment for metastatic liver disease[1]. They are accepted to be safe procedures when
performed by trained hepatobiliary teams in specialized, high-volume centers[1-3].
There has been a trend to concentrate major hepatectomies in referral hospitals that
perform these operations at high volumes[3,4,5]. These high volume referral centers are
usually located in developed countries, but many patients in developing nations are
not able to access these centers because of financial limitations, lack of social support
and/or travel restrictions. Therefore, local hospitals are often the only options many
of these patients have for surgical treatment of metastatic liver disease. This is the
situation in many Caribbean countries.
While there are hepatobiliary units in the Caribbean, none meet the criteria to be
defined as high-volume[3,4,5,6,7]. Additionally, hepatobiliary units in the Caribbean
operate in challenging, resource-poor environments. In this study, we sought to
determine whether the clinical outcomes were acceptable when major hepatectomies
were performed in a low-volume, resource-poor hepatobiliary unit in the Eastern
Caribbean.

MATERIALS AND METHODS
In 2011, an attempt was made to achieve service centralization in the Caribbean with
the establishment of three hepatobiliary units in the Bahamas, Jamaica and Trinidad
and Tobago. They were intended to serve as regional referral centers for patients
requiring major hepatectomies across the English-speaking Caribbean[8]. This was
supported by the Americas Hepatopancreatobiliary Association (AHPBA),
culminating with the formation of a Caribbean Chapter of the AHPBA in 2015.
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The hepatobiliary unit in Trinidad and Tobago is the largest referral unit in the
English-speaking Caribbean[8-9]. This unit is comprised of two hepatobiliary teams
each headed by fellowship-trained hepatobiliary surgeons. All cases are discussed in a
multidisciplinary team meeting where decisions are made for treatment of patients
with hepatobiliary diseases.

Ethics
The local institutional review board granted permission to collect and examine data
from all patients who underwent major hepatectomies in this setting.

Study population
We prospectively recorded data from all patients who underwent major
hepatectomies with the hepatobiliary unit in Trinidad and Tobago over a five-year
period from January 1, 2012 to December 30, 2016. We used the standardized
definition of major hepatectomies as defined by Reddy et al[10]: resection of four or
more liver segments.

Data analysis
The following data were recorded for all patients who underwent major
hepatectomies during the study period: patient demographics, diagnoses, ECOG
status, operation performed, operative details, therapeutic outcomes, post-operative
morbidity and mortality. Complications were classified according to the modified
Clavien-Dindo system[11]. Statistical analyses were performed using SPSS ver 16.0.

RESULTS
There were 69 major hepatectomies performed over the five-year study period.
Therefore, the mean annual case volume was 13.8 major hepatectomies per annum.
When examined chronologically, there was a steady increase in the number of
hepatectomies performed each year, except in the year 2016 (Figure 1). During this
time, the nation experienced an economic recession.

Indications for operation
All major hepatectomies were performed by one of two trained hepatobiliary
surgeons for the following indications: colorectal liver metastases 40 (58%), noncolorectal metastases 9 (13%), hepatocellular carcinoma 8 (11.6%), ruptured adenomas
4 (5.8%), hilar cholangiocarcinomas 4 (5.8%), hemangiomata 2 (2.9%), trauma 1 (1.5%)
and hepatoblastoma 1 (1.5%).

Patient demographics
The patients in this series consisted of 40 men and 29 women, with a mean age of 63
years (Range 34-80; SD +/- 10.3; Median 65). Sixty-four (93%) patients had at least one
co-morbidity. Overall, there were 40 (58%) patients with ASA scores ≥ III, as detailed
in Table 1, and 39 (56.5%) patients with ECOG scores ≥ 2, as detailed in Table 2.
After pre-operative multidisciplinary review, we anticipated that the hepatectomy
procedure would be technically complex in 26 (37.7%) patients for: emergency
hepatectomy for ruptured tumours or trauma (6), multiple intra-hepatic hepaticojejunostomies for hilar cholangiocarcinomas (4), IVC resection and reconstruction (4),
borderline future liver remnants (4), synchronous colorectal operations (3),
synchronous gastric resections (2), prior open hepatectomy scheduled for repeat
laparoscopic resections (2) and synchronous nephrectomy (1).

Operative details
Fourteen (20.3%) hepatectomies were attempted using the laparoscopic approach,
with 3 (21.4%) conversions for unclear anatomy (1), bleeding (1) and repair of IVC
injury (1). The remaining 55 (79.7%) operations were planned using an open
approach. No patients in this series underwent veno-venous bypass during major
hepatectomies. The hanging maneuver with anterior parenchymal transection
technique was used to complete hepatectomy in 18 (26.1%) patients and the
conventional technique was used in the remaining 51 (73.9%) cases.

Clinical outcomes
Excluding patients who had synchronous resections performed, the mean operating
time for a major hepatectomy alone was 380 min (Range 260-600; SD +/-75.8; Median
350). The operations in these patients were accompanied by a mean blood loss of 1405
mL (Range 600-4000; SD+/- 729; Median 1200) and mean transfusion requirements of
1.8 units of packed cells (Range 0-5; SD +/- 1.43; Median 2).
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Figure 1

Figure 1 Chronologic relationship of major liver resections performed.

When we evaluated the subset of 26 patients in whom technically complex
operations were anticipated, the mean operating time was 461.5 min (Range 300-650;
SD+/-95.6; Median 455), mean estimated blood loss was 2009 mL (Range 800-3500;
SD+/-667.4; Median 2000) and the mean transfusion requirement was 3.2 units of
packed cells (Range 1-5; SD+/-1.05; Median 3).
In the 43 cases where technical difficulty was not anticipated pre-operatively, the
mean operating time was 367 min (Range 260-600; SD+/-69.4; Median 350), mean EBL
of 1236.7 mL (Range 600-4000; SD+/-679.5; Median 1000) and mean transfusion
requirements of 1.37 units (Range 0-4; SD+/-1.3; Median 1).
In this setting, we maintained a policy of mandatory ICU admission after major
hepatectomy because institutional limitations generally did not allow the expected
level of supportive care outside of the ICU setting. Therefore, all patients were
admitted to the ICU post-hepatectomy, with a mean ICU stay of 5.3 d (Range 1-40;
SD+/-7.37; Median 3). Fifteen (21.7%) patients required a prolonged ICU stay beyond
72 h for invasive treatment, ventilator and/or inotropic support. Overall, the mean
duration of hospitalization after major hepatectomy was 16 d (Range 9-103; SD+/13.35; Median 12).

Morbidity / mortality analysis
There were 58 patients with no complications or minor morbidity. These patients had
a mean ICU stay of 3.2 d (Range 1-8; SD+/-1.55; Median 3) and mean hospital stay of
13.2 d (Range 9-35; SD+/-6.85; Median 10). In comparison, the 11 patients with major
morbidity had a mean ICU stay of 16.3 d (Range 5-40; SD+/-14.1; median 6) and mean
overall hospital stay of 31.1 d (Range 13-103; SD+/-25.4; Median 23).
Twenty-one patients experienced at least one complication in this series. Minor
complications were recorded in 17 (24.6%) patients and major complications in 11
(15.9%) patients. The individual complications are outlined in Table 3.
There were 4 (5.8%) reported deaths within 30 d of operation in this series. These
included: (1) a 69 year-old man who underwent an abdomino-perineal resection and
synchronous major hepatectomy. He developed intra-abdominal sepsis after a leak
from a bladder injury; (2) an 80-year old man who underwent an extended right
hepatectomy for colorectal liver metastases. He developed a significant bile leak, with
resultant collections and eventually succumbed to intra-abdominal sepsis; (3) a 69year old woman who had extended right hepatectomy for hepatocellular carcinoma
and developed post-hepatectomy liver failure despite a 40% functional liver remnant;
and (4) a 79-year old man who had an extended right hepatectomy for hilar
cholangiocarcinoma. He developed a small bowel anastomotic leak and eventually
succumbed to intra-abdominal sepsis.

DISCUSSION
At the turn of the 21st century, we witnessed the era of service centralization where
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Table 1 ASA scores for patients undergoing major liver resections in a low volume Caribbean
center
Score

ASA descriptor

n (%)

I

Completely healthy

5 (7.3)

II

Mild systemic disease

24 (34.8)

III

Severe systemic disease that is not incapacitating

31 (44.9)

IV

Incapacitating disease that is a threat to life

9 (13)

V

Moribund and not expected to survive > 24 h

0

surgical treatment for complex diseases was concentrated in specific centers in order
to support sub-specialty teams performing these operations at high volumes[7,12,13]. This
trend was supported by accumulating data to suggest that there were better perioperative outcomes in high-volume referral hospitals[3,4,5,6,14,15,16,17].
Specifically for major hepatectomies, the data demonstrated that high-volume
centers achieved significant reductions in overall morbidity [ 3 , 5 , 6 , 1 4 , 1 6 ] , 30-day
mortality[3,5,14,15,16,17], readmission rates[16], cost[14] and the duration of hospital stay[6,14,16].
Lu et al[14] also reported that high-volume centers achieved longer 5-year survival
rates. These data seem to lend strong support to the principle of centralization.
However, a closer look at the existing data revealed that there is no standardized
definition of “high volumes”, with researchers applying ad-hoc definitions that range
from as low as 10 as cases per annum[16] to as high as 150 cases per annum[18]. Most
papers in the literature quote numbers in excess of 20 cases per annum[3,19,20,21,22,23].
Using these definitions, the hepatobiliary unit in Trinidad and Tobago does not
qualify as high volume, with a mean case volume of 13.8 major hepatectomies per
year.
Furthermore, the high volume centers are often tertiary referral hospitals that serve
large catchment populations and attract significant funding. They are usually located
in major cities within developed countries. Unfortunately, many patients in lessdeveloped Caribbean countries cannot access care in these high volume centers
because of travel restrictions, financial limitations, lack of health insurance coverage
and/or a paucity of social support structures. Even within the United States,
Eppsteiner et al[17] noted that there was socio-economic inequity for access to care at
high volume centers.
We observed that most current reports, even those supporting centralization,
documented that the majority of major hepatectomies are being performed in lowvolume centers - even in developed countries in the 21st century. Fong et al[3] reported
in 2005 that only 1% of the hospitals that offered major hepatectomies in the United
States of America actually qualified as high-volume centers. In fact, Fong et al [3]
reported that the 1272 low-volume centers in the United States performed an average
of 1 major hepatectomy per annum - substantially below the “high-volume mark”.
Similar findings were reported by other researchers: Choti et al[5] reported that only
2.7% (1) of the 37 facilities performing major liver resections in the state of Maryland
qualified as high-volume. The low-volume facilities performed an average of 1.5 cases
annually [5] . Similarly, Glasgow et al [6] reported that only 3% of 138 hospitals
performing liver resections in the state of California qualified as high volume. The
low-volume hospitals performed ≤ 3 hepatectomies per annum[6].
It seems that there is still not universal buy in to the concept of centralization for
major hepatectomies. One reason for this may be the lack of practicality. This is
especially true in developing countries and it can be appreciated by examining the
health care environment in the Anglophone Caribbean. Narayansingh et al[24] outlined
the unique challenges to healthcare delivery in this setting: (1) many countries are
island states that are geographically separated by the Caribbean Sea; (2) there are
political barriers since each country is independent and separately governed; (3) each
island has distinctly different cultures; and (4) many surgeons, even those with
subspecialty training, are required to perform a wide repertoire of general surgical
procedures at low volumes. In addition, most of these countries have underfunded
health care systems [ 8 ] , leadership deficiencies [ 2 5 , 2 6 ] , cultural resistance to
multidisciplinary collaboration [ 8 ] and limited access to specialists and
subspecialists[9,24]. These factors were all obstacles to service centralization in the
Anglophone Caribbean.
Despite the obstacles, surgical leaders recognized the need and established a
hepatobiliary unit in Trinidad and Tobago to serve patients in the Eastern
Caribbean [8] . There has been some success in this regard, as measured by the

WJH

https://www.wjgnet.com

203

February 27, 2019

Volume 11

Issue 2

Cawich SO et al. Hepatectomy in low-volume centers

Table 2 Performance scores for patients undergoing major liver resections in a low volume Caribbean center
Grade

ECOG Performance status

n (%)

0

Fully active, able to carry out all activities without restriction

10 (14.5)

1

Restricted in physically strenuous activity, but ambulatory and able to carry out light work

20 (29)

2

Ambulatory and capable of self care, but unable to carry out work activities. Up and about > 50% of waking hours

33 (47.8)

3

Capable of limited self care and confined to bed or chair for more than 50% of waking hours

5 (7.3)

4

Completely disabled and cannot carry on self care. Confined to bed or chair

1 (1.5)

5

Dead

0

consistent increase in the annual number of major liver resections performed by this
unit (Figure 1). The reduction in case volumes in the year 2016 correlated with the
country experiencing a recession. This led to a lack of consumables in Governmentfunded hospitals and it highlights our point that these demanding operations require
significant resources. Coupled with the fact that these hospitals face unique challenges
(scarcity of specialized equipment, blood products, ICU space and operating lists),
one can realize that the environment is not always conducive to observing best
practice recommendations.
Nevertheless, the clinical outcomes in this established low-volume hepatobiliary
unit were acceptable. The perioperative mortality rate was 5.8% in our setting.
Although reported 30-d mortality in high-volume centers ranged widely from 1.5%[5]
to 9.4% [6] , most high volume centers reported 30-d mortality between 4% and
6.5% [3,5,16,19] . Our results compared favourably to these high-volume centers. In
contrast, the reported 30-day mortality in low volume centers range from 5%22.7%[3,5,6,17,22].
Major complications occurred in 15.9% of our patients. This was comparable to
reports in the existing medical literature, where major hepatectomies in high-volume
centers resulted in major morbidity in 13.2%[22] to 27%[27] of cases. Similarly, minor
morbidity (24.6%) rates were comparable to existing reports from high-volume
centers, ranging from 9.3%[18] to 26.9%[22].
Potential critics may suggest that therapeutic outcomes may appear reasonable
because of “case selection”, where high-risk patients are referred onward to highvolume referral centers. Obviously, it could have skewed the results toward improved
outcomes if only low-risk patients were selected for major hepatectomies in our
setting. However, more than half of the major hepatectomies at our facility were
performed in high-risk patients, with ASA scores ≥ III (58%), ECOG scores ≥ 2 (57%)
and at least one co-morbidity (93%). Moreover, after pre-operative MDT assessment a
further 38% of the major hepatectomies performed in this setting were technically
difficult operations.
We do acknowledge that high volume referral centers treat more patients,
including high-risk cases with multiple co-morbidities and complicated surgical
histories. However, in our setting in the Caribbean, we did not have the luxury of
“case selection” because the patients treated at our facilities had no other options for
care, for reasons already discussed. We believe, therefore, that referral practices/case
selection could not account for the clinical outcomes in this setting. Furthermore, this
was a resource-poor environment with limited support services and numerous
institutional limitations. These results demonstrated that, despite multiple challenges,
the outcomes are not solely dependent on numbers.
We agree with Gasper et al[28] that modern hospitals are complex adaptive systems
whose outputs are determined by interactions between internal agents. We also agree
with Hashimoto et al[29] that annual volume only contributes a partial assessment and
that there is also a substantial contribution by surgeon training and experience. In this
regard, we attribute our outcomes to the unit staff (1) having appropriate training; (2)
developing an intimate knowledge of the health care system in which they work; (3)
fostering a spirit of collective teamwork; (4) maintaining due diligence in care
administration; (5) continued audit; and (6) knowledge of population-based
data[30,31,32].
In conclusion, Caribbean hospitals do not, and possibly never will, qualify as highvolume centers due to unique geographic, political and financial limitations to
healthcare delivery in the region. Nevertheless, there can be good short-term
outcomes when major hepatectomies are performed in low-volume hepatobiliary
units in the Eastern Caribbean, despite a high proportion of high-risk patients
requiring technically complex operations. This demonstrates that case volume is not
the only determinant of good outcomes after major hepatectomy. To achieve good
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Table 3 Complications after major liver resections in patients undergoing major liver resections in a low volume Caribbean center
Morbidity

Description

n

Percent

Overall

Number of patients with any
complication

21/69

30.4%

Minor

Clavien-Dindo I or II

17/69

24.6%

Major

Mortality

Pneumonia

2

2.9%

Deep Vein Thrombosis

2

2.9%

Surgical site infections

2

2.9%

Bile leaks

4

5.8%

ISGLS Grade-B post-hepatic liver
failure

7

10.1%

Clavien-Dindo III or IV

11/69

15.9%

Anastomotic dehiscence

1

1.5%

Intra-abdominal collection

4

5.8%

Right hepatic artery injury

1

1.5%

Strangulated internal hernia

1

1.5%

ISGLS Grade-C post-hepatic liver
failure

4

5.8%

30-d mortality: All causes (1) 69 yrold man: Sepsis after bladder leak
after abdomino-perineal resection for
synchronous colorectal liver
metastases (2) 80 yr-old man: bile
leak after extended right
hepatectomy for colorectal liver
metastases (3) 69 yr-old woman: PostHepatic Liver Failure after extended
right hepatectomy for hepatocellular
carcinoma (4) 79 yr-old man:
Anastomotic leak after extended right
hepatectomy for hilar
cholangiocarcinoma

4/69

5.8%

outcomes, there is also the need for teamwork, appropriately trained staff, due
diligence in care administration, continued audit and knowledge of population-based
data.

ARTICLE HIGHLIGHTS
Research background
In the past two decades, there was a trend to concentrate major hepatectomies in specific centers
in order to support sub-specialty teams performing these operations at high volumes. This trend
was supported by accumulating data to suggest that there were better peri-operative outcomes
in high-volume referral hospitals. However, this is not practical in the Caribbean and other
resource-poor countries.

Research motivation
Clinicians in the Caribbean do not have the luxury of “case selection” because most patients
treated at our facilities have no other options for care. Therefore, these patients must receive
treatment at low-volume, resource-poor centers with limited support services and numerous
institutional limitations. The motivation for our research was to determine if the clinical
outcomes are acceptable despite the numerous limitations.

Research objectives
To determine the clinical outcomes after major hepatectomies in a low-volume, resource-poor
center in the Caribbean.

Research methods
We prospectively studied post-operative morbidity and mortality in all patients undergoing
major hepatectomies in a low-volume Caribbean hepatobiliary center over a five-year study
period. Statistical analyses were performed using SPSS ver 16.0.

Research results
There were 69 major hepatectomies performed over the study period (mean case volume of 13.8
major resections/year). More than half of the major hepatectomies were performed in high-risk
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patients, with ASA scores ≥ III (58%), ECOG scores ≥ 2 (57%) or at least one co-morbidity (93%).
A further 38% of the major hepatectomies performed in this setting were technically difficult
operations. Twenty-one patients experienced at least 1 complication, for an overall morbidity
rate of 30.4%. There were minor complications in 17 (24.6%) patients, major complications in 11
(15.9%) patients and 4 (5.8%) deaths.

Research conclusions
Although Caribbean hospitals do not qualify as high-volume centers, there can be good shortterm outcomes after major hepatectomies are performed in established hepatobiliary units. This
demonstrates that case volume is not the only determinant of good outcomes after major
hepatectomy.

Research perspectives
To achieve good outcomes, there is the need for teamwork, appropriately trained staff, due
diligence in care administration, continued audit and knowledge of population-based data. Case
volume is not the only determinant of good outcomes after major hepatectomy.
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Abstract
BACKGROUND
Pre-transplant nutrition is a key driver of outcomes following liver
transplantation in children. Patients with biliary atresia (BA) may have difficulty
achieving satisfactory weight gain with enteral nutrition alone, and parenteral
nutrition (PN) may be indicated. While PN has been shown to improve
anthropometric parameters of children with BA listed for liver transplantation,
less is known about the risks, particularly infectious, associated with this therapy
among this specific group of patients.
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AIM
To describe the incidence, microbiology, and risk factors of central line-associated
bloodstream infection (CLABSI) among children with BA listed for liver
transplantation.
METHODS
Retrospective review of children aged ≤ 2-years of age with BA who were listed
for primary liver transplantation at Texas Children’s Hospital from 2008 through
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2015 (n = 96). Patients with a central line for administration of PN (n = 63) were
identified and details of each CLABSI event were abstracted. We compared the
group of patients who experienced CLABSI to the group who did not, to
determine whether demographic, clinical, or laboratory factors correlated with
development of CLABSI.
RESULTS
Nineteen of 63 patients (30%, 95%CI: 19, 43) experienced 29 episodes of CLABSI
during 4800 line days (6.04 CLABSI per 1000 line days). CLABSI was
predominantly associated with Gram-negative organisms (14/29 episodes, 48%)
including Klebsiella spp., Enterobacter spp., and Escherichia coli. The sole
polymicrobial infection grew Enterobacter cloacae and Klebsiella pneumoniae. Grampositive organisms (all Staphylococcus spp.) and fungus (all Candida spp.)
comprised 9/29 (31%) and 6/29 (21%) episodes, respectively. No demographic,
clinical, or laboratory factors were significantly associated with an increased risk
for the first CLABSI event in Cox proportional hazards regression analysis
CONCLUSION
There is substantial risk for CLABSI among children with BA listed for liver
transplantation. No clinical, demographic, or laboratory factor we tested emerged
as an independent predictor of CLABSI. While our data did not show an impact
of CLABSI on the short-term clinical outcome, it would seem prudent to
implement CLABSI reduction strategies in this population to the extent that each
CLABSI event represents potentially preventable hospitalization, unnecessary
healthcare dollar expenditures, and may exact an opportunity cost, in terms of
missed allograft offers.
Key words: Parenteral nutrition; Central line-associated bloodstream infection; Pediatric;
Microbiology; Central venous catheter
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Rates of central line-associated bloodstream infection (CLABSI) are high
among children with biliary atresia listed for liver transplantation. While most CLABSI
represented enteric flora, Candida was isolated in 21% of events, suggesting that it may
be appropriate to consider the use of antifungals in this population when empiric therapy
doesn’t lead to expected clinical improvement. Since no factors we tested appeared to
predict CLABSI, we propose that prevention efforts should be focused on universal and
meticulous application of known CLABSI-reducing strategies, such as line insertion
bundles.

Citation: Triggs ND, Beer S, Mokha S, Hosek K, Guffey D, Minard CG, Munoz FM, Himes
RW. Central line-associated bloodstream infection among children with biliary atresia listed
for liver transplantation. World J Hepatol 2019; 11(2): 208-216
URL: https://www.wjgnet.com/1948-5182/full/v11/i2/208.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i2.208

INTRODUCTION
Biliary atresia (BA) is a progressive obliterative cholangiopathy which presents in the
first months of life and it is the most common indication for liver transplantation in
children. While a patient’s pre-operative nutritional status is an important driver of
transplant outcomes [1-3] , malnutrition is prevalent among patients with BA [3-5] .
Common nutritional rehabilitation strategies include provision of calorically dense
enteral formulas, enrichment in medium chain triglycerides, and use of nasogastric
feeding tubes. In spite of these efforts, many children with BA will fail to achieve the
desired catch-up growth, and will ultimately be prescribed parenteral nutrition (PN).
Although PN has been shown to improve the nutritional status of children with BA
on the liver transplant waitlist[5,6], PN delivered though a central venous catheter
(CVC) introduces a new set of risks to the patient, including mechanical, infectious,
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and metabolic complications. We sought to characterize infectious complications of
PN, specifically central line-associated bloodstream infection (CLABSI) among
children with BA on the liver transplant waitlist. The aim of our investigation was to
describe the incidence and microbiology of CLABSI among this cohort of patients and
to elucidate potential risk factors which might be leveraged for prevention efforts.

MATERIALS AND METHODS
We identified children aged ≤ 2-years of age with BA who were listed for primary
liver transplantation at Texas Children’s Hospital from 2008 through 2015. Utilization
of a CVC for administration of PN was ascertained through pharmacy records,
radiology reports, and clinical documentation. Demographic, anthropometric,
laboratory, and clinical data were collected retrospectively through review of
electronic medical records. The decision to use PN and its specific prescription was at
the clinical discretion of the treating hepatologist, working together with a registered
dietitian. Weight-for-length z-scores at the time of listing were calculated according to
the World Health Organization standards using an online calculator available at
https://peditools.org/.
Central line days accrued from the time of line insertion until line removal, liver
transplantation, or removal of the patient from the transplant waitlist for a reason
other than transplantation (i.e., death, clinical deterioration, or clinical improvement),
whichever came first.
Our operational definition of CLABSI is based on the Center for Disease Control
and Prevention/National Healthcare Safety Network (CDC/NHSN) definition:
laboratory-confirmed bloodstream infections, not secondary to infection at another
body site, among patients with a CVC[7]. In contrast to the CDC/NHSN definition,
however, which is designed to capture healthcare facility acquired infections, we
regarded all CLABSI events as relevant, even if the place of origin was in the
community. To that end, central line days accrued, and CLABSI events were recorded,
for children while admitted in a healthcare facility and while at home.
According to our clinical practice, febrile patients with a CVC and no other
localizing source were admitted to hospital. Broad-spectrum antibiotics were initiated,
guided by sensitivities of prior blood cultures, when applicable. Antibiotics were
tailored to the specific isolate when sensitivities were available. Daily blood cultures
were obtained until two consecutive cultures were sterile. CVCs were removed if
sterility was not achieved, or sooner, if clinical circumstances warranted. Seven to 14 d
of parenteral antibiotic therapy was completed, starting from the first sterile day.
Data are presented as frequency with percent, means with standard deviations, or
medians with 25th and 75th centiles. Chi-squared, Wilcoxon rank sum, or t-tests were
used to compare groups, as appropriate. Kaplan-Meier survival analysis and Cox
proportional hazards regression were used to analyze the time-to-the-first CLABSI
event and Cox proportional hazards regression was used to evaluate risk factors for
CLABSI. This study was approved by the Baylor College of Medicine institutional
review board.

RESULTS
Ninety-six patients with BA, ≤ 2-years of age, were listed for liver transplantation
between 2008 and 2015 at our center. Sixty-three (66%) patients had a CVC placed for
administration of PN. Nineteen of 63 patients (30%, 95%CI: 19, 43) experienced 29
episodes of CLABSI during 4800 line days (6.04 CLABSI per 1000 line days) (Figure 1).

Baseline demographic and clinical data
Clinical and demographic data at the time of listing for liver transplantation are
shown in Table 1. In univariate analyses, there was a higher proportion of patients
with public or no insurance in the CLABSI group, compared to the no CLABSI group
(84.2% vs 56.8%, P = 0.036). There were uniform, but non-significant trends, towards
greater growth retardation in the CLABSI group, as mean length-for-age z-scores,
weight-for-age z-scores, and weight-for-length z-scores were lower. Among all 63
patients with a CVC for administration of PN, the median age at the time of line
placement was 6.6 mo (IQR 5.4, 9) and the median number of line days were 58 (IQR
30, 96), with a range of 4-255 d (data not shown).

Characteristics of CLABSI events
Among patients who developed CLABSI, the median time to first event was 28 d (IQR
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Figure 1

Figure 1 Patient flowchart. BA: Biliary atresia; LT: Liver transplant; CVC: Central venous catheter; PN: Parenteral
nutrition; CLABSI: Central line-associated bloodstream infection.

12, 53). The earliest CLABSI occurred on line day 3 and the latest event on line day 80.
Kaplan-Meier analysis revealed that 75% of patients remained free of CLABSI after 43
line days (95%CI: 21, 62, Figure 2). No demographic, clinical, or laboratory factors
were significantly associated with an increased risk for the first CLABSI event in Cox
proportional hazards regression analysis (Table 2).
Fourteen of 19 (74%) affected patients experienced a single episode of CLABSI.
There were 3 patients with two episodes, and 1 patient experienced four and five
episodes each. Only the patient with five episodes had the same organism isolated on
more than one occasion, in this case Klebsiella pneumoniae. Overall, CLABSI was
predominantly associated with Gram-negative organisms (14/29 episodes, 48%)
including Klebsiella spp., Enterobacter spp., and Escherichia coli. The sole polymicrobial
infection grew Enterobacter cloacae and Klebsiella pneumoniae. Gram-positive organisms
(all Staphylococcus spp.) and fungus (all Candida spp.) comprised 9/29 (31%) and 6/29
(21%) episodes, respectively (Figure 3).

Clinical outcomes
While the short-term clinical outcomes did not significantly differ between the two
groups (Table 1), there were trends towards a higher rate of transplantation and a
lower rate of clinical deterioration in the CLABSI group. The single waitlist death in
the CLABSI group was not directly attributable to the CLABSI event.

DISCUSSION
Nutritional rehabilitation is a cornerstone in the management of pediatric liver
transplant candidates. Those ≤ 2-years of age with BA comprise a large and fairly
homogenous group of patients whose nutritional deficits have been welldocumented [2,4,8] . In spite of calorically dense enteral formulas and modular
supplements, often delivered via nasogastric tubes, it is not uncommon for patients to
still not achieve satisfactory growth. On the other hand, two studies have now
demonstrated that PN improves the nutritional status (i.e., mid-arm circumference
and triceps skinfold thickness) of malnourished patients with BA on the transplant
waitlist[5,6], underscoring the important role this therapy plays in the nutritional
optimization of liver transplant candidates.
In our large pediatric liver transplant program, about 2/3 of liver transplant
candidates, ≤ 2-years of age, with BA received PN. This is higher than the 41%
reported by Wendel et al [6] , and to the 53% reported by Sullivan et al [5] , though
inclusion criteria were not identical. On a per patient basis, we observed that 30% of
patients with a CVC for PN met rigorous criteria for CLABSI, similar to the 33%
reported by Wendel et al[6]. While Sullivan et al[5] found 52% of their cohort with a CVC
for PN had a positive blood culture, it is not known how many of these represented
CLABSI, as opposed to secondary bacteremia or contaminants, making direct
comparison impossible. Our CLABSI rate, 6.04/1000 line days, is greater than that of

WJH

https://www.wjgnet.com

211

February 27, 2019

Volume 11

Issue 2

Triggs ND et al. CLABSI among children with biliary atresia

Table 1 Clinical and demographic data at time of liver transplant listing and short-term clinical
outcome of patients with and without central line-associated bloodstream infection
No CLABSI

CLABSI

P value

n (%)

44 (70)

19 (30)

Male, n (%)

11 (25)

5 (26)

0.91

White

38 (86)

15 (79)

0.71

Black

5 (11)

3 (16)

Asian

1 (2)

1 (5)

25 (57%)

9 (47%)

12 (27)

3 (16)

Race, n (%)

Ethnicity, n (%)
Hispanic
Primary language non-English, n (%)
Insurance, n (%)

0.49
0.32
0.036

Public/none

25 (57)

16 (84)

Private

19 (43)

3 (16)

≤ 100 d

28 (64)

12 (63)

> 100 d

2 (5)

1 (5)

Kasai portoenterostomy timing, n (%)

0.99

Not performed

14 (32)

6 (32)

0.59 (0.27)

0.61 (0.31)

0.89

16 (36)

9 (47)

0.41

Length, cm, mean (SD)

64.5 (3.8)

64.3 (3.6)

0.82

Weight, kg, mean (SD)

6.9 (1.3)

6.6 (1.1)

0.38

Length z-score, mean (SD)

-1.26 (1.47)

-1.57 (1.24)

0.43

Weight z-score, mean (SD)

-0.96 (1.26)

-1.44 (0.98)

0.15

WFL z-score, mean (SD)

-0.21 (1.13)

-0.58 (0.91)

0.21

133 (90, 204)

128 (90, 233)

0.98

257 (106, 504)

364 (205, 800)

0.14

3.1 (0.46)

3 (0.68)

0.88

4.2 (0.95, 8.2)

3.7 (2, 5.7)

0.73

Total bilirubin, mg/dL, median (25 , 75 )

10.7 (3.5, 16.2)

11.3 (6.2, 12.7)

0.90

White blood cells, × 103/µL, median (25th, 75th)

10.2 (8.3, 15.6)

10.6 (7.4, 14.4)

0.88

9.9 (1.6)

10.2 (1.3)

0.56

123 (95, 217)

160 (102, 230)

0.41

1.6 (0.6)

2.3 (4.1)

0.28

9.5 (5)

9.9 (4.6)

0.73

9.5 (3.6)

9.5 (4.3)

0.95

Age at listing, years, mean (SD)
Any home parenteral nutrition, n (%)
Anthropometrics

Laboratory
ALT, U/L, median (25th, 75th)
th

th

GGT, U/L, median (25 , 75 )
Albumin, g/dL, mean (SD)
Conjugated bilirubin, mg/dL, median (25th, 75th)
th

th

Hemoglobin, g/dL, mean (SD)
Platelets, × 103/µL, median (25th, 75th)
INR, mean (SD)
BUN, mg/dL, mean (SD)
Prealbumin, mg/dL, mean (SD)
Clinical outcome

0.29

Transplanted

35 (80)

18 (95)

Died on the waitlist or removed for too ill

6 (14)

1 (5)

Removed from waitlist for too well

3 (7)

0

CLABSI: Central line-associated bloodstream infection; SD: Standard deviation; WFL: Weight-for-length;
ALT: Alanine aminotransferase; GGT: Gamma glutamyl transferase; INR: International normalized ratio;
BUN: Blood urea nitrogen.

Wendel et al[6] (3.8/1000 line days), though it is not clear whether the same definition
of CLABSI was used in their study. While these methodological differences may be
barriers to generalizing CLABSI rates from center-to-center, and population-topopulation, collectively our data calls attention to a facet of the care of transplant
candidates which may be underappreciated. We would suggest that calculation and
internal benchmarking of an individual program’s CLABSI rate may be a good
balancing measure on initiatives to improve the nutritional status of pediatric
transplant candidates.
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Table 2 Demographic, clinical, and laboratory factors assessed as potential risk factors for
central line-associated bloodstream infection

Male

HR

95%CI

P value

0.934

0.335-2.6

0.89

Race
White

Reference

Black

1.156

0.334-4

0.819

Asian

1.089

0.143-8.298

0.934

Ethnicity
Hispanic

0.642

0.259

0.339

Primary Language non-English

0.531

0.154-1.832

0.317

0.705-8.406

0.159

Insurance
Private

Reference

Public/None

2.435

Kasai portoenterostomy timing
≤ 100 d

0.852

0.319-2.275

0.749

> 100 d

1.33

0.159-11.126

0.792

Not performed

Reference

Age at listing

1.883

0.379-9.36

0.439

Any home parenteral nutrition

0.811

0.323-2.035

0.656

Length at listing

1.069

0.937-1.219

0.323

Weight at listing

1.036

0.67-1.672

0.872

Length z-score at listing

0.942

0.674-1.317

0.728

Weight z-score at listing

0.836

0.55-1.271

0.403

WFL z-score at listing

0.858

0.579-1.271

0.445

ALT at listing

0.999

0.998-1.002

0.861

GGT at listing

1

0.999-1.001

0.176

Albumin at listing

0.853

0.314-2.314

0.775

Conjugated bilirubin at listing

0.991

0.91-1.079

0.842

Total bilirubin at listing

0.997

0.946-1.051

0.927

White blood cells at listing

1.016

0.93-1.109

0.724

Hemoglobin at listing

1.106

0.816-1.5

0.516

Platelets at listing

1.001

0.998-1.005

0.458

INR at listing

1.084

0.9593-1.225

0.196

BUN at listing

1.007

0.918-1.104

0.889

Prealbumin at listing

0.966

0.842-1.109

0.628

Anthropometrics

Laboratory

HR: Hazard ratio; CI: Confidence interval; WFL: Weight-for-length; ALT: Alanine aminotransferase; GGT:
Gamma glutamyl transferase; INR: International normalized ratio; BUN: Blood urea mitrogen.

In our univariate analyses, children with public/no insurance were overrepresented in the CLABSI group. While our data do not offer potential explanations for
this finding, it is congruent with an evolving body of literature which documents
disparities in access to, or outcomes of, pediatric liver transplantation [9-11] . In
agreement with Sullivan et al[5], we did not find that CLABSI impacted short-term
clinical outcomes, namely whether the patient was removed from the waitlist for
transplantation, deterioration, or improvement. The single waitlist death in our
CLABSI cohort was unrelated, however, Sullivan et al[5] reported 3 deaths among the
25 patients with BA who received PN, one of which was due to fungal sepsis,
highlighting that this threat is tangible. Due to the relatively small number of
individuals in each group, these findings should be interpreted with caution,
however.
The microbiology of our CLABSI was predominantly Gram-negative, enteric
organisms. Among children with BA, secondary bacteremia from ascending
cholangitis is also a diagnostic consideration. However, care was taken in
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Figure 2

Figure 2 Time to central line-associated bloodstream infection survival analysis. Kaplan-Meier curve of time to
CLABSI indicates that 75% of patients remained free of CLABSI on line day 43. CLABSI: Central line-associated
bloodstream infection.

adjudicating CLABSI to exclude positive blood cultures when a concurrent diagnosis
of cholangitis was made. Given the difficulties in diagnosing cholangitis in young
children though, the possibility remains that some cholangitis episodes were not
recognized, which may have led to an overestimation of CLABSI. Candida comprised
about 20% of our CLABSI events, therefore it may also be prudent to consider a fungal
etiology for CLABSI among young transplant candidates with BA receiving PN.
As expected, time with a CVC is related to incident CLABSI; according to our
survival analysis, 75% of our patients remained free of CLABSI on line day 43. While
interventions to reduce total line days may reduce CLABSI, this strategy is difficult to
implement in the transplant candidate. Uncertainty with regard to timing of
transplantation and the lack of data to support specific clinical or laboratory
thresholds for nutritional intervention breeds an environment in which PN is
prescribed from the time enteral nutrition is deemed to be insufficient until
transplantation. A better understanding of anthropometric or nutritional thresholds
associated with specific clinical outcomes may help to more precisely utilize PN. In
the meantime, strategies for CLABSI reduction which have been studied in other
patient populations should be explored in transplant candidates as well. CVC
insertion bundles and parental line care training[12], ethanol locks[13], and taurolidine
locks[14] have been suggested for CLABSI reduction in children with other conditions
receiving PN.
Strengths of our data include the comparatively large size of the cohort and the
application of a CLABSI definition which captures both the events occurring within a
healthcare environment and in the community. A principal limitation of our data is its
retrospective nature; this precluded standardized data collection and led to nonuniform utilization criteria and prescriptions for PN. And while our sample size is
large for study of a very specific sub-group of pediatric patients, in absolute terms, its
size limits statistical power. Post-hoc power calculations suggest that the sample sizes
observed in this study has about 67% power to detect a hazards ratio of 2.0 between
two groups, assuming 30% of patients in one group have CLABSI and 9% in the
second group, and alpha = 0.05 (two-sided). It is likely that only a concerted multicenter effort, like Studies in Pediatric Liver Transplantation, would be able to
overcome the power problem, however information on CVC use is not currently
collected in this registry.
In conclusion, our series calls attention to the substantial risk for CLABSI among
children with BA listed for liver transplantation. No clinical, demographic, or
laboratory factor we tested emerged as an independent predictor of CLABSI, but time
with a CVC was directly related to incident CLABSI. While our data did not show an
impact of CLABSI on the short-term clinical outcome, it would seem prudent to
implement CLABSI reduction strategies in this population to the extent that each
CLABSI event represents potentially preventable hospitalization, unnecessary
healthcare dollar expenditures, and may exact an opportunity cost, in terms of missed
allograft offers.
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Figure 3 Microbiology of central line-associated bloodstream infection events.

ARTICLE HIGHLIGHTS
Research background
Children with biliary atresia (BA) undergoing liver transplantation benefit from pre-operative
optimization of their nutritional status. When feeding enterally is insufficient to rehabilitate
these patients, parenteral nutrition (PN) may be a useful adjunct. While this modality has been
shown to improve the growth of children with BA listed for liver transplantation, it is also
associated with distinct risks, chief among them the risk of infection associated with an
indwelling central venous catheter.

Research motivation
Our group was motivated to pursue this project so that the field might have a better
understanding of the infectious risks of PN given to children with BA on the liver transplant
waitlist, and thus make informed decisions regarding risk and benefit to the patient.

Research objectives
The objective of our study was to describe the incidence, microbiology, and risk factors of central
line-associated bloodstream infection (CLABSI) among children with BA listed for liver
transplantation.

Research methods
Retrospective, single-center review.

Research results
Nineteen of 63 patients (30%) experienced 29 episodes of CLABSI during 4800 line days (6.04
CLABSI per 1000 line days). CLABSI were predominantly associated with Gram-negative
organisms (14/29 episodes, 48%) including Klebsiella spp., Enterobacter spp., and Escherichia
coli. The sole polymicrobial infection grew Enterobacter cloacae and Klebsiella pneumoniae.
Gram-positive organisms (all Staphylococcus spp.) and fungus (all Candida spp.) comprised
9/29 (31%) and 6/29 (21%) episodes, respectively. There were no demographic, laboratory, or
clinical features associated with CLABSI risk in our model.

Research conclusions
CLABSI events are not rare among children with BA, receiving PN, while listed for liver
transplantation. In spite of the frequency of events, CLABSI were not associated with mortality,
or removal from the transplant waitlist due to becoming too ill to transplant. Since none of the
factors tested in our model were associated with CLABSI risk, we propose meticulous
application of known CLABSI-reducing strategies, such as line insertion bundles.

Research perspectives
Owing to the relatively small volume of pediatric liver transplants performed, even at the largest
centers, future efforts should consider leveraging existing databases, such as Studies in Pediatric
Liver Transplantation, to address these questions.
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Abstract
BACKGROUND
Transjugular intrahepatic portosystemic shunts (TIPS) can alleviate complications
of portal hypertension such as ascites and variceal bleeding by decreasing the
portosystemic gradient. In limited clinical situations, parallel TIPS may be only
solution to alleviate either variceal bleeding or ascites secondary to portal
hypertension when the primary TIPS fails to do so. Data specifically addressing
the use of this partially polytetrafluoroethylene covered nitinol stent (Viatorr®) is
largely lacking despite Viatorr® being the current gold standard for modern TIPS
placement.
CASE SUMMARY
All three patients had portal hypertension and already had a primary Viatorr®
TIPS placed previously. All patients have undergone failed endoscopy to manage
acute variceal bleeding before referral for a parallel stent (PS). PS were placed in
patients presenting with recurrent variceal bleeding despite existence of a widely
patent primary TIPS. Primary stent patency was verified with either Doppler
ultrasound or intra-procedural TIPS stent venography. Doppler ultrasound
follow-up imaging demonstrated complete patency of both primary and parallel
TIPS. All three patients did well on clinical follow-up of up to six months and no
major complications were recorded. A review of existing literature on the role of
PS in the management of portal hypertension complications is discussed. There
are three case reports of use of primary and PS Viatorr® stents placement, only
one of which is in a patient with gastrointestinal variceal bleeding despite a
patent primary Viatorr® TIPS.
CONCLUSION
Viatorr® PS placement in the management of variceal hemorrhage is feasible with
promising short term patency and clinical follow-up data.
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Core tip: To our knowledge, we are first to report a three-case series with 6-month
follow-up data using Viatorr® for both primary transjugular intrahepatic portosystemic
shunt (TIPS) and parallel TIPS placement for the management of recurrent upper
gastrointestinal variceal hemorrhage. Although, parallel TIPS placement has been
previously reported, it was largely using bare metal stents and/or fully covered stents.
Data regarding the use of the partially polytetrafluoroethylene-covered nitinol stent
(Viatorr®) in parallel TIPS placement is largely lacking despite this device being the
current gold standard for TIPS placement.

Citation: Raissi D, Yu Q, Nisiewicz M, Krohmer S. Parallel transjugular intrahepatic
portosystemic shunt with Viatorr® stents for primary TIPS insufficiency: Case series and
review of literature . World J Hepatol 2019; 11(2): 217-225
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INTRODUCTION
Gastroesophageal varices and ascites are common complications of portal hypertension and cirrhosis. It is estimated that the mortality during the first episode of acute
upper gastrointestinal variceal bleeding in cirrhotic patients is between 15%-30%[1-3],
whereas the mortality rates of ascites in those patients increases from 15% to 44%
between one-year and five-year follow-ups [ 4 , 5 ] . Transjugular intrahepatic
portosystemic shunt (TIPS) can alleviate these two complications by decreasing the
portosystemic gradient. This is achieved by decompressing the portal venous system
directly via a stent supported shunt into the systemic circulation[6-9]. A previous study
suggested an association between the early use of TIPS in cirrhotic patients with
variceal bleeding with a reduction in mortality[10]. Additionally, according to a metaanalysis of four randomized trials, cirrhotic patients with recurring ascites that have
received TIPS demonstrated a higher transplant-free survival compared to those
receiving paracentesis at 6, 12, 24, and 36 months: 75.1% vs 65.3%, 63.1% vs 52.5%,
49.0% vs 35.2%, and 38.1% vs 28.7% (P = 0.035)[11]. Yet, one complication of TIPS was
shunt dysfunction, which could be manifested by the persistence or recurrence of
ascites, variceal bleeding after the initial procedure, unsuccessful reduction of portal
venous pressure, elevated portosystemic gradient, and decreased mid-shunt velocity
on Doppler imaging during surveillance [12-16] . Once shunt dysfunction has been
confirmed, multiple approaches may be adopted: shunt revision with angioplasty,
repeat stenting, deployment of endoprosthesis, and/or catheter directed
thrombolysis[16,17]. Rarely, a second parallel stent (PS) can be placed to overcome
primary TIPS insufficiency and alleviate upper gastrointestinal variceal bleeding or
ascites. Here, we report a case series of PS placements in three patients with portal
hypertension secondary to alcoholic cirrhosis, alpha-1 antitrypsin deficiency (AATD),
and non-alcoholic steatohepatitis (NASH) respectively.

CASE PRESENTATION
Case 1
Chief complaints: Vomiting blood and lightheadedness.
History of present illness: A 46-year-old female with alcoholic cirrhosis and
esophageal varices presented to the emergency department (ED) with recent 2
episodes of hematochezia. She endorsed nausea and lightheadedness for the past few
days, denying hematemesis or coffee-ground emesis. Four months ago, she presented
with GI bleeding from esophageal varices and failed repeated esophageal bandings.
TIPS and coronary vein varices coil-embolization were performed at that time:
Portosystemic gradient (PSG) was reduced from 17 mmHg to 10 mmHg; direct portal
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pressure decreased from 27 mmHg to 23 mmHg. She was discharged 3 d later. During
one-month follow-up after the procedure, she was clinically asymptomatic with
adequate flow-velocities in her TIPS (Table 1).
History of past illness: Chronic pancreatitis;; non-bleeding grade 1 gastric varices
status post coronary vein coil-embolization; hypertension; endometriosis.
Personal and family history: No current tobacco, alcohol, or substance use. Family
history was non-contributory.
Physical examination upon admission: Mildly jaundiced; abdomen was soft and
non-distended; clear bilateral lung sounds, intact neurological exams with
appropriate mood and affect.
Laboratory examinations: Hemoglobin: 4.7 g/dL and platelets: 25000/mL consistent
with anemia secondary to acute blood loss; abnormal liver function tests (Table 1).
Imaging examinations: Esophagogastroduodenoscopy (EGD) showed blood-filled
stomach and type-1 isolated gastric varices. Contrast enhanced computed
tomography of the abdomen showed a blood-filled stomach and large gastric wall
varices. Four months ago, a 10 mm × 8 cm Viatorr® (GORE, Flagstaff AR, United
States) stent was placed from right hepatic vein to the left portal vein with a 4-cm bare
metal stent extension for optimal outflow positioning into the inferior vena cava
(Figure 1A-C). Doppler ultrasound (US) demonstrated a patent stent with adequate
velocities (Table 1).

Multidisciplinary expert consult
Kinjal Dave, MD, Assistant Professor of Medicine, Division of Gastroenterology; Jen
Rosenau, MD, Assistant Professor of Medicine, Division of Hepatology.

Diagnosis
Primary TIPS insufficiency with recurrent variceal bleeding.

Treatment
Parallel TIPS placement: A TIPS revision procedure demonstrated a widely patent
stent and a portosystemic gradient of 9 mmHg. A parallel 10 mm × 8 cm Viatorr® TIPS
was inserted to manage continued bleeding, reducing PSG to 4 mmHg. The direct
portal pressure remained constant (25 mmHg) before and after the procedure. Patient
later developed urinary sepsis and was successfully treated with broad spectrum
antibiotics.

Follow-up
Six months later, patient returned to ED reporting progressive abdominal pain and
swelling. Both TIPS stents were found to be patent by US (Table 1). No ascites was
seen on US.

Case 2
Chief complaints: Persistent engorged esophageal varices on surveillance EGD.
History of present illness: A 56-year-old male with cirrhosis secondary to AATD
status post TIPS was referred to interventional radiology (IR) in June 2017 because of
persistent large esophageal varices on EGD. He was clinically asymptomatic at
presentation. Previously, he was admitted in April 2017 with abdominal distension,
hematemesis and acute blood loss anemia. At that time, US showed large volume
ascites and an occluded TIPS stent. In addition to paracentesis and blood transfusion,
sharp recanalization of the shunt was performed reducing PSG from 15 mmHg to 10
mmHg. He was discharged 3 d after the May 2017 admission.
History of past illness: Cirrhosis with prior esophageal variceal bleeding status post
TIPS in 2009; esophageal banding; hypertension; inguinal hernia; umbilical hernia.
Personal and family history: No tobacco, alcohol, or substance use. Family history
was positive for AATD affecting his mother’s lungs.
Physical examination upon admission: Jaundiced; abdomen was soft and nondistended; clear bilateral lung sounds, intact neurological exams with appropriate
mood and affect.
Laboratory examinations: Abnormal liver function tests (Table 1).
Imaging examinations: Given concern for shunt occlusion, we obviated the TIPS US
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Table 1 Laboratory values, Child-Pugh class, model for end-stage liver disease score and medications given for hepatic encephalopathy
of patient 1, 2, and 3 before the transjugular intrahepatic portosystemic shunts placement, before the parallel placement, and 6-mo
follow-up
Status

Patient 1

Patient 2

Patient 3

Child-Pugh B; MELD 11; bilirubin
1.1, INR 1.5, PTT 18.6, albumin 2.6;
DV post TIPS: 153 (TIPS), 33 cm/s
(MPV). Lactulose 10 g/d

Child-Pugh B; MELD 11; bilirubin
0.7, INR 1.3, PTT 16.6, and albumin
3.5. Rifaximin 550 mg × 2/d,
Lactulose 20 g × 3/d

Child-Pugh C; MELD 12; bilirubin
1.6, INR 1.4, PTT 17.1, and albumin
2.5; DV immediately post-TIPS: 96
(TIPS), 89.5 cm/s (MPV). Rifaximin
550 mg × 2/d, Lactulose 30 g/45 mL
× 3/d

Before PS

Child-Pugh B; MELD 15; bilirubin
4.6, INR 1.3, PTT 17.0, and albumin
2.5; DV: 155 (TIPS), 18 cm/s (MPV).
Rifaximin 550 mg × 2/d Lactulose 10
g/d

Child-Pugh B; MELD 10; bilirubin
0.7, INR 1.4, PTT 17.1, and Albumin
2.1; DV 2 wk post-PS: 147 (TIPS), 138
(PS), and 16 cm/s (MPV). Rifaximin
550 mg × 2/d, Lactulose 20 g × 3/d

Child-Pugh C; MELD 13; bilirubin
0.7, INR 1.4, PTT 17.1, and Albumin
2.5; DV: 90.9 (TIPS) 37 cm/s (MPV).
Rifaximin 550 mg × 2/d, Lactulose
(20 g) 30 mL × 3/d, Piperacillin 4.5
g/6 h

6 mo post-PS

Child-Pugh B; MELD 21; bilirubin
4.5, INR 1.3, PTT 16.5, and albumin
3.5; DV: 78 (TIPS), 144 (PS), 39.3 cm/s
(MPV). Rifaximin 550 mg × 2/d
Lactulose 10 g/d

Child-Pugh B; MELD 21; bilirubin
2.5, INR 1.5, PTT 18.5, and albumin
2.8; DV: 85.8 (TIPS), 109 (PS), and 83
cm/s (MPV). Rifaximin 550 mg ×
2/d, Lactulose 20 g × 3/d

Child-Pugh C; MELD 14; bilirubin
2.1, INR 1.3, PTT 16.7, and albumin
2.0; DV: 72 (TIPS), 92 (PS), and 68
(MPV) cm/s. Rifaximin 550 mg ×
2/d, Lactulose (20 g) 30 mL × 3/d

Before TIPS

Doppler velocities of the transjugular intrahepatic portosystemic shunts, parallel stent, and main portal vein were also measured. Laboratory values
include total bilirubin, international normalized ratio, partial thromboplastin time, and albumin. TIPS: Transjugular intrahepatic portosystemic shunts; PS:
Parallel stent; MELD: Model for end-stage liver disease; DV: Doppler velocities; MPV: Main portal vein; INR: International normalized ratio; PTT: Partial
thromboplastin time.

and proceeded immediately to TIPS revision procedure. The first Viatorr® TIPS stent
was inserted directly from the middle hepatic vein. Contrast venography
demonstrated patency of the primary TIPS stent. The PSG was 13 mmHg despite 12mm balloon angioplasty.

Diagnosis
Primary TIPS insufficiency with recurrent variceal bleeding.

Treatment
Parallel TIPS placement: A 10 mm × 10 cm PS Viatorr® TIPS was inserted from right
hepatic vein to the confluence of right portal and left portal veins and coronary vein
varices were coil embolized (Figure 2A-C). PS reduced PSG from 13 mmHg to 7
mmHg and direct portal pressure from 34 mmHg to 21 mmHg.

Follow-up
Doppler US revealed patency in both stents during 2-wk and 6-mo follow-ups (Table
1). In December 2017, patient presented to ED with worsening bilateral lower
extremity edema. Whereas Doppler showed an average velocity of 121 cm/s for the
new shunt and 95 cm/s for portal vein, there was markedly decrease flow in the old
shunt with a peak velocity of 10 cm/s. IR was consulted to evaluate suspected shunt
dysfunction. However, the measured portosystemic gradient of 7 mmHg was deemed
adequate, and contrast flow through both stents was excellent. Considering the
increased model for end-stage liver disease (MELD) score (Table 1), the patient was
evaluated for liver transplant in February 2018 and at that time, his follow-up
demonstrated patency of both shunts with the following velocities of 55 cm/s, 60
cm/s, and 66 cm/s for the old shunt, new shunt, and portal vein respectively.

Case 3
Chief complaints: Hematemesis.
History of present illness: A 54-year-old female with esophageal varices secondary to
NASH cirrhosis presented with hematemesis. Initial EGD showed type 2
gastroesophageal varices (GOV2) and endoscopic banding was performed. However,
the patient continued having hematemesis and was referred to IR. A 10 mm × 8 cm
Viatorr ® TIPS was inserted from right hepatic vein to the right portal vein. The
procedure decreased PSG from 20 mmHg to 12 mmHg. Doppler US confirmed TIPS
patency (Table 1). Five days following the procedure, patient began to experience
significant hematemesis.
History of past illness: Type 2 diabetes mellitus, hypertension, gastroesophageal
reflux disease, chronic obstructive pulmonary disease, umbilical hernia,
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Figure 1 Imaging examinations of patient 1. A: Digital subtracted portal angiography showing successful placement of the parallel stent (red arrow) with caval
extension (yellow arrow). Embolization coils can be seen the coronary vein branches (blue arrow). Primary stent (green arrow) is seen alongside the second
transjugular intrahepatic portosystemic shunt stent. B: Maximum intensity projection with 30-mm slab of post procedural computed tomography (CT) abdomen
showing primary and parallel stents in tandem. C: 3D reconstruction of a post procedural CT abdomen showing primary and parallel stents in tandem.

hysterectomy.
Personal and family history: No tobacco, alcohol, or substance use. Family history
was non-contributory.
Physical examination upon admission: Sclera icteric; abdomen was soft and nondistended; tachypnea, clear bilateral lung sounds, intact neurological exams with
appropriate mood and affect.
Laboratory examinations: Hemoglobin 10.95 g/dL, white blood cells 21900/mm3,
platelets 84000/mL; abnormal Liver function tests (Table 1).
Imaging examinations: EGD showed recurrent bleeding from GOV2 with no
evidence of isolated gastric varices. Doppler US revealed TIPS patency (Table 1).

Multidisciplinary expert consult
Sara Pasha, MD, Assistant Professor of Medicine, Department of Internal MedicinePulmonary Division; Alla Grigorian, MD, PhD, Assistant Professor of Medicine,
Medical Director of Liver Transplant; Terrence Barrett, MD, Professor of Medicine
and Microbiology/Immunology, Chief, Division of Digestive Diseases and Nutrition.

Diagnosis
Primary TIPS insufficiency with recurrent variceal bleeding.

Treatment
Parallel TIPS placement: Due to recurrent variceal bleed and decompensated cirrhosis,
a second 10 mm × 8 cm Viatorr® TIPS was inserted from right hepatic vein to the left
portal vein (Figure 3A-C). Procedure was a technical success, decreasing PSG from 9
to 4 mmHg. Direct portal pressure decreased from 40 mmHg to 35 mmHg. Following
the procedure, patient developed hypernatremia which was managed with
intravenous fluids. Patient was discharged home seven days after.

Follow-up
Six-month US follow-up was unremarkable. Doppler demonstrated patency of both
shunts with adequate flow (Table 1).

DISCUSSION
TIPS failure can either be due to stent occlusion or stenosis, which has become
significantly less frequent with the widespread use of covered stents[14,18,19]. This
complication can be diagnosed with Doppler imaging and confirmed during TIPS
revision procedure[20-24]. However, in the presence of a well-functioning primary stent,
the recurrence or persistence of ascites and variceal bleeding can be a therapeutic
challenge. We present a short case series to illustrate three patients with portal
hypertension who underwent a second TIPS stent placement using Viatorr® stents.
This is commonly known as parallel TIPS (PS) or double barrel TIPS. As early as
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Figure 2

Figure 2 Treatment for patient 2. A: Digital subtracted portal angiography showing successful placement of the parallel stent (red arrow). Embolization coils can be
seen the coronary vein branches (blue arrow). Primary stent (green arrow) is seen alongside the second transjugular intrahepatic portosystemic shunts stent. B:
Maximum intensity projection with 30-mm slab of a post procedural computed tomography (CT) abdomen showing primary and parallel stents in tandem. C: 3D
reconstruction of post procedural CT abdomen showing primary and parallel stents in tandem.

1990s, the effectiveness of PS in treating shunt insufficiency had been demonstrated
along with other options such as re-stenting and balloon angioplasty [25] . In our
practice, PS is pursued in symptomatic patients in whom the primary TIPS shunt
insufficient or is thrombosed and recanalization techniques have failed.
In our case series, the primary TIPS were insufficient in alleviating portal
hypertension symptoms despite their patency being verified during follow-ups
and/or before PS placement. Furthermore, the PSGs prior to PS were below 10 mmHg
in cases 1 and 3. No laboratory values were predictive of shunt insufficiency or the
need for a PS. A study by Haskal et al[13] reported a cohort of 10 out of 93 patients that
underwent PS placement. This study alluded to insufficiency of the primary TIPS
stent in decreasing the PSG as a predictor for the need of PS placement; the mean post
procedural PSG in after the first TIPS was 10.2 ± 3.7 mmHg. In patients who received
a PS, the mean post procedural gradient was 19.1 ± 3.8 mmHg after placement of the
first TIPS and 12.5 ± 3.5 mmHg after placing a PS [13] . As the previous gradients
indicate, the initial TIPS were suboptimal to begin with even at maximum diameter of
10 mm expansion.
A similar trend was observed in another retrospective study, in which 40 out of 338
TIPS patients underwent parallel Wallstent® placement[26]. In this study by Helmy et
al[26], PS patients exhibited lower portal pressure gradient drop compared to single
TIPS only patients with means of (10.4 ± 5.4 mmHg vs 12.4 ± 7.1 mmHg) after the first
TIPS procedure. Whether the patients from these two studies would have benefited
from primary shunts with larger diameters to begin with and therefore avoid
subsequent PS should be further investigated. In our report, single TIPS were not
sufficient for symptomatic relief despite achieving maximum stent expansion, and in
cases 1 and 3 despite optimal PSGs. This is similar to Helmy et al[26] patient cohort
requiring PS placement despite achieving a mean portal pressure gradient of 7.9 ± 4.8
mmHg after the initial shunt placement. However, as previously mentioned, his study
used bare metal stent with its inherent lower patency rate overtime.
Case 2 was secondary to an occluded primary TIPS, though it provided an
impressive symptom-free period of 8 years. The successful recanalization of this
occluded shunt failed to provide symptomatic relief requiring us to place a PS to
further decrease the PSG from 13 mmHg to 7 mmHg. Also, the patient’s MELD score
increased from 10 to 21 over the following 6 mo (Table 1); on one hand, patients with
AATD tend to have rapidly progressive cirrhosis with extensive inflammation and
fibrosis far beyond other causes for cirrhosis [27,28] . On the other hand, excessive
shunting of portal venous blood away from liver parenchyma after PS placement may
have contributed to worsening liver function. This way addressed in Helmy et al[18]
study and they advocated for the use of smaller PS to decrease the risk of hepatic
encephalopathy and mortality after PS placement.
In addition to the studies mentioned above, literature on PS is rather limited. More
recently, one group reported 18 out of 132 TIPS patients underwent PS placement
after primary TIPS stent dysfunction, indicating that shunt patency of 1-year post-PS
was higher in the patients who received Fluency® endoprosthesis than those who
received Wallgraft® (87.5% vs 70.0%, P = 0.358) [29] . Another study described the
application of PS in 10 cases of cirrhotic patients due to hepatitis B infection [30] .
Although covered stents were placed for both primary TIPS stent and PS,
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Figure 3 Treatment for patient 3. A: Digital subtracted portal angiography showing successful placement of the parallel stent (red arrow). Primary stent (green
arrow) is perfectly parallel along the second transjugular intrahepatic portosystemic shunts stent. B: Maximum intensity projection with 30-mm slab of a post
procedural computed tomography (CT) abdomen showing primary and parallel stents in tandem. C: 3D reconstruction of post procedural CT abdomen showing
primary and parallel stents in tandem.

unfortunately, the authors did not specify the exact type and brand of stents used.
Like our cases, most primary TIPS dysfunctions were manifested by symptoms such
as ascites and recurrent variceal bleeding rather than surveillance US findings. In
addition to the PSG decease after PS placement in both studies (25.5 ± 7.3 mmHg to
10.9 ± 2.3 mmHg, and 35.60 ± 2.72 mmHg to 15.30 ± 3.27 mmHg, respectively), the
most common post procedural symptom was hepatic encephalopathy, requiring only
medical management with Lactulose and Rifaximin, which were also prescribed for
all our patients (Table 1). With average follow-ups of 16.7 ± 10.8 mo and 14.0 ± 1.13
mo, these two studies reported adverse outcomes including worsening liver function,
recurrent variceal bleed and death. In comparison, our case series of PS achieved
patency at 6-mo follow-up. However, only patient 1 and 3 from our report remained
symptom free post-PS for those 6 mo, while patient 2 developed progressive
worsening of hepatic function, likely a combination of ATTD progression of the
disease and excessive portal blood shunting away from liver parenchyma. In terms of
portal hypertensive symptoms, PS successfully prevented recurrent variceal bleeding
and ascites in all 3 cases for at least 6-mo follow-up.
A pre-procedural review of abdominal cross-sectional imaging and of the initial
TIPS procedure can assist in optimal planning of PS placement. For the patient
discussed in case 2, the initial TIPS was placed from the middle hepatic vein to the
right main portal vein. This left us ample space for placement of the second TIPS from
the right hepatic vein to the left portal vein. As for cases 1 and 3, the first TIPS was
placed from the right hepatic vein to the right portal vein. In each case, the origin of
the right hepatic vein was peripheral enough into the liver to allow for a new access of
the right hepatic vein for a subsequent PS placement into the left portal vein. Overall,
placement of a second TIPS stent is not technically challenging after careful review of
the hepatic venous anatomy and of the target portal venous branch. The left portal
vein can be accessed from the hepatic vein aided by a more acute angle of the TIPS
needle to allow a more anterior reach and can be easily targeted from either the right
or the middle hepatic veins. We typically avoid placing a PS within the same portal
vein of the primary stent to avoid a crowded space that would limit stent expansion.
Shunt reduction maybe performed if needed to address medically uncontrollable
hepatic encephalopathy, however, this was not observed in our series.
Despite the widespread use of Viatorr® stents in TIPS placement for over 20 years,
there are only two reports of use of primary and PS Viatorr® stents placement with
limited follow-up data. The first of which is a single case report describing the use of
Viatorr® stent for both primary TIPS and PS in an alcoholic cirrhotic patient that
initially presented with recurrent variceal bleeding after being lost to follow-up for 3
years [31] . Similar to cases 1 and 3, his PSG was as low as 10 mmHg prior to PS
placement and was then reduced to 5 mmHg post-PS. Unfortunately; the authors did
not provide clinical or imaging follow-up data. Another case report of two cases
described the successful placement of primary and parallel Viatorr® stents in recurrent
hydrothorax and ascites respectively. In both instances the PSG at the time was
suboptimal at ≥ 12 mmHg prior to PS placement, but with no radiological evidence of
primary stent dysfunction. The only follow-up data provided was clinical resolution
of hydrothorax and ascites at two and three months respectively. No follow-up
Doppler US data was provided on these shunts[23].
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In our case series, all patients underwent Viatorr® PS placement for recurrent upper
gastrointestinal variceal bleeding despite adequate PSG in two out of three cases.
Also, we were fortunate to have follow-up data showing technical and clinical success
of up to 6 mo including Doppler US velocities of primary and PS shunts.
To our knowledge, we are the first to report a three-case series with 6-mo follow-up
data, using Viatorr® for both primary TIPS and PS placement for the management of
recurrent upper gastrointestinal variceal hemorrhage. Patients after TIPS placement
should be monitored routinely using Doppler US of the stents to avoid TIPS stent
occlusion. Previous studies recommend US follow-up every 3-12 mo after TIPS
procedure[18]. Within our institution, shunt patency evaluations are performed at 3 mo,
6 mo, 1 year and yearly thereafter. A mean shunt velocity < 90 cm/s or > 200 cm/s, or
a value lower than 30 cm/s in the main portal vein should raise the suspicion of shunt
dysfunction[18]. TIPS catheter venography and PSG are performed in patients with
suspicious US findings and/or in those with persistent portal hypertensive symptoms
despite US evidence of a well-functioning primary TIPS. We pursue a PS in patients
with either a non-salvageable primary TIPS or with symptom persistence despite a
well-functioning primary TIPS.

CONCLUSION
In conclusion, the addition of a second Viatorr® TIPS stent to a preexisting primary
TIPS stent in patients with recalcitrant upper gastrointestinal variceal hemorrhage
after a single Viatorr® stent placement proves insufficient in the control of variceal
bleeding despite maintaining adequate patency, is feasible and has promising short
term follow-up data. These findings are supported by Haskal et al[13] retrospective data
on the role of parallel TIPS stents for primary TIPS insufficiency. And while Haskal’s
study used bare metal stents, Bureau et al[19] randomized controlled trial from 2004
supported the superiority and safety of several covered stents over bare metal stents
when placed as a primary TIPS. Hence, considering the added design specific
advantages of Viatorr® stents when placed as the primary TIPS, their therapeutic
value in treating recurrent variceal bleeding after primary shunt insufficiency should
be investigated further with a prospective data that addresses this unique cohort of
patients in need of parallel TIPS stents for adequate control of their portal
hypertension.
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Abstract
BACKGROUND
Necrolytic acral erythema (NAE) is a rare dermatological disorder, which is
associated with hepatitis C virus (HCV) infection or zinc deficiency. It is
characterized by erythematous or violaceous lesions occurring primarily in the
lower extremities. The treatment includes systemic steroids and oral zinc
supplementation. We report a case of NAE in a 66-year-old human
immunodeficiency virus (HIV)/HCV co-infected woman with NAE. NAE is
rarely reported in co-infected patients and the exact mechanisms of pathogenesis
are still unclear.
CASE SUMMARY
A 66-year-old HIV/HCV co-infected female patient presented with painless, nonpruritic rash of extremities for one week and underwent extensive work-up for
possible rheumatologic disorders including vasculitis and cryoglobulinemia.
Punch skin biopsies of right and left thigh revealed thickened parakeratotic
stratum corneum most consistent with NAE. Patient was started on prednisone
and zinc supplementation with resolution of the lesions and improvement of
rash.
CONCLUSION
Clinicians should maintain high clinical suspicion for early recognition of NAE in
patients with rash and HCV.
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Core tip: Necrolytic acral erythema (NAE) is a rare dermatological entity associated with
hepatitis C virus (HCV) and zinc deficiency. Aim of the case report is to describe the
occurrence of NAE in a human immunodeficiency virus/HCV coinfected patient,
elucidate the clinical characteristics, pathophysiologic mechanisms and increase clinician
awareness about diagnosis and management.
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INTRODUCTION
Necrolytic acral erythema (NAE) is a rare dermatological entity. While the disease is
frequently associated with hepatitis C virus (HCV) infection or zinc deficiency[1-4], the
pathogensis is poorly understood. NAE is characterized by erythematous lesions,
violaceous papules, bullae and superficial skin erosions occurring primarily in the
lower extremities and dorsal feet. Associated symptoms include pruritus, pain,
burning and dysesthesia. NAE is an infrequent extrahepatic manifestation of hepatitis
C with a much less frequent overall prevalence of 1.7% compared to
cryoglobulinemia, porphyria cutanea tarda, lichen planus[5,6]. Additionally, NAE has
been reported in patients with zinc deficiency and less frequently in association with
vaccination against hepatitis B[2,7]. NAE should be differentiated from psoriasis and
eczematous dermatitis, lichen simplex chronicus, hypertrophic lichen planus,
acrokeratoelastoidosis, and acrokeratosis paraneoplastica. Zinc supplementation and
treatment of underlying hepatitis C have been related to favorable response. We
describe a case of a patient with human immunodeficiency virus (HIV) and hepatitis
C co-infections diagnosed with NAE.

CASE PRESENTATION
Chief complaints and history of past illness
A 66-year-old woman, with past medical history of well-controlled HIV infection on
antiretroviral (ARV) therapy with azatanavir/ritonavir and abacavir/lamivudine and
untreated chronic hepatitis C (Genotype 1b) with cirrhosis, who presented with chief
complaint of painless, non-pruritic rash for one week. The rash began as diffuse,
patchy erythematous lesions of bilateral lower extremities, starting at her feet but
progressing up her legs to her thighs. She noted associated edema, but denied fevers,
chills, joint pain, oral lesions or ulcers and weakness or numbness in her extremities.
She was not sexually active and denied any allergies. Patient was recently discharged
from the hospital after a COPD exacerbation. She was discharged on a brief oral
prednisone taper, which she completed prior to presentation, but was still taking
when the rash developed. On admission patient was afebrile and hemodynamically
stable.

Physical examination upon admission
Her physical exam revealed dusky erythematous patches of non-blanching palpable
petechiae and purpura on bilateral calves and thighs as well as on her right forearm.
She also had vesiculobullous lesions on bilateral lower extremities with several
scattered erosions, without lesions on palms or soles and no oral or genital lesions
(Figure 1). Nikolsky sign was negative. Patient underwent extensive work-up for
possible rheumatologic disorders including vasculitis and cryoglobulinemia.

Laboratory examinations
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Figure 1

Figure 1 Typical appearance of necrolytic acral erythema involving the right upper and right and left lower
extremities.

Laboratory findings are shown in Table 1. Dermatology consulted during her hospital
stay and performed punch skin biopsies of right and left thigh. Pathology reported
thickened parakeratotic stratum corneum most consistent with NAE (Figure 2).

FINAL DIAGNOSIS
NAE in an HIV/HCV co-infected patient.

TREATMENT
Patient was started on prednisone 20 mg daily along with zinc supplementation given
her low serum zinc levels. She had resolution of her vesiculobullous lesions and
improvement of erythema. Unfortunately, no clinical images were obtained after her
clinical improvement.

OUTCOME AND FOLLOW-UP
Patient was discharged to follow-up with her infectious diseases provider for
initiation of hepatitis C treatment. She was initiated on sofosbuvir/veltapasvir and
her ARV was transitioned to bictegravir/emtricitabine/tenofovir alafenamide to
avoid any drug drug interactions.

DISCUSSION
Necrolytic erythemas include NAE, necrolytic migratory erythema, acrodermatitis
enteropathica, and various dermopathies due to nutrient deficiencies[8]. NAE was first
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Table 1 Basic laboratory findings
Parameters

Reference range

White blood cell count - 15.3

4.5-11 K/uL

Hematocrit - 44.5

34%-47%

Hemoglobin – 13.6

11.7-15 g/dL

Platelet count – 376000

150-450 K/uL

Blood urea nitrogen - 42

7-20 mg/dL

Creatinine – 1.28

0.5-1.1 mg/dL

AST - 17

< 36 U/L

ALT - 23

< 46 U/L

Total bilirubin - 2.0

0.1-1.2 mg/dL

Direct bilirubin – 1.0

< 0.9 mg/dL

gGT - 145

0-60 IU/L

Total protein – 6.4

6-8.3 g/dL

Albumin – 2.6

3.5-5.0 g/dL

Erythrocyte Sedimentation rate - 68

(0-24 mm/h)

C-reactive protein – 78.32

< 5.1 mg/L

INR – 1.0

0.9-1.1

C3 - 156

90-180 mg/dL

cANCA - negative

Negative

pANCA - negative

Negative

Rheumatoid factor - < 15

0-15 IU/mL

Anti-SSA – negative

Negative

Anti-SSB – negative

Negative

Anti-CCP – negative

Negative

RPR – non-reactive

Non-reactive

Cryoglobulins – negative

Negative

Antinuclear antibodies - negative

Negative

AntidsDNA – negative

Negative

HIV RNA – undetectable

< 20 copies/mL

CD4 – 564/25%

Cells/mL

HCV-RNA – 346755 genotype 1B

< 15 IU/mL

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; INR: International normalized ratio; cANCA: Cytoplasmic anti-neutrophil
cytoplasmic antibody; pANCA: Perinuclear anti-neutrophil cytoplasmic antibody; CCP: Cyclic citrullinated
peptides; RPR: Rapid plasma regain.

described by El-Ghandour et al[4] in a cohort of Egyptian patients. NAE is observed
most commonly in women and with age of onset around 40 years[2]. In early stages,
skin changes consist of erythematous papules and plaques with early skin erosion.
During the second stage, there is increasing thickness of the papules and
lichenification followed by hyperpigmentation often associated with necrosis of
superficial epidermis. In the late stage hyperpigmentation becomes more prominent.
The most common location of lesions is the back of the feet and toes, and also in lower
extremities along the surface of the Achilles tendon, the malleoli, legs and knees.
Histological characteristics include acanthosis, spongiosis in early stages of the
disease process along with psoriasiform hyperplasia in the later stages. In advanced
disease, parakeratosis and possible necrosis of keratinocytes can be seen. These
histopathological findings are non-specific and high clinical suspicion is required for
early diagnosis[9].
The pathogenesis of NAE is unknown and several mechanisms have been
proposed. Potential etiologies include the metabolic changes associated with liver
dysfunction and diabetes [ 1 0 - 1 2 ] . Hypoalbuminemia, hypoaminoacidemia and
hyperglucagonemia are all associated with inducing inflammatory responses[13].
Other proposed mechanisms include mineral deficiencies, primarily zinc. Moneib et
al[10] reported that serum levels of zinc are low in patients with NAE. Zinc deficiency
causes a reduction in serum transport proteins, such as retinol-binding protein and
prealbumin, which impair delivery of the vitamin A, major factor for epidermal

WJH

https://www.wjgnet.com

229

February 27, 2019

Volume 11

Issue 2

Oikonomou KG et al. NAE in a HIV/HCV coinfected patient
Figure 2

Figure 2 Low and high power of skin histopathology demonstrating bullous/hemorrhagic cellulitis with thick
parakeratosis, impetiginization of the dermis and rare scattered neutrophilic infiltrates with dermal
hemorrhage.

proliferation and differentiation[9]. The significance of zinc deficiencies in NAE is
further limited by the role of blood measurements for the detection of zinc.
Determination levels of zinc levels in future patients with NAE is indicated[11,12].
Additional association has been reported in the setting of hepatitis C. Hepatitis C
viral load and genotype may be related to the etiopathogenesis of NAE[13,14]. Although
no clear correlation with genotype has been reported in the literature, most article
reports describe patients with genotypes 1 and 4[5]. Moreover, in setting of HCV, it
seems that there is correlation between severity of lesions and liver damage. While the
exact role of zinc deficiency in NAE is unknown and controversial[12].
The treatment of NAE is challenging due to the lack of available data. There are no
prospective randomized control trials regarding optimal treatment and most available
information is provided from retrospective case series. Regarding treatment of NAE
lesions after zinc supplementation, the current literature data are inconsistent. Oral
zinc supplementation showed a variable response rate. Zinc with topical tacrolimus,
vitamin B1, and vitamin B6 subcutaneous interferon alpha was also reported with
variable rates of response and inconsistent benefits[8].
Similarly, there are controversial data about topical or systemic corticosteroids, and
zinc supplementation ranging from no response to complete resolution[1]. A trial of
brief systemic steroids and oral zinc supplementation and close monitoring for clinical
resolution is usually warranted in patients with clinical manifestations of NAE
regardless of the serum zinc levels.
In HCV-associated NAE complete or partial resolution has been demonstrated
previously with interferon alpha-2b and/or ribavirin, and also with combinations of
interferon α-2b and zinc[8]. Interferon free direct acting antiviral regimens have also
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been shown to be effective and should be offered to chronic HCV patients with the
goal of sustained viral response.
It is interesting to note that zinc dysregulation and metabolic alterations can also
occur as a result of hepatitis C and HIV infections[2], but to our knowledge case reports
of NAE in HCV/HIV co-infected patients are rare. Najarian et al[12] reported a case of
NAE in a woman with well controlled HIV and untreated HCV. Patient presented
with well-demarcated, painful, pruritic plaques with a distinctive erythematous rim
and a distinctive sandal-like pattern of bilateral lower extremities. She was found to
have low zinc levels and was treated successfully with oral zinc supplementation.
One of the proposed mechanisms for the pathogenesis of NAE in co-infected patients
is the increased zinc loss with urine that can be observed with both HCV and HIV. In
our patient, urine zinc levels were not routinely checked, and zinc levels after
treatment with zinc supplementation were not available.
It is well known that patients with HIV/HCV co-infection have accelerated fibrosis
progression due to multiple mechanisms and perhaps this may play a role in NAE. In
addition these patients have higher levels of pro-inflammatory cytokines such as TGFbeta and IFN gamma along with higher levels of lipopolysacchrides which all can
enhance inflammatory response. Perhaps this also plays a role in NAE in HIV/HCV
co-infected patients.
In terms of appearance of lesions and distribution, there is no significant difference
in HCV/HIV co-infected versus mono-infected patients with HCV, or in seronegative
patients with isolated zinc deficiency. Skin biopsy can be a powerful tool, but given
characteristics of skin lesions, NAE can also be a clinical diagnosis. Table 2 describes
the reported cases of NAE, the serologic profiles of patients, and the methods of
diagnosis and treatment.
The early diagnosis of NAE is crucial, regardless of the underlying disorder, and
early and effective treatment can improve patients quality of life and limit secondary
infections through skin lesions. The interpretation of skin histopathology should be
performed by experienced pathologists, in order to avoid misinterpretation of the
results. Kapoor et al[2] reported a case of NAE in a 44-year-old man with history of
HCV, who had findings consistent with eczema or psoriasis on skin biopsy. Patient
received multiple courses of treatment with immunosuppressants without significant
improvement, was hospitalized multiple times with episodes of cellulitis and suicidal
ideation, and after nine years he was treated successfully with oral zinc
supplementation with improvement of lesions, pain and functional status[4].

CONCLUSION
NAE as a rare skin disorder often represents clinical manifestation of underlying and
frequently undiagnosed hepatitis C. The etiology is likely multifactorial, as
demonstrated in our patient who had both untreated hepatitis C cirrhosis as well as
documented zinc deficiency. This case highlights the importance of clinical
recognition of NAE and early skin biopsy to confirm the diagnosis. Additionally, this
case provides further cause for the expedient treatment of HCV, particularly in
HIV/HCV co-infected patients. High clinical suspicion, physician awareness and
early diagnosis play a pivotal role in appropriate management and optimal clinical
outcomes.

WJH

https://www.wjgnet.com

231

February 27, 2019

Volume 11

Issue 2

Oikonomou KG et al. NAE in a HIV/HCV coinfected patient

Table 2 Literature review – cases of necrolytic acral erythema
HCV

HIV

Srisuwanwattana et al

Yes

NA

Kapoor et al[2]

Yes

NA

Jakubovic et al

No

NA

Abdallah et al[5]

Yes

NA

Pernet et al[7]

No

[1]

[3]

Tabibian et al[8] Case 1
[8]

Tabibian et al

Case 2

Zinc deficiency

Diagnosis

Treatment

No

Skin biopsy

Zinc supplementation and topical steroids

Yes

Clinical diagnosis

Oral zinc supplementation

Yes

Skin biopsy

Nutritional Supplementation

No

Skin biopsy

Zinc supplementation

NA

No

Skin biopsy

Resolved spontaneously

Yes

NA

Yes

Skin biopsy

Zinc supplementation

Yes

NA

Yes

Skin biopsy

Zinc supplementation

Das et al[9]

No

NA

NA

Skin biopsy

Zinc supplementation

Najarian et al[12]

Yes

Yes

Yes

Skin biopsy

Zinc supplementation

Shumez et al

Yes

NA

Yes

Skin biopsy

Zinc supplementation

Shaikh et al[16]

Yes

NA

No

Skin biopsy

Ledipasvir/sofosbuvir

Wu et al[17]

No

NA

NA

Skin biopsy

Systemic steroids

Rahman et al[18]

Yes

NA

NA

Skin biopsy

Systemic steroids and zinc supplementation

Botelho et al[19]

Yes

NA

Yes

Skin biopsy

Zinc supplementation

Panta et al[20]

No

NA

Low normal levels

Skin biopsy

Oral zinc supplementation and topical steroids

Pandit et al[21] Case 1

No

NA

Yes

Skin biopsy

Oral zinc supplementation

No

NA

Yes

Clinical diagnosis

Oral zinc supplementation

[15]

[21]

Pandit et al

Case 2

NA: Not available; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.
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Abstract
BACKGROUND
Portal vein thrombosis (PVT) after liver transplantation (LT) is an uncommon
complication with potential for significant morbidity and mortality that
transplant providers should be cognizant of. Recognizing subtle changes in postoperative ultrasounds that could herald but do not definitively diagnose PVT is
paramount.
CASE SUMMARY
A 30-year-old female with a history of alcohol-related cirrhosis presented with
painless jaundice and received a deceased donor orthotopic liver transplant. On
the first two days post-operatively, her liver Doppler ultrasounds showed a
patent portal vein, increased hepatic arterial diastolic flows, and reduced hepatic
arterial resistive indices. She was asymptomatic with improving labs. On postoperative day three, her resistive indices declined further, and computed
tomography of the abdomen revealed a large extra-hepatic PVT. The patient then
underwent emergent percutaneous venography with tissue plasminogen
activator administration, angioplasty, and stent placement. Aspirin was started to
prevent stent thrombosis. Follow-up ultrasounds showed a patent portal vein
and improved hepatic arterial resistive indices. Her graft function improved to
normal by discharge. Although decreased hepatic artery resistive indices and
increased diastolic flows on ultrasound are often associated with hepatic arterial
stenosis post-LT, PVT can also cause these findings.
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CONCLUSION
Reduced hepatic arterial resistive indices on ultrasound can signify PVT post-LT,
and thrombolysis, angioplasty, and stent placement are efficacious treatments.
Key words: Portal vein thrombosis; Portal vein stent; Liver transplant; Case report
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Core tip: Acute portal vein thrombosis (PVT) after liver transplant is uncommon but can
cause significant morbidity and mortality. PVT can present with subtle ultrasound
abnormalities in the hepatic artery, such as decreased resistive indices and increased
diastolic flows, in the absence of frank thrombosis in the portal vein. Long term portal
vein patency has been seen with percutaneous thrombolysis, angioplasty, and stent
placement as treatment.
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INTRODUCTION
Acute portal vein thrombosis (PVT) after liver transplantation (LT) is an uncommon
yet consequential complication with potential for significant morbidity and mortality.
The incidence of PVT after LT varies, however most case series report occurrences in
1%-3% of patients[1-4]. Similarly, presentations of this condition vary, with case reports
documenting abnormalities in liver function tests to signs of portal hypertension as
initial signs of PVT [1,3,4] . While the diagnosis can often be readily made with
ultrasound, recognizing subtle changes in routine post-operative ultrasounds that
herald but do not definitively diagnose portal venous abnormalities is paramount.
Furthermore, no rigorous studies have determined the most optimal treatment for
PVT post-LT. We report a case of acute PVT post-LT in a patient who developed
subtle vascular changes on serial ultrasounds. The patient required percutaneous
thrombolysis, angioplasty, and ultimately stenting of the portal vein, a rarely reported
treatment for acute PVT after LT.

CASE PRESENTATION
A 30-year-old woman presented to an outside hospital with painless jaundice. She
had no other complaints. Her past medical history was notable for alcohol use
disorder. She had no prior surgeries, was not on any medications, had no allergies,
and denied cigarette or illegal drug use. She had no family history of liver disease. She
was then transferred to our institution for consideration for LT.
At our institution, her vital signs were notable for fever, tachycardia, and
hypotension. On physical exam, she appeared diffusely jaundiced and confused. She
was oriented to person but not to time or place, and she was noted to have asterixis.
Her abdomen was non-tender but distended, and a fluid wave was present. She had
scleral icterus, numerous spider angiomata on her chest, and 3+ bilateral lower
extremity edema. Her initial laboratories are found in Table 1. She had a MELD-Na
score of 44 and a Maddrey’s discriminant function of 105.5. In addition, she had a
negative work-up for acute viral hepatitis, Wilson’s disease, and autoimmune
hepatitis. She was cytomegalovirus (CMV) IgG positive but IgM negative. A liver MRI
with and without contrast was notable for a cirrhotic appearing liver without
evidence of PVT. She was ultimately diagnosed with alcoholic hepatitis with
underlying alcohol cirrhosis.
She was evaluated and subsequently listed for LT at our center. On the third day of
admission, she received a CMV donor positive deceased donor orthotopic liver
transplant. The operation was described as uneventful with no technical
complications.
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Table 1 Presenting laboratories
Laboratory

Result

White blood cell count (cells/mm3)

54.5

Hemoglobin (g/dL)

7.0

Platelet count (cells/mm3)

76

Creatinine (mg/dL)

2.3

Blood urea nitrogen (mg/dL)

52

Sodium (mmol/L)

143

Potassium (mmol/L)

4.8

Protein (g/dL)

5.0

Albumin (g/dL)

3.2

Total bilirubin (mg/dL)

30.1

Aspartate aminotransferase (U/L)

215

Alanine aminotransferase (U/L)

37

Alkaline phosphatase (U/L)

178

International normalized ratio

2.7

On post-operative day (POD) #1 her clinical condition improved with successful
weaning of her vasopressor and ventilator support. Liver doppler ultrasound showed
a patent portal vein in the hilar region, with hepatopetal flow, but low velocity at 12
cm/s (normal 16-40 cm/s)[5]. The hepatic arteries were patent, with high diastolic
flows and resultant low resistive indices in the right and left hepatic arteries (0.350.44, normal 0.55-0.7), shown in Figure 1[5]. Her post-operative laboratories are listed
in Table 2.
A follow-up POD #3 liver doppler ultrasound demonstrated a patent main portal
vein with appropriate flow direction. The flow velocity was lower than expected at 14
cm/s. The left portal vein demonstrated reversal of flow (hepatofugal) which was
new. Hepatic arterial waveforms exhibited increased diastolic flows, and the resistive
indices declined further, to 0.38-0.40.
Given the persistency of the abnormal hepatic arterial wave forms and new reversal
of flow in the left portal vein, further evaluation of the transplant vasculature was
performed with computed tomography (CT) of her abdomen and pelvis with and
without contrast. The CT showed unremarkable arterial anatomy and nonopacification of a long extra-hepatic segment of the portal vein, shown in Figure 2,
indicating acute PVT.
The patient then underwent emergent percutaneous venography. Figure 3 shows
her pre-intervention venography, notable for PVT. Eight milligrams of tissue
plasminogen activator (tPA) were injected at the thrombus site, angioplasty was
performed with a 12 mm x 40 mm balloon, and an uncovered 14 mm x 40 mm stent
was deployed in the main portal vein, which successfully eradicated the PVT. In
addition, coils were deployed into the inferior mesenteric vein to prevent hepatofugal
shunting of blood flow (Figure 4). The patient was also started on aspirin 81 mg once
daily to prevent stent thrombosis.
This patient’s follow-up ultrasound showed a patent portal vein with visualization
of hilar and retropancreatic segments and normalization of the flow and direction of
the left portal vein and velocities. The hepatic resistive indices improved significantly.
Her graft function improved to normal by time of discharge (Table 2).

MULTIDISCIPLINARY EXPERT CONSULTATION
Interventional radiology, transplant surgery, and hepatology.

FINAL DIAGNOSIS
Acute PVT.

TREATMENT
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Figure 1

Figure 1 Liver ultrasound with doppler demonstrating increased diastolic flows (red arrow) and reduced
resistive indices (noted to be 0.44 in the upper right corner, red oval) of the right posterior hepatic artery.

Tissue plasminogen activator administration, angioplasty, portal vein stent
placement, and aspirin.

OUTCOME AND FOLLOW-UP
Successful eradication of PVT and normal graft function with improved hepatic
resistive indices at discharge.

DISCUSSION
Reports of acute PVT post-LT typically state an incidence rate of 1%-3%, however one
case series of adult and pediatric patients documented an incidence of 5.7%[2-4]. While
PVT in this scenario can present with hepatic enzyme abnormalities, relying on
laboratory derangements to screen for PVT in the acute post-operative period is
unreliable given that hepatic enzyme laboratories are often abnormal during this time.
PVT post-LT can also present with sequelae of portal hypertension, including ascites,
variceal formation, and hemorrhage[1]. Graft failure and re-transplantation, although
rare, have been reported in cases of acute PVT post-LT[1,2].
Prevalence rates vary for PVT in other populations, with one study reporting a
prevalence rate of 1.0% in the general population at time of autopsy, and other studies
documenting PVT in 1.0%-26.0% of patients with cirrhosis[6-10]. Risk factors for PVT
include hypercoagulable states (such as malignancy or genetic defects), LT, increased
portal vein resistance, and decreased portal vein flow[11-17]. PVT can be classified
several different ways, including according to the degree of portal vein occlusion,
whether it is acute or chronic, its anatomic extent, and whether it is associated with
cavernoma formation[18-20].
Because of the potential ramifications of vascular complications post-LT (including
both PVT and hepatic artery stenosis or thrombosis), routine serial ultrasounds in the
immediate post-operative period are often employed after LT based on surgical
practice. The high diastolic flows and low resistive indices seen in the patient’s
hepatic arteries were the first clues that portal venous dysfunction may have been
present. PVT is a known etiology of decreased hepatic artery resistive index (RI)[21].
Resistive index is the difference between the peak systolic and end diastolic velocities
divided by the peak systolic velocity, and low RI is defined as < 0.55 [5] . The
mechanism of reduced RI in PVT is explained by the disparate dual blood supply to
the liver. If thrombosis occurs within the portal vein, the hepatic artery must
compensate and supply more blood to the liver; in order to increase perfusion
through the hepatic artery, resistance must decrease, which is accomplished by
increasing hepatic arterial diastolic flow[5]. The sensitivity and specificity for these
findings in PVT are sub-optimal and vary, ranging from 73%-83% and 60%-73%,
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Table 2 Relevant laboratories during the patient’s hospital course
Labs

1 d before LT

POD0

POD1

POD2

AST (U/L)

142

163

264

124

ALT (U/L)

33

32

192

162

28.1

24.6

6.2

4.8

5.0

Total Bilirubin (mg/dL)

POD3

POD4

POD10

POD17

74

70

21

16

125

115

30

17

4.6

2.0

0.9

INR

2.6

2.8

1.7

1.6

1.3

1.3

1.1

1.2

AP (U/L)

133

125

58

84

116

179

147

128

LT: Liver transplant; POD: Post-operative day; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; INR: International normalized ratio; AP:
Alkaline phosphatase.

respectively [22] . While the hepatic arterial abnormalities seen on this patient’s
ultrasound can often indicate hepatic artery stenosis, noticeable arterial narrowing
was not visualized on the patient’s ultrasounds or CT scan. The sonographic findings
were initially presumed to be due to her recent post-operative status and possible
arterial anastomotic edema given her clinical improvement and lack of stenoses
and/or thromboses seen in the hepatic arteries or portal veins on ultrasound.
Further workup during her first two PODs, such as an angiogram or CT scan, was
not performed due to her continued clinical improvement, including improvement of
her liver synthetic function as noted in the INR trend on Table 2. CT scan without an
angiogram component was ultimately performed because of the newly discovered
hepatofugal flow of the left hepatic vein on POD #3 which was concerning for PVT.
While no inherited hypercoagulability testing was done for this patient as her PVT
was presumed to be secondary to the hypercoagulable state of surgery and because
LT is a known risk factor for PVT, case reports exist documenting PVT in the setting
of acute CMV infection in immunocompromised and immunocompetent patients,
likely due to local inflammation and the development of anti-phospholipid
antibodies[23-27]. Although pre-LT testing confirmed that the patient was not actively
infected with CMV and had immunity, the donor was CMV IgG positive. Transplant
providers should be aware of the association between PVT and CMV, particularly in
CMV donor positive/recipient negative patients and in the setting of immunosuppression.
The sensitivity and specificity for ultrasound diagnosis of PVT are better than the
aforementioned secondary hepatic artery findings, with estimates of 80%-100% for
both parameters[18]. However, the Doppler exams for this patient were falsely negative
for PVT, showing main portal vein patency in the hilar region. This may have been
because the entire portal vein is not always visualized on the ultrasound, due to
artifact from bowel gas and/or lack of adequate window on immediate postoperative
days. To the best of our knowledge, this is the first case report post-LT that details
these ultrasound findings as the presenting signs of acute PVT.
Anticoagulation is generally recommended for patients diagnosed with acute PVT
even though there are no randomized controlled trials assessing this intervention.
Early anticoagulation has been shown to lead to higher recanalization rates and
prevent intestinal infarction compared to no anticoagulation, however it is unknown
if these data apply to post-LT patients[28]. Of note, no rigorous studies have assessed
the efficacy of thrombolysis, angioplasty, and stent placement in patients with PVT,
although rare case reports exist documenting these treatments after liver transplant
with long term portal vein patency[1,20,29,30].

CONCLUSION
Acute PVT is a rare and serious complication of LT. While ultrasound has a sensitivity
and specificity between 80%-100% for diagnosing PVT, false negative results can
occur; subtle findings on ultrasound, however, such as high diastolic flows and low
resistive indices, can indicate that PVT may be present. A low threshold to perform
more accurate diagnostic imaging should be employed if these ultrasound
abnormalities are seen. Thrombolysis, angioplasty, and portal venous stent
placement, although rare, have been successfully implemented as treatment for PVT
post-LT. The optimal follow-up imaging regimen and anti-platelet or anticoagulation
regimen is unknown and warrants further investigation.
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Figure 2

Figure 2 Contrast enhanced venous phase computed tomography abdomen coronal image with red arrow and bracket showing non-opacification of the
portal vein, indicating thrombosis.
Figure 3

Figure 3 Pre-intervention venography, with the blue arrow denoting the beginning of the patient’s portal vein thrombosis.
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Figure 4 Post-intervention venography, with the red arrow showing recanalization of the portal vein and the uncovered stent, and the blue arrow indicating
the coils placed in the inferior mesenteric vein.
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Abstract
BACKGROUND
Only one case of liver transplantation for hepatic adenoma has previously been
reported for patients with rupture and uncontrolled hemorrhage. We present the
case of a massive ruptured hepatic adenoma with persistent hemorrhagic shock
and toxic liver syndrome which resulted in a two-stage liver transplantation. This
is the first case of a two-stage liver transplantation performed for a ruptured
hepatic adenoma.
CASE SUMMARY
A 23 years old African American female with a history of pre-diabetes and oral
contraceptive presented to an outside facility complaining of right-sided chest
pain and emesis for one day. She was found to be in hemorrhagic shock due to a
massive ruptured hepatic hepatic adenoma. She underwent repeated
embolizations with interventional radiology with ongoing hemorrhage and the
development of renal failure, hepatic failure, and hemodynamic instability,
known as toxic liver syndrome. In the setting of uncontrolled hemorrhage and
toxic liver syndrome, a hepatectomy with porto-caval anastomosis was
performed with liver transplantation 15 h later. She tolerated the anhepatic stage
well, and has done well over one year later.
CONCLUSION
When toxic liver syndrome is recognized, liver transplantation with or without
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hepatectomy should be considered before the patient becomes unstable.
Key words: Hepatic adenoma; Toxic liver syndrome; Two-stage liver transplantation;
Hepatectomy; Ruptured adenoma; Case report
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INTRODUCTION
Hepatic adenomas are an uncommon solid tumor of the liver with an estimated
incidence of 3-4 per 100000 women[1]. Hemorrhagic rupture occurs in 10%-31% of
patients with hepatic adenomas, with treatment options including embolization and
surgical resection with good outcomes[2,3].
One case of liver transplantation has previously been reported for patients with
rupture and uncontrolled hemorrhage from a hepatic adenoma[4]. We present the case
of a massive ruptured hepatic adenoma with persistent hemorrhagic shock and toxic
liver syndrome which resulted in a two-stage liver transplantation. This is the first
case of a two-stage liver transplantation performed for a ruptured hepatic adenoma.

CASE PRESENTATION
Chief complaints
A 23 year old African American female with a history of pre-diabetes and oral
contraceptive use since age 11, presented to an outside facility complaining of rightupper-quadrant pain, generalized weakness, and emesis for one day. She had been in
her usual state of health until that morning when she experiences the acute onset of
stabbing right-upper-quadrant pain that radiated to her chest. She quickly felt
nauseous and had several episodes of non-bloody emesis.

History of past illness
She had a past medical history significant for pre-diabetes and oral contraceptive use,
but otherwise had no other medical problems and took no other medications.

Personal and family history
She had no history of alcohol, tobacco, or drug abuse, and no family history of liver
disease.

Physical examination upon admission
Her initial physical exam was remarkable for pallor. She was afebrile with an initial
blood pressure of 96/52 mmHg and a heart rate of 126 beats per minute. Her
abdominal exam was notable for right-upper-quadrant tenderness and fullness. Her
cardiopulmonary exam was normal except for tachycardia. Initial labs revealed a
hemoglobin 8.7 gm/dL, platelets 396 × 10 9 /L, lactic acid 5.6 mmol/L, alanine
aminotransferase (ALT) 100 IU/L, aspartate aminotransferase (AST) 166 IU/L, total
bilirubin 0.3 mg/dL, creatinine 1.30 mg/dL, blood urea nitrogen 13 mg/dL, and
bicarbonate 18 mEq/L. A urinary pregnancy test was negative.
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Imaging examinations
Initial imaging would include a CT of the abdomen and pelvis with contrast
demonstrated a large 22 cm x 15 cm heterogenous, hypoattenuating mass
encompassing nearly the entire liver. The mass demonstrated hypervascularity along
the border and hyperattenuating areas, suggesting a large hemorrhagic liver mass
with active hemorrhage. There was no rupture of the liver and no perihepatic,
subcapsular hematoma (Figure 1). She was given preliminary diagnosis of
hemorrhagic shock due to this hemorrhagic liver mass and was transferred to a
second hospital for interventional radiology.
On arrival, her hemoglobin was 9.6 gm/dL after transfusion of 6 units of packed
red blood cells. She underwent gel foam embolization of the right hepatic artery.
However, throughout the evening she required ongoing blood transfusions. A repeat
CT scan demonstrated enlargement of the intrahepatic hematoma with new
intraperitoneal fluid, retroperitoneal fluid, and bilateral pleural effusion concerning
for ongoing hemorrhage. She was then taken back for a mesenteric angiogram with
embolization of the middle hepatic artery and repeat embolization of the right hepatic
artery. During this period, her ALT increased to 1023 IU/L, AST 2287 IU/L, bilirubin
3.2 mg/dL, alkaline phosphatase 506 IU/L, and lactic acid 8.3 mmol/L. She had
ongoing hemodynamic instability and anuric kidney injury (creatinine 1.73 mg/dL).
She was then transferred to our facility.

FINAL DIAGNOSIS
Here, an angiogram demonstrated active extravasation from the liver lesion (Figure
2). Repeat embolization of the entire right hepatic artery was performed. Despite these
interventions and additional resuscitation, she had progressive acidosis, increasing
pressor requirement, and worsening of her bilirubin, INR, and lactate (Table 1). With
this rapidly deteriorating hepatic function with hemodynamic instability and renal
failure, she was diagnosed with toxic liver syndrome.

TREATMENT
She was then taken to the operating room where the liver was found to have a rupture
extending across the entire right lobe into segment 4 anteriorly, as well as a separate
rupture posteriorly. Both fractures were at least 4 cm deep and more than 10 cm long
with active rupture into the abdomen (Figure 3). Her right lobe and most of the left
had been almost entirely replaced by coagulated blood inside of the adenoma. There
was significant compressive effect of the enlarged liver on the portal vein and hepatic
artery. Only a small lateral portion of segments II and III was uninvolved.
Given the size of the mass with compressive effect on adjacent vasculature, ongoing
bleeding during the operation, and the ischemic injury to the remaining liver, it was
decided that total hepatectomy followed by transplant would be her best chance at
survival. Resection was not thought to be viable as only a small remnant of
uninvolved liver remained, and this small portion was felt to already be heavily
injured by preceding ischemia. The liver was then dissected off the cava. The hepatic
vein stumps were oversewn and a porto-caval shunt created. Final pathology
demonstrated a liver size of 34.5 cm × 22.5 cm × 8.5 cm with a red-tan hepatic
adenoma measuring 30 cm × 22.5 cm × 8.5 cm. Coagulative necrosis was noted
throughout tumor with intravascular foreign material consistent with embolization.
The remnant liver tissue demonstrated massive necrosis with only a few remaining
periportal hepatocytes.
After hepatectomy, her hemodynamics stabilized and her urine output increased.
She underwent urgent liver transplant evaluation and was listed as status 1,
anhepatic. She was maintained intubated on continuous venovenous hemodialysis
with target sodium 145-150 mEq/L, a fresh frozen plasma drip, a 50% dextrose
solution drip, empiric antibiotics, frequent calcium checks, and elevation of the head
of bed. She required minimal sedation during this period with an intermittent low
dose fentanyl drip. She was anhepatic for a total of 15 h before going back to the
operating room for an orthotopic liver transplantation. A standard piggyback
transplant was performed and a supra-celiac aortic conduit was created given the
celiac dissection that had been noted earlier.

OUTCOME AND FOLLOW-UP
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Figure 1

Figure 1 CT scan prior to interventions. A CT of the abdomen and pelvis with contrast demonstrated a large 22
cm × 15 cm heterogenous, hypoattenuating mass encompassing nearly the entire liver. The mass demonstrated
hypervascularity along the border and hyperattenuating areas, suggesting a large hemorrhagic liver mass with active
hemorrhage.

She tolerated the procedure well, and had one take-back surgery due to elevated liver
function tests with findings of increased resistive indices on ultrasound.
Intraoperatively, the vessels were found to be intact with some compression from
abdominal wall edema which did not require any intervention other than additional
volume removal. Her recovery was otherwise unremarkable. She was extubated on
post-transplant day 4. She was discharged from the hospital on post-transplant day 8.

DISCUSSION
When adenomas rupture, they are managed with resuscitation to achieve
hemodynamic stability and nonsurgical modalities such as embolization to control
bleeding[5,6]. When conservative measure fail, partial hepatectomy or packing of the
liver may be used to control the hemorrhage[3,7]. In rare cases, liver transplantation
may be considered [4] . To date, 67 patients have been transplanted with hepatic
adenoma as the primary diagnosis according to the Organ Procurement and
Transplantation Network (exact indications are not specified, but presumably due to
size, malignant transformation, multifocality, or hemorrhage)[8]. Only one case of liver
transplant for a hemorrhagic hepatic adenoma has been reported in the literature[4].
We present the case of a massive ruptured hepatic adenoma that would ultimately
require a hepatectomy prior to liver transplant to manage. While the patient suffered
a significant hemorrhage with rupture of her liver, the degree of hepatic and
physiologic dysfunction she experienced was out of proportion solely to the degree of
hemorrhage that she experienced. It is unusual for otherwise healthy patients to have
such marked liver dysfunction, even in the setting of prolonged hypotension [9] .
However, with the mass effect of a ruptures liver on the perihepatic vasculature,
almost complete replacement of the hepatic parenchyma by adenoma and hematoma,
and further damage from hemorrhagic shock and three embolization procedures, her
liver parenchyma started to necrose and resulted in toxic liver syndrome.
Ringe et al[10] first coined the term toxic liver syndrome to describe patients with a
non-functioning liver associated with hemodynamic instability and renal failure. The
condition, though rare, is important to recognize. A recent case series from
Kaltenborn et al [11] found that the cause for mortality in similar patients is not
hemorrhage, which can usually be halted with packing or ligation of the porta, rather
the liver necrosis and subsequent toxic liver syndrome. Cessation of hemorrhage
would not have rescued this patient. In this case, the segment of remaining liver was
too small to be viable, and the ongoing egress of necrotic byproducts from any
retained liver would have continued to propagate her unstable state. Total
hepatectomy was necessary to control hemorrhage and to relieve the physiologic
sequelae of toxic liver syndrome. As a result, post-hepatectomy her heart rate
normalized, her urine output tripled, and her vasoactive medications were stopped.
The use of a hepatectomy with a portocaval shunt prior to liver transplant is
sometimes referred to as a two-stage liver transplant and can temporize patient
awaiting an organ to transplant. Two-stage liver transplantation was first reported in
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Table 1 Peri-transplant hemodynamics and labs
MidPrior to
Prior to
1 h post
6 h post
On arrival at
hospitalizati transfer, at hepatectom hepatectom hepatectom
OSH
on
OSH
y
y
y
Norepinephr
ine (mcg/kg
per minute)

Prior to
transplant

1 h after
transplant

6 h after
transplant

0

0

0

0.04

0

0

0

0

0

Lactate
(mmol/L)

4.9

6.4

8.3

9.5

9.7

5.2

5.1

5

4.8

Continuous
venovenous
hemodialysi
s

No

No

No

Adjuncts

Initiated

-100 mL/h

-150 mL/h

-200 mL/h

-130 mL/h

Urine
Output
(mL/h)

65

9

35

Anuric

400

75

22

75

43

Potassium
(meq/L)

4.2

5.4

6.9

4.5

4

3.8

4

5

4.5

Creatinine
(mg/dL)

1.22

1.07

1.73

1.53

1.45

0.87

1.03

1.00

0.84

INR

1.2

1.4

1.9

NA

1.4

1.3

1.6

1.3

1.3

pH

NA

7.28

7.2

7.24

7.48

7.45

7.37

7.46

7.45

PCO2 (torr)

NA

26

34

35

31

34

37.5

34

37

Total
Bilirubin
(mg/dL)

NA

2.1

2.1

3.3

NA

NA

NA

3.9

3.7

AST
(IU/mL)

NA

784

2178

3882

NA

NA

NA

2440

1985

ALT
(IU/mL)

NA

366

894

1464

NA

NA

NA

1138

938

Rate indicates rate of fluid removal (sum of all fluid administrated – fluid removed on continuous venouvenous hemodialysis). OSH: Outside hospital;
INR: International normalized ratio; PCO2: Partial pressure of carbon dioxide; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; NA: Not
available.

1988 and is used as a last resort for patients who are unstable due to exsanguinating
hemorrhage (from trauma or an irreparable laceration due to a ruptured hepatic
adenoma) or overwhelming inflammation (such as from primary graft non-function
or acute liver failure)[12-14]. While early mortality for the two-stage liver transplant was
as high as 60%-76% within the first year[10,15,16], the mortality in the last decade has
been reported to be as low as 24% in some series[12-14].
Our patient tolerated the hepatectomy remarkably well. She had rapid
hemodynamic stabilization and improvement in her urine output. During this stage,
other consequences of the anhepatic state were carefully monitored. Hypoglycemia,
due to a lack of hepatic gluconeogenesis, was controlled with a 50% dextrose drip.
Hypocalcemia, a consequence of multiple citrate-containing blood transfusion
combined with the inability to metabolize citrate, was carefully monitored and
corrected[15]. Volume status and acid-base balance was managed with continuous
veno-venous hemodialysis. Increased intracranial pressure was avoided by elevation
of the head of the bed and maintenance of mild hypernatremia. She was transplanted
15 hours later, and was discharged within approximately one week of liver
transplantation. At the time of submission, the patient continues to do well over a
year from transplant and has not had to be re-hospitalized.
This case describes a rare and dramatic complication of a hepatic adenoma that
resulted in both massive hemorrhage and liver dysfunction which could only be
treated with hepatectomy. Recognition of toxic liver syndrome is essential when
dealing with patients who suffer massive liver necrosis in attempts to control
bleeding. Though embolization to control bleeding is an important first step,
ultimately these patients will not be definitively managed by embolization
procedures. Early consideration should be given to liver transplantation with or
without hepatectomy before the patient becomes too unstable to proceed.

CONCLUSION
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Figure 2

Figure 2 Mesenteric angiogram prior to transplant. Mesenteric angiogram demonstrating a large right hepatic
lobe with multiple areas of abnormal contrast accumulation indicative of ongoing hemorrhage. Gelfoam embolization
of the right hepatic artery was performed.

Toxic liver syndrome describes patients with a non-functioning liver associated with
hemodynamic instability and renal failure. Mortality in these patients are not from the
hemorrhage itself, rather the liver necrosis and subsequent toxic liver syndrome. A
two-stage liver transplantation, or the use of a hepatectomy with a portocaval shunt
prior to liver transplant, should be considered in patients with toxic liver syndrome.
Anhepatic patients require careful management of hypoglycemia, hypocalcemia,
volume status, acid-base balance, and intracranial pressure, among other parameters.
Further research is needed to determine the optimal management of anheptic patients
and ways to identify the point when hepatectomy would be most useful in patients
developing toxic liver syndrome.
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Figure 3

Figure 3 Explanted liver. Explanted liver, measuring 34.5 cm × 22.5 cm × 8.5 cm, with a large surface disruption with adenomatous tissue and significant adherent
clot.
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Abstract
Gastric varices (GV) have different physiology and clinical characteristics
compared to oesophageal varices (OV). There is little information about the
management of GV. Most part of the recommendations is extrapolated from
studies where the majority of participants had OV. Thus, most recommendations
lack of strong evidence. This is a comprehensive review on all aspects of
management of GV, i.e., primary, secondary prophylaxis and management of
acute bleeding. The papers on which international societies’ recommendations
are based are scrutinised in this review and areas of research are identified.
Key words: Gastric varices; Oesophageal varices; Portal hypertension; Cirrhosis
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Core tip: This review focuses on an area in Hepatology which needs updating due to the
recent contradictory recommendations from different international societies, i.e.,
American Association for the Study of Liver Disease, Baveno-VI and United Kingdom
guidelines. Contradiction arises from lack of strong evidence. This comprehensive
review analyses critically the key papers on which recommendations are based, and it
also detects areas needing urgent research. There are also graphs and information which
would help clinicians in their decision-making process.
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INTRODUCTION
Gastric varices (GV) are present in around 20% of patients with cirrhosis, portal
hypertension and varices detected in the endoscopy[1]. GV are quite different from
oesophageal varices (OV), they are supplied by the short gastric, left gastric and polar
renal veins and thus, they have different venous afferents compared to OV. GV bleed
less frequently, but they bleed more significantly than OV. Bleeding from GV is less
directly related to the degree of portal hypertension and more related to the size of the
varix and wall tension.
In one large study, including 568 patients, GV were present in 20% at initial
endoscopy with 9% of patients developing GV over a medium follow up period of
24.6 ± 5.3 mo, however this was after eradication of OV’s the authors reported a
mortality rate of 45%[1]. In comparison, a more recent study reported the six-week
mortality of bleeding GV as being only 16.7%[2].
Another study reviewing 117 patients with fundal GV who had never bled showed
that the cumulative risk for GV bleeding at 1, 3, and 5 years was 16%, 36%, and 44%,
respectively with a total of 34/117 patients bleeding[3]; this was higher than a later
study of 604 patients which showed a cumulative incidence of GV bleeding at 4.8%,
19.9%, and 23.2% at 1, 3, and 5 years respectively[4].
Currently, there is much more information on management of OV than on GV.
Hence, most recommendations are based on expert opinions and not on evidencebased medicine.

CLASSIFICATION OF GV
According to their development before or after endoscopic/surgical intervention
Primary GV are present at the time of the initial endoscopy and before any
endoscopic/surgical intervention, and secondary GV are those which appear after
endoscopic/surgical intervention.

According with their anatomical site
There are four types[1](Figure 1). Gastroesophageal varices (GOV)-1; gastro-OV type-1
are OV extending beneath the cardia through the lesser curvature. They are the most
common type of GV, comprising around 75% of all GV. They are almost always
associated with large OV (92%).
GOV-2; gastro-OV type-2 are OV extending beneath the cardias through the
fundus. They comprise around 21% of all GV and are associated with the presence of
large OV in 50% of cases.
Isolated gastric varices (IGV)-1; isolated GV type 1 are not connected with OV and
they are located on the fundus. They are seen in only 1.6% of patients with GV.
IGV-2; isolated GV type 2 are not connected with OV and are present in the
stomach but not in the fundus. They are seen in 4.2% of patients with GV. This type of
varices usually develops during or after endoscopic obliteration of oesophageal or
GV, around 85% of the cases. In the other 15% of the cases portal vein thrombosis
with or without liver cirrhosis is found. Most of these cases (59%) have other types of
GV associated. Only 6% of these patients bleed during a mean follow up of 3 years[5].
A new type has been recently proposed by Singh, around 11% of patients with
oesophageal and GV who cannot be classified in any of the other types, i.e., having
OV and GV in the body, pylorus or antrum[6]. Clinical characteristic of this new type
of GV has not been investigated yet.

According to their size
They are classified in small (< 5 mm), medium (5 to 10 mm) and large (> 10 mm). GV
are more common in segmental portal hypertension caused by portal/splenic vein
thrombosis, than in generalized portal hypertension due to cirrhosis [7] . This is
probably due to a more direct transmission of increased portal pressure to the short
and posterior GV. Fundal varices, i.e., IVG-1 and GOV-2 type varices, are developed
by dilation of short and posterior gastric veins and large gastro-renal shunts are
usually present.

DEFINITION OF HAEMORRHAGE FROM GV
Bleeding from GV is diagnosed when (1) active bleeding from a gastric varix is seen in
endoscopy, (2) a clot or ulcer is seen over the gastric varix, (3) in the presence of large
GV, absence of OV, and no other cause for upper gastrointestinal bleeding detected.
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Figure 1

Figure 1 Classification of gastric varices according to their anatomical location within the stomach. GOV-1: Gastroesophageal varices type-1; GOV-2:
Gastroesophageal varices type-2; IGV-1: Isolated gastric varices type-1; IGV-2: Isolated gastric varices type-2.

GOV2s bleed more frequently than GOV1s. Secondary GOV2s carry the worst
prognosis, 38% of patients with this type of varices died of bleeding. IGV-1s bleed in a
similar frequency as GOV2s, but are less frequently present[1].
The main risk factors for bleeding are the degree of liver dysfunction, location, size,
and presence of red spots on the varix[3,8,9].
GV bleed less frequently than OV, but it seems GV bleed more severely than OV.
The transfusion requirement is higher in gastric than in oesophageal variceal
bleeding, 4.8 ± 0.6 vs 2.9 ± 0.3 transfusion unit/person, P < 0.01[3].

PRIMARY PROPHYLAXIS
In view of the absence of data GOV1 should follow same guidelines as OV[10] and thus,
we are going to discuss the management of fundal varices only in this section.
There is only one trial assessing primary prophylaxis in patients with GV and it
was a prospective study. Eighty-nine cirrhotic patients with high risk GV, i.e., large (>
10 mm) and located in the fundus (GOV2/IGV1) were included. They had no history
of gastrointestinal bleeding and no OV were present at diagnostic endoscopy. They
were randomized to receive either cyanoacrylate injection until complete obliteration
(Group I), or propranolol with a target heart rate of 55/min or maximal dose of 360
mg/d (Group II), or no treatment (Group III). The median follow-up period was 26
mo[11,12] (Table 1).
This study showed that cyanoacrylate injection was superior to propranolol and to
no therapy in preventing bleeding. Some experts recommend using non-selective
beta-blockers (NSBB) as primary prophylaxis and avoiding cyanoacrylate injections
because they consider this study very particular since it was conducted in a single
expert centre and thus, it is considered not enough evidence to generalise its
findings[13,14]. Glue injection requires expertise which is not always available and the
low complication rate in the study reflects the high skills of endoscopists who
conducted the study, which is not widely reproducible. Moreover, data suggesting
that carvedilol is more effective in reducing the hepatic venous pressure gradient
(HVPG) may reduce the gap in efficacy between NSBB and cyanoacrylate injection.
On the other hand, it is well known that bleeding from GV does not depend only on
the HVPG, but also on the wall tension and size of the varix. Some experts refrain
from issuing any recommendation in view of the lack of strong evidence[10]. There is a
clear need for research in this area.
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Table 1 Risk of bleeding, mortality and complication rate according to treatment group[11]
Characteristics

Cyanoacrylate Group I(n = 30)

PropranololGroup II(n = 29)

No treatmentGroup III(n = 30)

P value

10%

38%

53%

0.003

0

10%

24%

0.034

Overall mortality

7%

17%

26%

0.113

Complications

3%

3%

7%

1

GV bleed
Bleed-related mortality

SECONDARY PROPHYLAXIS
In view of the absence of data GOV1 should follow same guidelines as OV[10] and thus,
we are going to discuss management of fundal varices only in this section as well.
There is less evidence supporting prevention of re-bleeding in GV compared to OV.
There have been trials testing NSBB, endoscopic injection of tissue adhesives,
endoscopic band ligation (EBL), Transjugular Intrahepatic Portosystemic Shunt
(TIPS), and Balloon-occluded Retrograde Transvenous Obliteration (BRTO). It is
important to note that these studies included patients at the time of the index bleeding
which could be confusing in terms of overlap with treatment of acute bleeding, but
patients with uncontrolled bleeding were excluded. Therefore, all of participants had
successful treatment of the acute bleeding.

Cyanoacrylate injection and beta-blockers
There are two prospective trials comparing NSBB versus glue injection alone and
versus glue injection plus NSBB[15,16].
The first study compared endoscopic injection of cyanoacrylate versus propranolol.
Thirty-two patients were allocated in each group. All patients had portal hypertension
secondary to liver cirrhosis and all had fundal varices, i.e., GOV-2 with eradicated OV
or patients with IGV-1, all of them were large, i.e., at least 10mm in width. These types
of GV have the highest risk of bleeding. Re-bleeding from GV was managed with
TIPS or surgery in the cyanoacrylate group and with cyanoacrylate injection in the
propranolol group. The fact that the two groups received different rescue therapies
may be a bias affecting survival. Patients on the propranolol branch were monitored
daily until the target dose was achieved. Afterwards, they were monitored every three
months. Results showed that rate of re-bleeding and mortality were significantly
lower in the cyanoacrylate group, 10% vs 44%, P = 0.004 and 3% vs 23%, P = 0.023[15].
We must interpret these results with caution because all patients were enrolled
shortly after GV bleeding but 77% of them did not receive endoscopic treatment to
control the acute bleeding. Thus, an important part of the patients allocated to Betablocker group did not receive adequate endoscopic treatment for the episode of index
bleeding while the patients allocated to the glue injection group did. This difference
would be a disadvantage in the Beta-blocker group regarding re-bleeding rate.
The second study compared glue injection alone versus glue injection plus
propranolol. Forty-eight and 47 patients were included in each group, respectively.
The study showed similar re-bleeding rates between both groups, 54% vs 47%, P = NS.
Mortality rate was also similar, 42% vs 47%, P= NS[16]. Authors stated that these
findings could be explained because portal hypertension may not be as critical as in
OV[17], and because most patients have segmental portal hypertension or gastro-renal
portosystemic shunting. Patient in the beta-blocker group experienced more asthenia,
60% vs 23%, P < 0.01, but overall side effects were similar in both groups. Experts
recommend eradication with cyanoacrylate injections as first line therapy[14].

TIPS and histoacryl® injection
Histoacryl® is monomeric n-butyl-2-cyanoacrylate. One prospective study compared
both treatments in patients with cirrhosis and gastric variceal bleeding. Participants
were selected at the time of index bleeding from GV. Patients bleeding from OV were
excluded. Patients with severe decompensation of cirrhosis were also excluded. Acute
bleeding was treated with somatostastin and glue injection initially. Thirty-five
patients were allocated to TIPS and 37 to cyanoacrylate injections. Re-bleeding from
GV was lower in the TIPS group, 11% vs 38%, P = 0.014. Nevertheless, upper GI
bleeding and 2-year survival were similar between both groups: 43% vs 59% and 70%
vs 83%, respectively[18]. The lack of impact on mortality may be attributed to the
increased rate of hepatic encephalopathy and to liver dysfunction in the TIPS group,
two of the patients in the TIPS group developed liver failure. According to the
authors, there was some delay in elective treatment. In fact, two episodes of gastric
variceal bleeding occurred between randomization and elective treatment. Moreover,
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the high rate of re-bleeding in the Histoacryl® group could be related to the noncompliance of some patients and to the low dose injected at each session.
Furthermore, some of the bleeding episodes attributed to GV were ulcers post glue
injection and not to portal hypertension. Those patients were started on proton pump
inhibitors only when an ulcer was diagnosed during endoscopic follow-up and not as
standard prophylaxis. Finally, half of the patients included in this study had GOV1
which clinical characteristics are similar to OV and not to fundal varices (GOV2 and
IGV1). There is a clear need of research in this area.
Thrombin injection and BRTO have been evaluated only in the acute bleeding
setting, but no as prophylactic treatment.

MANAGEMENT OF ACTIVE BLEEDING
Multiple guidelines are available that discuss the management of active variceal
bleeding, these include the American Association for the Study of Liver Disease 2016
guidelines[13], the British Society of Gastroenterology (BSG) 2015 guidelines[14], and the
2015 International consensus statement (Baveno VI)[10].
The main stay of treatment for gastric variceal bleeding is initially similar to that of
oesophageal variceal bleeding and is based on good fluid resuscitation, correction of
coagulopathies, early pharmacological treatments with antibiotics and vasoactive
medications and early endoscopic intervention. Radiological management, balloon
tamponade and surgical management are typically reserved for those who fail to
achieve haemostasis with endoscopic and pharmacological therapy; although the
early use of interventional radiological procedures is likely to play a greater role in the
management of gastric variceal bleeding[10].
Restoration of circulating volume should be achieved whilst avoiding over
transfusion to prevent a rebound of portal hypertension and precipitate re-bleeding.
A recent study showed that a restrictive transfusion policy to a haemoglobin of 7-8
g/dL resulted in better outcomes and less complications [19] . With regards to
coagulopathies the BSG guidelines suggest a platelet transfusion if the count is below
< 50 × 109/L and fresh frozen plasma to be used for patients with a ﬁbrinogen level of
< 1 g/L or clotting derangement > 1.5 times greater than normal[14]. Although, in
contrast, the Baveno Consensus statement feel that recommendations regarding
coagulopathy and thrombocytopenia could not be made on the basis of currently
available data[10]. We would suggest that correction of coagulopathies be based on
local guidelines and patient factors such as the severity of the bleeding and their comorbidities.

Pharmacological treatments for active gastric variceal bleeding
Initial management of GV bleed should include early use of pharmacological agents
in the form of prophylactic antibiotics and vasoactive drugs and these should be
initiated at an early stage[10].
Antibiotics: Prophylactic antibiotics should be given to all patients with variceal
bleeding to decrease the risk of bacterial infections and improve survival and is
recommended in all of the prior mention guidelines and consensus. Antibiotics of
choice are those that are active against enteric bacteria of which Cephalosporins are
the most widely used and studied. Data was first published in 1985 showing
prophylactic antibiotics reduced the rate of infections in patients with cirrhosis and
variceal bleeding[20] and multiple studies and meta-analysis since have confirmed
this[21]. Moreover, other studies showed that re-bleeding rates are lower after the use
of prophylactic antibiotics[22]. No studies have been published looking specifically at
antibiotic therapy solely in GV haemorrhage but many studies discussed variceal
bleeding without differentiating between OV and GV bleeding.
A 2011 meta-analysis of 12 trials including 1241 patients looked at antibiotic
prophylaxis against placebo/no antibiotic prophylaxis in patients with cirrhosis and
upper gastro intestinal bleeding and reported that antibiotic prophylaxis was
associated with reduced mortality (RR 0.79, 95%CI: 0.63-0.98), reduced bacterial
infections (RR 0.35, 95%CI: 0.26-0.47), reduced re-bleeding (RR 0.53, 95%CI: 0.38-0.74)
and shorter length of stay (MD -1.91, 95%CI: -3.80-0.02)[23]. No note was made of
whether any of these trials looked purely at GV bleeding and in fact, some trials
included non-variceal haemorrhage.
A current Cochrane review protocol has been published in November 2018 stating
the aim of reviewing the role of antibiotics in patients with cirrhosis and variceal
bleeding[24].
The choice of antibiotics should be guided by local microbiology advice and
guidelines and take into account the prevalence of local resistance, the prior use of
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prophylactic antibiotics and other external facts, for example norfloxacin is no longer
available in the United States nor in the United Kingdom.
Vasoactive medications: Vasoactive drugs decrease the portal venous blood flow.
They include vasopressin and its analogue terlipressin, and somatostatin and its
analogue octreotide. Their use is recommended in all major guidelines although
again, it must be noted that no studies have looked purely at the use of vasoactive
medication in GV bleeding[10,13,14].
In 2012, a metanalysis of 30 trials including 3111 patients showed that the use of
vasoactive agents was associated with a significantly lower risk of 7-d mortality (RR
0.74; 95%CI: 0.57-0.95), an improvement in haemostasis (RR 1.21, 95%CI: 1.13-1.30),
less transfusions requirement (pooled mean difference -0.70 units of blood transfused,
95%CI: -1.01 to -0.38;) and a shorter duration of hospitalisation (pooled mean
difference -0.71 d; 95%CI: -1.23 to -0.19). They reported that studies comparing
different vasoactive agents did not show a difference in efficacy, although the quality
of evidence was very low[25].
Terlipressin is a synthetic analogue of vasopressin that is administered as
intermittent injections. In a meta-analysis it showed lower risk of complications
compared to vasopressin[26]. It is currently not licensed for use in the United States but
is the preferred medication of choice outside of the United States. A Cochrane review
in 2003 showed that terlipressin was the only medication to reduce mortality[27].

Endoscopic management
Studies reviewing the endoscopic management of GV bleeding are limited compared
to those related to OV bleeding interventions; however, endoscopy intervention is still
the main stay of treatment and should be offered to all patients with suspected severe
variceal bleed immediately after resuscitation or for more stable patients within 24
h[14].
Tissue adhesives: Endoscopic therapies that have been studied include tissues
adhesives mainly cyanoacrylate glues but also fibrin and thrombin therapy, EBL and
sclerosants including alcohol; with the use of tissue adhesive being consider as firstchoice treatment in most parts of the world.
Sclerosing agents including alcohol have been used with varying success in GV
bleeding, often with high re-bleeding rates[28] and the most current ASGE guidelines
on sclerosing agents, whilst focusing mainly on their use in OV’s, suggest their use
should be limited but may be considered in some circumstances such as treating OGV
combined with EBL[29].
Only a small number of studies could be found looking at EBL for active GV
bleeding and often with low numbers of participants. One study reported a series of
27 patients with GV, with active bleeding in 18 patients, EBL achieved haemostasis in
16 of the 18 patients (88.8%). However, recurrent bleeding was noted in five of the 27
patients (18.5%)[30]. Another study reported 22 patients with active bleeding from GV
treated with EBL; all patients achieved initial haemostasis and there was no
immediate complication; however, four patients (18.2%) developed early rebleeding[31].
One randomised study looked at the use of tissue adhesive versus EBL for acute
GV bleeding and whilst both interventions were as effective at controlling the initial
bleed, the use of glue was associated with lower re-bleeding rates[32].
A meta-analysis of tissue adhesive versus EBL for active GV bleeding, only
including three suitable trials with 194 patients, reported that control of bleeding was
achieved in 93.9% of patients treated with tissue adhesive versus 79.5% in the EBL
groups (P = 0.032). Re-bleeding rate was comparable in GOV2 between the 2
interventions (35.7% vs 34.8%, P = 0.895), but cyanoacrylate use was superior at
reducing re-bleeding rates in GOV1 and IGV1 [33] . They concluded that tissue
adhesives were superior but that in places where it was not available EBL could still
be a useful treatment option.
With regards to tissue adhesives cyanoacrylates glues are the commonest used and
are a group of synthetic glues that solidify rapidly on contact with weak bases i.e.,
water and blood. They are often mixed with lipiodol, any oily emulsion, to slow their
rate of solidification thus reducing the chance of inadvertent adherence to the
endoscope or catheter and also allowing imaging visualisation of the glue after
injection in the case of complications and distal embolization.
ASGE reports that cyanoacrylates use has an initial haemostasis rates in the reign of
80%-90% and that tissue adhesive is superior to sclerotherapy or EBL for control of
GV haemorrhage[34]. Higher rates of haemostasis have been reported in many studies
ranging from 91%-100% with re-bleeding rates ranging from 7% to 28%[35,36]. The
Baveno consensus and the BSG guidelines recommend the use of tissue adhesives
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such as N-butyl cyanoacrylate in the use of GV bleeding[10,14].
Other tissues adhesives include thrombin which is a human or bovine protein that
affects haemostasis by converting fibrinogen to a fibrin clot. There are no controlled
trials looking at its use but one case series looked at 37 patients and reported that
human thrombin was an effective treatment for active GV bleeding but re-bleeding
occurred in 4 patients[37]. Other case series would suggest its use is safe and effective
with low side effect profile but with repeated interventions sometimes needed[38,39].
Hemospray: TC-325 (Hemospray, Cook Medical, Winstom-Salem, North Carolina,
United States) is a haemostatic powder which becomes cohesive and adhesive when
gets in contact with blood or tissue in the GI tract, forming an effective mechanical
barrier covering the bleeding site and thus, achieving quick haemostasis. Its effect
lasts approximately 24 hours, because the haemostatic layer sloughs off. Currently, it
is only licensed for the treatment of non-variceal Upper GI bleed. However, two
recent studies by Ibrahim et al have shown that Hemospray could be employed in
active variceal bleeding as a bridge to a definitive treatment[40,41].
The first study[40] was a single arm prospective study on 38 patients admitted with
acute variceal bleed from oesophageal or GV (GV were present in 10% and IGV2 were
present in 6.6%). Gastroscopy was performed within 6 hours of admission after
hemodynamic stabilization to confirm acute variceal bleeding and Hemospray was
applied as primary measure. Clinical haemostasis was achieved in 29 of 30 (96.7%).
Only 13 of 30 patients (43.4%) had active bleeding at the time of endoscopy. A follow
up endoscopy was performed within 24 h for definitive treatment with either banding
or cyanoacrylate injection.
The second study[41] was a recent prospective, randomized study including 86
patients with active variceal bleeding from oesophageal or GV who were randomly
allocated to early endoscopy (within 2 h) with application of hemospray plus
pharmacological therapy or to a group who received pharmacological therapy alone.
The authors showed higher haemostasis rate at the time of definitive endoscopy
(within 12-24 h) and lower mortality rate in the intervention group. The authors
concluded that hemospray could be employed as a bridge to definitive intervention in
remote centres where the expertise to apply banding/glue injection is not easily
available but the one to apply hemospray is. Probably, this recommendation is
applicable to a minor proportion of centres. Moreover, their findings may suggest that
earlier endoscopic intervention is better, regardless of the type of intervention,
especially if the medical treatment is not the recommended first line option, they used
octreotide instead of terlipressin.
There was also an anecdotic report employing Hemospray as a rescue therapy of
actively bleeding gastric varix after failure of cyanoacrylate injection[42]. Currently,
there is still little evidence to support the routine use of Hemospray in the
management of active variceal bleeding.

Rescue measures
Balloon tamponade: Balloon tamponade is an effective short-term measure to achieve
control of bleeding; however, due to the observed complication rates and the high risk
of re-bleeding once the balloon is deflated this measure should be considered a
temporary measure until definitive control of the bleeding can be achieved.
The use of balloon tamponade was first described as early as 1930 by Westphal but
was named as Sengstaken-Blakemore (SB) tube in after the Sengstaken and Blakemore
paper in 1950. Three tubes are available, the SB tube, which has two balloons, gastric
and oesophageal, and a gastric suction port, the Minnesota tube (a modified SB tube
with the addition of an oesophageal suction port to try and prevent aspiration), and
the Linton- Nachlas tube, which has a single gastric balloon, but of larger volume and
a gastric suction port only. Their use has decreased over time as endoscopic and
pharmacological measures improve outcomes and remove the need for balloon
tamponade[43].
Most studies regarding balloon tamponade relate to OV bleeding[44] or do not
differentiate between OV and GV bleeding, however one study found initial success
rates of 88% with the use of balloon tamponade in GV (vs 91.5% in OV bleeding)
whilst their reported complication rate was 10% and mainly related to aspiration[45].
Complications of balloon tamponade relate normally to misplacement of the tube
or pressure effects from over inflation or the balloon being inflated for too long.
Complications include oesophageal ulceration, necrosis and rupture and aspiration
pneumonia[46] and consequently their use is recommended to be limited to temporary
control until more definitive management can be put in place[14].
TIPS: It is widely used as a salvage option for GV bleeding and is increasingly used as
first line treatment, especially in the United States and Europe whilst BRTO remains
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more commonly used in the Eastern countries.
TIPS was first shown to be successful for GV bleeding in a 1998 study that showed
outcomes for TIPS in acute GV versus OV bleeding was equal with haemostasis being
achieved in all but one patient. Re-bleeding occurred in 4/28 patients due to shunt
thrombosis or occlusion, which the authors report was easily diagnosed and
managed. The study therefore established the role of TIPS as a rescue procedure in
management of uncontrolled GV[47].
Investigating the role of TIPS in GV remains difficult as many studies do not
distinguish OV from GV bleeding and some pivotal studies in TIPS exclude patients
with isolated GV bleeding[48]. Due to severe hepatic dysfunction often patients are not
TIPS candidates and TIPS is not available in all centres thus the use of cyanoacrylate
glue may be the only viable option for control of the haemorrhage.
A single centre study that showed in cyanoacrylate glue vs TIPS there was no
difference in re-bleeding rates but noted that patients treated with glue therapy had
significantly less long-term morbidity then the TIPS patients[49] and this was again
reported in a retrospective review in 2015 comparing cyanoacrylate glue with TIPS
which noted no difference in re-bleeding rates and mortality[50].
BRTO: BRTO is an interventional radiology technique which accessed the GV via a
gastrorenal shunt, which is occluded with a balloon while the sclerosant agent is
injected in the GV. There has been a series of retrospective reports, but no prospective
trial has been conducted so far. Early reports showed it was a feasible procedure[51].
Technical success is high and it is an effective method when employed as
prophylaxis [52] and also in the acute setting [53] . The main side effects include the
development of new or progression of pre-existing OV, vascular damage or migration
of the sclerosant agent when the balloon is inadvertently displaced. When BRTO is
compared with TIPS it seems that BRTO is equally effective[54] or even superior than
TIPS[55], but the evidence is based only on retrospective series of patients and thus,
these results cannot be generalized. There has been a recent meta-analysis based on
six studies comparing TIPS vs BRTO which showed a decrease in mortality rate in the
BRTO compared to the TIPS group (RR 0.44, 95%CI: 0.35-0.56, P < 0.01). It also
showed BRTO group had lower re-bleeding risk (RR0.38, 95%CI: 0.24-0.59, P < 0.01)
and lower encephalopathy risk (RR: 0.07, 95%CI: 0.03-0.16, P < 0.01)[56].
The current recommendation for BRTO is to be applied as a rescue therapy when
TIPS is contraindicated, such as in cases of advanced liver failure or hepatic
encephalopathy. Nevertheless, a gastrorenal shunt must be present to use BRTO.
Surgery: It is applicable only in highly specialised centres and consists of selective
shunts in carefully selected patients, with well-preserved synthetic function,
otherwise risk of complications is unacceptably high[57]. In cases of segmental portal
hypertension, splenectomy could be considered[7](Figure 2).

CONCLUSION
There is little literature regarding management of GV compared with the abundant
quantity published on OV. Most recommendations for the management of acute
bleeding are extrapolated from trials including mainly patients with OV bleeding and
only a small proportion with GV. In fundal varices (i.e., GOV2 and IGV1)
management with cyanoacrylate injections is the preferred option leaving TIPS or
BRTO as a rescue therapy. With regards to prophylaxis, there is not enough evidence
on secondary prophylaxis and even less on primary prophylaxis to make strong
recommendations. Probably, cyanoacrylate injection has a role in both primary and
secondary prophylaxis, but most experts prefer to suggest NSBB in primary
prophylaxis as they are less invasive and easily accessible. There is still a wide area for
research in GV therapy.
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Figure 2

Figure 2 Algorithm of management of gastric varices: Primary prophylaxis, acute bleeding and secondary prophylaxis.1Patients with gastroesophageal
varices (GOV)-1 or GOV2 extending close to the cardias may be treated with endoscopic band ligation if the varix diameter is smaller than the diameter of the cap of
the ligation device. Hb: Haemoglobin; TIPS: Transjugular intrahepatic portosystemic shunt; BRTO: Balloon-occluded retrograde transvenous obliteration.
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Abstract
Liver transplantation is the best treatment option for cirrhotic patients with earlystage hepatocellular carcinoma, but it faces the problem of scarcity of donors and
the risk of tumor recurrence, which affects between 15% and 20% of the cases,
despite the use of restrictive criteria. The risk of recurrence depends on a number
of factors, related to the tumor, the patient, and the treatment, which are
discussed in this review. Some of these factors are already well established, such
as the histopathological characteristics of the tumor, Alpha-fetoprotein (AFP)
levels, and waiting time. Other factors related to the biological behavior of the
tumor and treatment should be recognized because they can be used in the
refinement of the selection criteria of transplant candidates and in an attempt to
reduce recurrence. This review also discusses the clinical presentation of
recurrence and its prognosis, contributing to the identification of a subgroup of
patients who may have better survival, if they are timely identified and treated.
Development of recurrence after the first year, with AFP levels ≤ 100 ng/mL, and
single site capable of locoregional therapy are associated with better survival
after recurrence.
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Core tip: Recurrence of hepatocellular carcinoma (HCC) after liver transplantation
usually portends a poor prognosis with short survival. Besides well recognized risk
factors for post-transplant HCC recurrence, as tumor staging and vascular invasion, this
review discusses other factors strongly associated with the recurrence risk, such as alphafetoprotein levels, tumor uptake of FDG in Pet scan, response to locoregional therapy
and post-transplant immunosuppression. We present proposals of a screening protocol
for tumor recurrence after transplantation and of criteria to identify patients with good
prognosis after recurrence, who might benefit from aggressive antitumor therapy.
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INTRODUCTION
Liver transplantation (LT) is the treatment of choice for cirrhotic patients with earlystage hepatocellular carcinoma (HCC), because it concomitantly resects the tumor and
the underlying liver disease, which is the main risk factor for the appearance of new
tumors. The percentage of cases of HCC among patients waiting LT tripled from 2004
to 2015 in the United States, becoming the leading indication of LT in 2015 (23.9% of
registrations) [1] . However, the shortage of organs for transplantation limits the
selection of this therapeutic modality for HCC.
Despite using morphologic criteria, such as the Milan criteria (MC) (single nodule
smaller than 5 cm or two or three nodules of up to 3 cm)[2], to select HCC patients for
LT, tumor recurrence (TR) still occurs in 15% to 20% of cases, being associated with an
unfavorable prognosis[3-6]. Therefore, it is necessary to identify other risk factors for TR
to refine patient selection and to identify modifiable factors that may reduce the
incidence of TR.

RISK FACTORS FOR TUMOR RECURRENCE
There are numerous studies that have sought to identify the risk factors for HCC
recurrence after LT. We shall classify these factors according to the tumor, the patient,
or the treatment (Table 1).

Factors related to the tumor
Staging, number and size of the nodules: After 15 years of using the MC[2] in clinical
practice, a systematic review showed that with the compliance of these criteria, cases
of well-differentiated tumors were selected, without vascular invasion and with
similar 5-year survival rate to that of the transplanted patients for nontumor causes[7].
The increased risk of TR with the higher number of nodules is not linear, because,
from three nodules and above, the increase in risk tends to be attenuated[8]. Another
meta-analysis showed that the risk of TR was proportional to the diameter of the
larger nodule, with no association with the number of nodules, probably because
multiple nodules, however small, did not present higher frequency of vascular
invasion[9]. These findings were confirmed in a retrospective cohort study that showed
an increase of 36% in the risk of TR for each extra centimeter in the diameter of the
larger nodule, with no association with the number of nodules[10].
Vascular invasion: Macrovascular tumoral invasion can be identified by imaging
exams and is considered a contraindication to the realization of LT. In turn,
microvascular invasion (mIV) can only be detected by the analysis of the explant,
being, therefore, unavailable in the preoperative period.
However, mIV tends to be associated with tumor staging, being observed in 16.6%
of the tumors within the MC, and in 50.2% of those beyond the Up-to-seven criteria
group (sum of the diameter of the largest node with the number of nodules smaller
than seven)[8].
The mIV is a determining factor in the risk of TR and survival, doubling the risk of
death [8] . The presence of micro- and macrovascular invasion in the explant was
associated with a significant increase in the TR [relative risk (RR), 2.42 and 7.82,
respectively] and decreased 5-year recurrence-free survival (RFS) (44% and 13%,
respectively, compared to 64% in patients without vascular invasion)[11].
Degree of differentiation: Poorly differentiated tumors are found in 11% to 25% of
patients who underwent LT[8,11-13], and this frequency seems to increase as we expand
the morphological selection criteria[8]. Poorly differentiated tumors entail higher risk
of TR (39.3% vs 13%) and reduction of RFS by 5 years (39.9% vs 57.7%)[12]. However, a
percutaneous biopsy presents low sensitivity (29%) and positive predictive value
(35%) in the identification of poorly differentiated tumors, not improving the accuracy
of the selection of candidates for LT, when associated to the MC[14].
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Table 1 Factors possibly associated with the recurrence of hepatocellular carcinoma after liver
transplantation
Related to the tumor

Related to the patient

Tumor staging
Vascular invasion
Differentiation’s grade

Related to the treatment

Obesity

Pretransplantation:

Viral etiology

Percutaneous tumor biopsy

HCV treatment

Waiting time

NAFLD

Bridging therapy
Peri-transplantation:

Alpha-fetoprotein

Donor’s age

Neutrophil-lymphocyte ratio

Ischemia time
Surgical technique
Posttransplantation:

Enhanced uptake in PET scan

Immunosuppression
Adjuvant sorafenib

MRI findings with gadoxetic acid
Response to LRT

MRI: Magnetic resonance imaging; LRT: Locoregional therapy; HCV: Hepatitis C virus; NAFLD: Nonalcoholic fatty liver disease.

Alpha-fetoprotein: Alpha-fetoprotein (AFP) levels are high in approximately 60% of
the HCC cases[15]. Although losing diagnostic value, its role in the prognosis of HCC is
relevant. A retrospective analysis, based on the United Network for Sharing Organs
(UNOS) data, observed an inverse relationship between the level of AFP (from 16
ng/mL) and survival post-LT[16].
Duvoux et al[17] have proposed a simple scoring system, associating the levels of
AFP with the size and number of nodules. Using a cutoff value of two points to
differentiate low- and high-risk patients, they found the following rates of TR: 8.8%
and 50.6%, respectively, after LT.
A recent study reported that in patients with tumors within the MC, a monthly
increase in the level of AFP greater than 7.5 ng/mL, in spite of locoregional therapy
(LRT), was associated with the presence of mIV [odds ratio (OR) 6.8] and a greater
risk of TR [(hazard ratio (HR), 3.9][18].
Several authors have reported that the reduction of AFP levels after LRT is
associated with a good prognosis[16,17,19,20]. Merani et al[21] showed that patients who
achieved AFP levels below 400 ng/mL after LRT were less excluded by tumor
progression and attained a higher survival rate than those who already had low
values from the onset. Even patients with initial levels of AFP above 1000 ng/mL
attained good survival, as long as the AFP levels were reduced with less than 400
ng/mL after LRT.
Some authors proposed the exclusion of patients with AFP levels higher than 1000
ng/mL from undergoing LT, found in 4.7% of the cases with tumors within the MC,
which was strongly associated with mIV (OR, 6.8) and 5-year TR (47.3%)[19]. A recent
study, based on the UNOS database, included 407 patients with HCC who underwent
LT with AFP levels > 1000 ng/mL, which corresponded to 3.8% of the total number of
cases. Of these, 23.9% achieved a reduction of AFP to less than 500 ng/mL with LRT,
which was associated with a marked reduction of TR (13.3% vs 35%) and 5-year
mortality rate (33% vs 51, 2%)[22].
Neutrophil-lymphocyte ratio: Some tumors induce an inflammatory response that
induces the release of cytokines and inflammatory mediators, increasing the risk of
metastasis by inhibition of apoptosis, promotion of angiogenesis, and DNA damage.
The neutrophil-lymphocyte ratio (NLR) in the peripheral blood can be a marker of
inflammatory response, and its association with the poor prognosis of various tumors
has already been demonstrated[23]. Some authors have studied the association between
the NLR, calculated based on the immediate preoperative exams, and the risk of
recurrence of HCC after LT. Halazun et al[24] found NLR ≥ 5 in 9% of the individuals
transplanted for HCC, who presented a 5-year RFS of only 25%. They proposed a
score by associating the NLR to the diameter of the larger nodule and observed a
median survival of only 3 mo in patients with NLR ≥ 5 and tumor diameter > 3 cm. A
meta-analysis confirmed the association of the NLR with mIV, multifocality, size,
poor tumor differentiation, and shorter survival[25].
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Enhanced uptake in positron emission tomography scan: The diagnostic sensitivity
of positron emission tomography scan (Pet scan) for HCC is only 50%, since welldifferentiated tumors have comparable glycolytic activity to that of nontumor liver
cells. [18F] FDG uptake by the tumor has been used as a marker of HCC
aggressiveness, based on the association with mIV and poor tumoral differentiation,
greater risk of dropout, greater risk of TR, and lower RFS and overall 5-year
survival[26,27].
Findings from magnetic resonance imaging with gadoxetic acid: A recent
publication described the development of significantly higher TR in patients with
satellite nodules (HR, 3.97) and peritumoral hypointensity in the hepatobiliary phase
(HR, 4.24). The positive predictive value of these findings in predicting mIV in the
explant was 84%, and the difference in RFS over 3 years was significant (27.5% vs
84.6%)[28].
LRT response: LRT response may be a marker of the biological behavior of the tumor.
LRT can be used pretransplant in the following two scenarios: (1) in tumors beyond
MC, with the goal of reducing tumor mass and thus enabling the inclusion criteria
(downstaging), or (2) in patients with tumors within the MC, as neoadjuvant therapy
[bridging therapy (BT)], to prevent the removal of the patient from the list due to
tumor progression (dropout). The treatment modalities that can be performed for LRT
are transarterial chemoembolization (TACE), radiofrequency ablation, alcoholization,
and radioembolization, depending on the characteristics of the tumor and the
patient[29].
Otto et al [30] observed that the response to TACE allows a better selection of
candidates for LT than pathological data, such as tumor size, vascular invasion, and
degree of differentiation. Patients who reached downstaging obtained a lower rate of
TR (3.3%), while those who presented some degree of tumor progression presented a
significantly lower 5-year RFS (22 vs 92%; RR, 21.7).
The University of California’s group prospectively included patients with tumors
beyond CM in a downstaging program provided they did not present macrovascular
invasion and met one of the following criteria: (1) Single nodule less than or equal to 8
cm; (2) two or three nodules smaller than 5 cm, with a sum smaller than 8 cm; or (3)
four to five nodules smaller than 3 cm with a sum smaller than 8 cm. About 65% of
the cases achieved effective downstaging and were enrolled for LT after 3 mo. When
compared to patients with MC tumors from the start, they had a greater 2-year
dropout risk (34.2 vs 25.6%), but the RFS was similar [31] . A recent meta-analysis
confirmed the good results with the downstaging process[32], so much so that the
American Association for the Study of Liver Diseases (AASLD) recommends the
inclusion of such patients in the LT list[33].

Factors related to the patient
Obesity: In one sample, 25% of patients with HCC who underwent LT were obese
and had twice the risk of death, a higher frequency of mIV, and tendency for a higher
rate of TR, suggesting that the increased expression of vascular endothelial growth
factor (VEGF) induced by the adipose tissue may stimulate tumor angiogenesis[34].
Another group has confirmed the increased risk of TR, with smaller RFS among
overweight patients, suggesting that obesity induces a pro-oncogenic state, via
reduction of adiponectin and increase of leptin, which would stimulate HCC
proliferation, migration, and invasion[35].
Viral etiology: A study from Taiwan described a strong association between the
failure of prophylactic therapy against reactivation of hepatitis B in the posttransplant
period and the risk of TR, both of which are related to the presence of a specific
mutation of the virus, which seems to induce a pro-carcinogenic state[36]. Another
study found a 2.45-fold higher risk of TR in patients with hepatitis B and viral load
above 5 log, also finding an association between the reactivation of hepatitis B in the
post-LT period and the risk of TR[37].
There are controversial reports on the influence of hepatitis C on the risk of TR after
LT due to HCC. Bozorgzadeh et al[38] compared a small group of transplanted HCC
patients with and without hepatitis C and reported an association of viral infection
with lower 5-year RFS. A group from Taiwan, in turn, found lower RFS in the
subgroup of hepatitis C patients who evolved with rapid development of liver fibrosis
after living-donor LT[39].
Hepatitis C virus treatment: There are few reports on the impact of HCV treatment in
the post-LT period on the risk of TR. Small case series have suggested that treatment
with interferon-based schemes could be associated with a lower risk of TR[40].
Data on the use of direct-acting antivirals (DAAs) to treat HCV in patients with
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HCC who underwent LT are still scarce. In the CUPILT cohort, 314 patients
transplanted for HCC were treated with DAAs after ca. 67 mo of transplant, attaining
96.8% sustained virological response (SVR), with only 2.2% of TR[41].
Some authors have reported preliminary results regarding antiviral treatment in
patients with HCC during the waiting time for transplantation. Yang et al[42] observed
a tendency for a higher risk of TR in 18 patients treated with DAAs in pre-LT, who
presented a surprisingly low rate of virologic response (50%), observing an
association with histological features of poor prognosis, early TR, and extrahepatic
metastases.
On the other hand, an Italian cohort achieved 94% SVR after treatment during the
waiting time, with TR being observed in only 8.5% of them after 20 mo of follow-up[43].
Another study compared patients treated or not with DAAs while awaiting
transplantation, with no difference in dropout risk, characteristics of the explant, or
TR[44].
Non-alcoholic fatty liver disease: Recently, some authors have described a more
indolent biological behavior in HCC associated to non-alcoholic fatty liver disease
(NAFLD). Lewin et al[45] analyzed the UNOS database and observed that the cases
with HCC secondary to NAFLD presented a 32% lower rate of high-risk
characteristics for TR. A study from the University of Toronto and University of San
Francisco noted that among patients with tumors beyond MC, bearers of NAFLD
showed a 80% lower rate of TR[46].

Factors related to treatment
Percutaneous tumor biopsy: Although the current consensus allows the diagnosis of
HCC by imaging methods in most of the cases, percutaneous biopsy may still be
necessary in cases with atypical radiological pattern[29,33]. In 2005, a Spanish group
reported that the accomplishment of percutaneous biopsy was associated with a
higher risk of TR, especially extrahepatic[47]. Lopez et al[48] studied patients with HCC
who underwent biopsy and radiofrequency ablation before LT, finding no tumor
implant in the needle path in patients who underwent the two procedures at the same
time, while 16.7% of those who underwent radiofrequency after biopsy showed TR in
the thoracic wall.
Time to transplantation: Studies based on the UNOS database reported an
association between a short time to transplantation and increased risk of TR in the
post-LT, with decreased survival. The authors suggested that the rigorous image
monitoring during the waiting time could select the tumors with more favorable
biological behavior[49,50]. A multicenter study found a dropout rate of 3.2% and 12.4%
when the time between HCC diagnosis and LT was greater than 6 and 18 mo,
respectively, despite the completion of LRT. The risk of 5-year TR was greater in
patients transplanted before 6 mo or after 18 mo of diagnosis of HCC[51].
BT: There are controversial reports on the benefits of BT, but an international
conference recommended it when the likely waiting time is longer than 6 mo [52], and
the AASLD suggests BT in patients with tumors within the MC[33]. In their metaanalysis, Kulik et al[32] found no significant reduction in the risk of dropout after LRT
in patients within the MC, while no impact on the risk of TR and RFS was observed.
A multicenter study examined 3601 transplanted patients with HCC, of which
79.3% received LRT, and did not observe difference in TR and RFS compared to those
without these therapies. However, a greater risk of TR in those who developed only
partial necrosis of the nodule was seen when compared to those without LRT[53].
Another group confirmed the similarity of TR rates in patients within the MC who
underwent LRT or did not and the higher risk of TR in patients with partial necrosis
of the tumor, when compared to those with complete necrosis and without necrosis.
They also found an association between partial necrosis of the tumor and increased
risk of lymph node metastases, demonstrating that the partial necrosis was
accompanied by greater density of peritumoral lymphatic vessels and increased
expression of VEGF. These authors raised the hypothesis that tumor necrosis
stimulates the production of growth factors and neoangiogenesis, facilitating the
progression and lymphatic dissemination of the remaining tumor cells[54].
A recently published retrospective cohort study found a 64% reduction in the risk
of TR in patients undergoing TACE when adjusted by the initial size of the lesion, not
observing this association in patients who underwent radiofrequency, suggesting that
the greatest benefits would be achieved in patients with tumors with a diameter
greater than 4 cm[10].
Donor’s age: One study observed higher median age of the donor among patients
who evolved with TR after LT, which remained significant after multivariate analysis,
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which led them to speculate if older livers would have less tolerance to the
preservation injury and increased susceptibility to cold ischemia[55]. A similar result
was observed in a survey of the UNOS database, in which a 70% higher risk of TR
was found in patients who received grafts from donors older than 60 years, regardless
of the etiology of liver disease[56].
Ischemia time: Warm and cold ischemia times are related with the intensity of
ischemia-reperfusion injury, which stimulates immune and inflammatory
phenomena. Nagai et al[57] observed a gradual increase in the risk of TR with the
increase of the ischemia time, with a significant difference after 10 h of cold ischemia
and 50 min of warm ischemia. A German group found an association between a warm
ischemia time greater than 50 minutes and the risk of TR[58]. It is speculated that
ischemia-reperfusion injury can accelerate growth and implantation of HCC
micrometastases present at the time of LT.
Surgical technique: The preservation of the vena cava in piggyback procedures
reduces the hemodynamic instability and the warm ischemia time. On the other hand,
the preservation of the cava theoretically could increase the risk of persistence of
tumor-affected margins, and the greater manipulation of the patient’s liver could
increase the spread of tumor cells. Mangus et al [59] found no difference in the
frequency of TR nor RFS according to the technique of venous reconstruction, while a
Polish study found a higher risk of TR in patients undergoing the conventional
technique[60].
The technique of living-donor LT implies piggyback anastomosis between the
receiver and the partial graft of the donor. A meta-analysis reported ca. 60% greater
RFS in patients who underwent cadaver LT than those who underwent living-donor
LT[61]. The possible explanations for the worse prognosis of living-donor LT in the
treatment of HCC would be the following: (1) Shorter waiting list, which would
prevent the identification of more aggressive tumors; (2) greater surgical
manipulation, which could contribute to the spread of neoplastic cells; and (3) rapid
hepatic regeneration after living-donor LT, which would release growth factors and
cytokines that could contribute to the TR[62].
Immunosuppression: In the transplantation scenario for the treatment of a neoplasia,
a balance must be sought between immunological risks (graft rejection) and
oncological risks (TR). The association between the serum level of tacrolimus in the
first month after LT with the risk of TR has already been demonstrated, and it was
observed that patients with a level above 10 ng/ml presented a 2.8-fold higher risk of
TR[63].
As mTOR inhibitors (sirolimus and everolimus) inhibit cell proliferation and
angiogenesis, it has been postulated that these drugs could reduce the risk of TR after
LT. A meta-analysis of five cohort studies found 70% lower risk of TR in patients who
used sirolimus associated to a calcineurin inhibitor [64] . Another meta-analysis
including 42 studies showed a lower frequency of TR among patients treated with an
mTOR inhibitor, although this difference was only significant among patients with
tumors within the MC[65]. However, both meta-analyses assumed that these studies
were of low quality.
A randomized, prospective, multicenter trial (SILVER trial) included 525 patients
transplanted for HCC, associating or not sirolimus, from 4 to 6 weeks of LT, with the
traditional immunosuppression scheme of each participating center. Although the 5year TR rate was similar between the groups, those treated with sirolimus showed a
higher percentage of RFS in the first 4 years, and from the end of the first year, the risk
of TR was 50% lower. When an analysis of subgroups was performed, the addition of
sirolimus was beneficial in patients with tumors within the MC. In general, the
addition of sirolimus to the immunosuppressive regimen was associated with a gain
of 6.4 mo in the RFS[66].
Another study using a historical control group evaluated the use of everolimus
from the third week after LT on the risk of TR, with no significant difference between
the groups[67].
Adjuvant sorafenib: Sorafenib is a multiple tyrosine kinase inhibitor that exerts an
antiangiogenic effect through the inhibition of VEGF and platelet-derived growth
factor and was the first drug to provide increased survival for patients with advanced
HCC[68]. Its use as an adjuvant therapy after LT in order to reduce the risk of TR began
to be described from 2010 in small case-control studies, with varying results, but at
the expense of toxicity that required a reduction of dose in 75% to 82% of cases[69-71].
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MONITORING OF THE PATIENT AFTER LT FOR HCC
There is no consensus on the protocol for monitoring TR after LT, without definition
on the modality of exams to be performed and frequency or duration of follow-up.
Most authors monitored the patients with thoracic-abdominal computed tomography
(CT) and AFP levels with 3- to 6-mo intervals in the first 2 or 3 years, increasing the
interval between exams from that date. Bone scintigraphy is usually reserved for
those cases that present with symptoms or TR. There is also no consensus on the
duration of screening of TR [5,6,72,73] . A consensus conference published a vague
recommendation of a combination of imaging exams (CT or magnetic resonance
imaging), and AFP every 6 to 12 mo[54].
A multicenter study has proposed a protocol of postoperative monitoring, stratified
according to the risk of TR, which would be estimated by the RETREAT score,
calculated according to the following three simple data: AFP on the occasion of the
LT, vascular invasion, and sum of diameter with the number of viable nodules (Table
2)[74].

CLINICAL PRESENTATION OF HCC RECURRENCE AFTER LT
The recurrence of HCC after LT usually occurs early, with a median RFS of 12 to 16
mo. In most cases, TR is of poor prognosis with a median survival after recurrence of
7 to 16 mo[4-6,72,73].
Approximately 75% of the TR occur during the first 2 years after the LT, and only
10% of them are detected after the fourth year[6]. Most authors consider early TR the
one that develops during the first year after LT. From a pathophysiological point of
view, early TR occurs due to pretransplantation staging failure, which fails to identify
existing metastases, or by implantation and growth of circulating tumor cells in
another organ. On the other hand, late TR would arise as a result of late seeding of
cells that remained latent and in less number for a long time after LT[3].
The clinical course of TR after LT tends to be dramatic, because it involves tumoral
dissemination in immunosuppressed patients. TR after LT must be considered a
systemic event, because it is restricted to the graft in only 30% of cases[75]. The organs
most commonly involved in TR are the lungs, liver, bones, lymph nodes, and adrenal
glands. Involvement of more than one organ is observed in more than 50% of the
cases[6].
RFS has a strong impact on survival after TR, since the early TR usually denotes
greater tumor burden and more aggressive biological behavior[5,6,73]. Other factors
seem to impact survival after TR including the following: nutritional status on the
occasion of the TR[4], bone metastases[6,72], level of AFP after TR[4-6], lymphopenia[4], the
involvement of multiple organs[76], and impossible treatment with curative intent of
TR[5].
The use of therapy with curative intention, such as surgical resection or ablation by
radiofrequency, is usually possible in patients with TR with less aggressive behavior,
represented by late TR, lower levels of AFP, lower number and size of tumor nodules,
and single TR site, which is associated with a significantly higher survival rates (22 vs
9 mo)[77].
A Euro-American study developed a prognostic score after TR, based on the
presence of the following three signs of poor prognosis: TR during the first year after
LT (HR, 1.6), AFP level higher than 100 ng/mL at TR (HR, 2.1), and tumor not
susceptible to curative therapy (HR, 4.7). Patients without any of these poor
prognostic factors achieved a 5-year survival rate of 50% (Table 3)[5]. This score was
recently validated in another multicenter study, which confirmed its usefulness in
predicting survival after TR[77].

CONCLUSION
LT is the best treatment option for cirrhotic patients with early-stage HCC, but it faces
the problem of scarcity of donors and the risk of TR, which affects between 15% and
20% of the cases, probably because morphologic criteria do not predict the tumor
biological behavior. Besides well recognized risk factors for HCC recurrence after LT,
as tumor staging and vascular invasion, some other factors are strongly associated
with the recurrence risk, such as AFP levels, tumor uptake of FDG in Pet scan and
response to LRT. Some therapy-related risk factors may be modified to reduce
recurrence risk, as waiting time and post-transplant immunosuppression. Tumor
recurrence after transplantation usually portends a poor prognosis with a median
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Table 2 RETREAT score to estimate the risk of tumor recurrence after liver transplantation in patients with tumors within the Milan
criteria and proposed protocol for tumor recurrence screening[74]
Risk factor

Score

Alpha-fetoprotein level before LT
0–20 ng/mL

0

21–99 ng/mL

1

0–999 ng/mL

2

> 1000 ng/mL

3

Microvascular invasion

2

Sum of the diameter of the largest viable tumor and the number of viable
nodules
0

0

1.1–4.9

1

5.0–9.9

2

≥ 10

3

RETREAT Score

Screening Protocol

0 points

Screening not needed

1-3 points

Screening every 6/6 mo for 2 yr

4 points

Screening every 6/6 mo for 5 yr

≥5 points

Screening every 3-4 mo for 2 yr Exams every 6 mo between the 2nd and 5th
year

TR: Tumor recurrence; LT: Liver transplantation.

survival of 7 to 16 mo. Although there are no structured studies on the treatment of
HCC recurrence after LT, it is important to modify the paradigm that TR is always
fatal. The implementation of a regular screening protocol may allow the establishment
of diagnosis at an early stage, which might provide effective treatment for some
patients, improving the dismal prognosis of this clinical condition.
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Table 3 Prognostic score for the prediction of survival after hepatocellular carcinoma recurrence after liver transplantation[77]
Poor prognostic variables
Early tumor recurrence (during the first year after transplantation)
AFP ≥ 100 ng/mL at the time of the TR
Tumor not susceptible to curative therapy
Score

Prognostic score

1st year survival after TR

No variable

Good prognosis

73%

Moderate prognosis

55%

Poor prognosis

17%

1 or 2 variables
3 variables

TR: Tumor recurrence.
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Abstract
BACKGROUND
Severe acute liver failure (SALF) is a rare, but high-mortality, rapidly evolving
syndrome that leads to hepatocyte degeneration with impaired liver function.
Thioacetamide (TAA) is a known xenobiotic, which promotes the increase of the
formation of reactive oxygen species. Erythroid 2-related factor 2 (Nrf2) activates
the antioxidant protection of cells. Studies have evidenced the involvement of
inflammatory mediators in conditions of oxidative stress.
AIM
To evaluate the antioxidant effects of glutamine on Nrf2 activation and NFκBmediated inflammation in rats with TAA-induced IHAG.
METHODS
Male Wistar rats (n = 28) were divided into four groups: control,
control+glutamine, TAA, and TAA + glutamine. Two TAA doses (400 mg/kg)
were administered intraperitoneally, 8 h apart. Glutamine (25 mg/kg) was
administered at 30 min, 24 h, and 36 h. At 48 h, blood was collected for liver
integrity analysis [aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and alkaline phosphatase (ALP)]. The liver was harvested for histology
and assessment of oxidative stress [thiobarbituric acid-reactive substances
(TBARS), catalase (CAT), glutathione peroxidase (GPx), glutathione S-transferase
(GST), glutathione (GSH), Nrf2, Kelch-like ECH-associated protein 1 (Keap1),
NADPH quinone oxidoreductase1 (NQO1), superoxide dismutase (SOD)] and
inflammatory process.
RESULTS
TAA caused disruption of the hepatic parenchyma, with inflammatory
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infiltration, massive necrosis, and ballooning degeneration. Glutamine mitigated
this tissue damage, with visible regeneration of hepatic parenchyma; decreased
TBARS (P < 0.001), GSH (P < 0.01), IL-1β, IL6, and TNFα levels (P <0.01) in
hepatic tissue; and decreased blood levels of AST, ALT, and ALP (P <0.05). In
addition, CAT, GPx, and GST activities were restored in the glutamine group (P
<0.01, P <0.01, and P <0.001, respectively vs TAA alone). Glutamine increased
expression of Nrf2 (P < 0.05), NQO1, and SOD (P < 0.01), as well as levels of IL-10
(P <0.001), while decreasing expression of Keap1, TLR4, NFκB (P < 0.001), COX-2
and iNOS, (P < 0.01), and reducing NO2 and NO3 levels (P < 0.05).
CONCLUSION
In the TAA experimental model of IHAG, glutamine activated the Nrf2 pathway,
thus promoting antioxidant protection, and blunted the NFκB-mediated
pathway, reducing inflammation.
Key words: Thioacetamide; Cytokines; Oxidative stress; Inflammation; Liver failure;
Chemical and drug induced liver injury; Glutamine
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Severe acute liver failure (SALF) is a rare syndrome characterized by rapid
deterioration of liver function, usually in patients without underlying liver disease; the
only effective treatment is transplantation. In this study, we used thioacetamide (TAA), a
known xenobiotic hepatotoxicant, to induce SALF in rats. This was followed by
administration of glutamine in an attempt to activate antioxidative defenses via the
erythroid 2-related factor 2 (Nrf2) pathway and mitigate liver injury. Glutamine
successfully activated Nrf2 and inhibited TLR4/NFκB-mediated inflammation, allowing
restoration of parenchymal architecture and recovery of several parameters to nearcontrol levels.
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INTRODUCTION
Severe acute liver failure (SALF) is a complex and rare syndrome characterized by
rapid deterioration of liver function, usually in patients without underlying liver
disease[1,2]. Management includes intensive and comprehensive supportive care, but
the only effective treatment to date is liver transplantation[3].
The xenobiotic thioacetamide (TAA) has been used to induce hepatic damage in
animals, and constitutes an effective experimental model to study the mechanisms
involved in the pathophysiology of SALF and investigate potential therapies thereof.
Several studies have implicated oxidative stress and inflammation as critical events
involved in experimental SALF[4-9].
Reactive oxygen species (ROS) are generated during the process of oxygen
metabolism and play several important physiological roles, including signal
transduction, defense against microbial pathogens, and gene expression to support
cell growth or cell death signaling pathways[5,10]. Reactive nitrogen species (RNS), in
turn, are derived from nitric oxide (NO), which is produced via inducible nitric oxide
synthase (iNOS) activity[5,6]. Because of their unique chemical characteristics, ROS and
RNS can trigger lipid peroxidation and cause DNA strand breaks and protein
oxidation, resulting in cellular injury. Oxidative and nitrosative stress represents an
imbalance in the production and elimination of these reactive species and a decrease
in the production of antioxidants[5,11,12].
The antioxidant defense system is essential for cell protection. Antioxidant enzymes
such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx), as well as non-enzymatic electron receptors such as glutathione (GSH), are
affected by oxidative stress conditions[12,13]. The nuclear factor erythroid 2-related
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factor 2 (Nrf2) is an important regulator of redox balance. Under physiological
conditions, Nrf2 is stores in the cytoplasm in inactivated form, bound to Kelch-like
ECH-associated protein 1 (Keap1). Under stress conditions, Nrf2 dissociates Keap1
and is translocated to the nucleus, where it promotes expression of cytoprotective
target genes, such as NADPH quinone oxidoreductase1 (NQO1), antioxidant
enzymes, and phase-II detoxification enzymes such as glutathione S-transferase
(GST)[5,14-16].
Inflammation is a key component of several liver diseases. The inflammatory
process leads to parenchymal damage, which progresses to fibrosis, liver cancer, and,
occasionally, SALF[17]. Metabolites of hepatotoxic drugs bind to a toll-like receptor 4
(TLR4) complex that activates nuclear factor kappa B (NFκB), triggering the
production of pro-inflammatory cytokines, such as tumor necrosis factor-α (TNF-α),
interleukin (IL)-1β, and IL-6, and modulation of anti-inflammatory cytokines such as
IL-10 [ 1 2 , 1 4 , 1 7 , 1 8 ] . Furthermore, it can stimulate production of the enzymes
cyclooxygenase-2 (COX-2) and iNOS, both of which act as inflammatory mediators[19].
Many isolated compounds have been investigated for their potential to eliminate
oxidative stress and mitigate the inflammatory process in liver diseases. Within this
context, glutamine (Gln) has been investigated due to its important role in a wide
range of metabolic pathways. It is indispensable for nucleotide, glucose, and protein
synthesis. It is a precursor of GSH and plays a key role in the immune defense of the
gut mucosal barrier, participating in immunoglobulin formation[20,21]. Several studies
in humans have shown that Gln modulates the expression of genes related to the
activation of pathways involved in several disease states[22-25]. Furthermore, studies
conducted in different experimental models have demonstrated beneficial effects of
Gln on the rat liver, bowel, and stomach[21,26-30].
Within this context, the present study aimed to evaluate the effect of Gln as an
antioxidant and its role in the inflammatory process in an experimental model of
IHAG induced by TAA.

MATERIALS AND METHODS
Ethical considerations
This study was conducted at the Animal Experimentation Unit and the Laboratory of
Experimental Hepatology and Gastroenterology, Hospital de Clínicas de Porto
Alegre, after approval from the Institutional Animal Care and Use Committee
(opinion no. CEUA 15-0175).
Animal handling followed the ethical principles for animal experimentation
mandated by current Brazilian legislation (Law no. 11794/2008), the standards of the
Brazilian Council for the Control of Animal Experimentation (CONCEA), the State
Code for Animal Protection, and established local procedures for the care and use of
animals in experimental research.

Experimental procedures
Twenty-eight male Wistar rats (mean weight 300 g) were used in this study. During
the experiment, the animals were housed in boxes (47 cm × 34 cm × 18 cm) lined with
wood shavings, in a 12-h light/dark cycle, and a controlled temperature of 18 to 22
°C. Water and feed were given ad libitum. The animals were randomized in four
groups (n = 7 each): control (CO), control plus glutamine (CO + G), TAA, and TAA
plus glutamine (TAA + G).
IHAG was induced by intraperitoneal administration of two doses of TAA, 400
mg/kg in normal saline solution (0.9% NaCl), with an 8-hour interval between
doses[8]. The glutamine-treated groups received intraperitoneal Gln (Sigma Chemical®,
St. Louis, MO, United States), 25 mg/kg in 1 mL 0.9% NaCl. The first dose was
administered 30 min after the last dose of TAA; the second and third doses of Gln
were administered 24 and 36 h, respectively, after the start of the experiment.
At 48 h, the animals were weighed and anesthetized by intraperitoneal injection of
a mixture of ketamine hydrochloride (95 mg/kg) and 2% xylazine hydrochloride (8
mg/kg). Blood was then collected from the retro-orbital plexus with a glass capillary
tube and placed into a heparin-containing test tube to prevent coagulation.
After blood sampling, animals were euthanized by anesthetic overdose (three times
the therapeutic dose, as per CONCEA guidelines)[31]. Upon confirmation of death, the
abdominal region was shaved and disinfected, a midline ventral laparotomy was
performed, and the liver was removed in sections for storage and subsequent
analysis. One liver fragment was submerged in 10% formaldehyde solution for 24 h
for histological examination, while another fragment was frozen −80 °C for other
analyses.
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Histological examination of hepatic tissue
Tissue samples were fixed in 10% formalin and embedded in paraffin. The resulting
paraffin blocks were then placed in a Leitz® 1512 microtome and cut into sections 3
μm thick. The slides were then dipped in hematoxylin and eosin (HE) for 5 min each
and placed in a running water bath. For dehydration, the slides were run through a
graded ethanol series, followed by two xylol baths. Finally, coverslips were mounted
with Canada balsam. Slides were examined under a light microscope coupled to a
digital camera. Images were captured using Image-Plus software (Media
Cybernetics®, Bethesda, United States) at a magnification of 200×. Hallmarks of acute
liver injury were scored on a scale of 0 to 3, where 0 = normal hepatic tissue; 1 = mild
damage with scant inflammatory infiltration; 2 = moderate damage and infiltration;
and 3 = severe damage with infiltration and loss of hepatic architecture.

Spectrophotometric analysis of biochemical parameters
Hepatic integrity was assessed by measurement of the liver enzymes aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and alkaline phosphatase
(ALP) in plasma, using the commercially available Liquiform Labtest® kit (a kinetic
spectrophotometric assay). Protein content in liver homogenate was determined by
Bradford’s method[32]. Lipid peroxidation was investigated by the thiobarbituric acidreactive substances (TBARS) method[33]. Levels of GSH were evaluated[34], as well as
activity of the antioxidant enzymes catalase (CAT)[35] and glutathione peroxidase
(GPx)[36] and of the phase-II detoxification enzyme glutathione S-transferase (GST)[37].
Production of nitric oxide metabolites (NO2/NO3) was measured indirectly by the
Griess reaction[38].

Western blot analysis of protein expression
Cytoplasmic and nuclear extracts were prepared from liver homogenates[39]. The
supernatant fraction was collected, aliquoted, and stored at −80 °C. Protein content
was determined by Bradford’s method[32]. Lysed proteins were separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to
polyvinylidene fluoride (PVDF) membranes[40,41]. The membranes were then blocked
with 5% skim milk in Tris buffer containing 0.05% Tween (TTBS) for 1 hour at room
temperature and probed overnight at 4 °C with anti-Nrf2 (57 kDa), anti-Keap1 (69
kDa), anti-NQO1 (31 kDa), anti-SOD (32 kDa), anti-TLR4 (95 to 120 kDa), anti-NFκB
(65 kDa), anti-COX-2 (21 kDa), and anti-iNOS (120 kDa) antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, United Staes), diluted 1:200 to 1:1000 with TTBS in
dehydrated milk at 5%. Primary antibodies were detected with HRP-conjugated antirat IgG, anti-rabbit IgG, or anti-goat IgG secondary antibodies (Santa Cruz
Biotechnology, Santa Cruz, CA, United States). Protein detection was performed with
a commercially available electrochemiluminescence kit (Amersham Pharmacia
Biotech, Little Chalfont, Bucks, England) [42] . Density of the specific bands was
quantified with imaging densitometry software (Scion Image, Scion Corporation,
Frederick, MA, United States).

Multiplex analysis
Levels of IL-1, IL-6, IL-10, and TNF-α were measured in hepatic tissue homogenates
using a MILLIPLEX™ MAP Rat Cytokine bead-based multiplex assay kit (RCYTO80K, Millipore, Billerica, MA, United States). The MILLIPLEX™ MAP method is based
on Luminex® xMAP™ technology. All procedures were performed in accordance with
manufacturer recommendations. Tissue specimens were diluted 1:5 in sample diluent
and incubated in duplicate overnight with TNF-α, IL-1, IL-6, and IL-10 capture beads.
The beads were subsequently washed and incubated for 2 h with biotin-conjugated
detection antibody, and then for 30 min with streptavidin-phycoerythrin. Bead
fluorescence was read in a Luminex 100 IS Multiplex BioAssay analyzer. Cytokine
concentrations were determined from these readings using four standard curves.
Results were expressed as pg/mL.

Statistical analysis
Quantitative data were expressed as mean ± SE. Groups were compared by one-way
analysis of variance (ANOVA). Differences in means were located by the
Student–Newman–Keuls procedure. Data were analyzed in program GraphPad
InsTat 3.1, and significance was accepted at P < 0.05. The statistical methods of this
study were reviewed by Ceres Andréia Vieira Oliveira, from the Regional Statistical
Council of Rio Grande do Sul and Santa Catarina, Brazil.

RESULTS
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Histopathological analysis
On histological examination of H&E-stained slides at 200× magnification (Figure 1),
disruption of the hepatic parenchyma was observed in the TAA group, with
inflammatory infiltration, massive necrosis, and ballooning; none of these features
occurred in the CO or CO + G groups. Photomicrographs of liver tissue from rats in
the TAA + G group show regeneration of the hepatic parenchyma, with a decrease in
inflammatory infiltration and a substantial reduction in ballooning and spotty
necrosis.

Assessment of hepatic cellular integrity
Liver function tests (Table 1) showed increased levels of liver enzymes in TAA group
animals, which decreased significantly when Gln was administered (P < 0.05).

Assessment of oxidative stress
Assessment of lipid peroxidation by the TBARS method (Figure 2) revealed a
significant increase in the TAA group in relation to the CO and CO + G groups (P <
0.001). Again, significant reductions were observed in the TAA + G group (to which
Gln was administered) as compared with the TAA group (P < 0.001).
Nuclear expression of Nrf2 (Figure 3A) was decreased in the TAA group as
compared with the CO and CO + G groups (P < 0.01), and increased in the TAA + G
group as compared with the TAA group (P < 0.05). Conversely, expression of the
inhibitory cytoplasmic protein Keap1 (Figure 3B) was increased in the TAA group as
compared to both control groups (P < 0.001) and significantly reduced in the TAA + G
group when compared to the TAA group (P<0.01).
Expression of both NQO1 (Figure 4A) and SOD (Figure 4B) was decreased in the
TAA group compared to the CO and CO + G groups (P<0.001 and P < 0.05,
respectively) and increased in the TAA + G group as compared to the TAA group
(P<0.01).
GSH levels (Figure 5) were statistically lower in the TAA group than in both control
groups (P < 0.01), but increased significantly in the TAA + G group (P < 0.01).
Table 2 shows the findings of analysis of activity of the antioxidant enzymes CAT
and GPx and the detoxification enzyme GST. GPx enzyme activity was increased in
the TAA group as compared with the CO and CO + G groups (P < 0.001), and
decreased in the Gln-treated group as compared with the TAA group (P < 0.01). CAT
activity exhibited the inverse behavior; it was lower in the TAA group than in the
control groups (P < 0.01) and higher in the TAA + G group than in the TAA group (P
< 0.01). GST activity increased in the TAA group (P < 0.001) and decreased in the Glntreated group (P < 0.001), which is consistent with its detoxifying role.

Assessment of the inflammatory process
Cytoplasmic expression of TLR4 (Figure 6A) and nuclear expression of NFκB (Figure
6B) were significantly increased in the TAA group as compared with control groups
(P < 0.001), and significantly decreased in the TAA + G group vs the TAA group (P <
0.001).
Levels of the proinflammatory cytokines IL-1β, IL-6, and TNFα (Table 3) were
higher in the TAA group than in both control groups, CO and CO + G (P < 0.001).
These levels decreased significantly in the TAA + G group vs the TAA group (P <
0.01). In contrast, levels of the anti-inflammatory cytokine IL-10 were decreased in the
TAA group in relation to the CO and CO + G groups (P < 0.001) and increased in the
TAA + G group vs the TAA group (P < 0.001).
Expression of both COX-2 (Figure 7A) and iNOS (Figure 7B) was increased in the
TAA group compared to the CO and CO + G groups (P < 0.001) and decreased in the
TAA + G group as compared to the TAA group (P < 0.01).
Assessment of NO levels through their metabolites (nitrites and nitrates) (Figure 8)
revealed a significant increase in the TAA group vs the CO and CO + G groups (P <
0.001) and a significant decrease in the TAA + G group as compared with the TAA
group (P < 0.05).

DISCUSSION
SALF is a syndrome that causes a marked decline in hepatocyte function, leading to
multiple organ failure and leads to an extremely high mortality rate due to several
etiologies: drug-induced liver injury (DILI), xenobiotics, viral hepatitis, diseases
metabolic, vascular and autoimmune. In many situations the cause remains unknown.
The therapeutic armamentarium available to prevent or treat SALF is still very
limited[18]. Studies using TAA as an inducer of tissue damage have shown that this
xenobiotic leads to different degrees of liver injury depending on the dose and timing
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Figure 1

Figure 1 Effect of glutamine on liver injury in animals exposed to an experimental model of severe acute liver failure. Representative photomicrographs;
original magnification, 200 ×. Hematoxylin and eosin (HE) stain. In the Thioacetamide (TAA) group, there is visible disruption of the hepatic parenchymal architecture,
with inflammatory infiltration, hemorrhage, ballooning, and massive necrosis. The glutamine-treated group (TAA + G) exhibits a reduction of these parameters and
restructuring of the hepatic parenchyma. There were no visible tissue changes in the CO and CO + G groups. CO: Control; G: Glutamine; TAA: Thioacetamide. If:
Inflammatory infiltrate; h: Hemorrhage; b: Ballooning; n: Necrosis. Values expressed as mean ± SE. bP < 0.001, TAA group vs groups CO and CO + G; dP < 0.01,
TAA + G group vs the TAA group.

of administration. This study aimed to evaluate the damage caused by acute
administration of TAA in rats and assess the effects of Gln on the Nrf2-mediated
antioxidant pathway and on chemical mediators of inflammation.
We observed extensive destruction of the hepatic parenchyma with necrosis, spotty
hemorrhaging, leukocyte infiltration, and ballooning in the group of animals
administered TAA. These findings are consistent with previous studies that reported
hepatic tissue damage in experimental models using TAA[43-45]. In the present study,
Gln was able to mitigate changes in the parameters of interest, thus restoring the
hepatic parenchyma. Sellmann et al. showed that Gln contributed to a reduction of
inflammatory infiltration in the livers of mice with non-alcoholic steatohepatitis
induced by a liquid Western-style diet (WSD)[28]. Hartmann et al. found that Gln
reduced hemorrhagic spots, necrosis, and inflammatory infiltration in the liver of rats
subjected to intestinal ischemia–reperfusion injury[21].
Similar results were found on analysis of hepatic cell integrity. Gln reduced serum

WJH

https://www.wjgnet.com

278

March 27, 2019

Volume 11

Issue 3

Schemitt EG et al. Glutamine is protective in severe ALF

Table 1 Effect of glutamine on hepatic integrity levels in rats with severe acute liver failure
Enzyme
AST (U/L)

CO

CO + G

TAA

TAA + G

38.25 ± 5.82

44.96 ± 5.69

623.58 ± 51.66a
a

269.38 ± 33.26c

ALT (U/L)

29.65 ± 4.65

33.45 ± 3.12

326.27 ± 33.65

66.54 ± 9.49c

ALP (U/L)

21.36 ± 2.69

19.64 ± 0.96

71.49 ± 4.22a

29.64 ± 3.33c

a

P < 0.05, TAA, CO vs CO + G;
P < 0.05, TAA + G vs TAA. Values expressed as mean ± SE. CO: Control; G: Glutamine; TAA: Thioacetamide;
AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.
c

levels of AST, ALT, and ALP, while significantly increased levels of these enzymes
were found in animals in the TAA group, suggesting massive hepatic impairment
after exposure to the xenobiotic. In other studies, Gln was also able to decrease serum
levels of these enzymes, thus corroborating our findings[7,14,46].
We also observed an increase in TBARS levels in the livers of animals in the TAA
group, which is indicative of increased lipid peroxidation. Other authors found
similar increases in TBARS in studies that used TAA to induce liver damage[6,7,43].
Again, Gln administration was able to reduce these levels in our animals,
corroborating the findings of several other studies that have demonstrated its
protective effect in different experimental models[21,26,47].
Cellular stress mediators activate Nrf2, which is translocated to the nucleus and
binds to DNA through a region known as the antioxidant response element (ARE).
This promotes expression of cytoprotective target genes, including antioxidant and
detoxification enzymes [5] . In the present study, Gln promoted increased nuclear
expression of Nrf2, whereas cytoplasmic expression of its inhibitory protein Keap1
was downregulated. Gln also promoted increased expression of the NQO1 protein
and the antioxidant enzyme SOD. Similar results were reported in a study that
evaluated expression of the Nrf2/Keap1 antioxidant pathway, NQO1, and SOD in the
liver of rats subjected to intestinal ischemia and reperfusion[14].
GSH is considered an important marker of the antioxidant defenses of the cell.
High doses of TAA lead to liver damage because it is biotransformed into a rapidly
reacting metabolite that causes an imbalance of the glutathione redox cycle[44]. In this
study, Gln was able to increase GSH levels in liver tissue, demonstrating its protective
role. Similar results were observed by Cruzat et al., who studied the antioxidant
effects of Gln in endotoxemic animals[47].
The first line of antioxidant defense is represented by the antioxidative enzymes,
such as CAT and SOD. In this study, CAT activity was decreased in the TAA group in
relation to both control groups. This reduction may reflect the redox imbalance
induced by stress resulting from xenobiotic administration. Conversely, CAT activity
was increased in the group which received Gln treatment. Other studies using TAAinduced liver damage models have demonstrated increased CAT activity in animals
treated with berberine and α-lipoic acid[19,46].
GPx enzyme activity was increased in the TAA group and decreased in the Glntreated group. The proper balance of antioxidative enzyme activity plays an
important role in cellular protection against oxidative stress. GPx acts in an attempt to
reduce molecules with oxidative potential, especially hydrogen peroxide and
hydroperoxides, which may explain its increased activity in the group of animals that
received TAA. Similar results regarding GPx activity were reported in other studies
that used the experimental model of TAA-induced SALF and evaluated the
antioxidant action of vitamin E and melatonin[6,7].
GST is an important cellular detoxification enzyme that works in tandem with GSH
to remove toxic metabolites. In this study, GST was increased in the TAA group, and
Gln treatment was able to reduce its activity. Other authors have reported similar
increases in GST in other hepatotoxicity models[7,48]. The protective action of Gln in
this experimental model may be due to the fact that it is a precursor for GSH
synthesis.
The link between oxidative stress and inflammation has been recognized in many
disease states, including those which affect the liver. ROS stimulate signaling
molecules such as TLR4 to activate inflammatory mediators, including NFκB, which
upregulates the production of inflammatory cytokines (such as IL-1β, IL-6, and TNFα)
and other mediators of inflammation (such as iNOS and COX-2)[46].
In this study, expression of TLR4 and NFκB in the TAA group was increased in
relation to both control groups. Similar results were reported in another study that
evaluated TLR4 signaling pathways in a model of TAA-induced hepatic fibrosis and
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Figure 2

Figure 2 Assessment of lipid peroxidation in the liver of rats with severe acute liver failure. Values expressed as mean ± standard error. aP < 0.05 TAA group
vs groups CO and CO + G; dP < 0.01 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.

liver carcinogenesis[49] and in a study that evaluated NFκB activity in an LPS-induced
model of SALF [18] . Gln was able to reduce TLR4 and NFκB expression, thus
demonstrating its effectiveness in blunting the inflammatory process. A decrease in
inflammatory modulators was also observed in other experimental studies that used
allopurinol and Gln as treatments[14,50,51].
In the present study, levels of the proinflammatory cytokines IL-1β, IL-6, and TNFα
increased while those of the anti-inflammatory cytokine IL-10 declined in animals that
received TAA as a hepatotoxicant. Gln reversed the inflammatory process, as
demonstrated by a decrease in levels of IL-1β, IL-6, and TNFα and an increase in
levels of IL-10 in liver tissue after its administration. A previous study using the TAA
model of liver injury also demonstrated an increase in levels of proinflammatory
cytokines in animals that developed TAA-induced liver damage[46]. Another study
reported a similar anti-inflammatory action of Gln in the liver of animals subjected to
experimental endotoxemia[47].
Activation of the TLR4/NFκB pathway promotes COX-2 production. In this study,
COX-2 expression was increased in the group that received TAA and decreased in the
group that received TAA followed by Gln as treatment. In another study of TAAinduced hepatotoxicity, the authors observed a similar increase in COX-2 expression,
followed by decreased expression after treatment with allopurinol[50].
As a hepatotoxicant, TAA may induce production of iNOS and, consequently, NO
synthesis, which further increases inflammation in the liver. In this study, we
observed overexpression of iNOS and an increase in NO (as measured by levels of its
nitrite and nitrate metabolites) in the liver of animals with TAA-induced SALF. Gln
was able to reverse these parameters, reducing iNOS expression and nitrite and
nitrate levels. In a study using the intestinal ischemia–reperfusion model, the authors
observed a similar pattern of iNOS expression and NO levels in the liver of animals
which Gln treatment[14].
Gln is an essential amino acid for several cell types, including hepatocytes. The
mechanisms underlying the protective effects promoted by Gln include the
antioxidant of GSH, which is dependent on a supply of glutamate—this, in turn, is
synthesized from Gln. In addition, its protective role in the inflammatory process has
been widely reported [47] . Gln can attenuate oxidative stress and inflammation,
consequently protecting against a variety of mechanisms of cell and tissue injury. In
humans, Gln supplementation has been used in clinical practice especially in diseases
of the gastrointestinal tract with daily doses that can reach 20 g, being administered
preferably parentenally.
In conclusion, the results of this experimental study demonstrate that Gln
administration had a protective role on the Nrf2-mediated antioxidant pathway and
on inflammation activated by the TLR4/NFκB pathway in rats with TAA-induced
SALF. As the molecular pathways involved in the pathophysiology of SALF are
manifold and complex, further experimental studies are warranted to investigate
other potential mechanisms of Gln action in this setting.

WJH

https://www.wjgnet.com

280

March 27, 2019

Volume 11

Issue 3

Schemitt EG et al. Glutamine is protective in severe ALF

Table 2 Effect of glutamine on enzyme activity of catalase, glutathione peroxidase, and glutathione S-transferase in rats with
experimental severe acute liver failure
Enzyme
catalase (ρmol/min/mg prot)
glutathione peroxidase (nmol/min/mg prot)
glutathione S-transferase (µmol/min/mg prot)

CO

CO + G

TAA

TAA + G

0.47 ± 0.04

0.51 ± 0.02

0.24 ± 0.06b

0.38 ± 0.03d

0.31 ± 0.05

0.36 ± 0.07

0.99 ± 0.11

c

0.72 ± 0.09d

231.64 ± 11.25

249.65 ± 26.38

769.75 ± 55.69c

326.81 ± 41.25d

b

P < 0.01,
P < 0.001, TAA, CO vs CO + G;
d
P < 0.001, TAA + G vs TAA. Values expressed as mean ± SE. CO: Control; G: Glutamine; TAA: Thioacetamide.
c

Table 3 Effect of glutamine on levels of proinflammatory cytokines in the liver of rats with experimental severe acute liver failure
Cytokine
IL-1β (pg/mL)
IL-6 (pg/mL)
IL-10 (pg/mL)
TNF-α (pg/mL)

CO

CO + G

TAA

61.10 ± 1.81

62.19 ± 1.32

465.96 ± 15.90a

104.69 ± 8.57b

78.21 ± 0.88

a

155.93 ± 6.93b

73.22 ± 0.98
145.69 ± 0.99

136.25 ± 1.23

0.68 ± 0.23

0.71 ± 0.25

TAA + G

359.40 ± 12.62
a

58.28 ± 4.55

a

2.98 ± 0.64

99.25 ± 3.11b
1.45 ± 0.41b

b

P < 0.001, TAA, CO vs CO + G; dP < 0.01, TAA + G vs TAA. Values expressed as mean ± SE. CO: Control; G: Glutamine; TAA: Thioacetamide.

Figure 3

Figure 3 Effect of glutamine in experimental severe acute liver failure. Western blot analysis of protein expression of (A) Nrf2 and (B) Keap1. Values expressed
as mean ± standard error. bP < 0.01 TAA group vs groups CO and CO + G; cP < 0.05 TAA + G group vs the TAA group; fP < 0.001 TAA group vs groups CO and CO
+ G. hP< 0.01 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.
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Figure 4

Figure 4 Effect of glutamine in experimental severe acute liver failure. Western blot analysis of protein expression of (A) NQO1 and (B) SOD. Values expressed
as mean ± SE. aP < 0.05 TAA group vs groups CO and CO + G. bP < 0.01 TAA group vs groups CO and CO + G; dP < 0.01 TAA + G group vs the TAA group. CO:
Control; G: Glutamine; TAA: Thioacetamide.
Figure 5

Figure 5 Assessment of glutathione (GSH) levels in the liver of rats treated with glutamine after induction of severe acute liver failure. Values expressed as
mean ± standard error. bP < 0.001 TAA group vs groups CO and CO + G; dP < 0.01 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA:
Thioacetamide.
Figure 6

Figure 6 Effect of glutamine in experimental severe acute liver failure. Western blot analysis of protein expression of (A) TLR4 and (B) NFκB. Values expressed
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as mean ± SE. bP < 0.001 TAA group vs groups CO and CO + G; dP < 0.001 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.
Figure 7

Figure 7 Effect of glutamine in experimental severe acute liver failure. Western blot analysis of protein expression of A: iNOS and B: COX-2. Values expressed
as mean ± SE. bP < 0.001 TAA group vs groups CO and CO + G; dP < 0.01 TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.
Figure 8

Figure 8 Effect of glutamine on levels of nitric oxide metabolites (nitrites and nitrates) in the liver of rats with severe acute liver failure. Values expressed as
mean ± SE. bP < 0.001, TAA group vs groups CO and CO + G; cP < 0.05, TAA + G group vs the TAA group. CO: Control; G: Glutamine; TAA: Thioacetamide.

ARTICLE HIGHLIGHTS
Research background
Severe acute liver failure (SALF) is a serious disease that does not have an effective treatment
and liver transplantation is the only viable alternative. The mechanisms intrinsic to the
pathophysiology of the disease are still not well understood and therefore, experimental studies
are of fundamental importance in the attempt to elucidate the mechanisms and therapeutic
agents. Glutamine is an amino acid used in the treatment of various diseases of the
gastrointestinal tract and has been shown to be promising in previous studies of liver diseases.
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Research motivation
In a previous study, the authors developed the experimental model of thioacetamide-induced
SALF across different times. From the obtained data the best model to be studied was defined. It
was evaluated the antioxidant action of glutamine that presented promising data. With the
continuity of the research, we evaluated in this work the pathways of oxidative stress and
inflammatory process at the molecular level, involved in the SALF. The results of this research
are important indicators of the restorative role of glutamine in the SALF experimental model and
will certainly provide a basis for a better understanding of the evaluated mechanisms
contributing to the continuity of the studies.

Research objectives
The objective of this study was to investigate the action of glutamine on parameters of oxidative
stress and inflammatory process in the experimental SALF. It is known that such parameters are
implicated in the pathophysiology of various diseases. The understanding of the routes studied
offers a basis for further studies that may evaluate other pathways involved in the disease, as
well as the action of other therapeutic agents.

Research methods
To induce SALF in wistar rats the xenobiotic thioacetamide was used. The animals were
randomized into different groups. In the treatment groups, the animals received doses of
glutamine intraperitoneally. Blood tests were performed to evaluate hepatic integrity through a
commercial kit. Liver portions were used for histopathological evaluation through hematoxylin
and eosin staining. Techniques based on spectrophotometry were performed through protocols
for the analysis of oxidative stress and inflammatory process. Protein expression was performed
by Western Blot and cytokine analysis was done using multiplex technology based on magnetic
beads through commercial kit.

Research results
Glutamine reduced hepatic integrity enzymes and restored the liver of the animals evidenced by
decreased necrosis, balloonization and inflammation in the histopathological analysis. In
addition, glutamine reduced lipid peroxidation and restored antioxidant enzyme activity. It was
evidenced the decrease of the expression of proteins of the oxidative system and of the
inflammatory process. Glutamine was able to increase the levels of interleukin 10, an important
anti-inflammatory cytokine and also the expression of Nrf2, NQO1 and GSH levels, important
proteins of the antioxidant protection system.

Research conclusions
When evaluating mechanisms implicated in the experimental SALF, studying parameters of
oxidative stress and inflammatory process, it was possible to observe the protective action of
glutamine in the liver of the animals. It is possible to confirm with this study that the oxidative
stress and the inflammatory process play a primordial role in the progression of the disease,
evidenced by the study of the molecular aspects. Glutamine has been shown to be effective by
activating the antioxidant system and minimizing damage from the inflammatory process.
Therefore, it presents as a viable alternative in the treatment of patients with severe hepatic
insufficiency. Still, new studies confirming the efficacy of glutamine are needed so that in the
future it may be part of the routine in the medical clinic.

Research perspectives
In this study the efficacy of the experimental model proposed by the authors in a previous study
was confirmed. The pathophysiological mechanisms involved in SALF are diverse and complex.
For further clarification of these mechanisms, other molecular routes should be investigated in
an attempt to elucidate the aspects involved. We present the details of the involvement of the
oxidative stress and the inflammatory process in this research and we hope that further studies
can provide technical and theoretical data for the development of viable and effective strategies
in the treatment of patients with SALF.
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Abstract
BACKGROUND
Sickle cell disease (SCD) is a disorder that results in increased hospitalizations
and higher mortality. Advances in management have resulted in increases in life
expectancy and led to increasing awareness of sickle cell hepatopathy (SCH).
However, its impact in patients on the natural history and outcomes of SCD is
not known. Our study aims to describe the prevalence of extreme
hyperbilirubinemia (EH), one form of SCH, its effect on morbidity and mortality,
and correlations between sickle cell genotype and SCH type. We hypothesize that
EH is associated with higher morbidity and mortality.
AIM
To investigate the effects of EH on morbidity and mortality among patients with
SCD.
METHODS
This retrospective cohort study was performed using a database of patients with
SCD treated at Grady Memorial Hospital between May 2004 and January 2017.
Patients with EH (defined as total bilirubin above 13.0 mg/dL) were identified. A
control group was identified from the same database with patients with total
serum bilirubin ≤ 5.0 mg/dL. Electronic medical records were used to extract
demographic information, laboratory values, radiology results, current
medications, need for transfusions and mortality data. Two samples T-test, chi-
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squared test and Fisher’s exact test were then used to compare the parameters
between the two groups.
RESULTS
Out of the database, fifty-seven charts were found of patients with bilirubin > 13
mg/dL. Prevalence of severe SCH as defined by EH was 4.8% (57/1172). There
were no demographic differences between patients with and without EH.
Significant genotypic differences existed between the two groups, with
hemoglobin SS SCD being much higher in the EH group (P < 0.001). Patients with
severe EH had a significant elevations in alanine aminotransferase (157.0 ± 266.2
IU/L vs 19.8 ± 21.3 IU/L, P < 0.001), aspartate aminotransferase (256.5 ± 485.9
U/L vs 28.2 ± 14.7 U/L, P < 0.001) and alkaline phosphatase (218.0 ± 176.2 IU/L
vs 85.9 ± 68.4 IU/L, P < 0.001). Patients with EH had significantly higher degree
of end organ failure measured with quick Sequential Organ Failure Assessment
scores (0.42 ± 0.68 vs 0.01 ± 0.12, P < 0.001), increased need for blood products
(63% vs 5%, P < 0.001), and exchange transfusions (10.5% vs 1.3%, P = 0.022).
CONCLUSION
Among patients with SCD, elevated levels of total bilirubin are rare, but
indicative of elevated morbidity, mortality, and need for blood transfusions.
Large differences in sickle cell genotype also exist, but the significance of this is
unknown.
Key words: Sickle cell disease; Sickle cell hepatopathy; Liver diseases; Extreme
hyperbilirubinemia; Mortality
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Sickle cell hepatopathy is a rarely studied complication of sickle cell disease.
Little is known about prognostic factors related to it. In our study, we identified patients
with one indicator of sickle cell hepatopathy, extreme hyperbilirubinemia, and analyzed
outcomes related to their clinical state. High levels of bilirubin are indicative of elevated
morbidity and need for blood transfusion among patients with sickle cell disease.
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INTRODUCTION
Sickle cell hepatopathy (SCH) encompasses a wide range of hepatic pathologies
arising from variety of pathophysiologic insults[1,2] in patients with sickle cell disease
(SCD). The hepatobiliary manifestations are most commonly seen in patients with
hemoglobin SS (Hb SS) anemia as compared to patients with sickle cell trait,
hemoglobin SC disease and hemoglobin S-beta thalassemia. Multiple pathways
contribute to the development of SCH and result in a myriad of different conditions
including hepatic sequestration [3,4] , cholestasis and biliary obstruction [2,5] , and
complications related to the transfusions that patients with SCD frequently receive[6].
The impact of SCH on morbidity and mortality in SCD patients is often
underrecognized. With evolving treatment strategies in SCD, improvements have
been made in morbidity and mortality, resulting in higher longevity in SCD patients[7].
As a result, some of the previously rare clinical scenarios, such as hepatobiliary
complications of SCD, are more commonly encountered. Sickle cell related liver
disease is associated with higher rates of morbidity. Previous studies have shown that
factors such as hyperbilirubinemia, elevated ferritin, and alkaline phosphatemia are
factors independently associated with mortality[8]. However, several of these studied
have been limited by small sample size. Mortality typically results due to
complications related to sepsis or vascular complications. Some studies have
estimated that acute liver failure was the primary cause of death for between 8%-
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10.7% of patients with SCD[9,10]. Despite this, liver failure and end stage liver disease
are seldom identified as the immediate cause of death[11-13].
Abnormal liver markers are frequently found in patients with SCD, but these are
often limited to mild elevations in total bilirubin without rise in alanine
aminotransferase (ALT) or aspartate aminotransferase (AST) [14] . As compared to
isolated rise in serum bilirubin, SCH has a variety of possible presentations and the
absence of stable definitions of the individual conditions within the spectrum of SCH
possesses a unique challenge in clinical management as well as research on SCH[1].
Our study aims to describe the prevalence of extreme hyperbilirubinemia (EH), one
of the key indicators of severe SCH and its effect on morbidity, mortality and
healthcare expenditures related to SCH. We also want to better understand the risk
factors related to it in a large cohort of patients with SCD seen at the Grady Memorial
Hospital Sickle Cell Clinic. Third, we aim to identify whether there is any correlation
between SCD genotype and severe SCH identified through EH.

MATERIALS AND METHODS
Identification of cases and controls
This retrospective cohort study was performed using a database of patients with SCD
treated at Grady Memorial Hospital between May 2004 and January 2017. With
institutional review board approval, the database was queried for patients with EH
(defined as total bilirubin above 13.0 mg/dL). A control group was identified from the
same database with patients with total serum bilirubin ≤ 5.0 mg/dL. Patient inclusion
criteria included adults older than 18 years old, hemoglobin electrophoresis
confirmation of SCD, and absence of biliary obstruction identified on abdominal
ultrasound. Exclusion criteria also included patients with known infection with
hepatitis A, B or C; diagnosis of autoimmune hepatitis; alcoholism; cirrhosis of
different etiologies; follow-up less than one year and patients for whom a complete
set of required data was unavailable.

Data analysis
Associations between laboratory results, hydroxyurea dosing, quick Sequential Organ
Failure Assessment (qSOFA) score[15] and rate of blood transfusions were assessed
with two-sample T-tests. Chi-square testing was performed to compare the frequency
of sickle cell genotypes. Fisher’s exact test was used to compare rates of death within 1
year. Level of significance for all tests was set at 0.05. Patients were identified as
having EH if total bilirubin was chronically elevated over the course of a
hospitalization or for at least 6 wk as an outpatient to levels > 13.0 mg/dL with direct
bilirubin > 50% of total bilirubin. This level of hyperbilirubinemia was selected
because of previous usage in the literature and findings that published cases in the
literature all had levels greater than 13.0 mg/dL[16].

RESULTS
Patient populations
A total of 1172 patients with SCD were identified, out of which fifty-seven charts were
found of patients with bilirubin greater than 13 mg/dL. 4.8%(57/1172) of patients
were identified to have severe SCH as defined by EH. The control group consisted of
99 patients. There were no demographic differences between patients with and
without EH (see Table 1). After data collection, 15 patients were removed from the
case-arm due to inadequate patient records, leaving 42 patients.

Lab Abnormalities
Patients with severe EH had increased levels of ALT (157.0 ± 266.2 IU/L vs 19.8 ± 21.3
IU/L, P < 0.001), AST (256.5 ± 485.9 U/L vs 28.2 ± 14.7 U/L, P < 0.001) total bilirubin
(18.41 ± 6.74 mg/dL vs 1.29 ± 0.19 mg/dL, P < 0.001) direct bilirubin (11.73 ± 6.03
mg/dL vs 0.28 ± 0.07, P < 0.001) and alkaline phosphatase (AP; 218.0 ± 176.2 IU/L vs
85.9 ± 68.4 IU/L, P < 0.001) compared to controls (see Table 2). Given limited data,
comparisons were not performed for prothrombin time or lactate
dehydrogenase(LDH). There was insufficient data for comparison of prothrombin
time or LDH.

Outcomes
Patients with EH had worse outcomes compared to the control group. They
experienced higher rates of end organ failure measured with qSOFA scores (0.42 ±
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Table 1 Demographics differences in sickle cell disease patients with and without severe
extreme hyperbilirubinemia
SCD with EH

SCD without EH

P values

Gender: Male (percent)

21 (50%)

35 (35%)

0.11

Age in yr (mean ± SD)

29.5± 11.20

32.6 ± 13.20

0.19

41 (98%)

97 (98%)

0.89

Race (African American)

SCD: Sickle cell disease; EH: Extreme hyperbilirubinemia.

0.68 vs 0.01 ± 0.12, P < 0.001), increased need for blood products (63% vs 5%, P <
0.001), and exchange transfusions (10.5% vs 1.3%, P = 0.022). There were 2 deaths in
the EH arm and 0 deaths in the control arm, so Fisher’s exact test was used. While the
results trended towards significance, they were not significantly different (4.7% vs 0%,
P = 0.09). Two deaths occurred within the severe SCH group, and were due to acute
chest syndrome and septic shock.

Hydroxyurea usage
Usage and dosage of hydroxyurea was analyzed between the two groups. Prescribing
rates (34% vs 25%, P = 0.27) and average daily doses (278 ± 469 mg vs 288 ± 602 mg, P
= 0.95) were not different between the two groups.

Sickle cell genotypes
There were significant differences among the genotype breakdown between those that
experienced EH and the control groups. There were five types of genotypes identified:
Hb SS, hemoglobin S beta thalassemia, hemoglobin S beta null thalassemia,
hemoglobin SC and hemoglobin S beta thalassemia status undetermined (see Table 3).
The EH group almost entirely consisted of Hb SS SCD, while the control group had a
predominance of hemoglobin SC and sickle beta thalassemia. Fisher’s exact test was
done on the genotypes and showed significant differences between the two groups (P
< 0.0001).

Correlations
There were weak correlations between total bilirubin levels and other liver enzymes.
When plotted in relation to total bilirubin, Pearson coefficients were r = 0.28 for AP, r
= 0.24 for ALT, r = 0.29 for AST, and r = 0.23 for LDH.

DISCUSSION
In this case-control study of sickle cell liver disease, we observed that patients with
SCD who developed SCH as defined by EH had higher rates of other liver enzyme
elevations as well as higher rates of morbidity, defined by end organ damage and
need for blood transfusion. SCH is an under-diagnosed disease state, and one that
will become more prominent in practice as patients with SCD live longer. It can often
be difficult to diagnose because of the chronic hemolytic state that SCD patients are in,
causing chronically elevated bilirubin levels and occasionally, mild elevations in
transaminases. Previous studies[16] have used a total bilirubin level of 13 mg/dL as a
specific cutoff for a condition termed “EH” and used as a metric for SCH. We chose to
use this same level as a definition of EH to maximize specificity, at the expense of
potentially excluding milder cases of SCH.
These findings are consistent with our hypothesis that severe SCH, like other
secondary complications of SCD, is associated with higher rates of morbidity.
Mortality was higher in the EH group but was not statistically significant between the
two samples given the absence of death among the control group and low number of
deaths among the EH group. Surprisingly, there were no differences between the
groups in regard to hydroxyurea usage or duration. While there are very limited
studies evaluating hyperbilirubinemia or SCH as a predictor of mortality, our
findings are consistent with other small analyses that showed associations between
direct hyperbilirubinemia and increased mortality[8,16]. Our mortality rates are lower
than that seen in Feld et al[8] although our length of follow-up was much shorter than
used in their study. Additionally, Feld et al[8] did not perform subgroup analysis on
patients with very high levels of hyperbilirubinemia.
The differences in genotype identified between the two groups were a finding that
was not expected originally. Although Hb SS disease is associated with more crises,
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Table 2 Lab values and outcomes in sickle cell disease patients with and without severe sickle cell hepatopathy
SCD with severe SCH

SCD without SCH

P values

Alkaline Phosphatase (IU/L; mean ± SD)

218.0 ± 176.2

85.9 ± 68.4

< 0.001

Alanine Aminotransferase (IU/L; mean ± SD)

157.0 ± 266.2

19.8 ± 21.3

< 0.001

Aspartate Aminotransferase (U/L; mean ± SD)

256.5 ± 485.9

28.2 ± 14.7

< 0.001

Direct Bilirubin (mg/dL; mean ± SD)

11.73 ± 6.03

0.28 ± 0.07

< 0.001

Total Bilirubin (mg/dL; mean ± SD)

18.41 ± 6.74

1.29 ± 0.19

< 0.001

qSOFA (mean ± SD)

0.42 ± 0.68

0.01 ± 0.12

< 0.001

Need for blood transfusion (number, percent)

24 (63%)

4 (5%)

< 0.001

Need for Exchange Transfusion (number, percent)

4 (10.5%)

1 (1.3%)

0.022

Mortality within 1 yr (number, percent)

2 (4.7%)

0 (0%)

0.09

SCD: Sickle cell disease; SCH: Sickle cell hepatopathy; qSOFA: Quick Sequential Organ Failure Assessment.

Hb SC disease is associated with higher rates of thromboembolic disease. The results
may suggest that patients with Hb SS SCD are at increased risk for SCH. However, it
may also indicate that patients with lesser variants of SCD, including Hb SC or sickle
thalassemia, experience more mild variants of SCH and would not be identified using
a relatively specific EH cutoff. Further study is needed to identify whether hepatic
markers other than EH are reliable identifiers of SCH. Additionally, creation of a large
database that also includes laboratory data prior to the onset of SCH may help in
identifying predictive factors that aid in diagnosis.
Among patients with SCD, hydroxyurea is the only approved disease modifying
therapy[17]. A large randomized controlled study that prompted the drug’s approval,
the Multicenter Study of Hydroxyurea for Sickle Cell Anemia[18], showed a significant
reduction in rates of crises, rates of acute chest syndrome and need for blood
transfusion. However, there was not a difference of rates of hepatic sequestration or
hepatic failure between the groups, and it is unknown whether hydroxyurea use is
protective against SCH. One case report showed improvement in chronic hepatic
sequestration with long-term hydroxyurea use[19], but there is little else published
regarding hydroxyurea use and liver function. In our study, we did not see a
difference in hydroxyurea use between the two groups but we could not reliably track
the compliance of hydroxyurea use in our patients.
Our study has several limitations including small sample size, lack of analysis by
genotype, and lack of exclusion of outpatient visits. The use of both inpatient and
outpatient encounters did not allow us to accurately compare length of stay between
the groups, which was hypothesized to be longer among the EH group. These
limitations are balanced by the strengths of this study, including the novelty of data
about SCH and the large database queried for this study.
In summary, our manuscript has identified SCH as a secondary complication of
SCD that is associated with increased morbidity and higher healthcare utilization.
Further study is needed to identify the longitudinal course of the disease, including
whether there are predictive factors that precede the clinical presentation of SCH,
whether sickle cell genotype is predictive of the likelihood of SCH, and whether there
are protective factors that reduce the likelihood of developing SCH.
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Table 3 Hemoglobin genotype breakdown between the extreme hyperbilirubinemia and control groups

Hemoglobin SS (n)

Hemoglobin S Beta+
Thalassemia (n)

Hemoglobin S Beta
null Thalassemia (n)

Hemoglobin S Beta
(unknown)
Thalassemia (n)

Hemoglobin SC (n)

Extreme
hyperbilirubinemia

40

2

0

0

0

Control

33

11

2

2

51

EH: Extreme hyperbilirubinemia.

ARTICLE HIGHLIGHTS
Research background
Sickle cell hepatopathy is a category of pathologies that occur among patients with sickle cell
disease, and has been rising in incidence as lifespan has increased. Additionally, based on
autopsy studies, sickle cell hepatopathy is felt to be underreported and likely contributes to
mortality in more cases than in realized. Previous studies have tried to identify risk factors
associated with sickle cell hepatopathy but have been limited by small size.

Research motivation
With the increasing incidence of sickle cell hepatopathy, understanding risk factors and
improving its recognition are important to its early diagnosis and treatment.

Research objectives
The main objectives of this study were to describe the prevalence of extreme hyperbilirubinemia,
its effect on morbidity and mortality, and any association between sickle cell genotype and sickle
cell hepatopathy.

Research methods
We used a retrospective observational cohort study to evaluate the epidemiology and outcomes
behind extreme hyperbilirubinemia, a form of sickle cell hepatopathy. This was conducted at a
hospital with a large population of patients with sickle cell disease.

Research results
About 5% of patients in our sickle cell disease database developed extreme hyperbilirubinemia.
This cohort was associated with higher rates of systemic illness, measured by quick Sequential
Organ Failure Assessment scores, higher rates of blood transfusions and higher rates of exchange
transfusions. There was not a higher mortality rate in the extreme hyperbilirubinemia group.
There were higher rates of patients with hemoglobin SS sickle cell disease among the extreme
hyperbilirubinemia group compared to a control group, compared to other genotypes.
Additionally, there were not significant differences in hydroxyurea use between groups.

Research conclusion
Our study highlights the increased morbidity and use of blood products seen among patients
with extreme hyperbilirubinemia, a form of sickle cell hepatopathy. It also identifies different
rates of sickle cell hepatopathy depending on the sickle cell genotype present. Finally, it shows
that reported hydroxyurea doses did not have an effect on development of sickle cell
hepatopathy.

Research perspective
Our study highlights the need for further study into types of sickle cell hepatopathy, whether
strategies other than hydroxyurea can mitigate the risk of development of sickle cell
hepatopathy, and whether there are any identifiable risk factors to increase rates of early
diagnosis.
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Abstract
BACKGROUND
Although hepatocellular carcinoma (HCC) is one of the most vascular solid
tumors, antiangiogenic therapy has not induced the expected results.
AIM
To uncover immunohistochemical (IHC) aspects of angiogenesis in HCC.
METHODS
A retrospective cohort study was performed and 50 cases of HCC were randomly
selected. The angiogenesis particularities were evaluated based on the IHC
markers Cyclooxygenase-2 (COX-2), vascular endothelial growth factor (VEGF) A
and the endothelial area (EA) was counted using the antibodies CD31 and
CD105.
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RESULTS
The angiogenic phenotype evaluated with VEGF-A was more expressed in small
tumors without vascular invasion (pT1), whereas COX-2 was rather expressed in
dedifferentiated tumors developed in non-cirrhotic liver. The CD31-related EA
value decreased in parallel with increasing COX-2 intensity but was higher in
HCC cases developed in patients with cirrhosis. The CD105-related EA was
higher in tumors developed in patients without associated hepatitis.
CONCLUSION
In patients with HCC developed in cirrhosis, the newly formed vessels are rather
immature and their genesis is mediated via VEGF. In patients with non-cirrhotic
liver, COX-2 intensity and number of mature neoformed vessels increases in
parallel with HCC dedifferentiation.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common type of hepatic primary
malignant tumor (over 70% of cases) which globally ranks fifth in terms of cancer
frequency and second in terms of cancer mortality[1-3]. It is a well-vascularized tumor
in which angiogenesis plays an important role in development, invasion and
metastasis[4]. HCC cells can synthesize angiogenic factors such as vascular endothelial
growth factor (VEGF) A, Cyclooxygenase-2 (COX-2) and Basic Fibroblast Growth
Factor (bFGF). At the same time, they might produce antiangiogenic factors such as
angiostatin and endostatin. Thus, tumor angiogenesis depends on a local balance
between these positive and negative regulators[5].
Cyclooxygenase-2 (COX-2) is an enzyme encoded by the PTGS2 gene, which
belongs to the group of endogenous tumor factors that might stimulate genesis and
progression of HCC[6]. There are three isoforms: constitutive COX-1, inducible COX-2,
and COX-3[3,7]. If COX-1 is present in nearly all types of tissues, being responsible for
the synthesis of prostaglandins in normal conditions, COX-2 is induced by cellular
stress or tumor promoters, being responsible for the synthesis of prostaglandins
involved in inflammation, cell growth, tumor development and progression [3,6,8] .
Although the therapeutic inhibition of COX enzymes and prostaglandins was
supposed to be linked to lower risk and better survival of HCC [9] , the exact
mechanism of inhibition and criteria of identification of those cases that can benefit by
anti-COX therapy are still unknown.
VEGF is a glycoprotein with an important role in both physiological and
pathological angiogenesis. It is located on the 6p chromosome, contains 8 exons[10] and
encodes five variants: VEGF-A, -B, -C, -D and PIGF (Placental Growth Factor)[3]. VEGF
is the key mediator of formation of new vessels from pre-existing vessels[3].
Microvessel density (MVD) and endothelial area (EA) values are parameters used
as prognostic factors in many tumors and can be assessed using
immunohistochemical (IHC) markers such CD31 and CD105[11,12]. To determine the
MVD, the number of vessels are counted, whereas EA can be semiautomatically
quantified and take into account the area of endothelial cells versus total tissue area[13].
CD31 or PECAM-1 (Platelet endothelial cell adhesion molecule-1) is a receptor
expressed by cells of the hematopoietic system, such as platelets, monocytes,
neutrophils and lymphocytes, but also by endothelial cells[14]. In the liver, CD31 is
diffusely expressed in sinusoids, as opposed to CD34 which is expressed only in
hepatic periportal areas[15]. CD31 marks neoformed and preexistent vessels[16].
CD105 or endoglin is a co-receptor for TGF (transforming growth factor)-beta1 and
-beta3[16]. It is a marker of proliferating activated endothelial cells[13,16-18].
As the antiangiogenic therapy did not show encouraging results in patients with
HCC[19], the aim of this paper was to perform an IHC study and try to identify those
cases that might benefit by anti-VEGF-A or anti-COX-2 drugs therapy. The angiogenic
phenotype of tumor cells was evaluated with VEGF-A and COX-2, and the value of
EA was semiautomatically quantified with CD31 and CD105.
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MATERIALS AND METHODS
Clinicopathological features
From 2004-2014, in a period of 11 years, all of the 113 cases of HCC were evaluated
and 50 cases were randomly selected for angiogenesis quantification. The agreement
of the Ethical Commitee of University of Medicine and Pharmacy of Tirgu-Mures,
Romania, was obtained for retrospective assessment of the cases.
The clinicopathological characteristics of the cases (Table 1) were correlated with
the angiogenic parameters. We reassessed the microscopic slides in order to establish
the tumor grade (G) and tumor stage (pT) according to AJCC Cancer Staging Manual,
8th Edition[20]. No preoperative radiochemotherapy was done in any of the included
cases.

Immunohistochemistry
The IHC stains, with antibodies used for examination of the angiogenic
immunophenotype of tumor cells (VEGF-A and COX-2) and assessment of the
endothelial area (CD31 and CD105), were performed using 5-μm thick sections from
formalin-fixed paraffin-embedded tissues. For heat-induced antigen retrieval the
sections were subjected to incubation with high-pH buffer (pH 9.0) for 30 min. The
developing was performed with DAB solution (diaminobenzidine, Novocastra) and
counterstaining was done with Mayer’s hematoxylin (Novocastra). For negative
controls, incubation was done with omission of specific antibodies. The characteristics
of the antibodies are summarized in Table 2.

Immunohistochemistry assessment
For COX-2 and VEGF-A, the intensity of the IHC reaction was quantified in the
cytoplasm of tumor cells, based on the cytoplasmic staining intensity and percentage
of positive cells, as follows (Figure 1): negative (no stain or weak positivity < 5% of
cells); score 1+ (weak diffuse cytoplasmic staing in 5%-10% of tumor cells); score 2+
(moderate positivity in 10%-70% of cells); score 3+ (strong positivity >70% of tumor
tumor cells)[16]. Each slide was independenlty evaluated by three pathologists (SG, IJ
and ST).
For the semiautomated assessment of endothelial area (EA), marked with CD31
and CD105, the "hot spot" method was used. Using Nikon E800 microscope, equipped
with a digital camera, the areas with the highest vascular density were identified at a
magnification of 100x. We discarded the areas with necrosis or rich in inflammatory
infiltrate as well as those in which the antibodies have marked nonspecific other
elements besides the endothelial cells. We digitally captured the images from "hot
spot" areas at 400x high power fields, of intra- and peritumoral regions, performing 5
JPEG format photos per each region[13,16].
The EA was quantified using NIH's ImageJ software. We manually selected the
vessels, with or without lumen, that were marked positive, then the software
automatically determined the EA, respectively the positive endothelial cells, with or
without lumen, and reported it to the total tissue area[13,16]. For statistical purposes, the
median value of EA, using the 5 hot-spot pictures, was used.

Statistical analysis
The statistical assessment was done using the GraphPadInStat 3 statistical software
(free access). We calculated the mean ± SD. A P-value < 0.05 with 95% confidence
interval was considered statistically significant. We also turned to correlations,
Fisher’s Exact Test, using frequency tables for obtaining numerical data and
percentage, as well as the ANOVA test and multivariate regressions.

RESULTS
Clinicopathological parameters
In a period of 11 years, 113 patients were diagnosed with HCC: 81 males and 32
females (M:F = 2.5:1). They showed a median age of 66.11 ± 9.98 years (ranging from
31 to 94 years), slightly lower (P = 0.05) in females (64.56 ± 11.18 years) than males
(66.71 ± 9.47 years). All of the cases were diagnosed in stages pT1 (n = 52; 46.01%) or
pT2 (n = 61; 53.99%). Regarding the tumor grade, 14 cases (12.38%) were diagnosed as
G1, 64 (56.63%) as G2, 31 cases (27.43%) as G3, the other 4 cases (3.53%) being
classified as G4 carcinomas. As for the associated hepatic lesions, we identified 47
cases (41.59%) developed in patients with cirrhosis, 39 patients (34.51%) had chronic
persistent hepatitis, 23 (20.35%) showed Mallory bodies in absence of hepatitis, 34
(30.08%) were associated with steatosis, and 19 (16.81%) with cholestasis. From the
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Table 1 Clinicopathological parameters of the cases used for quantification of angiogenesis
Variable

Number of cases (n = 50)

Percentage

Male

36

72

Females

14

28

Gender

Age (mean ± SD, yr)

64.66 ± 9.6

Age groups
31-50 yr

2

4

51-60 yr

12

24

61-70 yr

21

42

71-80 yr

15

30

Tumor size (mean ± SD, cm)

40.12 ± 40.58

Tumor aspect
Single nodule

36

72

Multifocality

14

28

G1

8

16

G2

24

48

G3

17

34

G4

1

2

T1

23

46

T2

27

54

Without

32

64

With

18

36

Without

36

72

With

14

28

Without

26

52

With

24

48

Without

41

82

With

9

18

Without

33

66

With

17

34

Tumor grade

Tumor stage

Cirrhosis

Mallory bodies

Hepatitis

Cholestasis

Steatosis

113 cases, 50 were randomly selected for angiogenesis assessment (Table 1).

Angiogenic immunophenotype
Evaluation of COX-2 and VEGF-A expression in the 50 cases with HCC, revealed that
the angiogenic immunophenotype of tumor cells, independently by the used
antibody, was not correlated with the gender or age of the patient (Table 3). More
than half of the cases showed a moderate (score 2+) expression of VEGF-A but COX-2
intensity was distributed in a similar manner, each third part of the cases revealing
1+, 2+ or 3+ intensity. No negative cases were identified.
Regarding tumor stage, COX-2 intensity did not show correlation with tumor size
or multifocal aspect (pT stage). In solitary tumors smaller than 2 cm (pT1), VEGF-A
presented a higher intensity (20 of the 23 cases showed 2+ or 3+ score of VEGF-A)
than tumors with vascular invasion or multifocal aspect (pT2) (Table 3).
On the other hand, VEGF-A intensity was not correlated with tumor grade or the
associated hepatic lesions. In contrast, COX-2 high intensity (score 2+ and 3+) was
rather observed in dediferentiated carcinomas (G3+G4), whereas the G1+G2 cases
showed an oscillating pattern of COX-2. The COX-2 expression was slightly elevated
in patients that developed HCC in absence of premalignant lesions such hepatic
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Table 2 Antibodies used for quantification of angiogenesis
Antibody

Clone

Company, town, country

Dilution

External control

COX-2

4H12

Novocastra, NewCastle Upon Tyne, United Kingdom

1:100

Brain-multipolar neurons; renal tubes

VEGF

VG1

LabVision, Fremont, CA, United States

1:50

Renal tubes

CD31

JC70A

DAKO,Glostrup, Denmark

1:40

Renal glomerules

CD105

SN6H

LabVision, Fremont, CA, United States

1:50

Tonsils

VEGF: Vascular endothelial growth factor; COX-2: Cyclooxygenase-2.

cirrhosis or Mallory bodies (Table 3 and Figure 1).

Endothelial area
Evaluation of EA showed that, independently of the antibody used for quantification
of this angiogenic parameter (CD31 or CD105), it was not correlated with gender of
patient, tumor stage or grade of differentiation (Table 4).
Regarding the associated lesions, a slightly elevated CD31-related EA was observed
in tumors developed on the background of cirrhosis, whereas CD105-related EA was
rather increased in cases without associated hepatitis (Table 4 and Figures 2 and 3).
COX-2 intensity increased in parallel with decreasing CD31-related EA. No
correlation between CD105-EA value and CD31-EA, or COX-2 either VEGF-A
intensity was observed (Table 5).

DISCUSSION
The stepwise process of angiogenesis consists of releasing proteases by the activated
endothelial cells, basal membrane degradation of the existing vessel, migration of the
endothelial cells into the interstitial space, endothelial cells proliferation, and lumen
formation [ 2 1 ] . However, the mechanism of formation of new vessels is still
insufficiently known[21].
In HCCs, the pro-angiogenic VEGF-A is supposed to influence proliferation of
tumor cells and endothelial cells[22-25]. At the same time, proliferated hepatocytes can
release VEGF-A which binds to receptors (VEGF-R1/Flt-1, VEGF-R2/KDR, and
VEGF-R3/Flt-4) that are localized within the tumor cells or on the surface of activated
endothelial cells[3,24]. Despite this supposed mechanism, the anti-VEGF drugs such as
bevacizumab (anti-VEGF-A) and ramucirumab (anti-VEGF-R2) or multi-tyrosine
inhibitors such as sorafenib, regorafenib, lenvatinib or tivatinib, did not show
encouraging results in all cases of HCC [18,19,26,27] . Morphological explanation of
resistance is still unknown. It was recently supposed that angiogenesis might induce
epithelial-mesenchymal transition of HCC cells [26] , as a possible explanation of
resistance to antiangiogenic drugs[19].
Regarding anti-COX therapy, in a meta-analysis published in 2018 it was shown
that only 11 representative studies have been published about the controversial role of
nonsteroidal anti-inflammatory drugs (NSAIDs) in the occurrence and prognosis of
HCC[9]. The conclusion of this meta-analysis was that NSAIDs decrease the risk of
HCC occurrence and induce a better disease-free survival and overall survival,
compared with non-NSAIDs users[9]. There were not differences between aspirin and
non-aspirin NSAIDs users[9]. Moreover, in patients with HCC, aspirin did not increase
the risk of bleeding[9]. However, it would be useful to identify morphological criteria
of HCC cells that might select patients that could benefit by anti-VEGF versus antiCOX therapy. The commonly used dose of aspirin was 100 mg/d, for at least 90
consecutive days[9].
The morphological studies showed that, in peritumoral hepatocytes, both VEGF-A
and COX-2 expression is higher than in tumor cells[2,28]. In our material, an oscillating
pattern of VEGF-A was found in the HCC, independently from the tumor grade. In
smaller tumors and those without vascular invasion, we also proved high VEGF-A
intensity. The intensity decreased in parallel with tumor size and was also lower in
cases with multiple nodules. Although hepatitis C virus (HCV) can upregulate VEGFA[3], we did not find differences between VEGF expression in patients with or without
hepatitis.
Regarding COX-2 expression, the literature data even indicates that COX-2 does
not mediate the process of fibrosis[6,29,30], or, contrary, COX-2 plays roles in fibrogenesis
and hepatocarcinogenesis via metalloproteinases/mismatch repair proteins MMP-2
and MMP-9 or through activation of β-catenin[3], one of the mediators of epithelial
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Figure 1

Figure 1 Angiogenic phenotype of hepatocellular carcinoma cells. A: Vascular endothelial growth factor (VEGF) A shows a low intensity (score 2+) in aggressive
cases with vascular invasion; B: VEGF-A is well expressed (score 3+) in well differentiated carcinomas; C: Cyclooxygenase-2 (COX-2) presents low intensity (score
1+) in well-differentiated carcinomas; D: COX-2 becomes upregulated (score 3+) in dedifferentiated tumors.

mesenchymal transition[19]. Although COX-2 stimulates HCV replication and HCV
stimulates COX-2 expression via oxidative stress [3] , we did not find differences
between COX-2 expression in patients with or without hepatitis. We proved that
COX-2 induced tumor dedifferentiation in patients without cirrhosis and/or Mallory
bodies.
The endothelial cells can be marked by CD31 but CD105 is more specific and marks
only the activated cells. A high EA value is the expression of immature vessels,
whereas predominance of mature vessels is quantified as a lower EA[21].
In our cases, mature vessels (low CD31-related EA) were predominant in COX-2
positive dedifferentiated HCCs, except those cases developed on a background of
cirrhosis, which mostly showed immature vessels, and respectively a higher EA
value [21] . In line to our data, it was experimentally shown that, although CD31
injection promotes migration of endothelial cells and HCC metastasis, it does
influence intrahepatic metastases (pT stage)[26]. CD31 expression is higher in patients
with associated cirrhosis and is mostly seen in tumor-derived endothelial cells[26].
CD31 reflects the rate of endothelization of sinusoids and extent of capillarization,
which are characteristic features of HCC[31].
In contrast, the CD105-positive activated endothelial cells, mostly found in
immature vessels[32,33], were more frequent in HCCs developed in the absence of
hepatitis. Lack of correlation of EA/MVD with cirrhosis and tumor grade has also
been observed by other authors[34]. As HCV might disturbe angiogenesis pathways
and promotes hepatocarcinogenesis[3], it can be supposed that HCV might induce
activation of endothelial cells and genesis of CD105 positive mature neoformed
vessels.
As HCC is a heterogenous and frequent multifocal tumor, correlation with
clinicopathological factors is difficult to be proved and literature data are
controversial. Decreased MVD is supposed to be an indicator of poor prognosis[35,36].
Similar to our study, a lower MVD, respectively predominance of mature vessels, was
shown in dediferentiated HCC[37,38]. The idea is not agreed by all authors, in some
studies being showed that MVD is increased in dedifferentiated tumors of large sizes
and in those associated with cirrhosis[39].
This study has some limitations. Firstly, the authors examined a small number of
cases (n = 50). Although higher number of cases (but below 100) were analyzed in
other studies[26,31], they were mostly performed using tissue microarrays slides. We
have analyzed the angiogenesis in classic (full) slides, that confers the reproductibility
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Table 3 Assessment of COX-2 and VEGF-A expression in HCC
Parameter

COX-2 intensity

VEGF-A intensity
P value

1+

2+

3+

1+

2+

3+

14 (28)

18 (36)

18 (36)

12 (24)

28 (56)

10
(20)

Males

10

12

14

8

22

6

Females

4

6

4

4

6

4

31-50

0

0

2

0

1

1

51-60

4

4

4

5

4

3

61-70

5

10

6

4

12

5

71-80

5

4

6

3

11

1

6

19

7

6

9

3

3

12

8

9

16

2

5

9

4

7

19

6

4

7

3

8

21

7

6

14

4

6

14

6

n (%)

P
v
al
u
e

Gender
0.75

0.
4
7

Age groups (yr)
0.47

0.
3
3

Tumor grade
G1+G2

13

7

12

G3+G4

1

11

6

0.006

0.
5
0

Tumor stage
pT1

7

6

10

pT2

7

12

8

0.38

0.
0
3

Associated lesions
With cirrhosis

8

3

7

Without cirrhosis

6

15

11

With Mallory bodies

7

5

2

Without Mallory bodies

7

13

16

With hepatitis

7

9

8

Without hepatitis

7

9

10

0.05

0.05

0.93

0.
8
1
0.
8
5
0.
8
5

VEGF: Vascular endothelial growth factor; COX-2: Cyclooxygenase-2.

character. Secondly, other cytokines and markers of epithelial mesenchymal
transition [19] have been reported to be associated with HCC. The interaction of
angiogenesis with these biomarkers should be explored in future studies.
In conclusion, based on the literature data and the present study, we can affirm
that, in HCC, angiogenesis has an oscillating pattern but some specific features can be
emphasized. In patients with cirrhosis, the newly formed vessels are rather immature,
are syntesized via VEGF, and COX-2 is downregulated. The VEGF-A expression is
rather high in first steps of carcinogenesis, respectively in small tumors that do not
show vascular invasion. VEGF-A intensity decreases in advanced stages. In
dedifferentiated HCCs, which were developed in absence of cirrhosis, COX-2
overexpression and predominance of mature vessels is characteristic.
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Table 4 Endothelial area assessment, using CD31 and CD105 antibodies in hepatocellular carcinoma
Parameter

Number of cases CD31-EA(median and range values) P value CD105-EA(median and range values) P value

Gender
Males

36

7.35 ± 2.16 (2.57-11.18)

Females

14

8.06 ± 2.30 (4.17-11.85)

G1+G2

32

7.69 ± 2.22 (2.57-11.69)

G3+G4

18

7.29 ± 2.21 (3.34-11.85)

pT1

23

7.85 ± 2.33 (2.57-11.69)

pT2

27

7.71 ± 2.11 (3.34-11.85)

With cirrhosis

18

8.29 ± 1.68 (5.64-11.85)

Without cirrhosis

32

7.13 ± 2.37 (2.57-11.69)

With Mallory bodies

14

8.01 ± 1.39 (5.56-10.53)

Without Mallory bodies

36

7.37 ± 2.44 (2.57-11.85)

With hepatitis

24

7.28 ± 1.99 (2.57-10.53)

Without hepatitis

26

7.80 ± 2.39 (3.07-11.85)

0.31

8.91 ± 2.64 (4.06-15.53)

0.44

9.59 ± 3.28 (4.23-16.56)

Tumor grade
0.53

9.28 ± 2.64 (4.06-16.56)

0.55

8.78 ± 3.17 (5.77-15.53)

Tumor stage
0.59

9.47 ± 3.15 (4.06-16.56)

0.39

8.79 ± 2.51 (5.47-14.91)

Associated lesions
0.07

9.12 ± 2.51 (4.23-14.33)

0.97

9.09 ± 3.01 (4.06-16.56)
0.36

9.86 ± 2.89 (5.85-15.53)

0.23

8.81 ± 2.77 (4.06-16.56)
0.40

8.26 ± 2.25 (4.23-12.28)

0.04

9.88 ± 3.09 (4.06-16.56)

EA: Endothelial area.

Table 5 Correlation of the angiogenic immunophenotype, quantified with VEGF-A and COX2, with endothelial area values
COX-2 intensity

P value

1+

2+

3+

EA-CD31

8.66 ± 1.41

7.47 ± 2.29

6.76 ± 2.34

EA-CD105

9.22 ± 1.83

9.58 ± 3.56

8.53 ± 2.64

VEGF-A intensity

P value

1+

2+

3+

0.04

7.23 ± 1.52

7.53 ± 2.44

8.01 ± 2.32

0.72

0.53

8.45 ± 1.74

8.95 ± 3.02

10.31 ± 3.15

0.28

EA: Endothelial area; VEGF: Vascular endothelial growth factor; COX-2: Cyclooxygenase-2.

Figure 2

Figure 2 Particular features of neoangiogenesis of hepatocellular carcinoma, revealed by CD31 stain. A: Endothelization of the cirrhotic synusoids; B: High
endothelial area and immature vessels in the peri-cirrhotic tumor tissue; C: Rare mature vessels can be intratumorally seen, in cases developed in patients without
cirrhosis. 20 x.
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Figure 3

Figure 3 Particular features of neoangiogenesis of hepatocellular carcinoma, revealed by CD105 stain. A and B: High microvessels density of normal
parenchyma, compared with tumor tissue; C: Mature activated neoformed vessels, in a G1 carcinoma; D: Mature vessels, in a G2 carcinoma; E: Low endothelial area,
in a G3 carcinoma; F: Small neoformed vessels, in a case with high endothelial area.

ARTICLE HIGHLIGHTS
Research background
Although hepatocellular carcinoma (HCC) is one the most vascular solid tumors, mechanisms of
angiogenesis are still unknown. Moreover, angiogenesis is not properly inhibited by the
currently used chemotherapics. For these reasons, new data are necessary to be published
regarding the angiogenesis background.

Research motivation
The aim of the study was to perform a complex immunohstochemical assessment of angiogenic
immunophenotype pf HCC cells.

Research objectives
In this paper, we aimed to correlate the angiogenic immunophenotype of tumor cells with the
values of endothelial area (EA). To reach the aim of the paper and understand the angiogenesis
mechanisms, these two parameters were necessary to be examined.

Research methods
The angiogenic immunophenotype of tumor cells was examined with the immunohistochemically antibodies Cyclooxygenase-2 (COX-2), vascular endothelial growth factor (VEGF) A,
whereas the values of EA were quantified using the antibodies CD31 and CD105. To increase the
study reliability, the EA was digitally counted, using a semi automatically method.

Research results
The immunohistochemical study performed in this paper showed that the VEGF-A-related
angiogenesis is more intense in small tumors, without vascular invasion, which were classified
as pT1 HCCs. In the dedifferentiated and aggressive tumors, COX-2 was more expressed and
CD31-related EA decreased, as result of proliferation of mature neoformed vessels. In patients
with associated cirrhosis, CD31-related EA was higher, as result of proliferation of immature
vessels. In patients without associated hepatitis, CD105-related EA was higher, as result of
activated endothelial cells.

Research conclusions
The original data identified in the present study showed that the antiangiogenic therapy do not
show the expected results for several reasons: angiogenesis has an oscillating pattern, the
mechanisms of inducing angiogenesis depend on the tumor size and grade of differentiation and
the EA is not always a reflection of the angiogenesis intensity. Based on these data, it can be
concluded that a targeted antiangiogenic therapy should be considered in patients with HCC,
based on the pathways of induction angiogenesis in specific cases.

Research perspectives
Before performing clinical trials with antiangiogenic/antityrosine-kinase drugs, the
immunohistochemical and molecular background of the tumor tissue is mandatory to be
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checked in any patient. It should be tested, in experimental study, the theory of predominance of
VEGF-A-induced angiogenesis in small differentiated HCCs and COX-2 induced angiogenesis
and vascular maturation in dedifferentiated cases.
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Abstract
BACKGROUND
Preoperative supplementation with immunonutrients, including arginine and n-3
fatty acids, has been shown in a number of systematic reviews to reduce
infectious complications in patients who have undergone gastrointestinal
surgery. Limited information, however, is available on the benefits of nutritional
supplementation enriched with arginine and n-3 fatty acids in patients
undergoing liver resection.
AIM
To evaluate the effects of preoperative nutritional supplementation enriched with
arginine and n-3 fatty acids on inflammatory and immunologic markers and
clinical outcome in patients undergoing liver resection.
METHODS
Thirty-four patients undergoing liver resection were randomized to either five
days of preoperative Impact® [1020 kcal/d, immunonutrition (IMN) group], or
standard care [no supplementation, standard care (STD) group]. Nutritional
status was measured at study entry by subjective global assessment (SGA).
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Functional assessments (grip strength, fatigue and performance status) were
carried out at study entry, on the day prior to surgery, and on postoperative day
(POD) 7 and 30. Inflammatory and immune markers were measured at study
entry, on the day prior to surgery, and POD 1, 3, 5, 7, 10 and 30. Postoperative
complications were recorded prospectively until POD30.
RESULTS
A total of 32 patients (17 IMN and 15 STD) were analysed. All except four
patients were SGA class A. The plasma ratio of (eicosapentaenoic acid plus
docosahexaenoic acid) to arachidonic acid was higher in IMN patients on the day
prior to surgery and POD 1, 3, 5 and 7 (P < 0.05). Plasma interleukin (IL)-6
concentrations were elevated in the IMN group (P = 0.017 for POD7). No
treatment effect was detected for functional measures, immune response (white
cell count and total lymphocytes) or markers of inflammation (C-reactive protein,
tumour necrosis factor-α, IL-8, IL-10). There were 10 patients with infectious
complications in the IMN group and 4 in the STD group (P = 0.087). Median
hospital stay was 9 (range 4–49) d in the IMN group and 8 (3-34) d in the STD
group (P = 0.476).
CONCLUSION
In well-nourished patients undergoing elective liver resection, this study failed to
show any benefit of preoperative immunonutrition.
Key words: Liver cancer; Partial hepatectomy; Fish oil; Arginine; Nutritional status;
Inflammation
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Whether immunonutritional supplementation provided preoperatively to
patients undergoing liver resection can reduce postoperative inflammation and improve
clinical outcome compared to standard care remains unclear. We conducted a
prospective randomized trial to clarify this. We found no significant suppression of
postoperative inflammation or reduction in infectious complications or length of hospital
stay post-surgery through providing preoperative immunonutrition.
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INTRODUCTION
Immunonutrition, the provision of specific nutrients in supra-physiological doses, is
suggested to provide vital substrates that act to modulate immune and metabolic
responses and improve clinical outcome[1]. Nutrients that have been identified to offer
immunological benefit include n-3 polyunsaturated fatty acids, arginine, glutamine
and nucleotides. A number of systematic reviews have shown that immunonutrition
provided as a preoperative supplement to patients undergoing elective
gastrointestinal surgery leads to significant reductions in postoperative infectious
complications[2-5]. Benefit has been demonstrated in both malnourished[6] and normally
nourished patients [7] and is thought to be due to the down regulation of the
inflammatory responses to surgery and amelioration of the postoperative immune
depression.
Despite the reported benefits of this therapy, we are aware of only two published
randomized, prospective studies investigating the effect of preoperative
immunonutrition on postoperative inflammation and clinical outcome in liver
resection patients[8,9]. Mikagi et al[8] randomized 41 patients but only 26 were analysed.
Some evidence for reduction of inflammation [interleukin-6 (IL-6)] on postoperative
day (POD) 1 was seen and only one infectious complication was reported. Uno et al[9]
randomised 40 patients, 83% of whom had surgery for (presumably perihilar) bile

https://www.wjgnet.com

306

March 27, 2019

Volume 11

Issue 3

Russell K et al. Immunonutrition in liver resection

duct carcinoma, a relatively rare condition. Significant reductions in IL-6 on POD1,
infectious complications and length of hospital stay were reported.
The primary objective of the present study was to investigate postoperative
inflammatory and immunologic responses in patients undergoing liver resection who
were randomized to either preoperative treatment with an immunonutritional
supplement (IMN) or standard care (STD). Secondary objectives included clinical
outcomes and physiological function.

MATERIALS AND METHODS
Patients
Patients over 16 years of age scheduled for non-laparoscopic elective hepatic resection
for primary or secondary liver cancer between December 2012 and April 2014 were
recruited from the hepaticopancreaticobiliary outpatient clinic at Auckland City
Hospital. Exclusion criteria included immunosuppression, cirrhosis (biopsy proven or
fibroscan result), chemotherapy within 3 wk prior to study entry, taking fish oil
supplements, and pregnancy. Ethics approval was granted by the Northern A Ethics
Committee. Each patient provided written informed consent.

Surgical procedure
Hepatic resection was performed by an open technique through a right subcostal
incision. All patients received intra-thecal opiate and general anaesthesia.
Parenchymal resection was performed without inflow occlusion by anatomical
dissection. Drains were routinely placed at completion and removed post-operatively
depending upon volume and character of effluent. All patients received antibiotic
prophylaxis (cefoxitin 1 g) given intravenously at induction of anaesthesia.

Study protocol
This was a prospective, randomized, assessor-blinded, clinical trial. At recruitment,
patients were allocated to IMN or STD groups in a 1:1 ratio using opaque sealed
envelopes prepared according to a computer-derived random sequence with variable
block sizes. In addition to their usual intake, IMN patients were prescribed for each of
the 5 consecutive days preceding surgery 3 x 237 mL tetra packs of IMPACT
Advanced Recovery ® (Nestle) providing 1020 kcal energy, 54 g protein, 12.6 g
arginine, 1.3 g nucleotides, and 3.3 g eicosapentaenoic acid (EPA) + docosahexaenoic
acid (DHA) per day. Patients were telephoned to remind them to commence taking
the supplement and asked to keep a daily record of the timing and volume of Impact
consumed, as well as all other oral intake over this period. Those randomized to the
STD group were advised to continue with their usual oral intake. Patients in this
group assessed as having malnutrition were provided with a standard nutritional
supplement (Fortisip®, Nutricia) twice daily (providing 600 kcal energy, 24 g protein),
in addition to their usual intake, for the period preceding and including 5 days prior
to surgery. At recruitment, blood samples were taken for inflammatory and immune
status markers and measurement of plasma fatty acids. These measurements were
repeated on the day prior to surgery (D-1) and on POD 1, 3, 5 and 7. An additional Creactive protein (CRP) measurement was taken on POD30. CRP and full blood count
were determined by the hospital accredited laboratory. Remaining blood was
centrifuged at 4 °C and plasma separated and frozen at –80 °C until analysis.
Nutritional status was assessed at study entry and functional status at study entry
and on D-1, POD7 and POD30.

Plasma phosphatidylcholine fatty acids
Using methods described in detail previously [10] , total lipids were extracted,
phosphatidylcholine (PC), the major phospholipid in plasma, was isolated, and gas
chromatography was performed to determine the fatty acid composition of PC.

Immune and inflammatory markers
An immunoturbidimetric method (Roche Diagnostics) was used for high-sensitivity
CRP assay. Simultaneous quantification of plasma tumour necrosis factor (TNF)-α, IL6, IL-8 and IL-10 was carried out using a high- sensitivity multiplex immunoassay kit
(Milliplex®, Millipore Corp, Billerica, MA, United States) and a micro-beads system
following the manufacturer’s instructions (Luminex Corp., Austin, TX, United States).

Nutritional and functional status
Nutritional intake was assessed using the 24 hour diet recall technique [11] . Body
weight to the nearest 0.1 kg was measured using electronic scales and an estimated
clothing weight was subtracted. Height was measured using a stadiometer. Subjective
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global assessment (SGA) of nutritional status was performed as described by Detsky
et al[12]. The Christensen Fatigue Scale was used to quantify subjective feelings of
fatigue[13]. The Karnofsky Performance Scale was used to quantify general well-being
and ability to complete activities of daily living [14] . Physiological function was
measured by maximum voluntary grip strength in the dominant hand as the best of
three attempts using a spring loaded analogue dynamometer (model 78010, Lafayette
Instrument Co., Lafayette, IN, United States).

Clinical outcome
Patients were assessed daily while in hospital for infectious and other complications.
Clinical notes were reviewed post-discharge to ensure no complication was missed.
Patients were monitored for 30 days for complications. Postoperative complications
were assessed and graded according to the Clavien-Dindo system[15]. A bacterial
infection was defined by administration of antibiotics when signs and symptoms of
sepsis were evident, indicating possible chest, urinary, line or wound infection.
Infectious complications were categorised according to the Centers for Disease
Control Classification System[16]. The surgical team in charge of each patient had sole
discretion over adjudication of complications and determination of date of hospital
discharge and were blinded to group allocation.

Statistical analysis
Sample size calculations demonstrated that 15 patients per group would provide >
90% power for detecting a significant difference in plasma IL-6 concentrations on
POD1, based on the results of Braga et al[17] in gastrointestinal surgery patients.
Repeated measures data were analysed by the general linear mixed model.
Inflammatory markers were log-transformed prior to analysis. Between-group
comparisons used Student’s t test or Mann-Whitney U test for normally distributed
and non-normally distributed data respectively. Fisher’s exact test was used for
categorical data. Time-to-event data were compared between groups using the logrank test. All analysis was performed on an intention-to-treat basis. Data are
presented as mean ± SE or median (range). P values of less than 0.05 were considered
to indicate statistical significance. Statistical analyses were performed using SAS
release 9.4 (SAS Institute, Cary, NC, United States).

RESULTS
Patients
Thirty-four patients were randomized to IMN or STD groups between November
2012 and April 2014 (Figure 1). Two STD patients were withdrawn after
randomization, one undergoing laparoscopic instead of open surgery and the other
did not proceed to resection because of unexpected disease at laparotomy. Baseline
characteristics for the remaining 32 patients are summarised in Table 1.

Plasma phosphatidylcholine fatty acids
The ratio of EPA + DHA to arachidonic acid differed significantly between the groups
over time (P < 0.0001; Figure 2). No difference was seen at baseline (P = 0.36) but the
ratio was higher in the IMN group on D-1 (P < 0.0001) and on POD1 (P < 0.0001),
POD3 (P < 0.0001), POD5 (P = 0.003) and POD7 (P = 0.014). In the IMN group,
compared with the preoperative period, plasma PC EPA+DHA (as percent of total
fatty acids) increased more than two-fold.

Functional status
Baseline dietary assessment showed no significant differences between the groups for
consumption of energy (P = 0.27), carbohydrate (P = 0.11), protein (P = 0.37), total fat
(P = 0.93), PUFAs (P = 0.47), MUFAs (P = 0.88), or fibre (P = 0.12). Compliance with
the full preoperative course of immunonutrition was 100% in 16 out of 17 patients
with one patient consuming one less tetra pack than prescribed. As shown in Table 2,
changes over time did not differ between the groups for fatigue score (P = 0.342),
performance status (P = 0.810) or grip strength (P = 0.849). Compared to D-1, patients
were more fatigued on POD7 (P < 0.0001) and performance status (P < 0.0001) and
grip strength (P = 0.009) deteriorated. Over the subsequent 3 weeks fatigue and
performance improved (P < 0.0001) but no change in grip strength was seen (P =
0.802).

Immune and inflammatory markers
There were no differences in white cell count (P = 0.201) or total lymphocytes (P =
0.575) between the groups over the study period (Table 3). White cell count was
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Table 1 Demographics and operative characteristics of patients who received either
immunonutrition or standard care preoperatively
Immunonutrition

Standard care

17

15

11/6

10/5

61 (28 – 76)

63 (31–79)

15/1/1

13/2/0

Metastatic disease

15

13

Hepatocellular carcinoma

2

1

Granulomatous liver disease

0

1

Major resection ( ≥ 3 segments)

14

10

Minor resection ( < 3 segments)

3

5

n
Male/Female
Age (yr)
SGA grade (A/B/C)
Indication for surgery

Hepatectomy

ASA grade (I/II/III)

1/9/6

0/8/6

Tissue removed (g)

815 ± 123

610 ± 94

173 (104-337)

155 (128-246)

Duration of surgery (min)

Data are number of patients, mean ± SE or median (range). SGA: Subjective global assessment; ASA:
American Society of Anaesthesiologists physical status classification.

elevated and lymphocyte count was depressed over the first 10 postoperative days
before returning to preoperative levels by POD30. Plasma concentrations of CRP,
TNF-α, IL-6, IL-8 and IL-10 to POD7 are shown in Figures 3 and 4 for the two groups.
Except for IL-6 (P = 0.034), there were no significant differences between the groups
for the profiles over time for these markers. Circulating IL-6 concentrations were
higher in the IMN group on POD7 (P = 0.017) and tended to be higher on POD1 (P =
0.087) and POD5 (P = 0.088). In both groups on POD7, IL-6 concentrations were
elevated (P < 0.0001) compared to baseline.

Clinical outcome
Postoperative complications are summarized in Table 4. Postoperative complications
occurred in 12 patients in the IMN group and 11 patients in the STD group (P = 0.598).
Ten patients in the IMN group and 4 in the STD group developed infectious
complications (P = 0.087). The median length of hospital stay (LOS) was 9 (range 4–
49) d in the IMN group and 8 (3–34) d in the STD group (P = 0.476). Seven patients in
the IMN group developed a major postoperative complication (Clavien-Dindo grade
≥III) as did one patient in the STD group (P = 0.047). However, no association was
seen between the severity of postoperative complications and whether the surgery
was major or minor (Table 5).

DISCUSSION
In this study, preoperative nutritional supplementation enriched in n-3 fatty acids and
arginine did not result in suppression of postoperative inflammation compared to
standard care. The primary measure of inflammatory response was IL-6 and this
marker was persistently elevated in the IMN group, significantly so on POD7, in
comparison to the STD group. The pattern of changes for other markers of
inflammation did not differ between the groups but also tended to be elevated in the
IMN group on POD7. Similarly, there were no differences in immune markers
between the groups. While the study was not powered for clinical outcome, the
results for infectious complications and length of stay were consistent with a failure of
preoperative immunonutrition to dampen the postoperative inflammatory response.
The incidence of infectious complications was 59% and 27% in the IMN and STD
groups, respectively. Notably, there was a higher incidence of major complications in
the IMN group.
These results contrast with those in colorectal, pancreatic and gastric surgery where
reductions of around 50% in infectious complication rates and 2-3 d in length of
hospital stay were seen in meta-analyses of studies where supplementation with
arginine and n-3 fatty acid based formulas were provided only preoperatively[3-5].
Studies included in these meta-analyses that have examined inflammatory and
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Figure 1

Figure 1 Disposition of patients in the study. IMN: Immunonutrition; STD: Standard care.

immune responses after preoperative feeding with IMN have reported reduced IL-6
concentrations on POD1[17] and increased total lymphocyte numbers
postoperatively[18]. Limited published work is available in patients undergoing liver
resection with only two published randomized trials of immunonutrition. Mikagi et
al [ 8 ] administered IMPACT at 750 kcal/d for 5 d preoperatively in the
immunonutrition group. A drop-out rate of 37% was reported with no significant
reductions in infectious complications, non-infectious complications or length of
hospital stay in the 26 patients analysed. Uno et al[9] carried out an intention to treat
analysis on 40 patients and reported a significant reduction in infectious
complications, no difference in non-infectious complications and a significant
reduction in length of stay. However, case-mix differed markedly from the present
study. Patients largely underwent surgery for bile duct carcinoma compared to
metastatic colorectal cancer in the current study and the differing pathologies may
have contributed to the contrasting results, as infectious complications in their control
group were much higher (75%) than in the current study (27%).
Liver resections were included in recently published randomized trials from
Hubner et al[19] (28 of 145 patients) and Giger-Pabst et al[20] (11 of 105 patients) but
subgroup analyses were not conducted. In a non-randomized, propensity score
matched case-control study [21] of 49 patients receiving immunonutrition and 49
controls, most of whom were well nourished, IMPACT was provided preoperatively
in the same dose as the current study (3 x 237 mL, 1020 kcal) for 7 d. Definition and
grading of severity of complications were identical to the current study and the
authors reported no significant difference in infectious complications (38.7%
immunonutrition vs. 28.5% control) or median length of stay (10 d in both groups).
This evident lack of benefit also extends to liver transplantation where perioperative
administration of IMPACT did not result in improved clinical outcome[22].
In contrast to the studies of Mikagi et al[8] and Zacharias et al[21], major hepatectomy
was performed in 75% of our patients compared to 8% and 21% in the respective
earlier studies. This may account, at least in part, for the higher incidence of major
complications in our study (25%) compared to the Zacharias study (11%). The
markedly higher number of non-infectious complications in the immunonutrition
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Figure 2

Figure 2 Ratio of eicosapentaenoic acid plus docosahexaenoic acid to arachidonic acid (mean ± SE) measured at baseline, day prior to surgery (day-1)
and on postoperative days 1, 3, 5, 7 and 30 in patients who received IMPACT preoperatively (solid symbols) compared with patients who received standard
care (open symbols).aP < 0.05 vs standard care.

group in the current study may have been a chance effect rather than a result of the
treatment. A larger study is required to confirm this. This finding however may have
contributed to the greater and more sustained inflammatory response postoperatively
in the immunonutrition group, predisposing those patients to infection. One patient
in the IMN group contributed 3 of the 15 infectious and 10 of the 40 non-infectious
complications observed in that group having suffered aspiration pneumonia and
acute respiratory distress syndrome.
The majority of patients in the current study were well-nourished with two patients
in each group assessed as malnourished preoperatively (SGA B + C). Malnourished
patients experience significantly longer LOS and more major postoperative
complications [ 2 3 ] , which are attributed to malnutrition associated immune
depression [ 2 4 ] . Consequently, it has been hypothesized that by providing
immunonutrition containing key nutrients with the ability to minimise the early
inflammatory response to surgery a more substantial benefit may be seen in
malnourished patients[25]. If this is the case it might explain, at least in part, the lack of
any indication of improved clinical outcomes in the present study. Uno et al[9] did not
report nutritional status of their patients and a high prevalence of malnutrition in
their cholangiocarcinoma patients may help explain the significant benefits seen with
immunonutrition. To date, there are no published meta-analyses evaluating the
impact of nutritional status on the treatment effect of immunonutrition. Published
meta-analyses have pooled data from randomized trials that include both wellnourished and malnourished patients, with a number of studies not reporting on
baseline nutritional status.
Dose and timing of preoperative immunonutrient supplementation are not welldefined. Our protocol conformed to the 500-1000 kcal/d recommended by Waitzberg
et al[2] and the consensus guidelines from ASPEN[26] and ESPEN[27]. Giger-Pabst et al[20]
investigated the effect of immunonutrition administered for only 3 days
preoperatively based on the findings of a prior study suggesting that the antiinflammatory effect of immunonutrition starts after only two days[28]. However, 3 days
of IMPACT supplementation preoperatively was insufficient to provide any benefit in
terms of infectious complications or LOS. The authors concluded based on their own
findings and review of the literature that at least five days of preoperative
supplementation are required to achieve benefit.
Limitations of the current study include its small size, given it was focused on
inflammatory and immune parameters rather than clinical outcome. It was also not
placebo-controlled and double-blinded, the latter being less important for endpoints
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Table 2 Fatigue score and performance status measured at study entry, Day-1, POD 7 and POD 30 and grip strength measured at Day-1,
POD7 and POD30 in patients who received either immunonutrition or standard care preoperatively
P value1
Study entry

Day -1

POD 7

POD 30
Group

Time

Group×Time

0.121

< 0.0001

0.342

0.867

< 0.0001

0.810

0.825

0.019

0.849

Fatigue score
STD group

4.2 ± 0.8

4.0 ± 0.6

7.1 ± 0.5

5.4 ± 0.7

IMN group

4.3 ± 0.6

2.7 ± 0.4

6.7 ± 0.5

3.5 ± 0.8

STD group

84.0 ± 3.9

85.7 ± 2.8

59.3 ± 4.2

73.5 ± 3.9

IMN group

81.9 ± 2.8

86.8 ± 3.1

57.7 ± 4.8

75.0 ± 6.9

STD group

-

37.8 ± 2.7

35.4 ± 2.6

33.8 ± 2.3

IMN group

-

38.9 ± 3.4

36.5 ± 3.3

33.2 ± 2.4

Performance status

Grip strength (kg)

1

Repeated measures analysis using the linear mixed model. Data are mean ± SE. POD: Postoperative day; IMN: Immunonutrition; STD: Standard care.

based on blood assays. However, there was potential for bias in the reporting of
complications, most especially for those occurring after hospital discharge. In-hospital
complications were assessed by clinicians who were blinded to the group allocation.
After discharge, patients were contacted or assessed at clinic visits to monitor
complications over the first postoperative month. However, not all complications may
have been captured. Up to 25% of postoperative infections, which are largely surgical
wound infections, may occur after discharge [17] . We did not perform dietary
assessments during or at the end of the period of nutritional supplementation so
cannot comment on any difference in caloric load between the groups prior to surgery
and impact on outcome.
Strengths of the study include: measurement of EPA and DHA plasma
concentrations which support likely cell membrane incorporation[29] and resultant
biological effects[30]; the near-perfect compliance with the immunonutrition product,
verified by the EPA+DHA levels in plasma; hospital discharge determination by staff
independent of the study; operations performed by the same surgeon using the same
surgical technique in all except one patient; and assessment of inflammatory and
immune markers in the very early postoperative period (from POD1).
In conclusion, this study failed to show any evidence for suppression of
postoperative inflammation or improvement in clinical outcome through providing
immunonutrition to well-nourished patients undergoing liver resection. There
remains no large scale double-blind trial in liver resection on which to base more
definitive conclusions and such a trial, particularly in patients having major
resections, is warranted.
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Table 3 Total lymphocyte and white cell counts over the pre-and postoperative periods in patients who received either immunonutrition
or standard care preoperatively
Preoperative

Postoperative

P value1
Time

Group×t
ime

Study entry

Day-1

POD 1

POD 3

POD 5

POD 10

POD 30

Group

IMN group

1.41 ± 0.13

1.54 ± 0.12

0.93 ± 0.09

0.96 ± 0.10

0.95 ± 0.09

1.19 ± 0.09

1.47 ± 0.13

0.091

< 0.001

0.
5
7
5

STD group

1.66 ± 0.16

1.78 ± 0.13

1.12 ± 0.15

1.21 ± 0.09

1.07 ± 0.13

1.38 ± 0.12

1.47 ± 0.10

IMN group

5.80 ± 0.60

7.05 ± 0.78

12.78 ± 1.10

9.81 ± 1.29

7.40 ± 0.91

12.28 ± 2.27

6.80 ± 0.86

0.416

< 0.001

0.
2
0
1

STD group

6.86 ± 0.83

6.75 ± 0.54

12.79 ± 1.32

8.99 ± 0.77

9.65 ± 0.98

13.53 ± 1.63

7.40 ± 0.68

Total lymphocytes (x109/L)

White cell count (x109/L)

1

Repeated measures analysis using the linear mixed model. Data are mean ± SE. POD: Postoperative day; IMN: Immunonutrition; STD: Standard care.

Table 4 All complications in patients who received either immunonutrition or standard care preoperatively
IMN

STD

P value 1

Urinary tract

3

0

Surgical site

2

2

Blood stream

5

0

Gastrointestinal

2

1

Lower respiratory tract

3

3

AF/Bradycardia/Tachycardia

3

2

Acute kidney injury

3

0

Aspiration pneumonia

1

0

Acute respiratory distress syndrome

1

0

Atelectasis

7

6

Bowel obstruction

1

3

Diarrhoea

1

0

Electrolyte derangement

4

3

Encephalopathy

1

0

Hypotension

2

0

Ileus

4

2

Ischaemic optic neuropathy

1

0

Leak

1

0

Nausea and vomiting

1

2

Pleural effusion

5

3

Pain requiring epidural

2

0

Pneumothorax

1

0

Non infected collection

1

0

Wound dehiscence

1

0

Total infectious complications

15

6

Total non-infectious complications

40

21

Total complications

55

27

Patients with an infectious complication

10

4

0.087

Patients with a non-infectious complication

11

11

0.445

Patients with any complication

12

11

0.598

Infectious complications

Non Infectious complications
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Severity of complication

0.047

Patients with major complication (Clavien-Dindo Grade ≥ III)

7

1

Patients with minor complication (Clavien-Dindo Grade < III)

5

10

Patients without any complication

5

4

1

Fisher’s exact test. AF: Atrial fibrillation; IMN: Immunonutrition; STD: Standard care.

Table 5 Severity of complications with major and minor surgery
Severity of complication

P value1

Major

Minor

No complication

Major surgery

6

11

7

Minor surgery

2

4

2

1.000

1

Fisher’s exact test.

Figure 3

Figure 3 Plasma C-reactive protein concentrations (geometric mean ± SE) measured at baseline, day prior to surgery (day-1) and on postoperative days 1,
3, 5, 7 and 30 in patients who received IMPACT preoperatively (solid symbols) compared with patients who received standard care (open symbols).
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Figure 4

Figure 4 Plasma concentrations (geometric mean ± SE) of interleukin-6 (IL-6) (A), TNF-α (B), IL-8 (C) and IL-10 (D) measured at baseline, day prior to
surgery (day-1) and on postoperative days 1, 3, 5, and 7 in patients who received IMPACT preoperatively (solid symbols) compared with patients who
received standard care (open symbols).aP < 0.05 vs standard care.

ARTICLE HIGHLIGHTS
Research background
Immunonutrients provided pre- and perioperatively to patients undergoing major
gastrointestinal surgery have been shown in a number of studies to reduce postoperative
morbidity. Nutritional supplementation enriched in n-3 long-chain fatty acids and arginine has
been used in the majority of these studies and these nutrients are thought to modulate the
inflammatory and immune responses to surgery leading to improved clinical outcome.

Research motivation
We were motivated to design and implement a randomized trial of immunonutrition in patients
undergoing liver resection given that only one such prospective trial had previously been
reported. That trial had a high dropout rate and we considered further work was needed.

Research objectives
The main objective of this study was to evaluate the effect of preoperative supplemental
immunonutrition, enriched in n-3 fatty acids and arginine, on postoperative inflammatory and
immune markers. A secondary objective was to examine effects on clinical outcome.

Research methods
Patients scheduled for non-laparoscopic elective hepatic resection for primary or secondary liver
cancer were randomized in an assessor-blinded prospective trial to preoperative
immunonutrition (IMPACT Advanced Recovery®, 1020 kcal/d) for 5 consecutive days or to
standard care. Blood samples were obtained at recruitment, on the day prior to surgery and on
postoperative day (POD) 1, 3, 5 and 7 for measurement of plasma fatty acids and markers of
inflammation and immune status. Patients were monitored for 30 POD for infectious and other
complications.

Research results
Immune markers did not differ between the groups. Postoperative inflammatory response, as
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assessed by interleukin-6 concentrations, was more pronounced in the immunonutrition group.
Ten patients in the immunonutrition group and 4 in the standard care group developed
infectious complications. Major postoperative complications were more common in the
immunonutrition group.

Research conclusions
In this study, provision of a preoperative immunonutritional supplement was not associated
with post-surgery suppression of inflammation nor with improved clinical outcomes. The higher
incidence of major complications in the immunonutrition group may have contributed to these
findings.

Research perspectives
Since completion of this study a similar preoperative immunonutrition regime was reported in a
randomized trial demonstrating reduced postoperative inflammatory response and improved
clinical outcome with immunonutrition. The majority of patients in that study had a relatively
rare indication for liver resection. Future efforts should be directed at double-blind trials of
immunonutritional formulae, in patients undergoing major liver resections for commonly seen
indications, that are adequately powered to assess postoperative infectious complications.
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Abstract
BACKGROUND
Most patients with hydatid cysts are asymptomatic, and they are diagnosed
incidentally during radiological evaluations performed for other reasons.
However, some patients develop symptoms and complications due to cyst size,
location, and the relationship between the cyst and adjacent structures. The most
serious complications that can occur are rupture of the cysts into the biliary tract,
vascular structures, hollow viscus, and peritoneal cavity. We aimed to describe
the management of four cases of intraperitoneal rupture of hydatid cysts.
CASE SUMMARIES
Four patients aged between 27 and 44 years (two men and two women) were
admitted to our clinic with sudden abdominal pain (n = 4), hypotension (n = 3),
and anaphylaxis (n = 2). Three of the perforated cysts were located in the liver,
and one was located in the spleen. Two patients developed cyst rupture after
minor trauma, and the other two developed spontaneous rupture. Enzymelinked immunosorbent assay IgG results were positive for two patients and
negative for the other two. All patients received albendazole treatment after
surgical intervention (range: 2-6 mo). Two patients developed hepatic abscesses
requiring drainage; one of these patients also developed hydatid cyst recurrence
during postoperative follow-up (range: 25-80 mo).
CONCLUSION
Intraperitoneal rupture is a life-threatening complication of hydatid cysts. It is
important to manage patients with surgical intervention as soon as possible with
aggressive medical treatment for anaphylactic reactions.
Key words: Hydatid cyst; Complication; Inraperitoneal rupture; Spontaneous rupture;
Traumatic rupture; Anaphylactic reactions; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

WJH

https://www.wjgnet.com

318

March 27, 2019

Volume 11

Issue 3

Akbulut S et al. Management of perforated hydatid cyst

Manuscript source: Unsolicited
manuscript

Received: November 29, 2018
Peer-review started: November 30,
2018

First decision: December 17, 2018
Revised: January 19, 2019
Accepted: January 29, 2019
Article in press: January 30, 2019
Published online: March 27, 2019
P-Reviewer: Farshadpour F,
Jarcuska P
S-Editor: Ji FF
L-Editor: Filipodia
E-Editor: Zhang YL

Core tip: Spontaneous or traumatic intraperitoneal hydatid cyst rupture is a rare but lifethreatening complication. Therefore, hydatid cyst rupture should be considered as a
differential diagnosis in patients who have sudden onset abdominal pain and allergic
reactions like urticaria, especially those in regions endemic to the disease. Deteriorated
hemodynamic parameters due to anaphylactic reactions should be corrected quickly with
subsequent emergent surgery for a life-saving procedure. Herein, we aimed to present the
management algorithm of four patients diagnosed with intraperitoneal hydatid cyst
rupture.
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INTRODUCTION
Hydatic disease is a zoonotic disease caused by the echinococcus parasite, which is a
member of the Taeniidae family. Most common echinococcus species that cause
hydatid disease in humans are Echinococcus granulosus (cystic echinococcosis) and
Echinococcus multilocularis (alveolar echinococcosis). Cystic echinococcosis, also known
as hydatid cysts, constitute 95% of all hydatid diseases [1-3]. Hydatid diseases can
develop in almost all organs and tissues of the human body, but the most frequently
involved organs are the liver (50%-77%), lungs (15%-47%), spleen (0.5%-8%), and
kidneys (2%-4%) [1-6] . Humans, who have no role in the biological life cycle of
echinococcosis, can accidentally become intermediate hosts by ingesting tapeworm
eggs [1,4]. Hydatid cysts can grow at an average of 10-50 mm/year depending on the
location of the cyst, so most patients remain asymptomatic for years [3,7,8]. Usually,
asymptomatic patients are diagnosed incidentally by radiological evaluations that are
performed for other reasons. Nevertheless, some patients have signs and symptoms,
including mild or severe abdominal pain, nausea, vomiting, jaundice due to size,
location, and/or involvement of the adjacent structures and organs of the cystic
lesions [1] . The most frequently reported complications are rupture (perforation),
bacterial infection, anaphylactic reaction, compression of the vascular and biliary
structures, and compression of the neighboring organs[4,5]. Hydatid cyst rupture can be
internal (cysto-biliary fistula, rupture into the hollow viscus, broncho-biliary fistula,
bronchopleural fistula, intrapericardial rupture, intrapleural rupture, intraperitoneal
rupture) or more rarely, it can be external (cysto-cutaneous fistula)[3]. Intraperitoneal
rupture is a rare but life-threatening, severe complication of hydatid cyst disease[3].
We aim to describe the cases of four patients who developed intraperitoneal rupture
and review the medical literature.

CASE PRESENTATION
The summary information of the four cases described below is given in Table 1.

Case 1: Chief complaints
A 44-year-old man was admitted to the emergency department with sudden onset
abdominal pain, skin flushing at some areas of the abdomen and hypotensive shock
without any history of trauma.

History of present illness
The patient was diagnosed with obstructive jaundice complicated by a hydatid cyst
approximately one month ago. The connection between the biliary tract and hydatid
cyst was visualized by radiological examinations. Endoscopic retrograde
cholangiopancreatography (ERCP) was performed to decompress the biliary tract
before surgical intervention. Albendazole treatment was initiated before the surgery.

History of past illness
The patient had no medical disease other than the hydatid cyst.

Laboratory examinations
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Table 1 Demographic and clinical characteristics of four patients with hydatid cyst perforation
Parameters

Case 1

Age

Case 2

Case 3

Case 4

44

37

27

40

Male

Male

Female

Female

Cause of perforation

Spontaneous

Trauma

Spontaneous

Trauma

Clinical presentation

Pain (sudden)

Pain (sudden)

Pain (sudden)

Pain (sudden)

Hypotension

Hypotension

Hypotension

Anaphylaxis

Anaphylaxis

Anaphylaxis

Gender

Serology

Not clear

ELISA IgG (+)

ELISA IgG (+)

Negative

History of HD

Known

Unknown

Unknown

Negative
Known

Cyst location

Liver (Bilobar)

Spleen

Liver (Bilobar)

Liver (Bilobar)

Retroperitoneum
Retrovesical
Perforated cyst location
Cysts size (mm)

Liver (VI)

Spleen

Liver (III)

Liver (II-VI)

165 × 100 × 80

50 × 45

80 × 75

110 × 85

130 × 100 × 95

50 × 40

40 × 10

30 × 25

85 × 70 × 65

60 × 50

Preop antihelmintic

ALBZ (1 mo)

No

No

ALBZ (? mo)

Postop antihelmintic

ALBZ (6 mo)

ALBZ (2 mo)

ALBZ (2 mo)

ALBZ (2 mo)

Diagnostic tools
Surgical approach

Recurrence
Postop complication
Follow up (mo)

US + CT

US

US + CT

CT

Partial Cystectomy+

Splenectomy+

Partial Cystectomy+

Partial Cystectomy+

CBD exploration+

Retroperitoneal+

Omentopexy

Omentopexy

T-tube insertion+

Retrovesical

Omentopexy

Cystectomy

Yes

No

No

No

Liver abscess

Bleeding

No

Liver abscess

80

34

25

36

HD: Hydatid disease; ALBZ: Albendazole; US: Ultrasonography; CT: Computed tomography; CBD: Common bile duct.

Complete blood count (CBC) was as follows: White blood cells (WBCs): 12900/mL,
neutrophils: 80%, and eosinophils: 0.9%. Test results for biochemical analysis were as
follows: Aspartate aminotransferase (AST), 152 (5-34 U/L); alanine aminotransferase
(ALT), 58 (5-34 U/L); alkaline phosphatase (ALP), 260 (40-150 U/L); gamma-glutamyl
transferase (GGT) 125, (12-64 U/L); and total bilirubin, 1.03 (0.2-1.2 mg/dL).

Imaging examinations
Abdominal ultrasonography (US) and contrast-enhanced abdominal computed
tomography (CT) showed that multiple cystic lesions compatible with hydatid cyst
disease (largest size 165 mm × 100 mm × 80 mm) were localized in the liver. CT scans
also showed that the ruptured cystic lesion was localized in the VI segment of the
liver (Figures 1 and 2).

FINAL DIAGNOSIS
The final diagnosis of the present case was intraperitoneal liver hydatid cyst rupture.

TREATMENT
Fluid resuscitation, antihistaminic, and corticosteroid treatment was initiated at the
emergency department. Laparotomy was performed due to the patient’s general
condition. Intraoperatively, the cyst located in the liver ruptured, and 2500 mL of
fluid containing cyst material was aspirated from the peritoneal cavity. The peritoneal
cavity was washed with saline solution and partial cystectomy, omentoplasty, and
common bile duct exploration with T-tube placement were performed.
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Figure 1

Figure 1 Coronal reformatted contrast-enhanced computed tomography shows that fluid collection and
daughter vesicles adjacent to the hydatid cyst located in segment VI of the liver. This finding is consistent with
a perforated hydatid cyst.

OUTCOME AND FOLLOW-UP
The patient developed an abscess that required drainage in the postoperative period.
Six albendazole treatments with 3-wk cycles were administered as medical treatment.
The T-tube was removed when normal biliary tract anatomy was visualized during
cholangiography, approximately three weeks postoperative.

Case 2: Chief complaints
A 37-year-old man presented in our emergency unit with severe abdominal pain and
anaphylactic shock signs/symptoms, such as hypotension and allergic reaction.

History of present illness
The patient suddenly felt sharp abdominal pain after playing with and tossing his
nephew and simultaneously felt like something was leaking inside him.
Subsequently, dizziness and diffuse flushing occurred.

Laboratory examinations
CBC analysis revealed leukocytosis (18800/mL), with predominant neutrophils
(86.4%) and normal eosinophils (0.1%). Biochemical blood test results were within
normal limits except for total bilirubin (1.5 mg/dL).

Imaging examinations
US showed massive intraabdominal fluid collections in the perihepatic and
perisplenic area. Additionally, a ruptured and degenerated cyst with a germinative
membrane collapse near the spleen was visualized.

FINAL DIAGNOSIS
The final diagnosis of the present case was intraperitoneal splenic hydatid cyst
rupture.

TREATMENT
Fluid resuscitation, antihistaminic, and corticosteroid treatment was initiated at the
emergency department. The patient was then taken to the operating room, and
laparotomy was performed with a midline incision. An exophytic, ruptured hydatid
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Figure 2

Figure 2 Axial plane computed tomography of the same patient shows exophytic extension of the giant
hydatid cyst located in the right lobe of the liver.

cyst originating from the spleen, which had adhesions to adjacent structures, was
identified. Total splenectomy was required (Figures 3 and 4). An iatrogenic left
diaphragm injury due to intraabdominal adhesions occurred during surgery. A leftsided chest tube was inserted after the primary repair of the diaphragm. Additionally,
other cystic lesions located at the posterior side of the urinary bladder (60 mm × 50
mm) and at the retroperitoneum (50 mm× 40 mm) were completely excised. A chest
tube was removed postoperatively on the fourth day.

OUTCOME AND FOLLOW-UP
The patient had an uneventful postoperative clinical course. Pneumococcus vaccination
was administered 14 d after surgery. Continuous albendazole treatment was
administered for two months after surgery.

Case 3: Chief complaints
A 27-year-old woman experienced sudden onset abdominal pain at another medical
center. She was diagnosed with a ruptured hydatid cyst and was referred to our
medical center. She had hypotension during her first evaluation at the emergency
unit.

History of present illness
She had no history of hydatid cyst.

Laboratory examinations
CBC analysis showed leukocytosis (24100/mL) with predominant neutrophils (94.5%)
and normal eosinophils (0.2%). Biochemical blood tests were within normal limits.

Imaging examinations
Contrast-enhanced abdominal CT revealed that one lesion was compatible with a
hydatid cyst in the anterior sector of the liver (80 mm × 75 mm × 70 mm) and another
one at segment III (40 mm × 10 mm). Additionally, several daughter cystic lesions
(largest diameter 130 mm × 60 mm × 50 mm) secondary to the rupture of the cystic
lesion near segment III were observed in the pelvic cavity (Figure 5).

FINAL DIAGNOSIS
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Figure 3

Figure 3 Intraoperative appearance of the hydatid cyst compatible lesion that originated and ruptured from
the spleen. This image was taken after aspiration of the hydatid cyst fluid in the abdominal cavity.

The final diagnosis of the present case was an intraperitoneal liver hydatid cyst
rupture.

TREATMENT
Fluid resuscitation was initiated at the emergency department. The patient was then
taken to the operating room. The anterior wall of the cyst located in the anterior sector
of the liver was excised, and the cystic components were completely evacuated. Three
bile ducts that opened into the cystic cavity were closed with polypropylene sutures.
Afterwards, the hydatid cyst wall localized next to segment III was excised, and the
cyst components were completely evacuated. Cholecystectomy was performed to
place high pressure saline solution into the common bile duct via cystic duct; there
was no bile leak. Daughter vesicles located in the pelvic cavity were also removed,
and the peritoneal cavity was washed with hypertonic saline solution.

OUTCOME AND FOLLOW-UP
The patient had an uneventful postoperative clinical course. Postoperative
albendazole treatment was administered for two months.

Case 4: Chief complaints
A 40-year-old woman was suffering from abdominal pain for one month, and her
pain became aggravated for two days prior to admission. Physical examination
revealed widespread tenderness in all quadrants of the abdomen.

History of present illness
The patient stated that she had received antihelmintic medical treatment several
times.

Laboratory examinations
CBC analysis showed leukocytosis (WBC: 23400/mm 3 , neutrophils: 90.6%, and
eosinophils: 0.4%). Biochemical results were not altered except for ALP and GGT
levels (AST: 18 U/L, ALT: 18 U/L, ALP: 197 U/L, GGT: 114 U/L, and total bilirubin
0.87 mg/dL).

Imaging examinations
Contrast-enhanced abdominal CT revealed several hydatid cysts (largest diameter 10
mm × 85 mm × 60 mm) in the left lobe of the liver. Cysts located in the left lobe of the
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Figure 4 Apearance of the spleen and ruptured cyst specimens obtained from the same patient.

liver compressed the main bile duct, causing dilation of the intrahepatic bile ducts of
the left liver lobe (Figure 6). Several cystic lesions were also observed in the pelvic
cavity.

FINAL DIAGNOSIS
The final diagnosis of the present case was intraperitoneal liver hydatid cyst rupture.

TREATMENT
There were several adhesions secondary to the ruptured cyst, and they were
diagnosed during laparotomy as sclerosing encapsulated peritonitis (Figure 7). After
adhesiolysis, the perforated wall of the cyst was excised, and the cyst components
were completely evacuated (Figure 8). Additionally, cystic components located in the
pelvic cavity were removed.

OUTCOME AND FOLLOW-UP
The patient had an uneventful postoperative clinical course and was treated with
continuous albendazole for two months. The patient developed left lobe liver abscess
in the third postoperative year, which required percutaneous drainage.

DISCUSSION
About 5%-40% of the hydatid cysts located in the liver and other organs of the body
may cause various complications. The most common complications related with
hydatid cysts include superinfection, cysto-biliary fistula (obstructive jaundice,
cholangitis), allergic reactions, rupture into the gastrointestinal system (duodenum,
small intestine, colon), Budd Chiari syndrome, portal hypertension, gastric outlet
obstruction, membranous glomerulonephritis, broncho-biliary fistula, bronchopleural
fistula, intrapericardial rupture, intrapleural rupture, and intraperitoneal rupture[1,3,7,9].
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Figure 5 Coronal reformatted images of the venous phase of computed tomography shows perforated
hydatid cyst located in segment V of the liver. This image also shows fluid collection in the right paracolic area.

Intraperitoneal hydatid cyst rupture may result from trauma or may spontaneously
occur due to increased intracystic pressure [1,10,11]. Sometimes, iatrogenic hydatid cyst
rupture may occur during elective surgery. Some studies have concluded that most
intraperitoneal ruptures develop after trauma; nevertheless, other studies pointed out
that spontaneous ruptures may develop more frequently [6,7,12].
Intraperitoneal rupture is the third most common complication (0.9%-16%) after
intrabiliary rupture (5%-25%) and allergic reactions (1%-25%) [1,4,7] . Most studies
regarding intraperitoneal hydatid cyst rupture have been published as case reports.
To our knowledge, four or more cases were reported in a limited number of
studies[4,6,9,13-22] (Table 2). Risk factors for rupture include young age, cyst diameter (>
10 cm), and superficial localization [1,4,7]. Hydatid cysts are more common in younger
individuals because they are exposed to traffic accidents more often than older
individuals. Intracystic pressure increases with increasing cyst dimension. When
intracystic pressure increases to more than 50 cmH2O, spontaneous or traumatic
rupture risk also increases [6,10]. Most superficial cyst walls are not protected by the
liver parenchyma. This is a facilitating factor for rupture of the cyst into peritoneal
cavity or hollow gastrointestinal organs [1,4]. The aims of emergent surgical treatment
include prevention or minimization of anaphylactic reactions in the early term and
prevention of the development of long-term secondary peritoneal hydatidosis [4,7].
Clinical signs and symptoms of intraperitoneal cyst ruptures may vary widely
among patients. The most frequent symptoms are mild or severe abdominal pain,
vomiting, nausea, and some allergic reactions that span a wide range. If the content of
the ruptured cyst is purulent or associated with the biliary tract, it may cause
peritoneal irritation. Therefore, clinical signs of acute abdominal pain may occur [1,4]. A
wide spectrum of life-threatening immunologic reactions, such as allergic reactions
and/or anaphylactic shock, develop against the cyst content, which spread into the
peritoneal cavity [1,4] . Therefore, some patients may have complaints such as
hypotension, tachycardia, and respiratory distress [1].
While 16.7%-25% of patients with hydatid cyst rupture develop minor allergic
reactions, such as urticaria and macular eruption, 1%-12.5% of patients develop more
severe allergic reactions such as peripheral edema, syncope, and anaphylaxis [1,6]. The
life-threatening anaphylactic shock incidence rate is approximately 1.4%. Allergic
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Figure 6 Two different coronal reformatted contrast-enhanced computed tomography images of the same patient show a perforated hydatid cyst located
in segment III of the liver and fluid collection in the perihepatic/pelvic area.

reactions may develop in macroscopic ruptures or when the cyst contents pass into
the biliary tract after trauma, iatrogenic interventions, or spontaneously. Even allergic
reactions may occur after direct communication when the cyst contents enter systemic
circulation [1]. Anaphylactic reactions during cyst hydatid surgery may develop in
0.2%-3.3% of patients who do not experience rupture [1].
Most patients who have intraperitoneal rupture are admitted to the emergency unit
with symptoms such as severe abdominal pain, hypotension, tachycardia, and allergic
reactions[1,10,11]. Therefore, US is the most common radiologic tool for diagnosis. If
patients are hemodynamically stable, contrast-enhanced CT may be used. The
sensitivity of US and CT is 85% and 100%, respectively [1,8,9].
Medical treatment should be initiated as soon as possible at the emergency unit
after confirming the diagnosis of intraperitoneal rupture. Moreover, it should be
continued during surgery. To minimize morbidity and mortality, patients should be
hemodynamically stabilized before surgery, and they should undergo surgery as soon
as possible. Medical treatment is aimed at stabilizing hemodynamic status with fluid
resuscitation and treating anaphylactic reactions with corticosteroids, antihistaminic,
and vasopressor drugs.
There is no consensus in the literature about surgical treatment options for
intraperitoneal cyst rupture [7,12]. We suggest that each case should be evaluated
separately in accordance with the general principles of hydatid cyst surgery. Simply
summarized, hemodynamically stable patients should undergo either laparoscopic or
open surgery as soon as possible, and hemodynamically unstable patients should
undergo open surgery. Cyst contents that trigger anaphylactic reactions should be
removed from the abdominal cavity as soon as possible [1,5-7]. The peritoneal cavity
should be washed with scolicidal solutions such as formaldehyde, hypertonic saline
(3%-10%-15%-30%), silver nitrate (0.5%), cetrimide, chlorhexidine, cetrimide plus
chlorhexidine (1.5%/0.15%), hydrogen peroxide (1.5%-3%), povidone iodine (10%50%), or ethyl alcohol (70%-95%). Each solution has a different time frame for possible
scolicidal effects [1,5-7]. We prefer hypertonic saline or cetrimide plus chlorhexidine to
wash the peritoneal cavity at least two times within 10 min for 10-15 min each [1].
Allergens that lead to anaphylactic reactions can be removed in this manner.
Perforated cystic cavities should be carefully evaluated. Remaining cystic contents
should also be evacuated, and the free edges of the cystic cavity should be widely
excised. Perforated cysts that are located in the liver should be examined via a leakage
test, which can be performed with a saline solution administered through the
common bile duct/cystic duct to observe the relationship between the cyst and the
biliary tract. Bile duct orificies that lead to bile leakage should be repaired with
different suture materials. Common bile duct and T-tube placement for high flow
output bile fistulas can be performed simultaneously. Sometimes, ERCP can be
selected instead of T-tube application to complete the surgery as soon as possible. The
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Figure 7 Intraoperative appearance of severe adhesions similar to sclerosing encapsulating peritonitis in the
abdominal cavity secondary to hydatid cyst perforation.

biliary tract can be visualized via ERCP. If possible, spleen-preserving surgical
interventions should be preferred [5]. Abdominal drains should be placed both into the
cystic cavity and in the abdomen before surgery completion. Next, we would like to
discuss the question ‘’do we need any intervention for other unperforated cystic
lesions identified during emergency surgery?’’
Antihelmintic treatment should be administered as soon as possible for patients
diagnosed with intraperitoneal rupture to prevent disease recurrence due to
overlooked cystic contents during surgery. The most preferred antihelmintic agent is
albendazole (10-15 mg/kg per day). According to the literature, the treatment period
should last between 1 and 12 mo [1,4,6,8] . Patients diagnosed with intraperitoneal
hydatid cyst rupture should be followed-up more frequently than patients without
complications. Morbidity and mortality rates after intraperitoneal rupture are 1035.3% and 0-23.5%, respectively [7,9]. Clinical follow-up should be performed monthly,
especially during the early period after surgery and once a year in the long-term. US,
echinococcus IgG enzyme-linked immunosorbent assay, indirect hemagglutination,
and CT can be selected during follow-up. If there is no recurrence after five years,
clinical follow-up can be terminated. The recurrence rate after intraperitoneal hydatid
cyst rupture is reported between 0-28.6%[1,4,6,7,9]. There was only one case of recurrence
in our series.

CONCLUSION
Intraperitoneal hydatid cyst rupture is a life-threatening complication because it
causes serious hemodynamic instability and allergic reactions. Therefore, hydatid cyst
rupture should be considered a differential diagnosis in patients who have sudden
onset abdominal pain and allergic reactions, like urticaria, especially in regions
endemic for the disease. Deteriorated hemodynamic parameters due to anaphylactic
reactions should be quickly corrected so that emergent surgery can be life-saving.
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Table 2 Short analysis of studies that published four or more cases of intraperitoneal hydatid cyst rupture
Authors

Years

Country

City

Study period

Perforated HC

Total HC surgery

Rate (%)

Toumi

2017

Tunusia

Monastir

1990-2015

12

1350

0,9

Sakcak

2015

Turkey

Ankara

1996-2013

16

756

2,1

Ozturk

2007

Turkey

Erzurum

1979-2004

20

653

3,1

Mouqait

2013

Morocco

Fes

2008-2012

14

306

4,6

Derici

2007

Turkey

Izmir

1988-2005

17

306

5,6

Unalp

2010

Turkey

Izmir

2000-2009

21

368

5,7

Kurt

2003

Turkey

Istanbul

1995-2001

7

99

7,1

Akcan

2010

Turkey

Kayseri

1990-2008

28

372

7,5

Bozdag

2016

Turkey

Diyarbakir

2005-2015

16

NA

NA

Ozturk

2016

Turkey

Izmir

2008-2012

13

NA

NA

Dirican

2010

Turkey

Malatya

2003-2008

10

NA

NA

Rami

2009

Morocco

Fes

NA

4

NA

NA

Gunay

1999

Turkey

Istanbul

1985-1997

16

NA

NA

NA: Not available; HC: hydatid cyst.

Figure 8

Figure 8 Intraoperative image obtained after evacuating the cystic contents.
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Abstract
Serum levels of cartilage oligomeric matrix protein (COMP) has been presented
as a biomarker of liver fibrosis in several cross-sectional studies. COMP is also an
essential mediator in carcinoma development and has also been associated with
hepatocellular carcinoma. We present a prospective analysis of this biomarker in
38 patients with chronic hepatitis C who were subject to eradication therapy with
direct acting antivirals. We confirm previous studies associating COMP elevation
with liver cirrhosis. We also show how viral levels are correlated with COMP at
baseline. In our prospective analysis, we report that successful eradication of
hepatitis C results in improvement in liver stiffness and laboratory liver function
tests at 1 year follow-up. In contrast, median COMP-levels remain unchanged
during the study period. We conclude that the biomarker potential of COMP in
the prospective evaluation of liver diseases, remains to be elucidated.
Key words: Hepatitis C; Chronic; Cartilage oligomeric matrix protein; Fibrosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Cartilage oligomeric matrix protein (COMP) is a biomarker of fibrosis that has
recently been introduced in the field of hepatology. COMP has also been associated with
tumor development. This is the first prospective study of COMP in chronic liver disease.
We confirm previous findings, relating S-COMP to liver cirrhosis. Eradication of
hepatitis C was associated with improvements of liver function test and liver elasticity.
In contrast, and unexpectedly, S-COMP remained unchanged in this cohort. We argue
that the biomarker potential of COMP in chronic liver diseases needs further exploration,
especially in reference to carcinoma development.
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TO THE EDITOR
Chronic hepatitis C (CHC) is a widespread disease caused by infection with hepatitis
C virus (HCV). It is associated with significant mortality and morbidity due to liver
cirrhosis, liver decompensation and hepatocellular carcinoma (HCC). During the last
decade, direct acting antiviral agents (DAA) have been introduced for the eradication
of HCV infection. These treatments are usually successful in eradication of the virus,
resulting in sustained virologic response (SVR) in over 90% of the cases[1]. SVR have
been associated with improvements in liver stiffness and biomarkers of CHC,
including fibrosis specific biomarkers such as hyaloronic acid and type IV collagen[2],
suggesting reversal of CHC induced inflammation and fibrosis.
Cartilage oligomeric matrix protein (COMP) is a pentameric molecule first
identified in cartilage and later characterised in fibrotized tissues in tendons, skin and
lung. It is readily measurable in serum with a commercially available ELISA.
Increased levels have been associated with arthritis and fibrotic states including
systemic sclerosis, wound healing, and Crohn’s disease[3,4]. COMP has also been
associated with malignancies including breast, prostate and HCC[5-7]. In World Journal
of Hepatology, in 2015, Norman et al[5] published the first report suggesting that SCOMP has biomarker potential in chronic liver diseases. S-COMP was associated with
both cirrhosis and HCC development. They concluded that “The present exploratory
study has provided intriguing results and may assist enhanced management of
hepatic fibrosis, in particular the assessment of regression or progression of fibrosis
before and after specific therapeutic treatments”. In independent cross-sectional
studies, we and others have confirmed that S-COMP is associated with fibrosis stage
based on liver biopsy and liver elastography in CHC[8-10]. These findings have been
corroborated by experimental studies of liver fibrosis in which COMP originating
from hepatocytes was essential for fibrosis development[11].
In order to further explore the biomarker potential of S-COMP in liver fibrosis, we
have conducted the first prospective study aimed to investigate the biomarker
potential of S-COMP following successful therapy of CHC with DAA.
Consecutive patients with CHC infection eligible for antiviral therapy between
August 2015 and April 2017 at the Infectious Clinic, Skåne University Hospital Lund,
were included in this study. Patients with concomitant rheumatic disease, organ
transplant recipients and patients with documented alcohol abuse were excluded.
Serum levels of COMP were measured with ELISA (Anamar, United Kingdom),
together with aspartate aminotransferase (AST) and platelet levels at baseline, after 4
weeks of treatment, at end of treatment and 1-2 year post-treatment follow-up. Viral
genotype and HCV-RNA levels before treatment start were noted. Liver stiffness was
measured by transient elastography (TE) at baseline and at 1-2 years post-treatment
follow-up. Liver cirrhosis was defined as TE > 12.5 kPa. Non-parametric statistics
were consequently used including Wilcoxon signed rank test when comparing
repeated measurements within the cohort, and median [interquartile range (IQR)] for
descriptive measures. Figures were made with BoxPlotR[12]. The study was approved
by the Regional Ethics Board Lund (2017-471) and conducted in accordance with the
declaration of Helsinki. All study participants gave informed consent.
This study comprised 38 subjects with CHC who were infected with the following
viral subtypes; subtype 1 (n = 24), subtype 2 (n = 3), subtype 3 (n = 11). All received
DAA including sofubusvir (n = 37), ledipasvir (n = 25), ribavirin (n = 7), daclatasvir (n
= 5), velpatasvir (n = 1), elbasvir (n = 1) and grazoprevir (n = 1). Baseline median
(IQR) age, viral levels and liver stiffness were 58 (43–63) years, 2.0 x 106 (9.7 x 105-4.7 x
106) and 8.3 (6.9–11.1) kPa, respectively.
Six patients had a TE measurement indicating liver cirrhosis at baseline. These
subjects had higher AST to platelet ratio index (APRI)-scores and S-COMP levels
compared to the other patients (0.91 vs 0.55; P = 0.008 and 13 vs 9 U/L; P = 0.036,
respectively). Median (IQR) treatment duration was 84 (60-95) days, and all study
participants reached SVR. TE was performed at baseline and at follow up, 517 (468639) days later. Liver stiffness decreased significantly during this period (from 8.3
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(6.9–11.1) to 5.4 (4.4–6.6) kPa; P < 0.001; Figure 1A). Also, APRI decreased
significantly, from 0.62 to 0.29; P < 0.001, Figure 1B. In contrast, S-COMP levels did
not decrease from baseline 9.5 (8.0–13) versus 10.5 (9.8-13) U/L at follow up; P = 0.14.
Similar levels of S-COMP were measured at 4 wk of treatment 9.0 (8.0–12) and at end
of treatment 10 (6.8–12) U/L (Figure 1C). Furthermore, change in S-COMP over time
was not associated with any disease characteristics (data not shown).
There was a significant relationship between baseline S-COMP and viral levels
(rs=0.45, P = 0.005) at baseline. In contrast, there was no association between viral
levels and liver stiffness or APRI at baseline. Baseline S-COMP was not associated
with virus subtype, body mass index, and it was unable to predict change in liver
stiffness (data not shown).
One patient developed HCC prior to the inclusion in this study. This patient had an
estimated liver elasticity of 6.1 and liver function tests within reference range. This
patient exhibited the highest (21 U/L) level of S-COMP in this study.
As previously described in this journal, we show that S-COMP is associated with
liver cirrhosis. We also show that S-COMP correlates to viral levels in serum, an
established risk factor for HCC development, which to our knowledge have not
previously been described. In this prospective study, we also report how DAA
induced SVR is associated with improvements in liver function as measured by TE
and APRI, which is in agreement with previous studies. In contrast however, S-COMP
remained unchanged during the study period.
Magdaleno et al [11] have in detail explored the significance of COMP in the
hepatocyte pathology of liver fibrosis, ultimately suggesting that COMP is a mediator
of inflammation and fibrosis originating from the hepatocytes. In other diseases, SCOMP has been suggested to reflect a mixture of both synthesis and degradation of
extracellular matrix[3,4]. In malignant and premalignant diseases, COMP expression
has been associated with tumor invasiveness. We suggest that the origin of elevated SCOMP in CHC to be multifactorial. The results from this study indicate that the
biomarker potential of COMP in the longitudinal follow up of chronic liver diseases is
yet to be determined. Further studies encompassing a larger number of patients are
needed. In such studies, S-COMP should ideally be compared with other fibrotic
biomarkers such as hyaluronic acid. Compared to currently available biomarkers of
CHC, COMP correlates poorly with other surrogates of disease severity following
DAA induced SVR. This finding does however not invalidate COMP’s potential as a
biomarker for HCC, as previously suggested in this journal[7].
In conclusion, our study indicates that this biomarker’s dynamics in the context of
CHC and possibly also other chronic liver diseases, must be further explored if SCOMP is to be used in a prospective clinical setting[13]. The role of S-COMP in relation
to chronic liver disease and the risk of HCC development needs further investigation.
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Figure 1

Figure 1 Direct acting antiviral agents-induced sustain viral response is associated with improvements in liver stiffness, aspartate aminotransferase
platelet ratio index but not in S-cartilage oligomeric matrix protein. Box-plots on measurements of liver stiffness (A), aspartate aminotransferase platelet ratio
index (B) and S-cartilage oligomeric matrix protein (C), made at baseline (A-C), 4 wk of treatment (B and C), at end of treatment (B and C) and at 1-2 years follow up
(A-C). Center lines show the medians; box limits indicate the 25th and 75th percentiles as determined by R software[12]; whiskers extend 1.5 times the interquartile
range from the 25th and 75th percentiles, outliers are represented by dots; data points are plotted as open circles. n = 38 for all measurements. APRI: Aspartate
aminotransferase platelet ratio index; COMP: Cartilage oligomeric matrix protein; EOT: End of treatment.
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Abstract
Liver biopsy plays an essential role in the diagnosis, evaluation and management
of a vast proportion of liver diseases. Conventionally, percutaneous and transjugular approaches have been used to obtain liver biopsies. Endoscopic
ultrasound guided liver biopsy (EUS-LB) has emerged as a safe and effective
alternate in the past two decades. EUS-LB carries a role in evaluation of both
benign and malignant diseases of the liver. It can offer higher resolution imaging
of the liver and can detect smaller lesions than computed tomography scan of the
abdomen or ultrasound scans with the option for doppler assistance to reduce
complications. Current evidence demonstrates the superiority of EUS-LB for a
targeted approach of focal lesion and there is also evidence of less sampling
variability in heterogeneous parenchymal pathologies. These advantages
combined with an improved safety profile had led to the rapid progress in the
development of new techniques, equipment and procedures for EUS-LB. We
provide a comprehensive review of EUS-LB for parenchymal liver disease.
Key words: Liver biopsy; Endoscopic ultrasound; Endoscopic ultrasound guided liver
biopsy; Liver disease
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this review, we provide a comprehensive discussion on the role of
Endoscopic ultrasound guided liver biopsy (EUS-LB) in parenchymal liver disease. This
article summarized the technical aspects of EUS-LB; as well as debated its advantages
and disadvantages. We also highlight new advancements and recently reported research
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INTRODUCTION
Liver biopsy plays an essential role in the diagnosis, evaluation and management of a
vast proportion of liver diseases. History, physical exam, laboratory testing and
radiological exams continue to be the mainstay in diagnosis of disease, however, the
use of these modalities without liver biopsy can miss up to one-third cases of
cirrhosis[1]. Histological examination of biopsy samples can not only help identify the
underlying pathophysiology of liver disorder but also quantify its severity. This has a
significant impact on the management of as many as one-fifth of all patients with liver
disease[2]. In the past, liver biopsy was performed via the percutaneous route without
image guidance[3]. However this has now been largely replaced by ultrasound-guided
or computed tomography (CT) guided biopsy to limit potential complications[4,5].
When a percutaneous biopsy is not feasible a trans-jugular approach is used. Open or
laparoscopic surgical biopsy is usually last resort. Endoscopic ultrasound guided liver
biopsy (EUS-LB) is a technique that has recently gained popularity since it offers
certain advantages over the traditional methods of obtaining tissue samples.
Endoscopic ultrasound is an established imaging modality that is essential in the
assessment of a broad array of luminal, hepatobiliary, and pancreatic disorders. It
provides high resolution images of both lobes of the liver, hence allowing a
potentially easier and safer biopsy technique whilst providing the opportunity to
target focal hepatic lesions [6] . The choice of technique is eventually based upon
expertise of the operator, anatomical barriers and risk profile of the patient
(coagulopathy, hepatic vascularity and presence of ascites). In this review, we provide
a detailed comparison between EUS-LB and traditional modalities of liver biopsy.

APPROACHES TO LIVER BIOPSY
The advent of liver biopsies is dated back to the 19th century, with Paul Ehrlich
reporting the first successful liver aspiration in 1883[4,7]. However, it wasn’t until four
decades later that the first percutaneous liver biopsy was successfully performed in
Germany in 1923[4,5]. Even a century later this remains the preferred approach to
obtaining hepatic parenchymal tissue[3]. Over time, advances in imaging modalities
have led to the addition of ultrasound and CT scan guided liver biopsy[5,8].
Previously percutaneous liver biopsy (PC-LB) was performed “blindly” using
percussion to identify the liver anatomy[3]. This has now largely been replaced by
image-guidance, either by ultrasonography or CT scan[8]. Most commonly large gauge
needles (16-18) are used, although depending on expertise smaller needles are also
utilized at some centers[9]. Percutaneous biopsy can be classified as transthoracic
(transpleural) or subcostal depending on the site of entry. This requires an enlarged
liver extending below the diaphragm for a safe approach. Pain, bleeding, infection,
peritonitis, pleural injury resulting in pneumo- or hemo-thorax continue to be
common complications of percutaneous biopsy[9,10]. Image guidance partly mitigates
these risks, but studies have reported adverse event rates up to 1%[3,10].
Trans-jugular biopsy of the liver emerged as a viable technique in the 1960s based
on the works of an interventional radiologist – Charles Dotter[11]. Over time it has
become an accepted and safe alternative to percutaneous biopsy in select settings[12].
The internal jugular vein is cannulated to gain access to the hepatic vein, allowing
tissue acquisition without the need to traverse the liver capsule[13]. This approach is
preferred in patients who have coagulopathy, hepatic peliosis, large volume ascites or
morbid obesity [12] . Rates of success have been reported as high as 97% and the
complication rates as low as 1.3% [14] . Complications include hepatic capsule
perforation, major hemorrhage, pain from hematoma, hemobilia, arterial aneurysms
and arrhythmias[12]. Fortunately however, major complications are rare and minor
bleeding from the access site and transient abdominal pain from hematomas are the
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most commonly reported adverse events[14,15].
EUS was developed in the 1980s and has been gaining popularity. This was further
revolutionized in the early 1990s with the advent of Fine Needle Aspiration (FNA)[16].
Significant advances have been made since then and now EUS is widely used as both
a diagnostic and therapeutic modality. EUS-LB has recently emerged as another
technique for obtaining liver tissue. Although as described earlier; several approaches
and techniques are there for obtaining a liver biopsy, EUS-LB offers several
advantages over conventional approaches. EUS offers a more precise localization and
characterization of target tissue which helps to improve diagnostic yield[17,18]. More so,
it is arguably a less invasive and better tolerated approach than conventional
methods[15,19]. It offers the advantage of good access to both the lobes of liver and the
presence of doppler assistance decreases the chances of complications [20] . Other
important considerations for choosing EUS-LB over conventional methods of liver
biopsy include contraindications to percutaneous biopsy.

EUS GUIDED SAMPLING TECHNIQUES FOR
PARENCHYMAL LIVER DISEASE
Since the onset of EUS-LB, multiple needle types and techniques have been reported
for its use. In the next few segments, we review the historic timeline for various
needle types and discuss the different techniques used to help in increasing the
diagnostic yields of EUS-LB. Core sample obtained via EUS-LB is shown in Figure 1.

How is a good quality liver biopsy defined?
The criteria for an adequate liver biopsy had been well defined. Per the American
Association for the Study of Liver Disease (AASLD), adequacy of samples are defined
as number of complete portal triads (CPTs) to be 11 and total sample length (TSL) of
30 mm, and with no or minimum fragmentation of the sample [21] . However, the
definition of adequacy for liver biopsy sample remains controversial in the
literature[22-26].

Needle types
Tru-cut biopsy: In 2002, the initial experience with EUS-LB was in swine models
using Tru-Cut biopsy needles. In a study by Wiersema et al[27], they performed EUS-LB
of multiple peri-gastric organs using a 19 gauge Tru-Cut needle. The median TSL was
4 mm for liver samples and 78% had fragmentation, however the number of CPT was
not reported. They reported difficulty in the procedure due to the use of the stiff
needle since problems were encountered in making the needle bend to traverse
through the flexible endoscope. They concluded that the method is safe and feasible,
however did not meet criteria for adequate liver biopsy samples and were technically
difficult. Due to the aforementioned reasons this method was not widely used.
However, in 2009, Gleeson et al[28] also reported outcomes using the Tru-Cut needle.
They reported that results of EUS Tru-Cut needle biopsy are comparable to those of
trans-jugular liver biopsy. In their small study with the use of Tru-Cut needle on 9
patients, they reported the TSL of 16.9 mm and a median of 7 CPTs. Although the
results do not suffice the criteria of having at least 11 CPT per AASLD[21], they were
able to reach a histopathologic diagnosis in all 9 patients. However, the study was
retrospective and only included 9 patients.
Overall, the EUS Tru-Cut biopsy did not gain wide spread popularity for
diagnosing parenchymal liver disease and more novel needles and techniques
emerged which made Tru-Cut biopsies fall out of favor.
19 Gauge FNA “non tru-cut” needle: Several studies reported using 19 gauge FNA
needle, with the first one published in 2012[24]. In this study, Stavropoulos et al[24]
performed EUS-LB on patient undergoing EUS to rule out biliary obstruction when
the exam was unrevealing. The median length of obtained specimens was 36.9 mm
ranging from 2 to 184.6 mm, nine complete portal tracts (range: 1-73), diagnostic
adequacy of 91%, and no post-procedure complications. The outcomes showed
comparable biopsy quality results to percutaneous and trans-jugular liver biopsies.
They concluded that for patients being investigated by endoscopic ultrasound for
biliary obstruction; EUS-LB was a safe, reliable and cost-effective option to diagnose
parenchymal disease.
In one large study published in 2015 by Diehl et al [29] , liver biopsy specimens
obtained via EUS were sufficient for pathological diagnosis in 98% of the cases. The
aggregate length of tissue acquired ranged from 0 to 203 mm with a median of 38 mm.
A total of 0 to 68 CPTs were obtained and the median was 14. This led the authors to
conclude that EUS-LB using a 19 gauge FNA needle, is a safe technique yielding
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Figure 1

Figure 1 Core biopsy sample obtained via endoscopic ultrasound guided liver biopsy.

adequate tissue for pathological diagnosis in 98% of the patients.
This needle provides a higher diagnostic yield and is less technically challenging to
use in comparison with the Tru-Cut biopsy needle. However, the ideal technique has
not been yet defined and larger studies are needed. Different biopsy techniques are
discussed in the next section.
19 Gauge Fine Needle Biopsy needle: A new 19 gauge fine needle biopsy (FNB)
needle has shown promising results and a higher diagnostic yield. Schulman et al[30]
compared the different needle types and biopsy techniques. They studied 6 different
needle types (four EUS-LB needles and two percutaneous needles) on human
cadaveric tissue and had a total of 288 liver samples. They concluded that a novel 19
gauge needle (SharkCore 19 gauge FNB needle) had significantly better diagnostic
yield compared to all other needle types in the study including the second FNB
needle used in the study, the ProCore FNB (Echo Tip HD ProCore).
In this study four discrete suction techniques were used in addition to one fanning
pass vs three fanning pass patterns of needle excursion. Analysis of the subgroups
showed that three fanning pass needle excursion pattern was an independent
prognosticator of CPT, however the suction techniques had no effect on the adequacy
of the tissue sample when other variables were controlled. This type of needle also
had overall less tissue fragmentation rates compared to the other needles with an 84%
mean of core samples from tissue obtained using this needle. This study was double
blinded and randomized, however was done on ex-vivo on cadaveric tissue. This
needle type seems to have a promising future, however more studies need to be done
on non-cadaveric diseased liver with comparison to other biopsy modalities to
confirm its superiority and overall cost-effectiveness.

Biopsy techniques
Several techniques have been used to increase the diagnostic yield of EUS-LB. The
technique for performing EUS-LB is demonstrated in Video 1. Diehl et al[29] reported
performing multiple movements with the needle “fanning technique” in which the
needle is advanced to-and-fro at different areas to obtain tissue samples[31].
Most endoscopists use full suction with needle aspiration as well. Suction
techniques include ten-/twenty-/thirty-mL method. Alternatively, a slow-pull
technique may be used where the stylet is drawn out from the needle once it is in the
desired location[7].
More recently, newer techniques have emerged in attempts to increase the
diagnostic yields of EUS-FNB including the use of “wet suction”. In this technique a
heparinized needle is used to reduce chances of coagulation and hence, improve
tissue retrieval whilst minimizing comminution of tissues samples. A recent study by
Mok et al[32] compared this method to both “dry heparin” and “dry needle” technique.
This was a prospective study on 40 patients, were they all had 3 EUS-FNA liver
biopsies using the 3 different methods. In this method, needles are heparinized till
drops are seen at the needle-point while ensuring no air is pushed through. Two
milliliters of water are then drawn into the syringe and a twenty-milliliter vacuumsyringe is connected. They concluded that “wet suction” technique had better tissue
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yield in comparison to “dry needle” method. However, the question remains if this
technique is necessary or even useful when using the more novel FNB needles as
these needles provided superior results regardless if wet suction was used or not.
Another recently described technique is the “modified 1-pass 1 actuation wet
suction technique [EUS-modified liver biopsy sampling (EUS-MLB)]”. This was
described in a study by Nieto et al[33] They used the FNB-needle (SharkCore) which
was prepped normal saline. Suction was applied to the FNB-needle at a depth of
seven cm into the hepatic parenchyma. Large vessels were avoided using Doppler
assistance. Both right and left lobes were sampled via a “rapid-puncture” and one
actuation for each lobe. The authors concluded that “EUS-MLB” was effective and
safe in evaluation of inexplicable liver disease. The median TSL in their study was 6
cm, and the median number of CPTs per TSL was 18.

ADVANTAGES OF EUS-GUIDED BIOPSY
Historically percutaneous liver biopsy was done “blind”, however in present times
this has largely been replaced by image guided biopsy. Image guidance is postulated
to help increase sampling adequacy and more importantly reduce complications[4].
There is some controversy regarding this and conflicting data have been reported[4,34].
In 1991, Vautier et al[34] reported that ultrasound guidance dose not reduce bleeding
complications from PC-LB and concluded that image guided liver biopsy may not be
safer than blind biopsy. A retrospective analysis looked at the complications and
safety profile of liver biopsy in patients enrolled in the HALT-C trial [35] . All the
patients included in this trial had advanced chronic liver disease. A total of 2740 liver
biopsies were performed and 90% were ultrasound guided. 16 of the total 29 cases of
significant adverse events were from bleeding complications. EUS guidance aims to
mitigate these complications further by better anatomical definition and doppler
assistance.
Linear echoendoscopes were first introduced in the 1990s[36]. Linear echoendoscopes
allowed the use of doppler ultrasound and the ability to track needles in real-time.
Combined with high resolution imaging, the intrahepatic vessels and major bile ducts
can be easily identified and avoided during biopsy, hence reducing potential
complications[37].
Commonly a sixteen-gauge needle is used for percutaneous liver biopsy. On the
contrary using nineteen-gauge needles for EUS-LB reduces possible complications. A
large trial comprising over a hundred patients studied the diagnostic yield and safety
of EUS-FNA using a 19-gauge needle [29] . Reported diagnostic yield was 98% as
measured by the tissue sample length and presence of complete portal tracts. Serious
adverse event was reported in one patient who developed a sub-capsular hematoma
that required only conservative management. The authors concluded that EUS-LB
was a safe technique with comparable diagnostic accuracy to PC-LB. Adler et al[38]
performed a multicenter retrospective review of 200 patients, specifically looking at
safety and performance when sampling solid lesions. They reported excellent
diagnostic yield at 98.5%, however 6.5% of the patients needed a repeat procedure at
some point. No adverse event was identified in the population. Table 1 summarizes
the diagnostic accuracy and adverse event rates of EUS-LB.
EUS guidance has the benefit to sample and evaluate both lobes of the liver, hence
achieving more accurate representation of liver histology, potentially addressing
concerns about sampling error[24]. PC-LB and transjugular biopsies are both subject to
sampling variability due to heterogeneity of parenchymal diseases[39]. This variability
can be reduced by sampling both the liver lobes. EUS-LB allows easier access to the
right and left lobe of liver; thus minimizing this variability[39].
For Pancreatic lesions EUS guided biopsy has proven superiority as an imaging
modality for as it allows greater anatomical definition and higher resolution with the
ability to sample ascites, local lymphatic structures and small liver nodules[40]. There is
some evidence suggesting that for smaller liver lesions EUS-LB is indeed also superior
and safer than PC-LB with CT or ultrasound guidance[41,42].
Other advantages of EUS-LB include a much shorter recovery time (about 4 h) than
that of PC-LB (commonly at least 10 h)[13,43,44]. Another potential benefit is that patients
are sedated for the EUS procedure, thus EUS-LB is better tolerated in most instances
as compared with PC-LB[44,45]. However, it is important to remember that the benefits
of sedation and anesthesia must be balanced against risk of respiratory depression. As
described for trans-jugular biopsy, EUS-LB also has the potential advantage in
patients with morbid obesity, large ascites, peliosis hepatis, and coagulopathy[14,15].

WJH

https://www.wjgnet.com

339

April 27, 2019

Volume 11

Issue 4

Shah AR et al. Endoscopic ultrasound guided liver biopsy

Table 1 Current evidence of diagnostic accuracy and adverse event rates of endoscopic
ultrasound guided liver biopsy
Sample size
Gleeson et al[28], 2009

Diagnostic yield

Serious adverse events

9

0%

0%

288

84%

NA (cadaveric tissue)

Stavropoulos et al[24], 2012

22

91%

0%

Diehl et al[29], 2015

110

98%

0.9%

Mok et al[32], 2018

40

98% (wet suction)

0%

Nieto et al[33], 2018

165

> 90%

1.8%

Adler et al[38], 2018

200

98.5%

0%

Schulman et al[30], 2017

DISADVANTAGES
Despite its advantages over the other liver biopsy techniques, the application of EUSLB in everyday practice has yet to reach its full potential. One of the barriers to this is
the relative novelty of the technique. PC-LB and trans-jugular approaches have been
used in clinical practice much longer than EUS-LB and hence operators have more
experience with these. The conventional techniques are also easier and require less
technical expertise. This is especially true with the use of Tru-Cut needle for biopsy
which is more technically demanding and may have variable sample yield[46]. Tru-Cut
needles have been largely replaced with more flexible needles that can be navigated
with more ease[27,47].
Left lobe of the liver can be approached through the gastric wall, whilst the right
lobe is accessed via the duodenum. Right Hepatic Lobe sampling can be difficult in
some cases due to difficulty in navigating the biopsy needle at sharp angles across the
duodenum[15,48]. This again is more of an issue with Tru-Cut needles which have
limited flexibility[47].
Another important consideration is the cost of procedure. EUS-LB has a much
higher cost when compared to PC-LB and this can be prohibitive to the widespread
use [15,39] . However, this drawback is offset in patients who are undergoing an
endoscopy for another indication (such as esophageal varices screening). EUS-LB may
be done during the same session with little additional time and risk. Patients
intolerant or non-compliant of pre-procedure preparation can also prove to be a
challenge to successful EUS-LB. Table 2 summarizes the comparison between PC-LB
and EUS-LB.

CONCLUSION
Liver biopsy remains essential in diagnosis, evaluation and management of numerous
liver diseases. Whilst percutaneous biopsy remains the test of choice, it has its
drawbacks; and hence EUS guided liver biopsy has emerged over the resent past as a
safe and effective alternative. Advantages of EUS-LB include easier access to both
lobes of liver and improved diagnostic accuracy in heterogeneous parenchymal
diseases as well as detecting multiple focal lesions. Procedure and recovery times are
shorter with less reliance on patient cooperation. Additionally, the use of doppler
assistance helps avoid blood vessels reducing risk of hemorrhage; which is the most
common complication of liver biopsy.
Techniques of obtaining liver samples with EUS guidance and the equipment used,
such as types of needles; is constantly changing. However, current evidence on EUSLB techniques is conflicting and there is no consensus on the best technique and type
of needle used. Nevertheless, most centers have published positive results from their
individual experiences. Despite these advances cost barriers and sparsity of technical
expertise continue to remain limiting factors for the wide spread use of EUS-LB.
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Table 2 Comparison of percutaneous liver biopsy with endoscopic ultrasound guided liver biopsy

Anatomical definition

PC-LB

EUS-LB

Likely improved with ultrasound guidance

Better than PC-LB and the addition of Doppler reduces complications

Lower

Higher

Imaging resolution
Diagnostic yield/accuracy

Comparable

Sampling error
Access to liver lobes

Higher

Lower

Predominantly right lobe sampling

Can easily sample both right and left lobes

10 h

4h

Lower

High

Low

High

Average recovery time
Technical difficulty
Cost

PC-LB: Percutaneous liver biopsy; EUS-LB: Endoscopic ultrasound guided liver biopsy.
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Abstract
Hepatocellular carcinoma (HCC) has an elevated mortality rate, largely because
of high recurrence and metastasis. Additionally, the main obstacle during
treatment of HCC is that patients usually develop resistance to chemotherapy.
Cancer drug resistance involves many different mechanisms, including
alterations in drug metabolism and processing, impairment of the apoptotic
machine, activation of cell survival signaling, decreased drug sensitivity and
autophagy, among others. Nowadays, miRNAs are emerging as master
regulators of normal physiology- and tumor-related gene expression. In HCC,
aberrant expression of many miRNAs leads to chemoresistance. Herein, we
particularly analyzed miRNA impact on HCC resistance to drug therapy. Certain
miRNAs target ABC (ATP-binding cassette) transporter genes. As most of these
miRNAs are downregulated in HCC, transporter levels increase and intracellular
drug accumulation decrease, turning cells less sensitive to death. Others miRNAs
target autophagy-related gene expression, inhibiting autophagy and acting as
tumor suppressors. Nevertheless, due to its downregulation in HCC, these
miRNAs do not inhibit autophagy or tumor growth and, resistance is favored.
Concluding, modulation of ABC transporter and/or autophagy-related gene
expression or function by miRNAs could be determinant for HCC cell survival
under chemotherapeutic drug treatment. Undoubtedly, more insights on the
biological processes, signaling pathways and/or molecular mechanisms
regulated by miRNAs are needed. Anyway, miRNA-based therapy together with
conventional chemotherapeutic drugs has a great future in cancer therapy.
Key words: Hepatocellular carcinoma; Chemoresistance; ABC transporter; Autophagy;
miRNA
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for around 80%-90% of liver cancer. It’s the
fifth most common cancer worldwide and the third cancer-related death cause. In
general, HCC develops in a background of cirrhosis. The main factors that contribute
to this tumor are infections with hepatitis B or C virus, alcohol abuse and nonalcoholic fatty liver disease[1]. Despite the development of early detection methods,
80% of HCC patients are diagnosed at a stage of the disease so advanced that the
patient’s survival is just of about few months[2]. When HCC is diagnosed at early
stages the most effective approaches are partial hepatectomy or liver transplantation,
however in most patients the tumor is not detected promptly or it is hard to find a
compatible donor. In intermediate stages, transarterial chemoembolization is the
treatment of choice [ 3 ] . For patients with unresectable HCC, sorafenib oral
administration slightly improves survival[4]. Even the ones who qualify for surgery
have a modest improvement in the survival because of its high rate of recurrence,
occurring in more than 90% of patients[2].
Treatment with anti-cancer drugs (chemotherapy) can destroy tumor cells helping
patients to control cancer growth. Some of these drugs to treat HCC are 5-fluorouracil
(5-FU), cisplatin, doxorubicin [5] , paclitaxel and the multitarget tyrosine kinase
inhibitor sorafenib. But unfortunately, liver cancer patients usually develop drug
resistance to chemotherapy[6]. Cancer drug resistance is a multifactorial phenomenon
involving many different mechanisms such as gene mutation, DNA repair pathway
aberrations, impairment of the apoptotic machine, alterations in drug metabolism and
processing, activation of cell survival signaling and escape of drug sensitivity,
autophagy, epigenetic regulation, altered lipid metabolism and tumor
microenvironment participation[2]. Among these mechanisms, modifications in drug
uptake or efflux produce a diminished intracellular drug concentration, leading to
tumor cell survival and resistance to death. Until some years ago, the reduction of
intracellular drug concentration was thought to be the only important mechanism for
resistance. Nevertheless, many other processes have been appeared to be involved
more lately. Autophagy is one of these novel processes that also contribute to tumor
chemotherapy resistance; moreover, autophagy inhibitors are used to sensitize
different cancers to chemotherapy. Under this scenario, microRNAs (miRNAs) are
nowadays emerging as master regulators of normal physiology- and tumor-related
gene expression. Thus, it is not surprising that these molecules can also regulate
chemoresistance.
In this review we summarize the findings from the last decade regarding the
molecular mechanisms of chemoresistance in HCC, focusing on the involvement of
miRNAs. We especially highlight the role of these molecules in drug efflux through
ABC (ATP-binding cassette) transporters and autophagy.

miRNAs IN THE DEVELOPMENT OF HCC
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CHEMORESISTANCE
miRNAs are short RNA molecules of 18-25 nucleotides in length. They are non-coding
molecules that regulate the expression of many genes. By binding to the 3’untranslated region (UTR) of target genes through base complementarity, miRNAs
lead to mRNA degradation or translational repression, acting as negative regulators
of gene expression[6]. Many reports have described a role of these molecules in the
control of diverse biological processes such as development, differentiation, cell
proliferation and apoptosis[7]. They can also act as oncogenes or tumor suppressors in
different human cancers.
Up to date more than 2500 miRNAs have been described in humans and each of
them has been reported to silence more than one gene. miRNAs take a crucial part in
different processes in normal and abnormal liver development. They are involved in
lipid, cholesterol and glucose metabolism, and liver differentiation (see Ref.[8]
review). They take part in apoptosis, necrosis, cell cycle, proliferation, epithelialmesenchymal transition and inflammation [9] . Further, studies derived from the
comparison between normal liver and human liver cancer showed the aberrant
expression of many miRNAs in cancer cells. It was interesting to find that some of
them such as, miR-21, miR-221 and miR-222 are upregulated in HCC whereas miR122, miR-199 and the let7 family members are downregulated[7], showing the complex
pattern of miRNA expression in this type of cancer. Regarding the molecular
mechanisms, protein kinase B (AKT), mammalian target of rapamycin (mTOR),
Wingless-type MMTV integration site family (Wnt), Janus kinase/signal transducers
and activators of transcription (JAK/STAT), and Mitogen-activated protein kinases
(MAPK) are the main miRNA-regulated pathways during HCC tumorigenesis[10].
Thus, many miRNAs are deregulated in HCC and some of them participate in the
progression of chemoresistance [ 1 1 ] . Nevertheless, their precise roles in the
development of drug resistance in liver cancer are not fully understood. In the
following sections we particularly analyze the relationship between miRNAs and
ABC transporter-mediated drug resistance in HCC. Besides, we summarize the novel
evidence that relates miRNAs, autophagy and chemoresistance in HCC.

miRNAs AND ABC TRANSPORTER-MEDIATED DRUG
RESISTANCE IN HCC
The ABC transporters are cell membrane proteins that couple the hydrolysis of ATP
to extrude different types of xenobiotics and metabolites against concentration
gradient. Efflux transporters such as P-glycoprotein (P-gp/ABCB1), breast cancer
resistance protein (BCRP/ABCG2) and multidrug resistance-associated protein 1
(MRP1/ABCC1), among others, limit the exposure to chemotherapeutic drugs by
extruding them from cells. Consequently, these transporters are main actors in the
drug resistance phenomenon. Furthermore, their overexpression in HCC cells
represents a big obstacle for chemotherapy treatment and the central mechanism that
contributes to drug resistance[12]. Here we summarize the recent studies describing the
role of major miRNAs on ABC transporter family proteins and their impact on HCC
chemoresistance.

miR122
This is a liver specific miRNA [13] and it participates in lipid and cholesterol
metabolism and its decreased expression has detrimental effects on the liver [8] .
Frequently, miR122 is downregulated in HCC tumors denoting poor prognosis and
metastatic properties[14]. In human HCC cell lines (HepG2, HuH-7, Hep3B), miR122
levels were also found reduced. Interestingly, when these cells were adenovirustransduced to overexpress miR122 they became more sensitive to DOX- and
vincristine-induced death. Remarkably, miR122-overexpressing HCC cells showed
reduced levels of ABCB1 and ABCC1 mRNA expression (Table 1). The latter was also
found downregulated at the protein level [12] . These results indicate that miR122
controls sensitivity to drug-induced HCC cell death by downregulating P-gp and
MRP1 expression.

miR27a
miR27a is involved in tumorigenesis in different types of cancers. In leukemia cells it
was shown that resistance to DOX correlates with high expression of P-gp and low
levels of miR27a. The upregulation of this miRNA produced greater mortality in the
presence of DOX than the observed in control cells, demonstrating the role of miR27a
in chemoresistance in leukemia cells[15]. On the contrary, miR27a upregulation lead to
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Table 1 miRNAs and ABC transporter-mediated drug resistance in hepatocellular carcinoma cells

miRNA

Expression Level in HCC

miR122

Role in ABC transporter
expression and/or
function

Downregulated in tumors
miR122-overexpressing HCC
(reduced levels correlate with cells treated with DOX and
patient poor prognosis and
vincristine showed reduced
metastasis) and in human
levels of P-gp mRNA
HepG2, HuH-7 and Hep3B
expression, and MRP1
HCC cell lines
mRNA and protein levels

Involvement in cell
viability and/or drug
resistance
Adenovirus-transduced cells
to overexpress miR122
became more sensitive to
DOX- and vincristineinduced death

miR27a

Low in drug-resistant Bel7402 cells

Negatively correlated with PCells transfected to
gp levels. Upregulation of
overexpress miR27a
miR27a reduced P-gp mRNA sensitized resistant cells to 5and protein expression
FU, mitomycin and DOX

miR503

Downregulated in HCC
tissues (reduced levels
correlate with malignant
tumor progression), in HCC
cell lines (SMMC-7721,
Hep3B, HepG2, MHCC97H
and LM3) and HepG2
resistant to drugs

Cells transfected to
miR503 overexpression
overexpress miR503 showed restored sensitivity to DOX in
downregulation of both P-gp
HepG2 resistant cells
and MRP1, at mRNA and
protein levels, and
accumulated more
intracellular rhodamine-123
(extruded through P-gp)

miR375

Downregulated in patient
tumor tissues and cells lines
(HepG2, HuH-7, Hep3B)

Delivered within
Delivered within
nanoparticles decreased P-gp nanoparticles improved DOX
protein expression
antitumor effect, prevented
tumor cell growth in vitro and
in vivo

miR133a

Downregulated in patient
tumor tissues (its low
expression correlated with
poor differentiated tumors)
and in HepG2, SMMC-77231,
Hep3B, HuH-7 HCC cells

Through its binding to the
3’UTR of ABCC1 gene
specifically downregulated
MRP1 expression

miR133a-overexpressing
HepG2 cells were more
sensitive to DOX-induced
death

miR326

Downregulated in human
tissues (its low expression
correlated with tumor
progression and lymph node
metastasis) and in HepG2,
SMMC-77231, Hep3B, HuH-7
HCC cells

Specifically targeted MRP1
expression through its
binding to the 3’UTR of
ABCC1 gene

miR326-overexpressing
HepG2 cells were more
sensitive to DOX than control
cells

miR223

Downregulated in HCC
patient sera and liver biopsies

Through its binding to the
miR223 overexpression
3’UTR of ABCB1 gene, it
increased sensitivity to DOX
specifically downregulated P- and paclitaxel in SMMC-7721
gp expression
and HepG2 cells

Downregulated in HCC
tissues and in human cell
lines (Hep3B, Bel-7402 and
SMMC-7721 cells)

Negatively correlated with P- Conferred sensitivity to DOX
gp expression. Through its and vinblastine in Hep3B and
binding to the 3’UTR of
SMMC-7721 HCC cells
ABCB1 gene, it specifically
downregulated P-gp
expression and increased
DOX intracellular
concentration. Also, miR4913p downregulated SP3
expression (transcription
factor suggested to induce Pgp expression).

miR491-3p

miR183

Overexpressed in liver tissues Positively correlated with Pand in drug-resistant Bel-7402
gp and MRP2 protein
cells
expression

Conferred resistance to 5-FU
in Bel-7402 cells

Ref.
[12,14]

[17]

[19,20]

[21,22,24]

[27,28]

[28,31]

[34,35]

[38]

[41,42]

miRNA: MicroRNA; ABC: ATP-binding cassette; HCC: Hepatocellular carcinoma; DOX: Doxorubicin; 5-FU: 5-Fluoroacil; P-gp/ABCB1: P-glycoprotein;
MRP1/ABCC1: Multidrug resistance-associated protein 1; 3’-UTR: 3’-untranslated region; MRP2: Multidrug resistance-associated protein 2.

the overexpression of P-gp in ovarian cancer and cervical carcinoma cells[16].
There was no information about the relationship between the miR27a and ABC
transporters in HCC until 2013. Chen et al[17] developed Bel-7402 HCC cells resistant to
5-Fluoroacil (5-Fu). They found that these cells overexpressed P-gp while miR27a was
almost undetectable. But when cells were transfected with miR27a, the authors
observed more sensitivity to 5-Fu, DOX and mitomycin, and diminished expression of
P-gp [17] (Table 1). Thus, levels of miRNA27a in HCC cells are low and seem to
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negatively correlate with P-gp expression.

miR503
This molecule is downregulated in some types of cancers such as gastric and
endometrial tumors, while it is overexpressed in others, like retinoblastoma or
parathyroid carcinoma [18] . In HCC samples, this miRNA is downregulated with
respect to non-tumor liver tissues, and this low level is related to malignant
progression[19]. Furthermore, the expression of miR503 in different HCC cell lines is
also decreased. Wang et al[20] found that miR503 was reduced in DOX-resistant HepG2
HCC cells. Besides, these cells overexpressed both P-gp and MRP1 transporters[20].
Further, HepG2 cells transfected to overexpress miR503 showed a reduction in the
expression of both transporters at protein level, and at mRNA level as well (Table 1).
Interestingly, cells overexpressing miR503 also showed an increased sensitivity to
DOX and accumulated more intracellular rhodamine-123 [20] . This fluorophore is
known to be extruded from the cells through P-gp, therefore these results indicate
that miR503 controls sensitivity to DOX-induced death in HepG2 cells by reducing Pgp and MRP1 expression and increasing intracellular drug concentration.

miR375
Initially, this molecule was identified in pancreatic cells. It regulates insulin secretion
so it takes part of glucose homeostasis. In many cancers, it is downregulated and acts
as a tumor suppressor[21]. In HCC, miR375 is one of the most downregulated miRNAs
in tumor tissues and cell lines. Its ectopic overexpression was demonstrated to
decrease liver cancer cell growth and invasion, and to promote apoptosis [21,22] .
Moreover, miR-375 suppressed astrocyte elevated gene-1 (AEG-1) expression by
binding directly to its 3′-UTR[22], and AEG-1 overexpression increased P-gp protein
levels in HCC cells[23].
In a recent study, DOX-resistant HepG2 cells were established and they
overexpressed P-gp. However, when miR375-containing lipid-coated nanoparticles
were delivered to these cells, P-gp expression decreased under control cell levels.
Also, in cell viability assays, the half inhibitory concentration (IC50) of different HCC
cell lines (HepG2, HuH-7, Hep3B and HepG2 resistant to DOX) incubated with
nanoparticles containing both DOX and miR375 was lower than the IC50 of cells
cultured with DOX or nanoparticles containing DOX alone (Table 1). Importantly,
nanoparticles loaded with miR375 suppressed liver tumor growth, enhanced the
therapeutic effect of DOX and reduced drug toxicity in mice[24].

miR133a
This miRNA is downregulated in breast cancer cell lines and tissues, and this decrease
is related to advanced clinical stages [25] . Besides, it's downregulation has been
associated with metastasis and recurrence of prostate cancer[26]. In HCC cell lines and
tissues, miR133a was also found downregulated and its low expression was related
with poor differentiated tumors [27] . Interestingly, predictions performed with
computational programs revealed that the 3’UTR of MRP1/ABCC1 transporter gene
includes a binding site for miR133a (and also for miR326). By luciferase reporter assay
it was confirmed that miR133a binds to the 3’UTR of ABCC1 gene and controls MRP1
expression. Remarkably, miR133a overexpression in HepG2 cells induced a significant
decrease in MRP1 mRNA and protein levels (Table 1). Besides, in the presence of
DOX, cells overexpressing miR133a were more sensitive to drug-induced death than
control cells[28].

miR326
This miRNA was found to be downregulated in gastric cancer[29]. In breast cancer cells
and tissues its expression negatively correlated with MRP1 transporter levels.
Furthermore, elevated miR326 levels sensitized cells to cytotoxic drugs[30]. In human
HCC tissues, this miRNA was also found downregulated and its reduced expression
correlated with tumor malignancy and patient lymph node metastasis. In vitro,
miR326 inhibited tumor cell proliferation and invasion, and promoted apoptosis in
vivo[31]. Regarding its role as modulator of ABC transporter expression, computational
programs predicted a binding site for miR326 at the 3’UTR of ABCC1 gene. This
binding site was also confirmed by luciferase reporter assay (Table 1). In addition, it
was demonstrated that HCC cells overexpressing miR326 had reduced levels of
MRP1, both at mRNA and protein levels. Further, miR326-overexpressing HepG2
cells showed more sensitivity to DOX than control cells[28].

miR223
In colon cancer, miR223 is upregulated and acts as an oncogene. On the contrary, it is
frequently downregulated in leukemia and lymphomas[32]. In HCC, this miRNA is
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also reduced and it was shown to induce HepG2 and Bel-7402 cell growth
suppression and to promote apoptosis[33]. Moreover, lower miR223 levels were found
in HCC patient sera respect to healthy volunteers, and a reduced expression was also
determined in liver biopsies compared with normal liver. Thus, this miRNA has been
proposed as a novel potential biomarker for HCC[34].
Yang et al[35] showed that P-gp protein expression was higher in some HCC cell
lines such as Hep3B, HCC3, LM-6, SMMC7721, HuH-7 and HepG2, than in others like
Hep3B and BEL-7402 cells. Moreover P-gp levels positively correlated with DOX IC50.
Interestingly, using bioinformatics techniques miR223 was first predicted to bind to
the 3’UTR of ABCB1 gene. This was later confirmed by performing an EGFP reporter
assay where miR223 was proved to specifically interact with the 3’UTR of ABCB1
gene. Further, miR223 expression was found to be differentially expressed and
inversely correlated with P-gp levels when comparison was made among the eight
cell lines. Besides, inhibition of miR223 expression was verified to induce P-gp
expression in most of the HCC cell lines analyzed[35]. In addition, transfection of HCC
cells with miR223 mimics showed the inhibition of P-gp expression (Table 1), both at
mRNA and protein levels (Table 1), and an increase in cell mortality under paclitaxel
and DOX treatment. These results were confirmed by upregulating P-gp expression
and through a rescue experiment by overexpressing ABCB1 lacking the 3’UTR.
Therefore, this study demonstrates that miR223 has a relevant role in HCC cell
chemoresistance by controlling P-gp expression[35].

miR491-3p
In multidrug-resistant cancer tongue cells, this miRNA was found to be decreased
and the induction of its expression sensitized cells to chemotherapy [36] . Also in
osteosarcoma cells and tissues, miR491-3p was observed downregulated and when its
expression was restored, the suppression of tumor growth and invasion was
demonstrated[37].
Recently, it was demonstrated that this miRNA is also downregulated in HCC cell
lines. Furthermore, in liver tumors miR491-3p levels were reduced compared with
matched non-tumor tissues. Besides, P-gp levels were higher in HCC Hep3B, BEL7402 and SMMC-7721 cells than in normal human liver cell lines (THLE-2 and THLE3). Notably, P-gp expression inversely correlated with miR491-3p in both tumor and
normal liver cells (Table 1). This negative correlation was also found in clinical
samples[38]. Moreover, using bioinformatic algorithms, different miRNAs -including
miR491-3p- were predicted as candidates to bind to the 3’UTR of ABCB1 gene.
miR491-3p specific interaction with the 3’UTRs of ABCB1 was confirmed performing
luciferase reporter gene assays. Interestingly, specificity protein 3 (SP3, a transcription
factor suggested to induce ABCB1 expression) was demonstrated to be another target
of miR491-3p. miR491-3p levels inversely correlated with SP3 expression in both HCC
cells and liver tumors. Remarkably, Hep3B cells transfected with miR491-3p mimics
were more sensitive to DOX and vinblastine. On the contrary, overexpression of P-gp
or SP3 restored chemoresistance reverting the sensitivity conferred by miR491-3p.
Therefore, a loop including miR491-3p, SP3 and MDR1 in HCC cell chemoresistance
was proposed[38].

miR183
The expression of this miRNA is deregulated in some malignancies such as leukemia,
breast cancer and liver tumors[39]. miR183 downregulation correlated with metastasis
in lung cancer[40]; however, this mRNA was upregulated in HCC tissues as compared
to the adjacent non-tumor liver zone [41] . Further, the programmed cell death 4
(PDCD4) tumor suppressor gene was downregulated in HCC cells transfected with
miR183[41]. Wang et al[42] showed that miR183 was overexpressed in HCC Bel-7402/5Fu (resistant to 5-FU) cells. P-gp and MRP2 protein expression was also increased in
Bel-7402/5-Fu cells (Table 1), and the suppression of miR183 in these cells diminished
P-gp and MRP2 protein levels. In addition, the authors established that high levels of
miR183 induced the expression of both transporters in control cells. So, these results
indicate that miR183 modulates P-gp and MRP2 expression.
Thus, a large amount of evidence points that many miRNAs are deregulated in
HCC and some of them are involved in chemoresistance. Nevertheless, until the
recent years the precise mechanisms underlying miRNA-induced drug resistance in
this malignancy have not been fully understood. Many efforts have been targeted to
decipher how aberrantly expressed miRNAs affect tumor cell proliferation or
apoptosis pathways. Here, we investigated thoroughly the recent findings that reveal
that certain miRNAs regulate ABC transporter expression by specifically targeting, for
instance, ABCB1 and/or ABCC1 genes. Most of these miRNAs are found
downregulated in HCC tissues and cells. As a consequence, P-gp and/or MRP1
expression levels increase and intracellular therapeutic drug accumulation decrease,
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making HCC cells less sensitive to death (Table 1). Altogether, these findings indicate
that miRNAs have a key role in ABC transporter-mediated drug resistance in HCC.

AUTOPHAGY IN THE DEVELOPMENT OF HCC
CHEMORESISTANCE
Autophagy is an evolutionary conserved mechanism that involves proteolytic
degradation of cytosolic components at the lysosome through lysosomal enzyme
action that facilitate degradation of sequestered products[43]. It occurs mainly as a
response to cellular stress (infection, hypoxia, etc.) and its leading function is to grant
nutrients for cellular functions and to remove unwanted material from the cytosol
such as damaged organelles, acting as a cytoprotective system[44].
Autophagy includes five phases: initiation, elongation and autophagosome
formation, fusion, and autolysosome formation. This process begins with the
development of an isolated membrane, called phagophore, which origin is
controversial. It expands and engulfs intracellular organelles or protein aggregates
(for example) in a double-membrane vesicle called autophagosome. Then, maturation
occurs when autophagosome fuses with a lysosome to form an autolysosome,
promoting the degradation of the inside contents. Finally, aminoacids, fatty acids, and
nucleotides are transported to the cytoplasm, so they can be re-used by the cell[43].
Thus, autophagy works as a recycling machinery that removes non-functional
proteins and organelles.
The molecular pathway of autophagy has been thoroughly reviewed elsewhere[45,46].
Briefly, the initial phase is driven by the unc-51-like autophagy activating kinase
(ULK) complex and the class III phosphatidylinositol 3-kinase (PtdIns3K) complex.
The last complex produces phosphatidylinositol 3-phosphate for recruitment of other
factors to the phagophore, and contains the key autophagy regulators vacuolar
protein sorting 34 (VPS34), VPS15, Beclin 1 and activating molecule in Beclin 1regulated autophagy (AMBRA1). Downstream, the autophagy-related gene 8 (ATG8)
and ATG12 systems (two ubiquitin-like conjugation systems) mediate vesicle
expansion. The E1-like protein ATG7 is required for activation of ATG8 [light chain 3
(LC3) in mammals] and ATG12. ATG8/LC3 is subjected to proteolysis and then is
covalently attached to the lipid phosphatidylethanolamine (in mammalian cells, the
precursor form is LC3-I and LC3-II is the lipidated one), by which it associates with
the phagophore membrane. Thus, autophagy can be detected biochemically (by
assessing LC3-II generation) or microscopically (by observing LC3 puncta formation,
indicative of LC3 redistribution to the autophagosomes under development). The
pathway includes other proteins such as ATG9, factors required for
autophagosome–lysosome fusion (e.g., lysosomal-associated membrane protein 2),
vacuolar permeases that mediate amino acid efflux from the lysosome, and lysosomal
enzymes involved in cargo degradation[45,46].
In normal liver, damaged mitochondria and mutated cells are removed through
autophagy, and this mechanism suppresses tumor initiation. But once the tumor is
established, autophagy acts as a pro-oncogenic factor, as it promotes tumor growth
metastasis and resistance to therapeutic drugs (revised in[47,48]). Actually, inhibition of
autophagy in HCC cells incubated with sorafenib and bevacizumab enhanced cell
lethality[49,50]. Moreover, autophagy modulation participated in oncolytic virotherapy
in a liver cancer stem cell model[51]. Thus, appropriate autophagy regulation could
effectively suppress HCC growth and metastasis. In this section, we describe the
recent findings concerning the effect of miRNAs in autophagy and chemoresistance in
HCC.

miR26a/b
This molecule is upregulated in some malignant cancers such as glioma and
glioblastoma. On the other hand, it is downregulated in some bladder tumors, breast
cancer cell lines and tissues, and anaplastic thyroid carcinoma, among others[52].
Particularly in HCC, miR26a/b is downregulated and its overexpression was shown
to reduce HepG2 and MHCC97-H HCC cell proliferation, migration and invasion[53].
Thus, miR26a/b might play a suppressive role in liver tumor progression.
Jin et al[54] found that DOX treatment induced autophagy and reduced miR26a/b
levels in HepG2 cells. Further, in DOX-resistant HepG2 cells this miRNA was also
downregulated. In both cell lines, incubation with autophagy inhibitors resulted in
the upregulation of miR26a/b, whereas the opposite effect was observed when an
autophagy inducer was used. This implies that autophagy can modulate the
expression of this miRNA[54]. Remarkably, miR26a/b overexpression in resistant cells
sensitized them to apoptosis induced by DOX. Moreover, when miR-26a/b was
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combined with DOX treatment, miR-26a/b further improved the therapeutic effect of
this drug on tumor growth in vivo. Besides, the authors performed bioinformatics
analysis and reporter gene assays and found that ULK1 (a protein that participates in
the initial stage of autophagy) is a target of miR26a/b in HCC cells (Table 2). The
overexpression of miR26a/b induced the reduction not only of ULK1, but also of
another proteins involved in autophagy (Beclin-1, ATG7 and LC3-II), on the contrary,
downregulation of miR26a/b induced the increase of the formers. Thus, miR26
modulates autophagy (suppressing ULK1 expression) in order to promote apoptosis
and sensitize HCC to chemotherapy. The authors propose that the combination of
miR26a/b with chemotherapy could introduce a new strategy to overcome cancer[54].

miR199a-5p
In triple negative breast cancer cells this miRNA is downregulated, and suppresses
cell migration and invasion[55]. On the other hand, it is upregulated in osteosarcoma
cells and patient tissues and its knock-down brings about a reduction in cell
proliferation and tumor growth[56]. In HCC cells and tissues, miR199a-5p is frequently
downregulated and its overexpression inhibits cell proliferation, migration and
invasion in vitro and in vivo[57]. Moreover, low miR199a-5p expression in HCC patients
was associated with poor prognosis. Interestingly, cisplatin treatment decreased
miR199a-5p levels and induced autophagy in two HCC cell lines, HuH-7 and HepG2.
However, when the expression of miR199a-5p was forced, cisplatin-induced
autophagy was inhibited and cisplatin-induced decrease of cell proliferation was
increased. Accordingly, it was found that miR199a-5p interacts with the 3’UTR region
of ATG7 transcript (Table 2). Thus, cisplatin, via miR199a-5p downregulation,
increases drug resistance by inducing autophagy in HCC cells[58].

miR101
This miRNA is involved in the development and progression of oral squamous-cell
cancer. In these tissues, it is downregulated and related to patient poor prognosis[59].
In non-small cell lung cancer, it is almost undetectable and this absence is related to
lymph node metastasis and poor prognosis of patients[60]. Further, in HCC it was
observed that patients with distant metastasis had lower levels of miR101, and the
downregulation of this miRNA correlated with adverse prognosis. Besides, lentivirusdelivered miR101 avoided tumor growth and metastasis in a HCC murine model[61].
In a study performed with HepG2 HCC cells, it was shown that miR101 induced
apoptosis upon cisplatin treatment. By using cells transfected with a sequence of RNA
that mimics miR101 it was observed that proteins involved in the phagosome
formation stathmin 1 (STMN1), RAS related protein (RAB5A), autophagy-related 4D
cysteine peptidase (ATG4D) and mTOR were miR101 targets (Table 2). On the other
hand, the use of a sequence of RNA that specifically binds and inhibits miR101
increased the mRNA levels of the four genes. Moreover, miR101 inhibitor induced
much more phagosome formation than miR101 mimics, showing that the absence of
the miRNA induces autophagy. Besides, it was also demonstrated that in the presence
of cisplatin, cells with lower levels of miR101 showed less apoptosis than the ones
transfected with miR101 mimics. In conclusion, miR101 inhibits autophagy and
increases apoptosis induced by cisplatin in HCC cells[62].

miR216b
miR216b is downregulated in colorectal cancer compared with normal tissues. High
expression of this miRNA inhibited cell proliferation, migration and invasion in this
type of cancer through targeting the expression of the oncogene serine-arginine
protein kinase 1 (SRPK1) [ 6 3 ] . In cervical cancer tissues and cells it is also
downregulated. Its overexpression inhibited cell proliferation in cultured HeLa cells,
suggesting a possible tumor suppressor activity in this type of cancer[64]. In HCC
patient plasma and tissues it was also found downregulated compared with healthy
volunteers and non-tumor adjacent liver tissue, respectively. Further, low expression
of miR216b correlated with patient poor prognosis[65]. In HepG2 and SMMC-7721 cells,
low levels of miR216b stimulated cell proliferation, migration and invasion, while its
overexpression produced the opposite effect[65]. Besides, miR216b levels in BEL-7402
HCC cells inversely correlated with the expression levels of metastasis associated lung
adenocarcinoma transcript 1 (MALAT1), an oncogenic long non-coding RNA
(LncRNA) that is generally upregulated in this tumor and can modulate
chemosensitivity[66]. By performing gene reporter assays, it was shown that miR216b
has two binding sites in MALAT1. Both MALAT1-siRNA and miR216b mimics
inhibited autophagy in BEL-7402/5-FU (BEL-7402 cells 5-FU resistant) cells, and
autophagy inhibition significantly increased 5-FU-induced cell apoptosis (Table 2).
Moreover, these treatments decreased the IC50 of 5-FU, DOX, and mitomycin in BEL7402/5-FU cells [66] . These results revealed the relationship between autophagy,
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Table 2 miRNAs and autophagy in hepatocellular carcinoma cell drug resistance
Expression Level in HCC

Effect on autophagy

Involvement in drug
resistance

Downregulated in tissues and
cell lines (HepG2, Hep3B,
MHCC97-H and SMCC7721), also by
chemotherapeutic drugs and
autophagy inhibitors

Inhibited autophagy, by
targeting the expression of
ULK1, the key initiator of
autophagy

Sensitized HepG2 cells and
tumors to apoptosis induced
by DOX through targeting
autophagy

miR199a-5p

Downregulated in HepG2
and HuH-7 cells and tissues,
also by chemotherapeutic
drugs

Inhibited cisplatin-induced
autophagy, by interacting
with the 3’UTR region of
ATG7 transcript (an
autophagy related gene)

Protected HepG2 and HuH-7
cells from cisplatin-induced
resistance

miR101

Downregulated in cell lines
(SMMC-7721, HepG2, Bel4404, and 97L) and tissues,
associated with distant
metastasis and related to
poor prognosis

Inhibited autophagy, by
reducing STMN1, RAB5A,
ATG4D and mTOR
expression (involved in the
phagosome formation)

Sensitized HepG2 cells to
apoptosis induced by
cisplatin

miR216b

Downregulated in patient
plasma and tissues, related to
poor prognosis

Inhibited autophagy, by
targeting . MALAT1 (an
oncogenic long non-coding
RNA generally upregulated
in HCC that modulates
chemosensitivity)

Sensitized BEL-7402/5-FU
resistant cells to 5-FU-, DOXand mitomycin-induced
death

miR142-3p

Downregulated in tissues,
also by sorafenib treatment

Inhibited sorafenib-induced
autophagy by binding to the
3’-UTR of ATG5 and
ATG16L1

Sensitized SMCC-7721 and
HepG2 cells to sorafenibinduced death

miR21

Overexpressed in patient
tissues and in drug-resistant
cells

Inhibited autophagy, and
downregulated PTEN
pathway

miR21-dependent autophagy
inhibition contributed to
sorafenib resistance in Huh7
and HepG2 cells and HCC
tumors developed in mice

Overexpressed in tissues, also
elevated in serum of
sorafenib-treated patients,
and secreted in high levels
from sorafenib-treated cells

Induced autophagy

Proposed as a helpful tool to
predict patient response to
sorafenib treatment

miRNA
miR26a/b

miR423-5p

Ref.
[53,54]

[56,58]

[61,62]

[65,66]

[69,70]

[72-74]

[77,78]

miRNA: MicroRNA; HCC: Hepatocellular carcinoma; ULK1: Unc-51 like autophagy activating kinase; DOX: Doxorubicin; 3’-UTR: 3’-untranslated region;
ATG: autophagy-related protein; STMN1: Stathmin 1; RAB5A: RAS related protein; ATG4D: autophagy-related 4D cysteine peptidase; mTOR: The
mammalian target of rapamycin; MALAT1: Metastasis associated lung adenocarcinoma transcript 1; 5-FU: 5-Fluoroacil; PTEN: Phosphatase and tensin
homologue.

MALAT1 and miR216b, contributing to HCC chemosensitivity.

miR142-3p
This miRNA is downregulated in non-small cell lung cancer (NSCLC) tissues and cell
lines. At high levels, it prevents tumorigenesis inhibiting the expression of one of the
high mobility group protein superfamily, HMGB1, involved in cancer cell migration
and invasion[67]. Besides, this miRNA is diminished in ovarian cancer tissues and cell
lines, and its downregulation is related to poor differentiation. Further, it was
demonstrated that overexpression of miR142-3p inhibited proliferation and
chemoresistance in ovarian cancer cells[68]. In HCC tissues it is also downregulated,
and the expression levels decreased as the disease progressed. miR142-p3
overexpression inhibited BEL-7402 and SMMC-7721 HCC cell migration and invasion,
thus, it was suggested to suppress metastasis[69].
Zhang et al[70] studied the role of miR142-3p in sorafenib resistance in SMMC-7721
and HepG2 HCC cells. They showed that cells incubated with this drug presented a
higher autophagic flux than control cells in a dose- and time-dependent manner.
When autophagy was inhibited, cells become sensible to the drug. They also showed
that miR142-3p was downregulated in HCC cells under sorafenib treatment.
Furthermore, it was shown that high levels of the miRNA negatively regulated
sorafenib-induced autophagy in HCC cells by binding to the 3’-UTR of ATG5 and
ATG16L1 mRNAs (both part of the autophagy machinery) (Table 2). Therefore, these
data indicate that miR142-3p downregulation induces autophagy by increasing the
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level of ATG5 and ATG16L1, and thus promoting sorafenib resistance in HCC[70].

miR21
This miRNA is frequently upregulated in cancer cell lines and human tumors. It is
very important in oncogenic processes as it is associated with high proliferation,
reduced apoptosis, metastasis potential and invasion [ 7 1 ] . In HCC it is also
overexpressed and it was suggested to be related to tumor progression in patients[72].
Treatment with an oligonucleotide anti-miR21 led to the loss of viability, induction of
apoptosis and necrosis in different HCC cell lines. Further, anti-miR21 also
diminished cell migration and suppressed clonogenic growth[73].
He et al[74] developed sorafenib-resistant HuH-7 and HepG2 HCC cells and found
that miR21 was upregulated. Interestingly, drug-sensitive parental cells transfected
with miRNA21 mimics also became resistant. It was also demonstrated that sorafenib
upregulated the expression of two key autophagic proteins (LC3-II and Beclin-1), but
the expression level of both proteins in parental cells was higher than in drugresistant ones. Besides, parental cells showed more acidic vesicular organelles than
resistant cells. These results indicated that autophagy is more activated in parental
cells than in the resistant ones. Interestingly, autophagy induction with rapamycin
inhibited sorafenib-resistant cell growth, indicating that this process increases
sensitivity to sorafenib in resistant cells[74]. Further, inhibition of miR21 by using an
antisense miRNA oligonucleotide, re-sensitized resistant cells to sorafenib by
promoting autophagy and stimulating apoptosis. On the other hand, miR21 mimics
reduced autophagy, apoptosis, and the expression of phosphatase and tensin
homologue (PTEN) protein (a known target of miR21) in parental cell lines (Table 2).
Finally experiments performed with resistant cell-derived tumors established in mice
showed that sorafenib administration plus intratumoral injection of anti-miR21
oligonucleotides induced a reduction in tumor size. Moreover, sorafenib
administration downregulated PTEN, upregulated LC3-II and Beclin-1 expression in
tumor lysates, and increased the activation of p-AKT. While anti-miR21 induced the
upregulation of PTEN, LC-II and Beclin-1, and reduced expression of p-AKT [74] .
Therefore, acquired sorafenib resistance might be mediated by the overexpression of
miR21 and the inhibition of autophagy, probably by regulating the PTEN/AKT
pathway.

miR423-5p
This miRNA, overexpressed in glioblastoma, was shown to enhance angiogenesis,
tumor cell growth and invasion[75]. In gastric cancer, miR423-5p was also upregulated,
and this overexpression favored cell cycle progression and decreased cell migration
and invasion[76]. Particularly in HCC tissues it is upregulated, and high levels of this
miRNA constitute a factor that increases cell invasiveness in HCC cells[77].
Interestingly, sorafenib treatment increased miR423-5p levels in conditioned media
of HepG2 and HuH-7 HCC cells and in serum of patients, suggesting a potential role
of miR423-5p as a marker of sorafenib response in HCC patients. Transfection of HCC
cells with an anti-miRNA diminished LC-II and ATG7 protein levels (an autophagic
vacuole formation protein). Accordingly, transfection with miR423-5p mimic induced
vacuole and autophagosome formation (Table 2), and the opposite was observed with
the miRNA inhibitor. In conclusion, it was suggested that this miRNA has a biological
role in autophagy in HCC and it was proposed as a helpful tool to predict patient
response to sorafenib treatment[78].
Thus, most miRNAs described here target the expression of autophagy-related
genes, inhibiting autophagy and acting as tumor suppressors. However, in HCC
tissues and cells many of these miRNAs are downregulated, or their levels are
reduced after therapeutic drug treatment. As a consequence of this downregulation,
miRNAs do not inhibit autophagy and tumor growth and resistance is favored (Table
2).

CONCLUSION
miRNAs are deregulated in HCC cells and tissues, and they play crucial roles in the
development of chemoresistance. Emerging studies point that the modulation of ABC
transporter and/or autophagy-related gene expression could be determinant for HCC
cell survival under chemotherapeutic drug treatment. Our knowledge about the
precise mechanisms regarding miRNA involvement in resistance will lead us to find
new ways of making HCC treatment more effective. The development of miRNAs,
miRNAs mimics or anti-miRNA with long half lives and their use in combination
with chemotherapeutic drugs could be a powerful option. Even so, there are still
difficulties to overcome prior the possibility of being able to use miRNAs in clinical
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trials, for instance, the right delivery system. Nowadays, much research is being
conducted on the use of nanoparticles to get over this trouble. Undoubtedly, more
insights on the biological processes, signaling pathways and/or molecular
mechanisms regulated by miRNAs are needed. Anyway, miRNA-based therapy
together with conventional chemotherapeutic drugs has a great future in cancer
therapy.
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Abstract
BACKGROUND
Obesity has been associated with hepatic overexpression of the renin-angiotensin
system (RAS).
AIM
To evaluate the action of two angiotensin II (ANGII) receptor blockers (losartan
or telmisartan) on the modulation of local hepatic RAS and the resulting
metabolic effects in a diet-induced obesity murine model.
METHODS
Twenty C57BL/6 mice were randomly divided into two nutritional groups for 10
wk: control group (C, n = 5, 10% of energy as fat) or high-fat group (HF, n = 15,
50% of energy as fat). After treatment started, the HF group was randomly
divided into three groups: untreated HF group (n = 5), HF treated with losartan
(HFL, n = 5) and HF treated with telmisartan (HFT, n = 5). The treatments lasted
for 5 wk, and the dose was 10 mg/kg body mass.
RESULTS
HF diet induced body mass gain (+28%, P < 0.0001), insulin resistance (+69%, P =
0.0079), high hepatic triacylglycerol (+127%, P = 0.0004), and overexpression of
intrahepatic angiotensin-converting enzyme (ACE) 1/ ANGII type 1 receptor
(AT1r) (+569.02% and +141.40%, respectively, P < 0.0001). The HFL and HFT
groups showed higher ACE2/rMAS gene expression compared to the HF group
(ACE2: +465.57%, P = 0.0002 for HFL and +345.17%, P = 0.0049 for HFT; rMAS:
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+711.39%, P < 0.0001 for HFL and +539.75%, P < 0.0001 for HFT), followed by
reduced insulin/glucose ratio (-30% for HFL and -33% for HFT, P = 0.0181),
hepatic triacylglycerol levels (-28%, P = 0.0381 for HFL; and -45%, P = 0.0010 for
HFT, and Plin2 expression.
CONCLUSION
Modulation of the intrahepatic RAS, with favored involvement of the
ACE2/rMAS axis over the ACE1/AT1r axis after losartan or telmisartan
treatments, caused hepatic and metabolic beneficial effects as demonstrated by
reduced hepatic triacylglycerol levels coupled with reduced PLIN 2 expression
and improved glycemic control.
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Core tip: Studies that address regulation of the local renin-angiotensin system (RAS)
have accumulated since it was established that obese subjects overexpress components of
the classical RAS in organs like the liver. Herein, we show evidence that two different
angiotensin II receptor blockers modulate the intrahepatic RAS, favoring the
angiotensin-converting enzyme (ACE) 2/rMAS axis over the ACE1/angiotensin II type 1
receptor in mice fed a high-fat diet. These drugs mitigated hepatic steatosis by reducing
hepatic triacylglycerol levels and decreasing body mass and improving glycemic control.
These drugs could be a viable option to treat non-alcoholic fatty liver disease in obese
and/or hypertensive patients.
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INTRODUCTION
The most prevalent liver disease in the world, non-alcoholic fatty liver disease
(NAFLD), affects 20 to 30% of the adult population and has a significant association
with obesity, insulin resistance, dyslipidemia and hypertension[1]. Considered to be a
hepatic manifestation of metabolic syndrome, NAFLD is comprised of histological
changes ranging from isolated steatosis to non-alcoholic steatohepatitis (NASH)
characterized by steatosis, ballooning, and inflammation of hepatocytes with or
without fibrosis[2].
The renin-angiotensin system (RAS) is an important physiological regulator of
blood pressure, electrolyte balance, and fluid homeostasis. angiotensin II (ANGII) is
the major effector of the cascade and is related to organ dysfunction and chronic
tissue damage through its profibrotic effects [3] . Almost all of the standard RAS
components are expressed in the liver, and local RAS activation has been associated
with liver lesion pathophysiology [4] . Based on elevated levels of several RAS
components during the progression of hepatic fibrosis, the role of RAS in hepatic
fibrosis has been attributed to the classical RAS axis [angiotensin-converting enzyme
(ACE) 1/ANGII/ ANGII type 1 receptor (AT1r)][5,6].
The RAS has been a frequent target for pharmacological intervention regarding
systemic arterial hypertension, but the use of these drugs may also contribute to
minimizing organ damage such as in the pancreas and the liver [7,8] . Therefore,
attenuating the effects of ANGII by ANGII receptor blockers (ARBs, losartan or
telmisartan) could be beneficial for NASH and other components of metabolic
syndrome. The present study aimed to evaluate the role of two ARBs (losartan or
telmisartan) in modulating the local hepatic RAS and the resulting metabolic effects in
a diet-induced obesity murine model.

https://www.wjgnet.com

360

April 27, 2019

Volume 11

Issue 4

Graus-Nunes F et al. Hepatic effects of ARBs in obese mice

MATERIALS AND METHODS
Ethical approval
The experimental protocol and all procedures were carried out in accordance with the
guide for the care and use of laboratory animals from the National Institute of Health
(NIH, publication number 85–23, revised in 1996) and approved by the Ethical
Committee in animal experimentation from the State University of Rio de Janeiro
(CEUA/013/2015).

Animals, diets and treatment
Male C57BL/6 mice (n = 20) were group housed in pathogen-free cages under
controlled conditions (temperature 20°C ± 2°C, humidity 60% ± 10%, 12/12 h
light/dark cycle) and with free access to food and water.
At 3-mo-old, mice were randomly divided into two nutritional groups to be fed for
10 wk: control group (C, n = 5), who received a puriﬁed control diet (76% of total
energy as carbohydrate, 14% of total energy as protein and 10% of total energy as
lipids, total energy 15 kJ/g), and high-fat group (HF, n = 15), who received a puriﬁed
diet rich in saturated fatty acids from lard (36% of total energy as carbohydrate, 14%
of total energy as protein and 50% of total energy as lipids, total energy 21 kJ/g).
Then, the animals fed HF chow were randomly allocated into three groups, and each
group received one of the following treatments over 5 wk (the drugs were mixed into
the diets, as follows): (1) HF group (n= 5), untreated; (2) HFL group (n= 5), HF diet
treated with losartan (L, 10 mg/kg/d, Cozaar, Merck); (3) HFT group (n= 5), HF diet
treated with telmisartan (T, 10 mg/kg·d, Micardis; Boehringer, Ingelheim). Sample
size was established according to a minimum that could be conclusive with a P < 0.05,
as previously reported[9]. The diets were produced by the PragSolucoes company (Jau,
São Paulo, Brazil) based on the recommendations of the American Institute of
Nutrition (AIN-93M)[10]. The drugs were mixed with the diet in order to minimize
differences in the daily dose intake by each animal.
Energy intake was measured as the product of food consumption by the energy
content of the diet (in kJ/g). The body mass (BM) of the animals was measured
weekly.

Systolic blood pressure
Before the official evaluations, animals were trained for 4 wk in constraint conditions
to minimize their stress. Systolic blood pressure (SBP) was monitored weekly by tailcuff plethysmography in conscious mice (Letica LE 5100, Harvard/Panlab, Barcelona,
Spain).

Sacriﬁce and tissue extraction
At the conclusion of the experiment, the animals were deprived of food for six hours
and were deeply anesthetized (sodium pentobarbital 150 mg/kg). Blood was collected
by cardiac puncture. Plasma was separated by centrifugation (400 G for 20 min) at
room temperature and stored at -20ºC or –80ºC until analysis. The liver was weighed
and sliced into several fragments and frozen at -80ºC for molecular studies.

Biochemical analysis
Blood glucose was measured using a glucometer (Accu-Chek, Roche, Sao Paulo, SP,
Brazil) after the six-hour fast period before sacrifice. The concentration of insulin was
analyzed using a kit (Rat/Mouse Insulin ELISA kit Cat # EZRMI-13 K, Millipore,
Missouri, United States) and a TP-READER Thermoplate (Bio Tek Instruments, Inc
Highland Park, United States). The ratio of insulin and glucose was calculated to
evaluate insulin resistance.
The hepatic cholesterol and triacylglycerol levels were measured in hepatic tissue
by routine protocols described previously[11]. Briefly, frozen samples (50 mg) were
placed in an ultrasonic processor with 1 ml isopropanol, and the homogenate was
centrifuged at 2000 G. The supernatant (5 μL) was analyzed using a kit for measuring
triacylglycerol or cholesterol (automatic analyzer K55, Bioclin System II; Quibasa, Belo
Horizonte, MG, Brazil). Alanine aminotransferase (ALT) was measured in the plasma
using a kinetic colorimetric method (Bioclin System II; Quibasa, Belo Horizonte, MG,
Brazil).

Immunofluorescence
Fixed tissue fragments were embedded in Paraplast Plus (Sigma-Aldrich Co., St.
Louis, MO, United States) and sectioned at a thickness of 5 micrometers.
Liver sections (deparaffinized and hydrated) underwent antigen retrieval using
citrate buffer at pH 6.0, and were blocked in 2% glycine and 5% BSA in PBS. Sections
were incubated with anti-AT1R (anti-rabbit, AB15552, 1:100, Millipore) or anti-PLIN 2
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(anti-rabbit, CSB-PA920084, 1:100, Millipore), in 1% BSA in PBS for 2 h.
Subsequently, samples were treated with a secondary antibody conjugated to Alexa
488 fluorophore (anti-rabbit IgG-Alexa 488, for AT1R and PLIN 2, 1:100), and slides
were mounted with SlowFade (Invitrogen, Molecular Probes, Carlsbad, CA, United
States). Digital images were captured using a confocal laser scanning microscope
(Nikon C2; Nikon Instruments Inc., Tokyo, Japan).

Quantitative real-time PCR
Quantitative real-time PCR (RT-qPCR) was performed to examine RAS-related
mRNA levels in the livers of mice. Total liver RNA was extracted using Trizol
(Invitrogen, CA, United States). The RNA concentration was determined by
spectroscopy using the Nanovue (GE Life Sciences) equipment using 1 μg RNA and
DNAse I (Invitrogen). The cDNA was synthesized using Oligo (dT) primers and
Superscript III transcriptase-reverse (Invitrogen, CA, United States). Real-time PCR
was performed using the Biorad CFX96 thermal cycler and SYBR Green mix
(Invitrogen, CA, United States). The primers were designed using Primer 3web online
software version 4.0. The beta-actin gene was used as an endogenous control to
normalize target gene expression. The primer efﬁciency of the target genes and the
control gene were approximately equal, as calculated by using serial dilutions of
cDNA. PCR reactions were performed following a program of denaturation and
activation of the polymerase (4 min at 95°C), with 44 cycles, each consisting of 95°C
for 10 s and 60°C for 15 s, followed by a melting curve (60–95°C, with a heating rate of
0.1 °C/s). Negative controls consisted of wells in which cDNA was replaced by
deionized water. The relative expression ratio of mRNA was calculated by the 2ΔΔCt
method. Sense and antisense primers sequences are described in Table 1.

Statistical analysis
After conﬁrming normality and homoscedasticity of variances, data were displayed as
the mean and standard deviation. Comparisons among groups were tested by a t-test
or one-way ANOVA followed by Holm-Sidak post-hoc test when indicated. In all
cases, P < 0.05 was considered statistically signiﬁcant (GraphPad Prism version 7.04
for Windows, GraphPad Software, La Jolla, CA, United States).

RESULTS
Food intake and body mass
All animals tolerated the diet well and did not show any sign of disease during the
experiment. All animals were included in the analysis (n = 5 per group).
Food intake was evaluated and showed no difference between the HF group and
the C group, or between the HFL and the HF group. The HFL group did not
demonstrate any differences in dietary energy intake compared to the HF group.
However, the HFT group had lower energy intake compared to the HF group (-21%, P
= 0.0010) and the HFL group (-22%, P = 0.0008). These results are detailed in Table 2.
At the 10th week, after the induction of obesity, the HF group was heavier than the
C group (+28%, P < 0.0001). At the end of the treatment, at the 15th week, the HFT
group had a significant reduction in BM compared to the HF group (-23%, P < 0.0001)
and HFL group (-17%, P < 0.0001). Losartan treatment reduced BM compared to the
HF group (-9%, P < 0.0001). Figure 1A depicts these findings.

Systolic blood pressure
The HF group had an 18% increase in SBP values compared to the C group (+15%, P <
0.0001). Both treated groups showed a marked reduction in SBP values compared to
the untreated HF group (-14%, P < 0.0001 for both HFL and HFT, Figure 1B). There
was no difference between the HFL and the HFT groups regarding SBP values.

Fasting glucose levels and I/G ratio
We did not observe a difference in fasting glucose between the HF-L and HF groups.
Nevertheless, the HF-T group showed significantly reduced fasting glucose levels
compared to the HF group (-9%, P = 0.0210, Table 2).
Insulin resistance was detected in the HF group due to a higher I/G than the C
group (+69%, P = 0.0079, Table 2). Both treatments significantly decreased the I/G
ratio compared to the HF group (-30%, P = 0.0181, HFL; -33%, P = 0.0181, HFT, Table
2), with levels similar to the C group.

Hepatic parameters
The HF group showed higher hepatic cholesterol (+9%, P < 0.0001) and triacylglycerol
levels (+127%, P = 0.0004) than the C group. Only telmisartan treatment significantly
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Table 1 Forward and reverse sequences of RT-qPCR primers
Primers
Gene

5’- 3’

3’-5’

Renin

ACCTTGCTTGTGGGATTCAC

CCTGATCCGTAGTGGATGGT

ACE1

GTGGCTGGAAGAGCAGAATC

GCCTTGGCTTCATCAGTCTC

ACE2

CAACAGAAGCCAGACAACA

GCCTTGGCTTCATCAGTCTC

AT1r

CCCTGGCTGACTTATGCTTT

ACATAGGTGATTGCCGAAGG

AT2r

GAAGCTCCGCAGTGTGTTTA

TGGCTAGGCTGATTACATGC

rMAS

TTCTCCACCATCAACAGCAG

CCTGGGTTGCATTTCATCTT

B-actin

TGTTACCAACTGGGACGACA

GGGGTGTTGAAGGTCTCAAA

ACE1: Angiotensin-converting enzyme; ACE2: Angiotensin-converting enzyme 2; AT1r: Angiotensin type-1
receptor; AT2r: Angiotensin type-2 receptor; rMAS: MAS receptor.

reduced hepatic cholesterol levels compared to the HF group (-3%, P = 0.0271).
Conversely, hepatic triglyceride levels were decreased by both treatments compared
to the HF group (-28%, P = 0.0381 for HFL; and -45%, P = 0.0010 for HFT).
ALT enzyme concentrations were markedly enhanced by the HF diet compared to
the C group (+56%, P < 0.0001). The treatments were effective in reducing ALT levels
compared to the HF group (-14%, P = 0.0082 for HFL and – 15%, P = 0.0064 for HFT).
The effects of losartan or telmisartan treatment on ALT concentrations were not
statistically different. These results are detailed in Table 2.

Immunofluorescence
Immunofluorescence for AT1r revealed a negative reaction for both treatment groups
(losartan and telmisartan), thus confirming the blockade of AT1r by both drugs and
validating our study design. In contrast, the HF group showed widespread positive
immunostaining for AT1r, consistent with over-activation of the classic local RAS axis
in the liver of obese animals (Figure 2, upper panel).
The beneﬁcial effects of both treatments on weight management and insulin
sensitivity might be, at least in part, mediated by decreased expression of PLIN 2 on
lipid droplet surface membranes. Both HFL and HFT groups showed weaker PLIN 2
expression than the HF group, which showed more intense immunostaining. Figure 2
(lower panel) depicts these findings.

RT-qPCR
Renin gene expression was reduced in the HF group compared to the C group (-84%,
P < 0.0001). Neither treatment significantly changed renin gene expression, which
remained lower than the C group (-82.30%, P < 0.0001 for HFL and -79.93%, P < 0.0001
for HFT). These results are detailed in Figure 3A.
ACE1 gene expression was markedly increased by the HF diet, as the HF group
showed higher ACE1 gene levels than the C group (+569.02%, P < 0.0001). On the
contrary, both treatments restored ACE1 gene expression to levels lower than the HF
group (-94.97%, P < 0.0001 for HFL and -81.65%, P < 0.0001 for HFT) and similar to the
C group. These results are depicted in Figure 3B.
The HF group also showed higher AT1r gene expression than the C group
(+141.40%, P < 0.0001). Conversely, both treatments restored AT1r gene expression to
values lower than the HF group (-78.95%, P < 0.0001 for HFL and -82.54%, P < 0.0001
for HFT). These results are found in Figure 3C.
In contrast to the AT1r results, the losartan and telmisartan treatments enhanced
AT2r gene expression compared to the HF group (+320.70%, P<0.0001 for HFL and
+354.11% for HFT). These results are detailed in Figure 3D.
ACE2 gene expression was reduced in the HF group in comparison to the C group
(-75.69%, P = 0.004). Both losartan and telmisartan significantly enhanced ACE2 gene
expression (+465.57%, P = 0.0002 for HFL and +345.17%, P = 0.0049 for HFT). These
results are depicted in Figure 4A.
In agreement with ACE2 gene expression, the HF group showed lower rMAS gene
expression than the C group (-51.37%, P = 0.041). Notably, both treatments enhanced
rMAS gene expression compared to the HF group (+711.39%, P < 0.0001 for HFL and
+539.75%, P < 0.0001 for HFT). These results are shown in Figure 4B.
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Table 2 Food behavior, carbohydrate metabolism and hepatic parameters
Data

C

HF

HFL

HFT

36.8 ± 0.8

53.3 ± 4.7a

53.4 ± 3.5a

41.9 ± 4.3c,e

120.4 ± 3.9

152.4 ± 8.5a

151.8 ± 6.3a

139.4 ± 6.8a,c,e

0.16 ± 0.03

0.27 ± 0.02

a

0.19 ± 0.01

c

0.18 ± 0.01c

8.8 ± 0.2

9.6 ± 0.1a

9.5 ± 0.1a

9.3 ± 0.1a,c

Food behavior
Energy intake (kJ/ mouse)
Carbohydrate metabolism
Fasting glycemia (mg/dL)
I/G
Hepatic parameters
Hepatic Cholesterol (mg/g liver)
Hepatic Triglycerides (mg/g liver)
ALT (IU/L)

10.4 ± 4.1
18.3 ± 2.8

a

23.6 ± 4.7

a

28.6 ± 3.1

a,c

12.9 ± 2.2c

a,c

22.5 ± 2.0ac

17.1 ± 3.9
22.8 ± 3.2

Data are expressed as the mean ± SD, (n = 5). P < 0.05 compared with the C group (a), HF group (c) and HFL
group (e) (one-way ANOVA and post-hoc Holm-Sidak test). C: Control group; HF: High-fat diet; HFL: HF
diet treated with losartan; HFT: HF diet treated with telmisartan; I/G: Insulin/glucose ratio; ALT: Alanine
aminotransferase.

DISCUSSION
The present results confirm that diet-induced obesity induces overexpression of
ACE1-AT1r genes in the liver of mice, whereas both losartan and telmisartan restored
local ACE1-AT1r gene expression to values similar to the lean animals. Moreover, the
beneficial effects from both ARBs on insulin resistance, body mass, SBP, hepatic
cholesterol, and triacylglycerol levels might stem from the stimulation of the ACE2rMAS axis, whose components showed increased hepatic gene expression after
selective AT1r blockade.
Telmisartan treatment has been linked to decreased energy intake and reduced
body mass gain despite the maintenance of a HF diet during the experimental
protocol. Some mechanistic explanations rely on the activation of PPARdeltadependent lipolytic pathways and activation of the local RAS in the brain, reducing
energy intake and increasing energy expenditure[12,13].
The reduced energy intake might raise some doubts regarding the real contribution
of telmisartan to the observed body mass loss. However, a previous study revealed
that the reduced energy intake in the absence of treatment (pair-feeding group) did
not produce a significant reduction in body mass. Hence, the noticeable body mass
loss can be attributed to telmisartan action once the pair-feeding group remained
overweight[7]. On the other hand, recent reports stated that losartan treatment does
not influence food intake [12,14] . In agreement with these observations, losartan
treatment did not change energy intake herein, though it elicited a slight reduction in
body mass.
Both losartan and telmisartan were effective in reducing SBP values, even with a
chronic HF diet intake, as previously shown[14,15]. A recent human study reported
equal efficacy of both losartan and telmisartan on blood pressure control.
Nevertheless, telmisartan shows more favorable effects on lipid profiles, implying an
additive beneficial effect in patients[16].
It is worth mentioning that the reduction of fasting glycemia was only observed
following telmisartan treatment, but both treatments affected insulin resistance,
suggesting that the normalization of insulin sensitivity is independent of the effects of
PPAR-gamma activation and relies more on AT1r blockade[17]. This is consistent with
our previous findings in the pancreas, where relief in hyperinsulinemia stemmed
from adequate glucose-stimulated insulin secretion by pancreatic islets as a result of
the selective AT1r blockade[7].
Favorable effects of telmisartan on metabolism have been related to its dual
property as an ARB and partial PPAR-gamma agonist[18]. In the liver, combined partial
PPAR-gamma and PPAR-alpha activation play a pivotal role in regulating
carbohydrate and lipid metabolism through the transcription of their target genes,
with marked effects on lipotoxicity and insulin resistance control[8,19,20]. Hence, the
normalization of hepatic triacylglycerol levels due to telmisartan is consistent with the
augmented insulin sensitivity and better glycemic control, implying a favored hepatic
beta-oxidation over lipogenesis[21].
On the contrary, losartan treatment did not minimize the harmful effects of the HF
diet upon fasting glycemia and hepatic cholesterol levels, besides the less noticeable
impact on hepatic triacylglycerol levels than telmisartan. In agreement with our
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Figure 1

Figure 1 Body mass (A) and systolic blood pressure (B) pre-treatment (10th week) and end of treatment (15th
week). Data are the mean ± SD, n = 5 for each group. Differences between the groups were tested with one-way
ANOVA and Holm–Sidak post hoc test (P < 0.05) compared to the C group (a), HF group (c) and HFL group (e). C:
Control group; HF: High-fat diet; HFL: HF diet treated with losartan; HFT: HF diet treated with telmisartan.

observations, a recent study using a high fat-high sucrose diet showed that losartan
did not significantly change the glucose levels nor influence total cholesterol levels[22].
Increased hepatic cholesterol levels imply that the liver is more susceptible to harmful
forms of liver disease because it correlates with hepatic inflammation and impaired
transcriptional response[23].
In obesity, there is an interaction between hepatic cholesterol metabolism and
intrahepatic RAS activation [24] . HF animals showed hepatic overexpression of
ACE1/AT1r and reduced expression of ACE2/MASr parallel to enhanced hepatic
cholesterol levels. Intrahepatic RAS overexpression triggers extracellular matrix
synthesis and impairs LDL receptor function, leading to adverse liver remodeling[25].
These events are mediated by AT1r activation by ANGII and predispose the subject to
adverse hepatic remodeling and hepatic steatosis[26].
Conversely, HF animals treated with losartan or telmisartan benefited from AT1r
blockade, as they favored the ACE2/MASr axis over the ACE1/AT1r axis, which has
been previously associated with the amelioration of glucose intolerance, hepatic
inflammation, and prevention of steatosis and fibrosis[8,15,20]. The RAS modulation by
telmisartan can explain previous beneficial effects on the livers of an animal model of
hepatic fibrosis[27] and in human with steatohepatitis[28], without side effects. Although
the HF diet did not induce fibrosis, our results show that the AT1R blockade reduced
PLIN 2 expression and hepatic triacylglycerol levels, both of which are strongly
correlated with reduced hepatic steatosis[11,29].
Some tissues can store excessive lipids in cytoplasmic lipid droplets, which are
dynamic organelle-like structures[29]. PLIN 2 is a cytoplasmic lipid droplet-associated
protein, and mice lacking PLIN 2 are resistant to obesity-associated fatty liver disease,
as its deficiency is linked to increased PPAR-alpha activation and subsequent
increases in beta-oxidation[30]; suppressed SREBP-1 and SREBP-2 and the resulting
suppression of de novo lipogenesis and hepatic cholesterol biosynthesis [30] ; and
enhanced hepatic FGF21 expression and the browning of white adipose tissue with
metabolic improvements[31].
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Figure 2

Figure 2 Angiotensin type-1 receptor (A) and PLIN 2 (B) assessed by immunofluorescence (green) in the liver. Scale bars correspond to 50 µm, same
magnification for all immunoreactions (40 x). C: Control group; HF: High-fat diet; HFL: HF diet treated with losartan; HFT: HF diet treated with telmisartan.

In conclusion, we propose that the modulation of intrahepatic RAS, with a
preference for the ACE2/rMAS axis over the ACE1/AT1 axis after losartan or
telmisartan treatments, cause beneficial hepatic and metabolic effects, as
demonstrated by reduced hepatic triacylglycerol levels coupled with reduced PLIN 2
expression and improved glycemic control. Additional beneficial effects of telmisartan
were perceived in hepatic cholesterol levels and normalization of fasting glycemia.
Both drugs, which are frequently used as anti-hypertensive agents, can be a useful
option for obese patients to control IR and NAFLD through AT1r blockade.
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Figure 3 Local gene expression of components of the classical ACE1/AT1r axis in the liver: Renin (A), ACE1 (B), AT1r (C) and AT2r (B). B-Actin was used as
an endogenous control to normalize the expression of the selected genes. Data are the means ± SD, n = 5 for each group. Differences between the groups were
tested with one-way ANOVA and post hoc test of Holm–Sidak (P < 0.05) when compared with the C group (a) and HF group (c). ACE1: Angiotensin-converting
enzyme 1; AT1r: Angiotensin type-1 receptor; AT2r: Angiotensin type-2 receptor; C: Control group; HF: High-fat diet; HFL: HF diet treated with losartan; HFT: HF diet
treated with telmisartan.
Figure 4

Figure 4 Local gene expression of the ACE2/MASr axis in the liver: ACE2 (A) and rMAS (B). B-Actin was used as an endogenous control to normalize the
expression of the selected genes. Data are the means ± SD, n = 5 for each group. Differences between the groups were tested with one-way ANOVA and post hoc
test of Holm–Sidak (P < 0.05) compared to the C group (a), HF group (c) and HFL group (e). ACE2: Angiotensin-converting enzyme 2; rMAS: MAS receptor; C:
Control group; HF: High-fat diet; HFL: HF diet treated with losartan; HFT: HF diet treated with telmisartan.

ARTICLE HIGHLIGHTS
Research background
Drugs that target the renin-angiotensin system (RAS) could benefit the adverse hepatic
remodeling and glycemic control in the diet-induced obese mouse.

Research motivation
Most obese subjects show insulin resistance and non-alcoholic fatty liver disease (often referred
to as NAFLD), whose consequences lead to high healthcare costs. Currently, there is no
established drug treatment for NAFLD.

Research objectives
To evaluate the action of losartan or telmisartan on the modulation of intrahepatic RAS and the
resulting metabolic effects in a diet-induced obesity murine model.

Research methods
Twenty C57BL/6 mice were randomly divided into two nutritional groups for 10 wk and, then,
into four groups for a 5-wk treatment: control group (C, n = 5), high-fat group (HF, n = 15), HF
treated with losartan (HFL, n = 5, 10 mg/kg body mass) and HF treated with telmisartan (HFT, n
= 5, 10 mg/kg body mass).

Research results
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The HF group showed increased weight, glucose intolerance, high hepatic triacylglycerol, and
overexpression of intrahepatic angiotensin-converting enzyme (ACE) 1/ angiotensin II (ANGII)
type 1 receptor (AT1r). Losartan and telmisartan modulated the intrahepatic RAS, with
preference for the ACE2/rMAS axis, resulting in ameliorated glucose intolerance and reduced
hepatic triacylglycerol levels, both of which are related to diminished Plin2 expression in the
liver. Only telmisartan could restore body mass, fasting glucose levels, and hepatic cholesterol
levels, implying additional benefits.

Research conclusions
The modulation of intrahepatic RAS, with preference for the ACE2/rMAS axis over the
ACE1/AT1r axis after losartan or telmisartan treatments, caused hepatic and metabolic
beneficial effects, as demonstrated by reduced hepatic triacylglycerol levels coupled with
reduced PLIN 2 expression and improved glycemic control.

Research perspectives
The pharmacological modulation of intrahepatic RAS showed beneficial effects in terms of
hepatic steatosis, evaluated by reduced hepatic triacylglycerol levels, in addition to its effects on
decreased body mass and better glycemic control. These drugs could be a viable option to treat
NAFLD in obese and/or hypertensive patients.
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Abstract
BACKGROUND
Patients with cirrhosis deemed ineligible for liver transplantation are usually
followed in general hepatology or gastroenterology clinics, with the hope of reevaluation once they meet the appropriate criteria. Specific strategies to achieve
liver transplant eligibility for these patients have not been studied.
AIM
To assess clinical and sociodemographic factors associated with future liver
transplant eligibility among patients initially considered ineligible.
METHODS
This is a retrospective study of patients with cirrhosis considered non-transplant
eligible, but without absolute contraindications, who were scheduled in our
transitional care liver clinic (TCLC) after discharge from an inpatient liver service.
Transplant candidacy was assessed 1 year after the first scheduled TCLC visit.
Data on clinical and sociodemographic factors were collected.
RESULTS
Sixty-nine patients were identified and the vast majority were Caucasian men
with alcoholic cirrhosis. 46 patients (67%) presented to the first TCLC visit. Seven
of 46 patients that showed to the first TCLC visit became transplant candidates,
while 0 of 23 patients that no-showed did (15.2% vs 0%, P = 0.08). Six of 7 patients
who showed and became transplant eligible were accompanied by family or
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friends at the first TCLC appointment, compared to 13 of 39 patients who showed
and did not become transplant eligible (85.7% vs 33.3%, P = 0.01).
CONCLUSION
Patients who attended the first post-discharge TCLC appointment had a trend for
higher liver transplant eligibility at 1 year. Being accompanied by family or
friends during the first TCLC visit correlated with higher liver transplant
eligibility at 1 year (attendance by family or friends was not requested). Patient
and family engagement in the immediate post-hospitalization period may predict
future liver transplant eligibility for patients previously declined.
Key words: Cirrhosis; Transitional clinic; Transplant listing; Support; Family
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Core tip: Being declined as a liver transplant candidate is not always an irreversible
decision, but there is limited information about predictors for eventually achieving liver
transplant eligibility. This study shows that among patients who were found not to be
transplant candidates, those who presented to their post hospital discharge liver clinic
appointment with family and friends had a higher chance of liver transplant eligibility
within one year. This finding suggests the importance of engaging family and friends in
the complex care of patients with cirrhosis.

Citation: Sack J, Najafian N, DeLisle A, Jakab S. Being accompanied to liver discharge clinic:
An easy measure to identify potential liver transplant candidates among those previously
considered ineligible. World J Hepatol 2019; 11(4): 370-378
URL: https://www.wjgnet.com/1948-5182/full/v11/i4/370.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i4.370

INTRODUCTION
The limited supply of donor livers necessitates careful selection of potential liver
transplant candidates by institutional transplant recipient review committees. Each
institution has different criteria for listing patients with cirrhosis based on medical,
social, and economic factors, some of which remain controversial [1-3] . Patients
considered to be unsuitable candidates for liver transplantation are often followed by
their providers with the hope of candidacy reassessment once they fulfill the
appropriate medical and psychosocial criteria. There is limited literature on specific
strategies to achieve liver transplant eligibility for patients with cirrhosis who are
initially declined.
Few studies have looked at causes of liver transplant ineligibility among patients
with cirrhosis. A single center study found that after initial transplant referral,
patients were often declined because they were too well, had co-existing medical
contraindications, or needed addiction rehabilitation[4]. Another study found that
patients who were declined for non-medical reasons often did not meet the minimum
alcohol abstinence requirements and lacked social support[5]. These barriers to liver
transplantation are often challenging to overcome, and it can be difficult to determine
which patients would be able to achieve the changes needed to become suitable
candidates.
Identifying and addressing psychosocial issues early among potential liver
transplant candidates with cirrhosis is important. Alcohol relapse after liver
transplantation has been associated with mental health issues, lack of a stable life
partner, or less than six months of sobriety[6,7]. Additionally, a survey assessing the
role of psychosocial evaluations on liver transplant candidacy found that transplant
psychosocial evaluators assigned greater importance to coping skills and the ability to
adapt to stress, and were less likely to recommend transplant listing for those with
poor social support [8] . Furthermore, it has been suggested that psychological
characteristics could be used to identify patients less likely to be suitable liver
transplant candidates, allowing for targeted support and engagement to improve
chances for transplant eligibility[9].
These observations underscore the importance of identifying patients’ support

WJH

https://www.wjgnet.com

371

April 27, 2019

Volume 11

Issue 4

Sack J et al. Identifying potential liver transplant re-eligibility

networks and psychosocial barriers early. As these issues are major reasons for liver
transplant ineligibility among those who might otherwise be suitable candidates, an
early intervention could potentially improve liver transplant candidacy.
Unfortunately, there are no specific strategies for achieving liver transplant eligibility
among those considered unsuitable. We aimed to identify clinical and
sociodemographic factors associated with future liver transplant eligibility among
patients seen at a transitional care liver clinic (TCLC) who were considered transplant
ineligible but without absolute contraindications.

MATERIALS AND METHODS
This is a retrospective study of discharged patients whose first TCLC visits were
scheduled between March 2015 and December 2015, with follow up through
December 2016 at a single tertiary academic center. Patients were included if they had
cirrhosis, were not considered liver transplant candidates, were discharged from the
liver inpatient service, were alive but not hospitalized at the first scheduled TCLC
appointment, and were not seen by an outpatient hepatologist or gastroenterologist at
another institution. Patients were excluded if they had received a liver transplant
previously or within 90 days of the hospital discharge prior to the first TCLC visit, if
they were on hospice within 90 days of that discharge, if they were older than 70
years, or if they had an irreversible contraindication to liver transplantation.
Transplant listing was assessed 1 year after the first scheduled TCLC encounter.
Charts were reviewed for demographics, clinical data, previous liver care, show rate
at first TCLC visit, whether they were accompanied by family or friends during the
first TCLC visit (being accompanied was not asked or required), and liver transplant
listing at 1 year. Yale University Institutional Review Board approval was obtained.

Statistical analysis
Statistical analyses were performed using student's t-test for numerical data and chisquare test for categorical data. The statistical software package SPSS for Windows
(SPSS Inc, version 25) was used to analyze the data, and P < 0.05 was considered a
significant difference.

RESULTS
Eighty-six patients met the inclusion criteria and were scheduled in TCLC. Seventeen
patients were excluded given the very low probability of transplant candidacy at age
70 or older, 6 patients were excluded for untreatable malignancies, and 4 patients
were excluded for extensive comorbidities that indefinitely precluded transplantation,
leaving a total of 69 eligible patients, Figure 1.
The majority of patients were unmarried Caucasian men with decompensated
alcoholic cirrhosis, and with mean Model of End-stage Liver Disease (MELD) score of
15, Table 1. Forty-six patients (66.7%) showed to the first scheduled post-discharge
TCLC appointment. Mean time from hospital discharge to first TCLC appointment
was 9.7 days (range 3-29 d) as compared to 8.2 days (range 4-24 d) for those that did
not show. The patients who showed were not transplant candidates because of active
alcohol use (63.0%), lack of social support (17.4%), active substance use (10.9%), low
MELD (4.3%), and poor medical optimization (4.3%). The patients who did not show
to the scheduled TCLC visit were alive and not hospitalized at the time of the
scheduled appointment, and were not transplant candidates because of active alcohol
use (56.5%), lack of social support (21.7%), low MELD (13.0%), and active substance
use (8.7%). There was no statistical difference between those that showed and those
that did not show based on demographics, recent alcohol or substance use, cirrhosis
etiology, cirrhosis decompensations, Child-Pugh score (CPS), MELD, or prior
hepatology care, Table 2.
Seven of the 46 patients that showed to the first scheduled TCLC appointment
became liver transplant candidates at 1 year while none of the 23 patients that noshowed did. (15.2% vs 0.0%, P = 0.08). These 7 patients were initially not transplant
eligible because of active alcohol use (57.1 %), active substance use (14.3%), lack of
social support (14.3%), and need for medical optimization (14.3%).
Among the patients who showed to the first TCLC visit, 7 patients became
transplant eligible at 1 year and 39 did not. The only statistically significant finding
between these two groups was the presence of a family member or friend to TCLC
visit (this was not asked or required). Six of the 7 patients who became transplant
eligible and 13 of the 39 patients who did not become transplant eligible had been
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Figure 1

Figure 1 Number of patients who met study criteria, who showed to the first transitional care liver clinic (TCLC) appointment, and who became transplant
eligible at 1 year.

accompanied at the first TCLC appointment (85.7% vs 33.3%, P = 0.01). Though not
statistically significant, those that became transplant eligible at 1 year had a trend for
having alcoholic cirrhosis and for being Caucasian. Those who did not become
transplant eligible at 1 year had a trend for recent active alcohol use and for having
Medicaid insurance. There were no statistical differences based on demographics,
cirrhosis etiology, CPS, MELD, or prior hepatology care, Table 3.

DISCUSSION
There is limited literature on strategies to optimize liver transplant candidacy for
patients considered ineligible. At our institution, about 30% of referred patients are
ultimately accepted as liver transplant candidates. Transplant eligibility requires an
adequate support system, among other medical and psychosocial criteria.
This study followed non-transplant eligible patients seen at their post discharge
TCLC visit to identify which patients would become transplant candidates at 1 year.
We found that patients who showed to the first TCLC visit had a trend for increased
liver transplant eligibility at 1 year. Being accompanied by family or friends during
the first TCLC visit was correlated with an even higher rate of liver transplant
candidacy at 1 year. Of note, patients were not required or asked to bring family or
friends to the TCLC encounter.
These observations suggest that patient and family involvement in the immediate
post-hospitalization period may predict future liver transplant eligibility for patients
previously considered unsuitable but did not have absolute contraindications. All 7
patients who became liver transplant candidates at 1 year had shown to the initial
TCLC appointment. 6 of those 7 had been accompanied by a family member or friend.
After review of demographics and clinical history, being accompanied at the first
TCLC visit was the only statistically significant difference between the 7 patients that
showed to TCLC and became transplant candidates at 1 year, and the 39 patients that
showed to TCLC but did not become transplant candidates at 1 year. Though there
was a trend for more Medicaid insurance and recent active alcohol use for those that
showed and did not became transplant candidates at 1 year, both patient populations
consisted mostly of unmarried men with decompensated alcoholic cirrhosis and
active alcohol use. Moreover, both patient groups had been previously declined liver
transplant candidacy because of active alcohol use and poor social support. These
findings reinforce the importance of continued liver care for transplant ineligible
patients because the window for transplant candidacy can re-open, even among
patients with challenging psychosocial situations.
The observed correlation of transplant eligibility at 1 year with being accompanied
by family or friends at the first transitional liver care clinic is significant and should be
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Table 1 Characteristics of overall patient population
Variables

Included patients[n = 69]

Age
Mean (range)

51.4 (26-69)

Sex
Male

45 (65.2%)

Race/Ethnicity
Caucasian

44 (63.8%)

Hispanic

12 (17.4%)

African American

11 (15.9%)

Other

2 (2.9%)

Insurance
Medicaid

38 (55.1%)

Medicare

13 (18.8%)

Private

14 (20.3%)

Uninsured

4 (5.8%)
2 (2.9%)

Homeless

63 (91.3%)

English primary language
Marital Status
Married

27 (39.1%)

Single

42 (60.9%)

Cirrhosis etiology
EtOH

39 (56.5%)

EtOH/HCV

15 (21.7%)

HCV

7 (10.1%)

NASH

4 (5.8%)

PBC

1 (1.4%)

NASH/EtOH

1 (1.4%)

AIH

1 (1.4%)

HBV

1 (1.4%)

Other

0 (0%)

Decompensation

63 (91.3%)

Ascites

54 (78.3%)

Hepatic encephalopathy

38 (55.1%)

Variceal hemorrhage

20 (29.0%)

Child Pugh Score
A

9 (13.0%)

B

34 (49.3%)

C

26 (37.7%)

MELD mean (range)

15.0 (6-30)

Patient reported active alcohol use on last admission

40 (58.0%)

Patient reported active substance use on last admission

9 (13.0%)

Previous 1 yr hospitalizations

44 (63.8%)

Previous 1 yr hepatology visit

25 (36.2%)

Accompanied at first TCLC

19 (27.5%)

Deceased at 1 yr

20 (29.0%)

EtOH: Alcohol; HCV: Hepatitis C virus; PBC: Primary biliary cholangitis; NASH: Non-alcoholic
steatohepatitis; AIH: Autoimmune hepatitis; PSC: Primary sclerosing cholangitis; HBV: Hepatitis B virus;
TCLC: Transitional care liver clinic.

explored further in future studies. We do not suggest that having someone come with
a patient to clinic is sufficient for transplant eligibility, but rather consider it a
potential marker of the support available at home, which is especially important for
transplant centers such as ours that require a strong support system. Involvement of
family and caregivers at a visit may help them understand the patient’s liver disease
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Table 2 Characteristics of patients by show and no-show to the first transitional care liver clinic visit
Variables

Show patients[n = 46]

No Show patients[n = 23]

P value

51.8 (26-69)

50.6 (30-68)

0.63

31 (67.4%)

14 (60.9%)

0.59

Caucasian

32 (69.6%)

12 (52.2%)

0.16

Hispanic

6 (13.0%)

6 (26.1%)

0.18

African American

6 (13.0%)

5 (21.7%)

0.35

Other

2 (4.3%)

0 (0%)

0.55

Medicaid

22 (47.8%)

16 (69.6%)

0.09

Medicare

10 (21.7%)

3 (13.0%)

0.38

Private

11 (23.9%)

3 (13.0%)

0.29

3 (6.5%)

1 (4.3%)

0.72

1 (2.2%)

1 (4.3%)

0.61

43 (93.5%)

20 (87.0%)

0.36

Age
Mean (range)
Sex
Male
Race/Ethnicity

Insurance

Uninsured
Homeless
English primary language
Marital status
Married

19 (41.3%)

8 (34.8%)

0.60

Single

27 (58.7%)

15 (65.2%)

0.60

EtOH

28 (60.9%)

11 (47.8%)

0.30

EtOH/HCV

Cirrhosis etiology

11 (23.9%)

4 (17.4%)

0.54

HCV

3 (6.5%)

4 (17.4%)

0.16

NASH

2 (4.3%)

2 (8.9%)

0.47

PBC

1 (2.2%)

0 (0%)

1

NASH/EtOH

1 (2.2%)

0 (0%)

1

AIH

0 (0%)

1 (4.3%)

0.33

HBV

0 (0%)

1 (4.3%)

0.33

Other

0 (0%)

0 (0%)

1

Decompensation

43 (93.5%)

20 (87.0%)

0.36

Ascites

36 (78.2%)

18 (78.3%)

1

Hepatic Encephalopathy

27 (58.7%)

11 (47.8%)

0.39

Variceal hemorrhage

13 (28.3%)

7 (30.4%)

0.85

Child Pugh Score
A

5 (10.9%)

4 (17.4%)

0.45

B

24 (52.2%)

10 (43.5%)

0.50

C

17 (37.0%)

9 (39.1%)

0.86

MELD mean (range)

15.3 (6–30)

14.4 (7-26)

0.54

Patient reported active alcohol use on last admission

27 (58.7%)

13 (56.5%)

0.86

Patient reported active substance use on last admission

5 (10.9%)

4 (17.4%)

0.45

Previous 1 yr hospitalizations

29 (63.0%)

15 (65.2%)

0.86

Previous 1 yr hepatology visit

16 (34.8%)

9 (39.1%)

0.72

Accompanied at first TCLC

19 (41.3%)

0 (0.0%)

0.0001

Deceased at 1 yr

13 (28.3%)

7 (30.4%)

0.85

EtOH: Alcohol; HCV: Hepatitis C virus; PBC: Primary biliary cholangitis; NASH: Non-alcoholic steatohepatitis; AIH: Autoimmune hepatitis; PSC: Primary
sclerosing cholangitis; HBV: Hepatitis B virus; TCLC: Transitional care liver clinic.

as well as the barriers that preclude transplantation, allowing for better care of their
loved ones at home. Many of these patients with decompensated cirrhosis and
psychosocial issues likely face challenges caring for themselves and fully
understanding all content discussed at a liver clinic visit - over half of our study
patients had hepatic encephalopathy and were single. It is also plausible that follow
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Table 3 Characteristics of patients that showed to the first transitional care liver clinic visit by transplant eligibility at 1 yr
Show patients,

Show patients,

transplant eligible 1 yr

non-transplant eligible 1 yr

[n = 7]

[n = 39]

51.9 (26-69)

51.8 (34-69)

0.98

5 (71.4%)

26 (66.7%)

0.80

Caucasian

7 (100.0%)

25 (64.1%)

0.08

Hispanic

0 (0.0%)

6 (15.4%)

0.57

African American

0 (0.0%)

6 (15.4%)

0.57

Other

0 (0.0%)

2 (5.1%)

1

Medicaid

1 (14.3%)

18 (46.2%)

0.11

Medicare

2 (28.6%)

9 (23.1%)

0.75

Private

3 (42.9%)

9 (23.1%)

0.27

Uninsured

1 (14.3%)

3 (7.7%)

0.57

Variables

P value

Age
Mean (range)
Sex
Male
Race/Ethnicity

Insurance

0 (0.0%)

1 (2.6%)

1

7 (100.0%)

36 (92.3%)

1

Married

3 (42.9%)

16 (41.0%)

0.93

Single

4 (57.1%)

23 (59.0%)

0.93

EtOH

6 (85.7%)

22 (56.4%)

0.14

EtOH/HCV

0 (0.0%)

11 (28.2%)

0.17

HCV

1 (14.3%)

2 (5.1%)

0.37

NASH

0 (0.0%)

2 (5.1%)

1

PBC

0 (0.0%)

1 (2.6%)

1

NASH/EtOH

0 (0.0%)

1 (2.6%)

1

0 (0%)

0 (0%)

1

Decompensation

7 (100.0%)

36 (92.3%)

1

Ascites

6 (85.7%)

30 (76.9%)

0.60

Hepatic Encephalopathy

4 (57.1%)

23 (59.0%)

0.93

Variceal hemorrhage

1 (14.3%)

12 (27.3%)

0.79

Homeless
English Primary Language
Marital Status

Cirrhosis Etiology

Other

Child Pugh Score
A

1 (14.1%)

4 (10.3%)

0.75

B

5 (71.4%)

19 (48.7%)

0.27

C

1 (14.1%)

16 (41.0%)

0.18

13.7 (10-20)

15.6 (6-30)

0.44

Patient reported active alcohol use on last admission

2 (28.6%)

25 (64.1%)

0.08

Patient reported active substance use on last admission

0 (0.0%)

5 (12.8%)

1

Previous 1 yr hospitalizations

5 (71.4%)

24 (61.5%)

0.62

Previous 1 yr hepatology visit

3 (42.9%)

13 (33.3%)

0.63

Accompanied at first TCLC

6 (85.7%)

13 (33.3%)

0.01

Deceased at 1 yr

0 (0.0%)

13 (33.3%)

0.17

MELD mean (range)

EtOH: Alcohol; HCV: Hepatitis C virus; PBC: Primary biliary cholangitis; NASH: Non-alcoholic steatohepatitis; AIH: Autoimmune hepatitis; PSC: Primary
sclerosing cholangitis; HBV: Hepatitis B virus; TCLC: Transitional care liver clinic.

up in TCLC with family members who know the patient enabled physicians to
identify and provide appropriate resources for addressing specific psychosocial
issues. More research is needed to identify and to support patients deemed ineligible
for liver transplantation because of psychosocial reasons, with the hope of achieving
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transplant eligibility.
The limitations of this study are that it is retrospective with a small sample size at a
single tertiary academic center. However, the patients in all groups had similar
characteristics and were evaluated at a single liver transplant center which allowed
for consistency in the assessment of transplant eligibility. An advantage of our study
was that it included a high-risk population consisting of predominantly unmarried
men with decompensated alcoholic cirrhosis who had been mostly declined for active
alcohol and substance use as well poor social support. Six of the 7 patients who
became transplant eligible at 1 year had one of these significant barriers.
While these findings suggest that patient and family engagement after hospital
discharge may predict future liver transplant eligibility for those initially considered
unsuitable, we should continue to advocate for liver transplant evaluations for all
patients provided that there are no absolute contraindications.
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ARTICLE HIGHLIGHTS
Research background
There is minimal data on the long-term outcomes of patients with cirrhosis who are declined for
liver transplantation. Many of these ineligible patients are followed by general hepatology and
gastroenterology providers with the hope of re-eligibility for transplantation. Specific strategies
to achieve liver transplant eligibility for these patients have not been studied.

Research motivation
We were motivated to pursue this project so that the field may have a better understanding of
the clinical and sociodemographic factors that may predict future liver transplant eligibility for
those initially considered ineligible.

Research objectives
The objective of our study was to assess clinical and sociodemographic factors associated with
one-year liver transplant eligibility among patients with cirrhosis seen in a transitional care liver
clinic who were considered unsuitable transplant candidates but did not have absolute
contraindications.

Research methods
Retrospective, single-center study.

Research results
69 patients were identified, predominantly Caucasian men with alcoholic cirrhosis. 46 patients
(67%) presented to the first TCLC visit. Seven of 46 patients that presented to the first TCLC visit
became transplant candidates at one year, while 0 of 23 patients that no-showed did (15.2% vs
0%, P = 0.08). Six of 7 patients who showed and became transplant eligible were accompanied by
family or friends at the first TCLC appointment, compared to 13 of 39 patients who showed and
did not become transplant eligible (85.7% vs 33.3%, P = 0.01).

Research conclusions
Patients ineligible for liver transplantation, but without absolute contraindications, who
presented to our TCLC were more likely to be listed for liver transplantation at one year if they
were joined by family or friends at the first clinic visit. While more research is needed, patient
and family participation in clinical care may serve as a surrogate marker of social support for
patients previously declined for liver transplant.

Research perspectives
This study reinforced the importance of investigating the long-term outcomes of patients with
cirrhosis who are declined for liver transplantation. Given our small study population and
known variations in transplant listing policies at each institution, larger multi-centered
prospective studies are needed.
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Abstract
BACKGROUND
Patients with liver disease are concomitantly at increased risk of venous
thromboembolism (VTE) and bleeding events due to changes in the balance of
pro- and anti-hemostatic substances. As such, recommendations for the use of
pharmacological VTE prophylaxis are lacking. Recent studies have found no
difference in rates of VTE in those receiving and not receiving pharmacological
VTE prophylaxis, though most studies have been small. Thus, our study sought
to establish if pharmacological VTE prophylaxis is effective and safe in patients
with liver disease.
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METHODS
In this retrospective study, 1806 patients were propensity matched to assess if
pharmacological VTE prophylaxis is effective and safe in patients with cirrhosis.
Patients were divided and evaluated based on receipt of pharmacological VTE
prophylaxis.
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RESULTS
The composite primary outcome of VTE or major bleeding was more common in
the no prophylaxis group than the prophylaxis group (8.7% vs 5.1%, P = 0.002),
though this outcome was driven by higher rates of major bleeding (6.9% vs 2.9%,
P < 0.001) rather than VTE (1.9% vs 2.2%, P = 0.62). There was no difference in
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length of stay or in-hospital mortality between groups. Pharmacological VTE
prophylaxis was independently associated with lower rates of major bleeding
(OR = 0.42, 95%CI: 0.25-0.68, P = 0.0005), but was not protective against VTE on
multivariable analysis.
CONCLUSION
Pharmacological VTE prophylaxis was not associated with a significant reduction
in the rate of VTE in patients with liver disease, though no increase in major
bleeding events was observed.
Key words: Fibrosis; Venous thromboembolism; Venous thrombosis; Liver; Embolism
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: While patients with cirrhosis have historically been considered to be
coagulopathic, recent data suggests that these patients may be both hypo- and
hypercoagulable. Recommendation for provision of chemoprophylaxis to prevent venous
thromboembolism (VTE) in this group of patients is lacking. In our study,
pharmacological VTE prophylaxis decreased composite rates of major bleeding and VTE
but was not protective against VTE, further demonstrating the uncertain utility of
chemoprophylaxis in this population.

Citation: Yerke J, Bauer SR, Bass S, Torbic H, Militello M, Roach E, Hanouneh I, Welch S.
Effectiveness of venous thromboembolism prophylaxis in patients with liver disease. World J
Hepatol 2019; 11(4): 379-390
URL: https://www.wjgnet.com/1948-5182/full/v11/i4/379.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i4.379

INTRODUCTION
It is widely recognized that patients with liver disease, particularly end stage, have
acquired bleeding disorders resulting from a reduction of procoagulant factors,
thrombocytopenia, and abnormalities in fibrinolysis[1]. More recently, however, the
risk of venous thromboembolism (VTE) is being recognized and is likely due to
elevations in factor VIII and von Willebrand factor along with a reduction of the
endogenous anticoagulant protein C[1]. Several studies have evaluated the risk of VTE
in patients with end-stage liver disease with varying results ranging from an
incidence of 0.5% to 6.3%[2-9]. Factors that have been implicated in a higher rate of VTE
occurrence include albumin levels < 3 g/dL and concomitant comorbidities,
particularly chronic kidney disease, heart failure, and malignancy[3-5].
These variable findings are likely due to several factors including differences in
severity of liver disease, etiology of liver disease, concomitant comorbidities, and
potentially the receipt of pharmacological VTE prophylaxis. The use of
pharmacological VTE prophylaxis is commonly omitted in patients with end stage
liver disease due to the widely held belief that the risk of bleeding outweighs the
benefit of prophylaxis[6,7,10,11]. Additionally, it is unclear if pharmacological prophylaxis
is effective in preventing thrombosis as it has been shown to be in other patient
populations.
Few studies have evaluated the effectiveness and risk of VTE prophylaxis in
patients with liver disease. Those that have suggest no reduction in rate of VTE
events, but suggest potential increases in the rate of major bleeding[6,7,9,12]. However,
these studies have significant limitations, most notably the lack of defined
prophylactic therapy, defined VTE and bleeding events, heterogeneity among
patients, and small sample size. The net benefit of pharmacological VTE prophylaxis
is of particular interest because VTE events have been shown to confer a higher 30-d
mortality when they occur in a patient with cirrhosis compared to the general
population[13]. Therefore, our study seeks to compare differences in the rate of VTE
and major bleeding between patients with liver disease receiving and not receiving
pharmacological VTE prophylaxis.
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MATERIALS AND METHODS
Study site
This retrospective cohort study was performed at a large, tertiary-care academic
medical center and approved by the Cleveland Clinic Institutional Review Board
(Cleveland, OH, United States). Adult patients admitted for 48 h or more from
November 2008 through July 2015 with discharge International Classification of
Diseases, 9th edition (ICD-9) diagnosis codes corresponding to cirrhotic liver disease
were included in the study. Patients were excluded if they developed an incident VTE
within 48 h of admission, if they had a diagnosis of congenital or acquired
thrombophilia (defined as factor V Leiden, anti-phospholipid syndrome, prothrombin
G20210A, protein C or S deficiency, prothrombin mutation, or anti-thrombin
deficiency) or hemophilia, or if they received treatment dose anticoagulation for any
indication other than an incident VTE. For patients with multiple admissions, the
most recent admission was included for analysis. Patients admitted for liver
transplantation were included up until their transplant.

Outcomes
The primary outcome was the composite rate of incident VTE and major bleeding.
Secondary outcomes included the rate of incident VTE, rate of major bleeding, length
of hospital stay, and rate of in-hospital mortality. Incident VTE was defined as a new
thrombosis occurring 48 h or more after admission, extension of a VTE in a patient
with an untreated prevalent VTE, or additional VTE formation in a patient with an
untreated prevalent VTE. An incident VTE was required to be demonstrated by
unequivocal radiographic imaging by compression ultrasonography, venography,
computed tomography angiography, or ventilation-perfusion scanning[12]. Prevalent
VTE was defined as a documented VTE at admission that was not being treated with
anticoagulation. An incident bleeding event was considered any new-onset major
bleeding event or any major bleeding event that occurred 24 h or more following
hemostasis of a previous bleeding event[12]. For example, if a patient was admitted for
variceal hemorrhage and did not have further bleeding the patient was not regarded
as having incident bleeding, but if the patient developed bleeding more than 24 h
after initial hemostasis the patient was regarded as having incident bleeding. Major
bleeding was defined as bleeding that was symptomatic and at a critical site
(intracranial, intraspinal, intraocular, retroperitoneal, intraarticular, pericardial, or
intramuscular with compartment syndrome), or that required transfusion of at least 2
units of whole red blood or red cells within 24 h[14].

Included patients
Patients were allocated to the pharmacological VTE prophylaxis group if they
received pharmacological prophylaxis for at least 50% of their hospital stay. Patients
receiving prophylaxis less than 50% of their stay were allocated to the no prophylaxis
group. Those experiencing a VTE event were grouped according to receipt or no
receipt of prophylaxis within 48 h prior to the event and those experiencing a
bleeding event were grouped according to receipt or no receipt of prophylaxis in the
24 h prior to the event. All major bleeding and VTE events were identified by the use
of ICD-9 codes and manually verified in the electronic medical record.
Appropriate dosing of prophylactic anticoagulants was considered to be two or
three doses per day of subcutaneous unfractionated heparin 5000 units, one or two
doses per day of subcutaneous enoxaparin 40mg or two doses per day of enoxaparin
30 mg (or renally adjusted equivalent), one dose per day of subcutaneous
fondaparinux 2.5 mg (or renally adjusted equivalent), or aspirin 160mg or more per
day in orthopedic surgery patients.

Statistical analysis
The statistical methods of this study were reviewed by R. Samuel Butler from the
Cleveland Clinic Department of Biostatistics. Assuming a rate of 7.7% for occurrence
of the primary outcome in the no pharmacological VTE prophylaxis group and a rate
of 4.4% in the pharmacological VTE prophylaxis group, a sample of 513 patients
would provide 80% power to detect a 3.3% difference with a two-sided α = 0.05. This
estimate assumes an incidence of VTE of 6.3% in the no prophylaxis group as found
by Dabbagh et al[7] as it was thought that this patient population most closely mirrored
our study population. No study with a similar patient population to our own that
compared incidence of major bleeding in patients with liver disease receiving or not
receiving pharmacological prophylaxis was found, so a rate of 1.4% was chosen for
this portion of the composite primary outcome. Patients were matched in a 1:1 fashion
based on propensity score. Variables included in the propensity score were history of
VTE, baseline platelet count, use of mechanical VTE prophylaxis, baseline model for
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end-stage liver disease (MELD) score, age, the presence of heart failure, the presence
of chronic kidney disease, the presence of lung disease (chronic obstructive
pulmonary disease, asthma, or idiopathic pulmonary fibrosis), and the etiology of
liver disease. Missing data required to calculate the MELD score was considered to be
normal. Univariate analyses were completed using Pearson’s Chi-square test for
categorical variables and analysis of variance for continuous variables. Multivariable
logistic regression was performed to identify independent risk factors for VTE, major
bleeding, and in-hospital mortality.

RESULTS
A total of 9547 patients were identified with ICD-9 codes for liver disease, of which
3114 patients met inclusion criteria. The most common reasons for exclusion were
those already receiving full dose anticoagulation (n = 1090), hospital length of stay
less than 48 h (n = 1504), and liver disease without cirrhotic morphology (n = 3742). Of
the 3114 patients, 903 patients in the prophylaxis group were matched by propensity
score to 903 patients in the no prophylaxis group (Figure 1) and were included in the
analyses. Baseline characteristics according to group are summarized in Table 1.
Patients in the no pharmacological prophylaxis group were less likely to require renal
replacement therapy (24.5% vs 29.6%, P = 0.015) and had a different distribution of
MELD scores (fewer patients with MELD 10-39, more patients with MELD < 10 or ≥
40). Differences in VTE risk score were noted; however, patients in both groups were
predominately categorized as medium (65.4% vs 75.3%) and high risk (20.3% vs 14.2%)
in the no prophylaxis and prophylaxis groups respectively. No difference was noted
in the primary etiology of hepatic disease. Statistically significant differences were
also noted in baseline INR and hemoglobin, but these were considered to be of
negligible clinical significance. All other baseline characteristics were similar between
groups.
Patients in the no prophylaxis group were more likely to experience the composite
endpoint of VTE or major bleeding compared to those in the prophylaxis group (8.7%
vs 5.1%, P = 0.002), although this was driven by an increased rate of major bleeding
events (6.9% vs 2.9%, P < 0.0001) with no difference observed in the rate of VTE events
(1.9% vs 2.2%, P = 0.61). There was no difference in in-hospital mortality (12.1% vs
11.5%, P = 0.72) or hospital length of stay (10.5 ± 12.6 d vs 10.8 ± 14.8 d, P = 0.67)
between groups (Table 2).
Multivariable logistic regression for VTE events (Table 3), bleeding events (Table 4),
and in-hospital mortality (Table 5) was performed. Lower baseline serum albumin
(OR = 0.23, 95%CI: 0.13-0.42, P < 0.0001) was independently associated with
development of VTE events, while decreasing baseline hemoglobin (OR = 0.76,
95%CI: 0.68-0.87, P < 0.0001) and albumin (OR = 0.61, 95%CI: 0.42-0.90) were
independently associated with development of a major bleed. Pharmacological VTE
prophylaxis was independently associated with lower rates of major bleeding (OR =
0.42, 95%CI: 0.25-0.68, P = 0.0005), but was not significantly associated with a
difference in rate of incident VTE (OR = 0.99, 95%CI: 0.48-2.06, P = 0.97).
Risk factors independently associated with in-hospital mortality included
occurrence of the primary endpoint (OR = 2.30, 95%CI: 1.44-3.70, P = 0.0005),
decreasing baseline albumin (OR = 0.68, 95%CI: 0.52-0.88, P = 0.004), and increasing
MELD category (OR = 0.31, 95%CI: 0.13-0.70, P = 0.0005 for comparison of MELD 2029 with MELD > 40).

DISCUSSION
While antihemostatic changes of cirrhosis have been well characterized,
prohemostatic changes have also been more recently recognized[1,15-17]. Although liver
disease associated coagulopathy results in elevated laboratory tests for coagulation,
thrombin generation is not proportionately reduced, leaving some subsets of patients
with a hypercoagulable thrombin generation profile[18-21]. However, the propensity of a
patient to be hypo- or hypercoagulable is challenging to predict, particularly when
using standard laboratory tests of coagulation, such as INR or activated partial
thromboplastin time, that have not been validated in this patient population[7,18,22].
While the incidence of VTE has been well established in patients with cirrhosis,
whether pharmacological VTE prophylaxis should be provided in an attempt to
decrease this incidence is not well known. Major VTE prophylaxis guidelines are
silent on this topic [23] . Therefore, this study was conducted to evaluate whether
patients with cirrhosis experienced net benefit or harm when prophylactic
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Table 1 Baseline characteristics
No prophylaxis(n = 903)

Prophylaxis(n = 903)

Mean age (yr)

60.1 ± 11.9

60.2 ± 11.8

Male

572 (63.3)

535 (59.2)

RRTa

221 (24.5)

267 (29.6)

CKD

226 (25.0)

238 (26.4)

Lung disease

218 (24.1)

218 (24.1)

Heart failure

192 (21.3)

196 (21.7)

MVP

291 (32.2)

286 (31.7)

103 (11.4)

78 (8.6)

26 (2.9)

17 (1.9)

Medium risk

591 (65.4)

680 (75.3)

High risk

183 (20.3)

128 (14.2)

BMI (kg/m2)

24.4 ± 0.20

24.4 ± 0.20

INRc

1.4 ± 0.57

1.3 ± 0.32

Platelet count (k/µL)

144.2 ± 92.5

151.0 ± 97.0

aPTT (s)

34.8 ± 12.0

34.4 ± 10.2

Albumin (g/dL)

2.9 ± 0.70

2.9 ± 0.67

Tbili (mg/dL)

4.0 ± 7.1

3.8 ± 6.6

SCr (mg/dL)

1.5 ± 1.3 a

1.6 ± 1.5

Hemoglobin (g/dL)

10.4 ± 2.3 b

10.7 ± 2.1

VTE risk scorec
Unknown risk score
Low risk

Liver disease etiology
Alcoholic

278 (30.8)

286 (31.7)

NASH

27 (3.0)

22 (2.4)

Acute Hepatitis

35 (3.9)

38 (4.2)

Other1

563 (62.3)

557 (61.7)

Mean MELD score

17.0 ± 9.1

17.4 ± 8.3

20 (2.2)

8 (0.89)

MELD categoryc
MELD > 40
MELD 30-39.9

71 (7.9)

74 (8.2)

MELD 20-29.9

205 (22.7)

233 (25.8)

MELD 10-19.9

338 (37.4)

386 (42.7)

MELD < 10

269 (29.8)

202 (22.4)

Data presented as n (%) or mean ± SD.
1
Other liver disease includes primary sclerosing cholangitis, biliary cirrhosis, cirrhosis due to alpha-1
antitrypsin deficiency, and any other liver disease not included above. This categorization is for the primary
hepatic International Classification of Diseases, 9th edition (ICD-9) code for an admission; all patients had an
ICD-9 code for cirrhosis.
a
P < 0.05 vs prophylaxis group;
b
P < 0.01 vs prophylaxis group;
c
P < 0.001 vs prophylaxis group. RRT: Renal replacement therapy; CKD: Chronic kidney disease; MVP:
Mechanical venous thromboembolism prophylaxis; BMI: Body mass index; INR: International normalized
ratio; aPTT: Activated partial thromboplastin time; Tbili: Total bilirubin; SCr: Serum creatinine; NASH: Nonalcoholic steatohepatitis; MELD: Model for end-stage liver disease.

anticoagulation was provided. We found that those who received pharmacological
prophylaxis experienced the primary outcome of incident VTE or incident major
bleeding less frequently, although this difference was driven by decreased rates of
major bleeding (Table 2).
The overall rate of VTE in our study (2.0%) closely correlates with the incidence
seen in several other studies of patients with liver disease, but was significantly lower
than the VTE rate used in our power analysis[3,5,7,12,24]. Dabbagh et al[7] was chosen to
inform the power analysis as this study contained a large proportion of patients with
Child-Pugh Class C liver disease, which more closely mirrors the liver disease
population seen at our institution. The differences in incidence of VTE may partially
be explained by higher rates of mechanical prophylaxis (31.9% vs 16.3%) in the current
study. Similar to previous data, there was no difference in the incidence of VTE
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Figure 1

Figure 1 Inclusion/exclusion schema. AC: Anticoagulation; LOS: Hospital length of stay; LT: Liver transplantation; ICD-9: International Classification of Diseases,
9th edition.

between the no prophylaxis group and the prophylaxis group (1.9% vs 2.2%, P =
0.62)[6,9,12,25]. While the matched analysis was likely still susceptible to bias due to an
imbalance in baseline characteristics, further correction for between-group differences
by multivariable logistic regression also revealed no difference (OR for VTE in the
prophylaxis group 0.99, 95%CI: 0.48-2.06). This lack of difference when correcting for
other factors may indicate that only minimal, if any, protection from VTE is provided
by pharmacological prophylaxis in patients with cirrhosis.
As noted in previous literature, low baseline serum albumin was independently
associated with VTE development in this population[4,5]. Low baseline serum albumin
was also independently associated with increased odds of major bleeding and inhospital mortality, as has been observed widely throughout the literature[26-30]. These
findings complicate the use of serum albumin as an indicator of appropriateness of
pharmacological prophylaxis. These data may also suggest that patients with severe
liver disease could concomitantly be at elevated risk of bleeding and thrombosis, with
the type of event experienced influenced by acute physiologic insults.
While several different types of liver disease have been associated with increased
risk for thrombosis, little is known about how different types of liver disease compare
to each other in regards to thrombotic risk[31-37]. In addition, very few studies have
evaluated how risk factors for thrombosis have translated to actual thrombotic events.
One large study evaluating nearly 5 million patients with liver disease found an
increased rate of VTE in patients with non-alcoholic liver disease compared to those
with alcoholic liver disease (0.9% vs 0.6%, P < 0.0001) [34] . However, significant
differences in baseline characteristics between the non-alcoholic and alcoholic groups
were present, including age (60 vs 52 years, P < 0.0001), which is a known risk factor
for VTE [34] . Patients with cholestatic cirrhosis have also been shown to be more
hypercoagulable on evaluation by thromboelastography than a cohort of mainly
patients with alcoholic cirrhosis[33]. However, no difference in etiology of cirrhosis was
noted in our study.
Our study found an overall rate of major bleeding of 4.9%, with significantly more
major bleeding events occurring in the no prophylaxis group than in the prophylaxis
group (6.9% vs 2.9%). Overall bleeding rates in a previous study found no significant
difference in rates of any bleeding between those who did not receive prophylaxis
versus those that received prophylaxis (8.1% vs 5.5%, P = 0.258) as well as in rates of
gastrointestinal hemorrhage (3.2% vs 3.0%, P = 0.52)[12]. However, on multivariable
analysis the use of pharmacological prophylaxis was significantly associated with inhospital bleeding (OR = 2.355, 95%CI: 1.116-4.971)[12]. This result contrasts sharply
with our own multivariable analysis, which found that prophylaxis was associated
with a decreased incidence of major bleeding (OR = 0.42, 95%CI: 0.25-0.68).
Importantly, the bleeding definitions used in the respective studies differed, with
Shatzel et al[12] evaluating all bleeding events compared to major bleeding in the
current evaluation. However, these discrepant findings are unlikely explained by
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Table 2 Matched univariate results (n = 903)

VTE or major bleeding
1

VTE

Major Bleeding1

No prophylaxis

Prophylaxis

79 (8.7)a

46 (5.1)

17 (1.9)

20 (2.2)

62 (6.9) b

26 (2.9)

In-hospital mortality

109 (12.1)

104 (11.5)

LOS (d)

10.5 ± 12.6

10.8 ± 14.8

Data presented as n (%) or mean ± SD.
1
One patient in each group experienced both a venous thromboembolism and major bleeding event.
a
P < 0.05 vs prophylaxis group;
b
P < 0.001 vs prophylaxis group. LOS: Hospital length of stay; VTE: Venous thromboembolism.

bleeding definitions[12]. Our study found that lower baseline serum albumin (OR =
0.676, 95%CI: 0.484-0.943) was independently associated with major bleeding, a result
that likely highlights the increased bleeding risk that occurs as cirrhosis severity
progresses. However, this does not explain the difference in major bleeding observed
in the propensity score matched analysis as the mean albumin was not different
between groups. Notably, it does not seem that prophylactic anticoagulation imparted
any additional bleeding risk within our patient population.
There was no difference in in-hospital mortality between those who did not receive
prophylaxis versus those that did (12.1% vs 11.5%, P = 0.72). Factors found to increase
the risk of in-hospital mortality include occurrence of the primary endpoint (OR =
2.30, 95%CI: 1.44-3.70, P = 0.0005), decreasing baseline albumin (OR = 0.68, 95%CI:
0.52-0.88, P = 0.004), and increasing MELD category. A higher incidence of mortality
in patients with hypoalbuminemia has been consistently observed throughout the
literature, a finding that is corroborated by our study[26-30]. Overall, these findings seem
to suggest that progression of cirrhosis leads to worsened outcomes in regards to VTE
and bleeding events as well as in-hospital mortality.
The results of our study can be applied clinically in many ways. First, decreased
serum albumin has consistently been shown to be an independent risk factor for VTE
within this population, and was also associated with increased odds of major bleeding
and in-hospital mortality. While these results may not be useful in stratifying patients
that should receive pharmacological prophylaxis from those that should not, they can
help provide insight into patients that require mechanical prophylaxis, as well as
heighten the clinician’s suspicion of VTE if signs and symptoms meet this clinical
picture. Second, these data suggest that pharmacological VTE prophylaxis is safe in
patients with cirrhosis, as patients that received prophylaxis did not experience
increased risk of major bleeding. However, efficacy of pharmacological prophylaxis
within this population was not established by this study. Finally, our findings suggest
that a validated risk tool, such as the Padua Predictive Score, may be more useful in
stratifying liver disease patients at risk for VTE[9,12,38].
Our study has several limitations. First, this retrospective review is subject to
inherent flaws of the study design; we were reliant on the accuracy of the medication
administration record for group allocation. Second, although selection bias was
minimized through propensity matching, baseline differences between groups
remained. Despite efforts to collect a comprehensive list of baseline characteristics,
there may be additional unaccounted differences that influenced the clinician’s
decision to administer prophylaxis. Additionally, while absolute standardized
differences of baseline characteristics between groups decreased following propensity
score matching, some differences remained (Table 6). While we made every effort to
make the prophylaxis and no prophylaxis groups as similar as possible, the chance
remains that there is a fundamental difference in the patient populations for which we
could not account. Thirdly, few patients in this study received low molecular weight
heparin. A previous study, primarily evaluating bleeding risk associated with
pharmacological prophylaxis, found that patients receiving unfractionated heparin,
but not low molecular weight heparin, were at an increased risk of in-hospital
bleeding events [12] . This finding may in part be explained by a greater effect on
thrombin generation with unfractionated heparin when compared to low molecular
weight heparin, suggesting a more potent anticoagulant effect for unfractionated
heparin in cirrhotic patients [20] . Therefore, our results should only be applied to
patient’s receiving unfractionated heparin. A VTE risk scoring tool that includes risk
factors similar to those included in the Caprini score and Padua predictive score was
used to evaluate patients within our study [ 3 8 , 3 9 ] . This tool was developed,
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Table 3 Multivariable analysis of risk factors for development of venous thromboembolism in
patients with hepatic cirrhosis
OR

95%CI

Prophylaxis group

0.99

0.48-2.06

BMI (kg/m2)

2.33

0.38-14.13

Baseline albumin (g/dL)

0.23

0.13-0.42

Baseline hemoglobin (g/dL)

1.18

0.99-1.41

Male sex

1.57

0.68-3.61

MELD: Model for end-stage liver disease; BMI: Body mass index.

implemented, and validated at the study site, but has not been evaluated within a
population of patients with liver disease. Because a validated VTE risk score for this
population was not collected and analyzed, it is possible that there was a difference in
baseline VTE risk for which we could not account. However, baseline characteristics
that were collected that are risk factors for VTE (such as hospital length of stay and
comorbidities) were balanced between groups. Finally, our study relied on ICD-9
codes to identify all patient diagnoses, including liver disease, VTE and bleeding
events, and comorbid conditions. Although this is consistent with other studies on
this topic, confirmation of clinical conditions aside from VTE and bleeding events was
not manually performed. Additionally, validation of these events was only completed
if events had appropriate ICD-9 codes, leaving us unable to account for events that
were not documented appropriately.
Our study does have some notable strengths. Incident VTE and major bleeding
were clearly defined and confirmed by manual chart review. Second, our study had
clear definitions for what constituted prophylaxis and no prophylaxis. Third, baseline
albumin and comorbid conditions, factors known to increase the risk of VTE in liver
disease, were well balanced between groups, decreasing the risk that these variables
could have confounded the results. Finally, our study included patients with varying
degrees and etiologies of liver disease making these results more generalizable.
In conclusion, patients receiving pharmacological VTE prophylaxis experienced a
lower rate of the composite endpoint of VTE and major bleeding, though this was
driven by a reduction in the rate of major bleeding. Pharmacological VTE prophylaxis
was not associated with a significant reduction in the rate of VTE in patients with liver
disease, but was also not associated with an increase in rates of major bleeding.
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Table 4 Multivariable analysis of risk factors for development of a major bleed in patients with hepatic cirrhosis
OR

95%CI

Prophylaxis group

0.42

0.25-0.68

Baseline albumin (g/dL)

0.61

0.42-0.90

Baseline hemoglobin (g/dL)

0.77

0.68-0.87

BMI (kg/m2)

0.49

0.16-1.53

Male sex

0.87

0.54-1.39

MELD < 10

0.07

0.02-0.21

MELD 10-19

0.07

0.03-0.18

MELD 20-29

0.19

0.07-0.49

MELD 30-39

0.43

0.16-1.15

All MELD categories compared to MELD score > 40

MELD: Model for end-stage liver disease; BMI: Body mass index.

Table 5 Multivariable analysis of risk factors for in-hospital mortality in patients with hepatic cirrhosis
OR

95%CI

Prophylaxis group

1.03

0.73-1.43

Baseline albumin (g/dL)

0.68

0.52-0.88

Baseline hemoglobin (g/dL)

1.00

0.92-1.08

Male sex

1.00

0.71-1.42

Occurrence of primary endpoint

2.30

1.44-3.68

MELD < 10

0.05

0.02-0.14

MELD 10-19

0.09

0.04-0.21

MELD 20-29

0.31

0.13-0.70

MELD 30-39

0.93

0.39-2.20

All MELD categories compared to MELD score > 40

MELD: Model for end-stage liver disease.

Table 6 Absolute standardized differences in baseline characteristics before and after propensity score matching
Unmatched
No prophylaxis

Matched

Prophylaxis

No prophylaxis

Prophylaxis

(n = 903)

(n = 903)

ASD

ASD

(n = 2166)

(n = 948)

Age (yr)

58.1 ± 11.6

60.3 ± 11.8

0.153

60.1 ± 11.9

60.2 ± 11.8

0.00844

Male

1349 (62.3)

561(59.2)

0.0639

572 (63.3)

535 (59.2)

0.0842

RRT

819 (37.8)

270 (28.5)

0.199

221 (24.5)

267 (29.6)

0.115

CKD

577 (26.6)

247 (26.1)

0.0133

226 (25.0)

238 (26.4)

0.0304

Lung disease

397 (18.3)

236 (24.9)

0.160

218 (24.1)

218 (24.1)

0.000

Heart failure

360 (16.6)

210 (22.2)

0.140

192 (21.3)

196 (21.7)

0.0108

MVP

755 (34.9)

300 (31.6)

0.0682

291 (32.2)

286 (31.7)

0.0119

447 (20.6)

80 (8.4)

103 (11.4)

78 (8.6)

86 (4.0)

17 (1.8)

26 (2.9)

17 (1.9)

Medium

1341 (61.9)

716 (75.5)

591 (65.4)

680 (75.3)

High

292 (13.5)

135 (14.2)

183 (20.3)

128 (14.2)

BMI (kg/m2)

24.2 ± 0.19

24.4 ± 0.20

0.0180

24.4 ± 0.20

24.4 ± 0.20

0.00

INR

1.51 ± 0.67

1.27 ± 0.31

0.478

1.4 ± 0.57

1.3 ± 0.32

0.216

Platelet count (k/µL)

108.3 ± 76.2

159.8 ± 108.0

0.551

144.2 ± 92.5

151.0 ± 97.0

0.0718

aPTT (s)

37.68 ± 13.6

34.3 ± 10.1

0.282

34.8 ± 12.0

34.4 ± 10.2

0.0359

VTE risk score

0.390

Unknown
Low
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Albumin (g/dL)

2.8 ± 0.70

2.9 ± 0.68

0.118

2.9 ± 0.70

2.9 ± 0.67

0.00

Tbili (mg/dL)

5.88 ± 8.57

3.68 ± 6.49

0.288

4.0 ± 7.1

3.8 ± 6.6

0.0292

SCr (mg/dL)

1.65 ± 1.41

1.59 ± 1.50

0.0414

1.5 ± 1.3

1.6 ± 1.5

0.0713

Hemoglobin (g/dL)

10.0 ± 2.3

10.7 ± 2.1

0.269

10.4 ± 2.3

10.7 ± 2.1

Liver disease etiology
Alcoholic
NASH
1

Other

Acute hepatitis
MELD score

0.0964
745 (34.4)

296 (31.2)

278 (30.8)

286 (31.7)

75 (3.5)

25 (2.6)

27 (3.0)

22 (2.4)

1239 (57.2)

585 (61.7)

563 (62.3)

557 (61.7)

107 (4.9)

42 (4.4)

35 (3.9)

38 (4.2)

21.1 ± 10.3

17.2 ± 8.3

17.0 ± 9.1

17.4 ± 8.3

0.422

MELD category

0.136
0.0416

0.431

0.0459
0.210

>40

102 (4.7)

8 (0.8)

20 (2.2)

30-39

364 (16.8)

74 (7.8)

71 (7.9)

8 (0.89)
74 (8.2)

20-29

637 (29.4)

238 (25.1)

205 (22.7)

233 (25.8)

10-19

692 (31.9)

402 (42.4)

338 (37.4)

386 (42.7)

< 10

371 (17.1)

226 (23.8)

269 (29.8)

202 (22.4)

Data presented as n (%) or mean ± SD.
1
Other liver disease includes primary sclerosing cholangitis, biliary cirrhosis, cirrhosis due to alpha-1 antitrypsin deficiency, and any other liver disease not
included above. RRT: Renal replacement therapy; CKD: Chronic kidney disease; MVP: Mechanical venous thromboembolism prophylaxis; BMI: Body mass
index; INR: International normalized ratio; aPTT: Activated partial thromboplastin time; Tbili: Total bilirubin; SCr: Serum creatinine; NASH: Non-alcoholic
steatohepatitis; MELD: Model for end-stage liver disease; ASD: Absolute standardized difference.

ARTICLE HIGHLIGHTS
Research background
Hepatic cirrhosis has historically been considered a coagulopathic disease, as traditional
measurements of coagulation are often deranged. However, more recent literature suggests an
altered coagulation cascade that may be tipped toward thrombosis or bleeding based on acute
insults. Major venous thromboembolism (VTE) prophylaxis guidelines currently make no
recommendation on whether to provide pharmacological prophylaxis to hospitalized cirrhotic
patients. This study sought to improve on previously published retrospective data that has
studied this topic, and attempted to provide data about whether pharmacological prophylaxis
provides net clinical benefit or causes harm in a cirrhotic population.

Research motivation
The main problem that this study attempted to solve is whether pharmacological VTE
prophylaxis prevents thrombotic events in patients with cirrhosis without causing a significant
additional bleeding burden. Solving this problem could provide clarity in regards to the optimal
strategy to prevent thrombotic events in cirrhotic patients.

Research objectives
The main objective of this study was to determine whether pharmacological VTE prophylaxis
was beneficial overall to cirrhotic patients. This was assessed using a composite outcome of
incident VTE and incident major bleeding, as the authors considered either of the events
included in the composite outcome to be similarly detrimental to a patient. We feel that this
study evaluated the benefits of pharmacological prophylaxis to the best of the capabilities of a
retrospective study, and showed no harm to patients receiving prophylactic anticoagulation. Our
findings could be used to demonstrate that pharmacological prophylaxis is likely safe in a
population such as ours, which could allow for a future prospective, randomized controlled trial
to be completed in an ethical manner.

Research methods
This study was a retrospective, cohort trial of patients with cirrhosis that received or did not
receive pharmacological VTE prophylaxis during a hospitalization for any indication. Cirrhosis
and other baseline past medical history that may have contributed to bleeding or thrombosis
were identified using ICD-9 codes. Incident major bleeding and incident VTE were identified
using ICD-9 codes and verified in the patient’s medical record by reviewing relevant imaging
reports and lab values. We attempted to balance the patient groups by performing propensity
score matching, and to account for any additional imbalance through multivariable logistic
regression.

Research results
Baseline characteristics were largely balanced when comparing groups. Our primary outcome
(the composite of incident major bleeding or incident VTE) was found to occur significantly less
frequently in the prophylaxis group than in the no prophylaxis group (5.1 vs 8.7%, P < 0.05),
though this result was driven largely by a higher rate of major bleeding in the no prophylaxis
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group. This result was confirmed on multivariable analysis, as receipt of pharmacological
prophylaxis was significantly associated with a lower odds of major bleeding (though no
significant association with pharmacological prophylaxis was noted on multivariable analysis of
VTE).

Research conclusions
The major finding of this study was that pharmacological VTE prophylaxis did not increase the
incidence of major bleeding in a large cohort of hospitalized cirrhotic patients. This challenges
the historical idea that pharmacological prophylaxis should be withheld from cirrhotic patients
due to an increased bleeding risk, and is more in line with recent findings that while cirrhotic
patients have an altered coagulation cascade, they are at risk for both thrombotic and bleeding
complications depending on acute insults. This finding could be the impetus for a large,
randomized controlled trial in this patient population that could better answer the question of
whether prophylactic anticoagulation truly prevents incident thrombotic events in a cirrhotic
population.

Research perspectives
We feel that the only way to definitively answer the question of whether pharmacological
prophylaxis is effective in preventing incident thrombotic events in a cirrhotic population is
through a randomized, controlled trial. However, we feel that the lack of an increase in bleeding
complications observed in this study is significant, and should allow for the pursuit of such a
study without significant concern for harming a cirrhotic population similar to ours by
providing pharmacologic VTE prophylaxis.
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Abstract
BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) includes two distinct conditions, with
different histologic features and prognosis: non-alcoholic fatty liver (NAFL) and
non-alcoholic steatohepatitis (NASH). Furthermore, NASH is the more
aggressive necro-inflammatory form, which may accumulate fibrosis and result
in End stage liver disease (ESLD). NAFLD is also linked to systemic
inflammatory conditions such as psoriasis. NAFLD is currently the most common
cause of ESLD in Western countries, becoming a serious public health concern.
Hidradenitis suppurativa (HS) is a systemic inflammatory/autoinflammatory
disease of the terminal follicular epithelium of the apocrine gland with a
prevalence of 0.05% to 4.10%. Due to its systemic inflammatory behavior several
comorbidities were recently associated, however liver ones were scarcely
assessed.
AIM
To evaluate the prevalence and characteristics of NASH/NAFL in HS patients.
METHODS
This retrospective study is a sub-analysis of a larger study carried out in 4 Italian
dermatological centers. In this cohort, there were 83 patients: 51 patients with HS
only, 20 patients with HS/NAFL and 12 with HS/NASH.
RESULTS
Inflammatory comorbidities were present in 3.9% of HS only patients, 25% of
HS/NAFL patients and 58.3% of HS/NASH patients (P < 0.001). Similarly, mean
Autoinflammatory Disease Damage Index (ADDI) was significantly higher
among patients with HS/NASH (5.3 ± 2.2, P < 0.001) compared to patients with
HS/NAFL or HS only (2.8 ± 1.6 and 2.6 ± 1.4 respectively). Furthermore, ADDI
correlates with IHS4 in HS, HS/NAFL and HS/NASH. Diabetic patients have
higher Hurley score than not diabetic ones. Ultrasound examination was
significantly different in the three groups.
CONCLUSION
HS patients displayed a high prevalence of NASH/NAFLD and ultrasound
examination should be particularly addressed to patients that display high ADDI
scores.
Key words: Non-alcoholic steatohepatitis; Non-alcoholic fatty liver; Nonalcoholic fatty
liver disease; End stage liver disease; Hidradenitis suppurativa
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Nonalcoholic fatty liver disease (NAFLD), in its two variants non-alcoholic
fatty liver and non-alcoholic steatohepatitis, is often linked to systemic inflammatory
conditions, such as psoriasis. Remarkably, hidradenitis suppurativa (HS) is a new
affirming systemic inflammatory disorder of the follicular epithelium of skin apocrine
glands with a prevalence in normal population ranging from 0.05% to 4.10%.
Furthermore, HS patients display a significant comorbidities burden (e.g., cardiovascular
risk, metabolic syndrome, diabetes, and spondyloarthritis) but the association with
NAFLD was not previously investigated. This is the first study which evaluated NAFLD
prevalence and its characteristics in HS patients.

Citation: Damiani G, Leone S, Fajgenbaum K, Bragazzi NL, Pacifico A, Conic RR, Pigatto
PD, Maiorana C, Poli P, Berti E, Pace MC, Malagoli P, Bettoli V, Fiore M. Nonalcoholic
fatty liver disease prevalence in an Italian cohort of patients with hidradenitis suppurativa: A
multi-center retrospective analysis. World J Hepatol 2019; 11(4): 391-401
URL: https://www.wjgnet.com/1948-5182/full/v11/i4/391.htm
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) includes two distinct entities, with different
histologic clues and prognosis: non-alcoholic fatty liver (NAFL) and non-alcoholic
steatohepatitis (NASH), the more aggressive necro-inflammatory form, which may
accumulate fibrosis and result in End stage liver disease (ESLD) and its complications,
including hepatocellular carcinoma (HCC)[1].
Nowadays, NAFLD represents the main cause of chronic liver disease in Europe
and North America, where is found in 17%-30% of the population, worldwide the
prevalence is 2%-4% of the population becoming a serious public health concern[2].
Evidences suggest that NAFLD is the hepatic sign of metabolic syndrome; therefore,
is linked not only with an increase of liver-related mortality, but also of the overall
mortality. Noninvasive techniques, such as biological tests and elastography can be
used for the evaluation of NAFLD patients. Today, liver biopsy (diagnostic gold
standard) should be recommended in selected cases.
Patients with NAFLD would benefit from their lifestyle changes by progressive
weight loss through exercise and low sugar and fat intake. Pharmacotherapy should
be reserved for patients with significant fibrosis. Unfortunately, there are no Food and
Drug Administration (FDA) approved therapies[3].
Hidradenitis suppurativa (HS) is a systemic, chronic, inflammatory/autoinflammatory disease with a relapsing remitting behavior and a deep impact on patient's
quality of life. Despite its elusive pathogenesis, clinical manifestations are clear and
space from painful nodules to fistula, mainly involving areas rich in apocrine glandbearing, such as armpits, inguinal and anogenital regions (Dessau definition)[4-6]. HS is
an affirming systemic inflammatory disease and this idea was sustained by the recent
acquisitions in the pathogenesis[7], epidemiology[8] and therapy[9]. Until recently, it was
considered to be a rare disease with a prevalence cited as approximately 1% [10] .
Actually, the prevalence of HS seems to be greater varying from 0.05% to 4.10%; this
variability is intrinsically affected by study type, being lower in retrospectively
designed studies and the higher in prospective or self-reported ones[11].
European guidelines for the management of HS have been published[12]: No therapy
is actually able to guaranty a high rate of complete disease remission. As for patients
with NAFLD also patients with HS would benefit from their lifestyle changes by
losing weight. Furthermore, topical and systemic antibiotics, injected corticosteroids,
or biologics and other systemic treatments may be used. Oral antibiotics may be used
to help prevent new lesions. Moderate stages may be treated with oral antibiotics, oral
retinoids such as isotretinoin, hormonal therapy, and/or surgery[11,12]. For moderate to
severe disease, target therapy directed against TNF-alpha proteins which are involved
in the inflammation process are used: adalimumab has been approved by the FDA as
orphan product for HS treatment. Adalimumab, a TNF blocker, is actually the only
biologic drug approved in Italy for HS patients and notable in October 2018 it
received an extension also for children over 12 years old[13]. Due to the increased body
of comorbidities currently associated with HS[14,15], the liver metabolic comorbidities
were neglected.
NAFLD is considered a multisystem pathology increasing the risk of diabetes
mellitus, cardiovascular and chronic renal disorders, diseases with an increased
incidence in HS patients[16].
Over the last decade, it has been growing the evidence that NAFLD is associated
with psoriasis, another systemic chronic inflammatory disease[17-19]. Despite the high
incidence of NAFLD and the current evidence that HS is not an uncommon disease,
there are currently no studies in the literature investigating the association between
NAFLD and chronic skin diseases other than psoriasis.

MATERIALS AND METHODS
Study population
This retrospective study is a sub-analysis of a larger one carried out in the Department
of Dermatology of Ospedale Maggiore Policlinico at the beginning and after extended
to other 3 primary dermatological Italian centers, namely San Donato Hospital, San
Gallicano Hospital and Galeazzi Hospital. The study started in January 2018 and
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ended in December 2018. Patients were recruited by filling the recently proposed
visual-aided questionnaire for the self- assessment of HS[20]. The positive patients were
after assessed in a dedicated HS-Lab. The diagnosis of HS was performed by two
independent board-certified dermatologists following the Dessau criteria[21]. The
inclusion criteria comprehended HS diagnosis, Alcohol Use Disorders Identification
Test (AUDIT) < 8[22], last 3 complete blood count (CBC) available with transaminases.
The exclusion criteria comprehended AUDIT score > 7, pre-existent hepatic cirrhosis,
viral hepatitis (B, C and E) and recent drug-related hepatitis (< 5 years), congenital
hepatic malformations, hepatic or cholangitic autoimmune conditions.
All patients underwent a hepatologic visit and ultrasonographic (US) evaluation of
the liver. Patients with raised liver enzymes underwent liver biopsy to evaluate the
presence of NAFLD according the European Association for the Study of the Liver
(EASL), European Association for the Study of Diabetes (EASD) and European
Association for the Study of Obesity (EASO) Clinical Practice Guidelines for the
management of NAFLD[23]. Patients were also screened for diabetes, a predisposing
factor for NASH and NAFLD. Diabetes diagnosis was performed following these
criteria: a random blood sugar level of equal or greater than 200 mg/dL or 11.1
mmol/L or fasting blood sugar test of 126 mg/dL (7 mmol/L) or higher on two
separate tests or oral sugar test of equal of higher than 200 mg/dL (11.1 mmol/L)
after two hours.

Outcomes of the study
During dermatological assessment, besides demographics, drug-history and
comorbidities, were collected HS clinical phenotypes[24], static score as Hurley[25],
dynamic score as international HS 4 (iHS4)[26], the Autoinflammatory Disease Damage
Index (ADDI)[27,28] and Dermatology Life Quality Index (DLQI)[29].

Statistical analysis
Variables were described as number and/or percentages. All variables were
preliminarily assessed with Shapiro-Wilk test to establish the parametric behavior.
The Wilcoxon-Mann-Whitney test was employed to deal with quantitative variables,
whilst Fisher’s exact test was applied with qualitative variables comparison. A P value
< 0.05 was considered significant. The analysis was performed with the statistical
software SPSS ver. 20.0 (Armonk, NY: IBM Corp.).

RESULTS
Demographics and clinical characteristics were summarized in Table 1. Interestingly
from the pool of 86 patients that had a positive visual-aided questionnaire for the selfassessment of HS, after clinical assessment we enrolled 83 HS patients with the above
HS clinical phenotypes: 54 regular type, 6 frictional type, 10 scarring folliculitis type, 5
conglobata type, 5 syndromic type, 3 ectopic type.
In this cohort, there were 51 patients with HS only, 20 patients with HS and NAFL
(HS/NAFL) and 12 with HS and NASH (HS/NASH)(Table 1). The groups were
predominantly composed by females, in fact males were 33.3% of HS only, 43.8%
HS/NAFLD, 41.7% HS/NAFL and 45% HS/NASH patients being female and did not
display significant difference (P = 0.62, P = 0.52, P = 84). The average age between
groups was similar (HS only 43 ± 8.9; HS/NAFLD 41.3 ± 9.0; HS/NAFL 40.6 ± 10.3;
HS/NASH 41.6 ± 7.4, P = 0.56). Patients also had similar Body Mass Index (BMI) with
HS only having an average BMI of 28.3 ± 2.5 kg/m2, HS/NAFLD patients being 27.6 ±
1.9 kg/m2 (P = 0.38), HS/NAFL 27.6 ± 1.7 kg/m2 (P = 0.22) and HS/NASH having
27.6 ± 2.7 kg/m2 (P = 0.38). Diabetes was present in 24% of HS only patients, 30% of
HS/NAFL and 25% of HS/NASH patients. Inflammatory comorbidities (Table 1)
were present in 3.9% of HS only patients, 37.5% of HS/NAFLD, 25% of HS/NAFL
patients and 58.3% of HS/NASH patients with a statistically different prevalence (P <
0.001). Specifically, in HS only patients one had acne conglobata and 1 patient had
lichen sclerosus; while in HS/NAFL there was one patient with Crohn’s disease, 1
with Pyoderma gangrenosum, Acne, and Hidradenitis Suppurativa (PASH), 1 with
psoriasis, 1 with spondyloarthritis and 1 with uveitis. Finally, of the HS/NASH
patients, 1 had Crohn’s disease, 4 had PASH, 1 had psoriasis and 1 had
spondyloarthritis.
The average IHS4 score among HS/NASH patients (12.7 ± 3.6, P = 0.03) was the
highest, while it was similar among those with HS only and HS/NAFL patients (9.6 ±
3.6 and 9.4 ± 3.9 respectively, P = 0.86). Likewise, mean ADDI was significantly higher
among HS/NASH patients (5.3 ± 2.2, P < 0.001) compared to HS only and HS/NAFL
patients (2.8 ± 1.6 and 2.6 ± 1.4 respectively) (Table 1). There were no significant
differences in Hurley score, however 83% of HS/NASH patients had a Hurley score
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Table 1 Characteristics of 83 patients with hidradenitis suppurative, Nonalcoholic fatty liver and Nonalcoholic steatohepatitis and
intercalsses charactersitics
HS only
n
Age, mean(SD)

NAFLD

51

32

43.04 (8.9)

41.32 (9.0)

P value

NASH

0.564

41.58 (7.4)

P value

NAFL

0.602

40.55 (10.3)

12

Age cat (%)

20

0.646

< 30

3 (5.9)

30-39
40-49
> 50

14 (27.5)

6 (18.8)

Male, n (%)

17 (33.3)

14 (43.8)

0.623

P value

0.463

0.315
0.629

4 (12.5)

1 (8.3)

3 (15.0)

16 (31.4)

8 (25.0)

2 (16.7)

6 (30)

18 (35.3)

14 (43.8)

7 (58.3)

7 (35.0)

2 (16.7)

4 (20.0)

5 (41.7)

0.835

9 (45.0)

0.52

Diabetes, n (%)

12 (23.5)

9 (28.1)

0.853

3 (25.0)

0.764

6 (30.0)

0.794

BMI, mean(SD)

28.31 (2.5)

27.56 (1.9)

0.381

27.58 (2.7)

0.376

27.55 (1.7)

0.218

bmi_cat (%)

0.559

Normal Weight
Overweight
Obese

0.515

0.384

4 (7.8)

4 (12.5)

2 (16.7)

2 (10.0)

38 (74.5)

26 (81.3)

9 (75.0)

17 (85.0)

9 (17.6)

2 (6.3)

9.57 (3.6)

11.32 (2.8)

5 (9.8)

3 (9.4)

1 (8.3)

2 (10.0)

Moderate

24 (47.1)

10 (31.3)

0 (0)

10 (50.0)

Severe

22 (43.1)

19 (59.4)

IHS4, mean(SD)

1 (8.3)
0.025

IHS4 cat (%)

12.67 (3.6)

0.028

Mild

1 (5.0)
0.009
0.007

11 (91.7)

Hurley (%)

9.40 (3.9).

0.494

0.861
0.97

8 (40)
0.197

0.785

1

5 (9.8)

3 (9.4)

1 (8.3)

2 (10.0)

2

24 (47.1)

6 (18.8)

1 (8.3)

5 (25.0)

3

22 (43.1)

23 (71.9)

Elevated_liver_enzymes, n (%)

19 (37.3)

9 (28.1)

0.617

4 (33.3)

0.998

5 (25.0)

0.482

ADDI_score, mean(SD)

2.55 (1.4)

3.72 (1.8)

< 0.001

5.33 (2.2)

< 0.001

2.75 (1.6)

0.603

2 (3.9)

12 (37.5)

< 0.001

7 (58.3)

< 0.001

5 (25.0)

0.025

1 (2.0)

0 (0)

0 (0)

0 (0)

0 (0)

2 (6.3)

1 (8.3)

1 (5.0)

Inflammatory comorbidities, n (%)

10 (83.3)

In detail (%)

0.001

Acne conglobata
Crohn disease
Lichen sclerosus

13 (65.0)

< 0.001

0.047

1 (2.0)

0 (0)

0 (0)

0 (0)

PASH

0 (0)

5 (15.6)

4 (33.3)

1 (5.0)

Psoriasis

0 (0)

2 (6.3)

1 (8.3)

1 (5.0)

Spondyloarthritis

0 (0)

2 (6.3)

1 (8.3)

1 (5.0)

Uveitis

0 (0)

1 (3.1)

11 (21.6)

32 (100.0)

< 0.001

12 (100.0)

NASH

0 (0)

12 (37.5)

< 0.001

12 (100.0)

0 (0)

NAFL

0 (0)

20 (62.5)

< 0.001

0 (0)

20 (100.0)

Positive ultrasound, n (%)

0 (0)

1 (5.0)
< 0.001

20 (100.0)

< 0.001

ADDI: Autoinflammatory disease damage index; BMI: Body mass index; HS: Hidradenitis suppurativa; IHS4: International Hidradenitis Suppurativa
Severity Scoring System, NASH: NonAlcoholic SteatoHepatitis, NAFL: NonAlcoholic Fatty Liver, PASH: Pyoderma gangrenosum, Acne, and hidradenitis
suppurativa; SD: Standard deviation. Normal weight: 18.5–24.9 kg/m2, Overweight: 25–29.9 kg/m2 Obese: >29. 9 kg/m2.

of 3, whereas only 65% of HS/NAFL and 57% of HS only patients had a Hurley score
of 3 (P = 0.49). Presence of elevated liver enzymes was similar among the three groups
(HS only 37.3%; HS/NAFL 25%; HS/NASH 33.3%, P = 0.62). Finally, ultrasound
revealed a bright liver in 22% of HS only patients and all HS/NAFL and HS/NASH
patients (P < 0.001).
HS only and HS/NAFL patients displayed a significant difference in inflammatory
comorbidities (P = 0.025) and positivity of ultrasound (P < 0.001) (Table 1).
HS/NASH compared with patients with HS only displayed a significant difference
in IHS4 (P = 0.009), ADDI (P < 0.001), inflammatory comorbidities rate (P < 0.001) and
ultrasound positivity (P < 0.001) (Table 1).
HS patients with and without diabetes had a significant difference only in Hurley
stage (P = 0.022) (Table 2).
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Table 2 Differences among hidradenitis suppurativa patients with and without diabetes
Non diabetes
n
Age, mean(SD)

Diabetes

62

21

42.44 (9.4)

41.62 (8.2)

Age cat (%)

P value

0.722
0.203

< 30

4 ( 6.5)

3 (14.3)

> 50

17 (27.4)

3 (14.3)

30-39

20 (32.3)

4 (19.0)

40-49

21 (33.9)

11 (52.4)

Male, n (%)

21 (33.9)

10 ( 47.6)

0.387

Diabetes, n (%)

0 ( 0.0)

21 (100.0)

<0.001

BMI, mean(SD)

28.10 (2.6)

27.81 (1.4)

0.636

8 (12.9)

0 ( 0.0)

bmi_cat (%)

0.161

Normal Weight
Obese

9 (14.5)

2 ( 9.5)

Overweight

45 (72.6)

19 ( 90.5)

10.37 (3.6)

8.81 (4.1)

4 ( 6.5)

4 ( 19.0)

Moderate

23 (37.1)

11 ( 52.4)

Severe

35 (56.5)

6 ( 28.6)

1

4 ( 6.5)

4 ( 19.0)

2

14 (22.6)

9 ( 42.9)

3

44 (71.0)

8 ( 38.1)

Elevated_liver_enzymes, n (%)

21 (33.9)

7 ( 33.3)

1

ADDI_score, mean(SD)

3.13 (1.8)

2.62 (2.0)

0.275

9 (14.5)

5 ( 23.8)

0.518

53 (85.5)

16 ( 76.2)

Acne conglobata

1 ( 1.6)

0 ( 0.0)

Crohn

1 ( 1.6)

1 ( 4.8)

Lichen sclerosus

0 ( 0.0)

1 ( 4.8)

PASH

4 ( 6.5)

1 ( 4.8)

Psoriasis

1 ( 1.6)

1 ( 4.8)

Spondyloarthritis

1 ( 1.6)

1 ( 4.8)

Uveitis

1 ( 1.6)

0 ( 0.0)

31 (50.0)

12 ( 57.1)

NASH, n (%)

9 (14.5)

3 ( 14.3)

1

NAFL, n (%)

14 (22.6)

6 ( 28.6)

0.795

IHS4, mean(SD)
IHS4 cat, n (%)

0.101
0.051

Mild

Hurley, n (%)

0.022

Inflammatory comorbidities, n (%)
In.detail, n (%)

0.563

Positive_ultrasound, n (%)

Disease, n (%)

0.754

0.853

HS only

39 (62.9)

12 ( 57.1)

NAFL

14 (22.6)

6 ( 28.6)

NASH

9 (14.5)

3 ( 14.3)

ADDI: Autoinflammatory Disease Damage Index; BMI: Body mass index; HS: Hidradenitis suppurativa;
IHS4: International Hidradenitis Suppurativa Severity Scoring System; NASH: Non-alcoholic steatohepatitis;
NAFL: Nonalcoholic fatty liver; PASH: Pyoderma gangrenosum, Acne, and hidradenitis suppurativa; SD:
Standard deviation. Normal weight: 18.5–24.9 kg/m2; Overweight: 25-29.9 kg/m2; Obese: > 29.9 kg/m2.

Age had a significant moderately positive correlation with ADDI among HS/NAFL
patients (r = 0.57, P = 0.05). Next, BMI and ADDI were moderately negatively
correlated in HS patients with inflammatory comorbidities (R2 = 0.43, Figure 1).
BMI and ADDI were weakly negatively correlated in patients with HS only (r = 0.25, P = 0.05) and in those who had HS and diabetes (r = -0.46, P = 0.04). Correlation
between BMI and IHS4, age and IHS4, BMI and ADDI, among the three groups was
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Figure 1

Figure 1 Correlation between body mass index and Autoinflammatory Disease Damage Index among patients with hidradenitis suppurative (HS) only, or
HS with other inflammatory comorbidity.

not significant. In addition, correlation between BMI and IHS4, age and IHS4, age and
ADDI based on presence of other inflammatory comorbidity was not significant.
Finally, BMI and IHS4, age and IHS4, age and ADDI based on diabetes status was not
significant.
Hurley score and categorical IHS4 score had good overlap in Hurley 1 and 2 scores,
with 8 Hurley 1 patients also having mild IHS4 categorical score, 22 (96%) Hurley 2
patients having a moderate IHS4 categorical score, and 1 (4%) Hurley 2 patient having
a severe IHS4 categorical score. However, among 52 patients with Hurley score 3, 12
(23%) were considered moderate IHS4, and 40 (77%) were considered severe (P <
0.001). Average ADDI score among Hurley 1 patients was 0.75 ± 1.2, 1.9 ± 1.4 among
Hurley 2 patients and 3.8 ± 1.6 among Hurley 3 patients (P < 0.001).
There was a moderate correlation between IHS4 and ADDI scores among all 3
groups [R2 = 0.48 (P < 0.001) for HS only; R2 = 0.51(P < 0.001), for HS/NAFL; R2 = 0.57
(P < 0.001), for HS/NASH, Figure 2].

DISCUSSION
In our cohort of HS patients, for the first time, was described a 38,5% NAFLD
prevalence: 24% of NAFL and 14,5% of NASH. Likewise, in psoriasis, HS patients
with NAFLD displayed the higher severity scores, namely IHS4 and ADDI. These
findings, together with pathogenetic[7], epidemiologic[8] and therapeutic[9] evidences,
further confirm the recent idea that HS is a systemic inflammatory disease. NAFLD is
the main entity to cause ESLD in Europe and North America, this is easy to predict
that it will become the most frequent liver transplantation indication by 2030[16].
Although the weight of the disease is so overwhelming, there are no really effective
drugs in treatment[3]. Therefore, it is essential to investigate all co-morbidities that can
worsen the prognosis, among these in our study emerges the role of HS, whose
treatment is a controversial issue[30-32]. Microbiological data show that HS is associated
with polymicrobial flora, including anaerobic microorganisms[33,34]. On this point,
Guet-Revillet et al[33], in a French prospective microbiological study on 102 HS lesions
from 82 patients, found that Staphylococcus lugdunensis was cultured in 58% of HS
lesions and anaerobic microorganisms, including actinomycetes, were observed in
24% of abscesses or nodules and in 87% of chronic lesions. More recently, in a
prospective metagenomic study, the same Author, using high-throughput
sequencing, confirmed the high prevalence of polymicrobial anaerobic flora in HS[35].
Overall, topical or oral antibiotics (monotherapy or combination therapy) is
commonly suggested for the management of HS flares [12,36] . The most common
antibiotic regimens used for the treatment of HS included topical clindamycin, oral
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Figure 2

Figure 2 Correlation between international hidradenitis suppurativa severity scoring system and autoinflammatory Disease Damage Index among patients
with hidradenitis suppurative only, or non-alcoholic staetohepatitis or non-alcoholic fatty liver.

tetracyclines, oral clindamycin-rifampicin combination and parenteral ertapenem
followed by oral rifampicin-moxifloxacin-metronidazole combination[12,37]. No data are
available for the antibiotic management of HS with the newer drugs, including
dalbavancin, daptomycin and tigecycline[38-40]. Moreover, there are insufficient data to
support intravenous antibiotics[41-43]. A major concern of the antibiotic use in HS is the
increasing of antimicrobial resistance[44,45]. Finally, a clinical monitoring and a dose
adjustment in patients with liver disease can be required[46,47] in view of the fact that
NAFLD remains the main source of ESLD in Western countries[1]. It is clear, with these
premises, that the available therapeutic armamentarium for the treatment of both
diseases is very inadequate. Of our findings, the most obvious appears the US finding
of bright liver in 22% of HS only and all HS/NAFL or HS/NASH patients (P < 0.001).
However liver biopsy (histology) remains the gold standard in the diagnosis of
NAFLD, as recently suggested in a meta-analysis that compared US and histology
quantifying diagnostic sensitivity to 84.8% (79.5-88.9), specificity to 93.6% (87.2-97.0),
positive likelihood ratio to 13.3 (6.4-27.6) and negative likelihood ratio to 0.16 (0.120.22)[48].
Interestingly the newly proposed ADDI score displayed a clinically meaning in
addressing ultrasound examination in patients with NASH. PASH syndrome patients
all displayed NAFLD and this confirm that higher levels of inflammations trigger the
development of liver disease. Adipose tissue is not inert but metabolically active and
release pro-inflammatory cytokines, furthermore the metabolic syndrome is a
recognized comorbidity of both NASH and HS. Thus, the finding is that ADDI
correlates with BMI in patients with inflammatory comorbidities. To further enforce
its clinical capability, ADDI and IHS4, the dynamic severity index, correlated in the
examined groups. Therefore ADDI, a composite index derived from the global
examination of monogenic autoinflammatory diseases and applied to HS[27], is related
to the dynamic index that monitor HS skin inflammation. This assumption empowers
the thesis that HS should be considered an autoinflammatory polygenic disease and
treated by physicians as a systemic condition. From this point of view, is it really
correct talk about comorbidities or it is more proper define them as different
manifestations of a common spectrum of disease, namely HS as a systemic disease. As
for psoriasis, the real goal for the newly introduced biological therapy will be to act on
both cutaneous and systemic manifestation of HS.
In conclusion high prevalence of NAFLD was found in HS patients and an US
screening to exclude liver abnormalities should be performed especially in HS
patients with active disease and inflammatory comorbidities.
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ARTICLE HIGHLIGHTS
Research background
Nonalcoholic fatty liver disease (NAFLD), in its two variants non-alcoholic fatty liver (NAFL)
and non-alcoholic steatohepatitis (NASH), is the main cause of End stage liver disease (ESLD)
and its complications, including hepatocellular carcinoma (HCC) in North America and Europe.
Due to its impact on morbility and mortality, the identification of population with high risk of
NAFLD is mandatory and in literature some systemic inflammatory diseases are described to be
linked with NAFLD. Hidradenitis suppurativa (HS) is a new affirming systemic inflammatory
disorder of the follicular epithelium of skin apocrine glands with a prevalence in normal
population ranging from 0.05% to 4.10%. No data are present in literature towards the
prevalence of NAFLD in HS.

Research motivation
The estimation of NAFLD in HS patients may lead to an early and optimized treatment.

Research objectives
This study aimed first to evaluate the overall prevalence of NAFLD and specifically of NAFL
and NASH. Secondary aims were the clinical characterization of these patients. Depict a profile
of HS patients with NAFLD will be crucial in optimizing clinical and therapeutic management.

Research methods
This retrospective multicenter carried out 4 primary dermatological Italian centers started in
January 2018 and ended in December 2018. Patients were recruited by filling the recently
proposed visual-aided questionnaire for the self- assessment of HS and after underwent a
dermatologic visit that evaluate HS with static (Hurley score) and dynamic indexes (ADDI:
Autoinflammatory Disease Damage Index, IHS4: International Hidradenitis Suppurativa
Severity Scoring System). Transaminases were assessed and all patients underwent liver
sonography (US). NASH suspected cases were biopsied.

Research results
We included 83 HS patients, in detail 51 patients with HS only and 32 with NAFLD (20 with
NAFL, 12 NASH). Inflammatory comorbidities were present in 3.9% of HS only patients, 37.5%
of HS/NAFLD, 25% of HS/NAFL patients and 58.3% of HS/NASH patients (P < 0.001). The
average IHS4 score among HS/NASH patients (12.7 ± 3.6, P = 0.03) was the highest, while it was
similar among those with HS only and HS/NAFL patients (9.6 ± 3.6 and 9.4 ± 3.9 respectively, P
= 0.86). Likewise, mean ADDI was significantly higher among HS/NASH patients (5.3 ± 2.2, P <
0.001) compared to HS only and HS/NAFL patients (2.8 ± 1.6 and 2.6 ± 1.4 respectively). While
no significant differences were found in Hurley score. There was a significant positive
correlation between IHS4 and ADDI scores among all 3 groups (r = 0.7, P < 0.001 for HS only; r =
0.71, P = 0.0004 for HS/NAFL; r = 0.76, P = 0.004 for HS/NASH). Finally, BMI and ADDI were
weakly negatively correlated in patients with HS only (r = -0.25, P = 0.05) and in those who had
HS and diabetes (r = -0.46, P = 0.04).

Research conclusions
HS patients have a high prevalence of NAFLD. In particular clinicians should sonographically
assess HS patients with more active disease (high IHS4 score) and with other inflammatory
comorbidities (high ADDI).

Research perspectives
The present study highlighted the association between HS and NAFLD. However other issues
remain still open to future investigations. In particular related issues,that should be addressed to
optimize patient management are the prevalence of NAFLD HS-related in different ethnicity and
the impact of systemic therapies on NAFLD development in HS patients.
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Abstract
BACKGROUND
Infection by the hepatitis C virus (HCV) is currently considered to be a global
health issue, with a high worldwide prevalence and causing chronic disease in
afflicted individuals. The disease largely involves the liver but it can affect other
organs, including the skin. While leukocytoclastic vasculitis has been reported as
one of the dermatologic manifestations of HCV infection, there are no reports of
this condition as the first symptom of HCV recurrence after liver transplantation.
CASE SUMMARY
We report here a case of leukocytoclastic vasculitis in a liver transplant recipient
on maintenance immunosuppression. The condition presented as a palpable
purpura in both lower extremities. Blood and urine cultures were negative and
all biochemical tests were normal, excepting evidence of anemia and
hypocomplementemia. Imaging examination by computed tomography showed
a small volume of ascites, diffuse thickening of bowel walls, and a small bilateral
pleural effusion. Skin biopsy showed leukocytoclasia and fibrinoid necrosis.
Liver biopsy was suggestive of HCV recurrence in the graft, and HCV
polymerase chain reaction yielded 11460 copies/mL and identified the genotype
as 1A. Treatment of the virus with a 12-wk direct-acting antiviral regimen of
ribavirin, sofosbuvir and daclatasvir led to regression of the symptoms within the
first 10 d and subsequent complete resolution of the symptoms.
CONCLUSION
This case highlights the difficulties of diagnosing skin lesions caused by HCV
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INTRODUCTION
Hepatitis C is a chronic liver disease caused by infection with the hepatitis C virus
(HCV). According to the Global Hepatitis Report 2017, around 71 million people
worldwide carry the HCV infection[1]. As this disease leads to liver fibrosis, cirrhosis
and/or hepatocellular carcinoma (HCC), it is currently one of the most common
causes for liver transplant worldwide, being the main cause of liver transplant in the
United States and Europe[1,2].
Recurrence of HCV after liver transplantation is a common event, occurring in
practically all patients who were not successfully treated prior to the surgical
procedure[3,4]. Diagnosis is made by either liver biopsy or detection of HCV in the
blood via polymerase chain reaction (PCR). While the timing to recurrence varies
among individuals, the manifestations of the HCV infection after the transplant are
typically more aggressive than with the original infection due to the posttransplantation immunosuppressive drug regimen[3-5].
Infection by HCV is not limited to the liver and extrahepatic manifestations can
include mixed cryoglobulinemia, insulin resistance, and depression, as well as
cardiovascular, renal and dermatological diseases [6] . Among the dermatological
manifestations in particular, the more common are late cutaneous porphyria,
cryoglobulinemic vasculitis, lichen planus, psoriasis, erythema multiforme, erythema
nodosum, and necrolytic acral erythema[7].
Leukocytoclastic vasculitis is an inflammatory syndrome that affects small-sized
vessels, and the most prominent histological features are leukocytoclasia (neutrophil
fragmentation) and fibrinoid necrosis[8]. It can develop secondary to drugs, infection,
collagen disease, or cancer. The most common clinical presentation is a palpable
purpura in the lower extremities[8,9], although cutaneous manifestations can also
include petechiae, nodules or ulcers. Ultimately, skin biopsy is necessary for
diagnostic confirmation[10,11].
Cases of leukocytoclastic vasculitis in organ transplant patients have been reported,
but none of those previous cases have cited HCV recurrence as the underlying cause.

CASE PRESENTATION
A 61-year-old female with cirrhosis due to chronic HCV infection, cirrhosis and HCC,
underwent liver transplant.
At the time of transplantation, the patient’s model for end-stage liver disease
(MELD) score was 6 and Child-Pugh classification was grade A (5 points). Three years
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prior to the procedure, the patient had undergone treatment with pegylatedinterferon and ribavirin for 1 year, achieving no sustained virologic response. The
interferon had been discontinued, but the ribavirin had been continued as
monotherapy for another 6 mo. At the end of treatment, the patient’s HCV RNA load
was undetectable by PCR and the treatment had been considered effective. A
screening ultrasound of the patient’s abdomen, however, showed a suspicious nodule
in the liver. Computerized tomography (CT) scan revealed a hypervascular lesion
with rapid washout, suggestive of HCC, measuring 38 mm × 36 mm in the liver
segment IVA. This lesion had close contact with the middle hepatic vein and
retrohepatic inferior vena cava, and was deemed to be unresectable.
The patient was submitted to orthotopic liver transplantation with a graft from a
cadaveric donor (37-year-old male). Total ischemia time was 4 h and 41 min, with no
intraoperative complications and no need for blood product transfusions. She was
discharged from the intensive care unit 2 d after the procedure and from the hospital
8 d after the transplant.

Chief complaints
At 5 mo after the surgery, the patient returned to the emergency room complaining of
pain, swelling and redness on both lower extremities, associated with fever, diarrhea
and vomiting.

History of present illness
The patient reported that the skin lesions appeared 17 d before she presented to the
emergency room, and they had gradually increased in extension during that period.
She had already presented to another institution and given treatment for a
presumptive diagnosis of cellulitis, consisting of cephalexin and then
amoxicillin–clavulanate for 1 wk. The treatment induced no improvement and her
clinical condition worsened, as she developed diarrhea, vomiting and loss of appetite.

History of past illness
The patient had no previous history of skin disease and no significant comorbidities,
other than HCV infection and the recent transplant. She reported contact with ticks 1
wk before the lesions appeared.

Physical examination
A painful palpable purpura was observed on both lower extremities, affecting the
lateral and posterior aspect of the lower legs (Figure 1). The patient was admitted to
the hospital for investigation, and intravenous cefepime was started. In addition, a
short course of doxycyclin was administered, to address the history of contact with
ticks.

Laboratory testing
Blood and urine cultures were obtained, yielding negative results. Biochemical tests
showed normal leukocyte and platelet counts, and levels of blood urea nitrogen,
creatinine, aspartate aminotransferase and alanine aminotransferase within the
normal range (NR). Remarkable findings were anemia (hemoglobin concentration of
8.6 g/dL) and hypocomplementemia [C3 52 mg/dL (NR: 90-170), C4 < 2 mg/dL (NR:
12-36), total complement CH50 < 60 U/CAE (NR: 60-265)]. Tests for anti-RO, anti-LA,
anti-DNA, anti-RNP, FAN, anti-SM, ANCA and lupic anticoagulant antibodies and
cryoglobulins, as well as cytomegalovirus and Zika virus (by PCR), were negative.

Imaging examination
During investigation, CT scans of chest and abdomen were carried out, as well as an
echocardiogram. The CT showed a small volume of ascites, diffuse thickening of
bowel walls, and a small bilateral pleural effusion (Figure 2). The echocardiogram was
normal, with an ejection fraction of 67.45% and no pericardial effusion.

MULTIDISCIPLINARY EXPERT CONSULTATION
A skin biopsy was obtained from the patient’s left leg and investigated by histological
analysis carried out by Dr. Silvia Conde Watanabe, an expert in skin pathologies.

FINAL DIAGNOSIS
Histology of the skin biopsy showed discrete acanthosis, and neutrophil and
erythrocyte exocytosis in the epidermis (Figures 3 and 4). The superficial and medium
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Figure 1

Figure 1 Aspect of the lesion on the patient´s right foot. The image was taken on the day she presented to the
emergency room.

dermis showed a moderate perivascular and interstitial inflammatory infiltrate, with a
predominance of neutrophils. Focal vasculitis was also found, characterized by smallsize vessels surrounded by polymorphonuclear leukocytes and fibrinoid necrosis of
their walls, along with eosinophil leukocytoclasia. A liver biopsy was also performed,
and showed chronic hepatitis with moderate activity, suggesting HCV recurrence in
the graft; METAVIR score of A2F1 was assigned. HCV PCR yielded 11460 copies/mL
and identified the genotype as 1A.

TREATMENT
A 12-wk antiviral regimen was initiated, consisting of sofosbuvir (400 mg/d),
daclatasvir (60 mg/d) and ribavirin (1000 mg/d). The patient experienced no adverse
effects associated with the treatment. After 10 d, all skin lesions showed appreciable
regression, and the patient remained afebrile.

OUTCOME AND FOLLOW-UP
At the 6-mo follow-up after finishing the 12-wk treatment, the patient remained well
and with normal graft function. Blood tests detected no HCV, and there was no fever
or any other sign of vasculitis.

DISCUSSION
Reportedly, half of the patients infected with HCV develop chronic liver disease[12]
and about 30% progress to hepatic cirrhosis, with many eventually needing a liver
transplant[4]. After the transplant, there is a 50% recurrence rate of the virus within the
first year, and recurrence within 5 years is an almost a universal phenomenon[4].
Besides the characteristic effects on the liver, HCV can affect other organs and
systems as well. Indeed, 10%-15% of patients infected with HCV develop
symptomatic extrahepatic disease[13]. A small portion (2%-4%) present to clinic with
leukocytoclastic vasculitis, accounting for 8%-19% of all leukocytoclastic vasculitis
cases[13,14].
The most frequent HCV subtype found in cases of human HCV infection is
genotype 1, corresponding to roughly 70%-75% of the cases in the United States
alone [12] . Unfortunately, this is also the subtype with the greatest resistance to
interferon, requiring longer treatment duration and greater doses[7]. No studies in the
current literature, however, have reported on the association of leukocytoclastic
vasculitis with any particular HCV genotype.
The treatment of HCV-related leukocytoclastic vasculitis focuses on the virus itself,
aiming to reduce or eradicate it[10,11]. Prednisone has been used successfully in some
cases of vasculitis, but it has no curative effect and can increase the HCV viral load
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Figure 2

Figure 2 Computerized tomography scan showing a small volume of ascites and diffuse thickening of bowel
walls (white arrow).

and associated damage to the liver [15] . One case of successful treatment with
tiaprofenic acid and topical clobetazole has been reported from India, with the
outcome being complete resolution after 3 wk of treatment[12].
The most important differential diagnoses of leukocytoclastic vasculitis are other
vasculitis conditions, pigmented purpuric dermatosis, acute meningococcemia,
disseminated gonococcal infection, disseminated intravascular coagulation,
monoclonal paraproteinemia, thrombotic thrombocytopenic purpura, GardnerDiamond syndrome, atrial myxoma, cholesterol embolism and infectious emboli[16].

CONCLUSION
The challenge of correctly diagnosing HCV-associated leukocytoclastic vasculitis after
liver transplantation lies in the great number of immunological and infectious agents
that can cause similar skin lesions in immunosuppressed patients. Skin biopsy is of
great importance in investigating these cases. Once specific treatment is initiated
against HCV, the patient usually experiences a rapid recovery and has a favorable
prognosis.
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Figure 3

Figure 3 Focal vascular damage with mild perivascular neutrophilic infiltrate and fragmentation of the neutrophils resulting in nuclear dust
(leukocytoclasis), suggestive of Urticarial vasculitis (HE 100 x).
Figure 4

Figure 4 Perivascular neutrophilic infiltrate (HE 40 x).
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Abstract
A recent publication highlights the importance of high yes-associated protein
(YAP) expressing cells in liver regeneration following partial hepatectomy.
Although the names of the cell populations described in these articles [hybrid
periportal hepatocytes (HybHP) or epithelial-mesenchymal transition (EMT)reprogrammed hepatocytes] are not identical, they all express high levels of YAP.
We hypothesize that the HybHP and EMT-reprogrammed hepatocytes might be
a similar cell population. Hippo signaling is the primary pathway that regulates
YAP activity. According to the contribution of these two types of cells to liver
regeneration and the high YAP expression, Hippo-YAP signaling activation may
be a common regulatory pathway experienced by cells undergoing
dedifferentiation and reactivating proliferative activity during liver regeneration.
Although no evidence has shown that HybHP cells contribute to hepatocellular
carcinoma in mouse models, we can not rule out the possibility that these highly
regenerative cells can further develop into tumor cells when they acquire
mutations caused by viral infection or other risk factors like alcohol. The detailed
mechanistic insight of the regulation of YAP expression and activity in HybHP
(or other types of cells contributing to liver regeneration) is unknown. We
hypothesize that liver regeneration under various conditions will eventually lead
to divergent consequences, likely due to the duration of YAP activation regulated
by Hippo-large tumor suppressor 1 and 2 pathway in a context- and cell typedependent manner.
Key words: Hybrid periportal hepatocytes; Yes-associated protein; SOX9; Epithelialmesenchymal transition; Hepatocellular carcinoma
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TO THE EDITOR
The recent publication in Hepatology by Jiang et al described that nuclear pregnane X
receptor (PXR) activates hybrid periportal hepatocyte (HybHP) cell proliferation
through YAP and played a key role in liver regeneration following partial
hepatectomy[1]. The authors found that HybHPs comprise a SOX9-positive, YAP-high
cell population and that YAP is a key protein that regulates HybHP cell proliferation.
Inhibition of YAP abolished PXR-induced liver enlargement in mice. HybHP was first
characterized in 2015 as a pre-existing group of periportal hepatocytes in healthy
livers[2]. These cells have low Sox9 (a progenitor cell marker) expression and hepatic
gene features. Another study published several months ago examined the role of
epithelial-mesenchymal transition (EMT) in liver regeneration[3]. They found that
some hepatocytes overexpressed YAP during the repair process after liver damage
and underwent an EMT-like process. YAP interacted with Smad2 in the TGF-β
pathway to promote cell proliferation.
Although the names of the cell populations described in these articles (HybHP or
EMT-reprogrammed hepatocytes) are different, they both express high levels of YAP.
Even though whether such EMT-reprogrammed cells express SOX9 is unknown, EMT
is an important pathway to generate progenitor cells. We hypothesize that the HybHP
and EMT-reprogrammed hepatocytes described in these studies are a similar cell
population. According to the contribution of these two cell types to liver regeneration
and the high YAP expression, Hippo-YAP pathway activation may be a common
regulatory pathway experienced by cells undergoing dedifferentiation and
reactivating proliferative activity during liver regeneration, regardless of whether
these highly proliferative cells are derived from hepatocytes or HybHP cells. YAP
may be an effective target for promoting liver regeneration in liver failure patients.
Although no evidence showed that HybHP cells contribute to hepatocellular
carcinoma (HCC) in three different mouse models[2], we cannot rule out the possibility
that these highly regenerative cells can further develop into tumor cells or cancer stem
cells when they gain mutations caused by viral infection or other risk factors like
alcohol. YAP is activated in 50% of human HCCs, and its activation level correlates
with decreased survival after resection. Endogenous YAP activation perturbs
hepatocyte differentiation and maintains this state in advanced tumors, and YAP
silencing restores hepatocyte differentiation and leads to tumor regression[4]. It is
interesting to question whether YAP is activated during controlled liver regeneration
and excessive cell proliferation is prevented by inactivating YAP. However, under
pathological conditions, the control of YAP activity is disrupted, resulting in
continuous YAP activation and the generation of HCC.
Hippo signaling is the primary signaling pathway that regulates YAP activity, and
MST1/2 phosphorylation of large tumor suppressor 1 and 2 (LATS1/2) can inhibit
YAP entry into the nucleus. However, LATS1/2 phosphorylation by MST1/2 is
context- and cell type-dependent. Loss of MST1/2 in mouse embryonic fibroblasts
does not significant affect LATS1/2 phosphorylation or activation[5]. Therefore, we
hypothesize that liver regeneration under various conditions will eventually lead to
divergent consequences, probably due to the duration of YAP activation regulated by
Hippo-LATS1/2 pathway in a context- and cell type-dependent manner. A deeper
understanding of this aspect may uncover the key to target YAP to promote liver
regeneration in pathological conditions and to control its tumorigenicity at the same
time.
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Abstract
Acute liver failure (ALF) usually results in hepatocellular dysfunction and
coagulopathy and carries a high mortality rate. Hepatic stellate cells (HSCs) are
famous for their role in liver fibrosis. Although some recent studies revealed that
HSCs might participate in the pathogenesis of ALF, the accurate mechanism is
still not fully understood. This review focuses on the recent advances in
understanding the functions of HSCs in ALF and revealed both protective and
promotive roles during the pathogenesis of ALF: HSC activation participates in
the maintenance of cell attachment and the architecture of liver tissue via
extracellular matrix production and assists liver regeneration by producing
growth factors; and HSC inflammation plays a role in relaying inflammation
signaling from sinusoids to parenchyma via secretion of inflammatory cytokines.
A better understanding of roles of HSCs in the pathogenesis of ALF may lead to
improvements and novel strategies for treating ALF patients.
Key words: Acute liver failure; Hepatic stellate cells; Inflammation; Fibrosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Acute liver failure (ALF) is a rare life-threatening disease with a high mortality
rate and is characterized by massive hepatocyte death and overactivation of hepatic
inflammation. Hepatic stellate cells (HSCs) play both protective and promotive roles
during the pathogenesis of ALF: HSC activation participates in the maintenance of cell
attachment and the architecture of liver tissue via extracellular matrix production and
assists liver regeneration by producing growth factors; and HSC inflammation plays a
role in relaying inflammation signaling from sinusoids to parenchyma via secretion of
inflammatory cytokines. A better understanding of roles of HSCs in ALF will lead to
improvements for treating ALF patients.
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INTRODUCTION
Liver failure, including acute, chronic and acute-on-chronic liver failure, is a rare but
dramatic clinical syndrome characterized by massive hepatocyte death and
overactivation of hepatic inflammation[1]. Acute liver failure (ALF), characterized by a
rapid deterioration of liver function without pre-existing liver disease, usually results
in hepatocellular dysfunction and coagulopathy and carries a high mortality rate. The
main causes of ALF include viral hepatitis, ischemia and drug-induced toxicity[2].
Currently, ALF continues to be a huge therapeutic challenge and apart from liver
transplantation, few effective therapies are available.
Hepatic stellate cells (HSCs) are resident mesenchymal cells that have features of
resident fibroblasts and pericytes and account for 15% of total resident cells in the
normal human liver. HSCs are one of the key nonparenchymal components in the
sinusoid with multiple functions in the liver and are known for their roles in fibrosis[3].
Under physiological conditions, HSCs exhibit a quiescent state and contain numerous
vitamin A lipid droplets. Upon liver injury, HSCs lose lipid-rich granules and
transdifferentiate into active myofibroblast-like cells characterized by the expression
of α-SMA, production of extracellular matrix (ECM) and release of cytokines [4] .
Although the involvement of HSCs in liver fibrosis is well recognized, few studies
have examined their roles in ALF. Some recent studies have indicated that the
blockade of fibrosis by depleting activated HSCs in an acetaminophen (APAP)induced mouse ALF model resulted in significantly more severe liver damage and a
lower survival rate[5]. However, due to the dramatic clinical course of ALF, the role of
HSC activation in the process of ALF is still unclear.
HSCs comprise approximately one-third of nonparenchymal cells and constitute
the liver sinusoid together with sinusoidal endothelial cells and Kupffer cells (KCs).
Upon stimulation by the gut microbiota and microbial byproducts in septic liver
injury, KCs and sinusoidal endothelial cells produce inflammatory cytokines in the
sinusoidal lumen and serve as the first gate against inflammatory stimuli in the portal
circulation[6]. Although the role of HSC activation in liver fibrosis has been widely
accepted and attracts much attention, whether and how HSCs participate in hepatic
inflammation have not been examined. Anatomically, HSCs seem to respond to
inflammatory stimuli from the sinusoids. Recent studies have revealed that activated
HSCs may release inflammatory cytokines such as interleukin (IL)-1β and IL-18. HSCs
from both humans and rodents produce inflammatory cytokines promoting
hepatocellular carcinoma and immune-mediated hepatitis[7-9]. However, how HSCs
participate in hepatic inflammation, and whether and how HSC inflammation is
involved in the pathogenesis of ALF are still unknown (Figure 1).

PATHOGENESIS OF ALF
To date, ALF remains a life-threatening syndrome with a high mortality rate, and is
characterized by massive hepatocyte death and overactivation of hepatic inflammation.

Cell death and regeneration in ALF
Hepatocyte injury and subsequent cell death are important during the pathogenesis of
ALF[10]. Two different types of programmed cell death are thought to be involved in
this process, including apoptosis and necrosis. Apoptosis is defined by chromatin
condensation, nuclear fragmentation, cell shrinkage, blebbing of the plasma
membrane, and the formation of apoptotic bodies that contain nuclear or cytoplasmic
material; and necrosis, which is an alternative to apoptotic cell death and is
considered to be a toxic process with the characteristics of cytoplasmic swelling,
dilation of organelles, and mechanical rupture of the plasma membrane [11] . The
relative contribution of apoptosis and necrosis during liver failure remains
controversial. Studies have shown that a variety of injurious stimuli induce apoptosis
at low dose while the same stimuli may result in necrosis at higher dose. The etiology
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Figure 1

Figure 1 Hepatic stellate cell activation and inflammation participate in acute liver failure. A: At homeostasis; B: During acute liver failure, the roles of hepatic
stellate cell activation and inflammation remain unclear.

may also alter the type of cell death in ALF: necrosis is considered a prominent death
pathway of hepatocytes in drug-induced ALF, and apoptosis is always found in viraland toxin-mediated liver failure[12,13].
Clinicians have observed that some ALF patients may recover spontaneously and
the clinical outcomes largely depend on the balance between hepatocyte loss and
regeneration [14] . Under mild conditions, lost cells can quickly be replaced by
neighboring healthy hepatocytes via replication in an attempt to restore hepatic
architecture and function. However, the regenerative capacity of the remaining
hepatocytes may not be sufficient upon extensive injury and massive hepatocyte
death, and the resident liver progenitor cells (LPCs) are then activated to take over the
role of hepatocytes in hepatic regeneration [15] . However, for many liver failure
patients, even the regenerative process by LPCs is inadequate to match the rapid
process of hepatocyte death and dramatic deterioration in liver function, which means
that apart from liver transplantation, few effective therapies exist[16]. To date, the
mechanisms promoting hepatic cell death and the processes mediating liver
regeneration are not fully understood.

Hepatic inflammation in ALF
Overactivation of hepatic inflammation is another important characteristic of ALF.
Clinically, ALF shares many features with severe sepsis, including a systemic
inflammatory response and progression to multi-organ failure[17]. Patients with ALF
often present with endotoxemia and increased serum lipopolysaccharide (LPS) levels
due to increased gut permeability[18]. LPS can cause the release of a wide variety of
inflammatory mediators and contribute to the pathogenesis of various diseases,
including ALF. Studies have also found elevated plasma inflammatory cytokines,
such as IL-1β, IL-6, IL-8 and tumor necrosis factor (TNF)-α, in ALF patients [19] .
Moreover, approximately 60% of ALF patients fulfill the criteria for systemic
inflammatory syndrome irrespective of the presence or absence of infection [20] .
Inflammasome activation serves as a double-edged sword, which contributes to both
the protective antimicrobial response and cell death when excessively active during
the pathogenesis of various diseases[21]. Inflammation is a common element in the
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pathogenesis of most liver diseases. ALF is now known as an inflammation-mediated
hepatocellular injury process. During the disease process of ALF, inflammation first
participates in the initiation and amplification steps leading to cell injury and
hepatocyte death; these injured/dead hepatocytes then release damage-associated
molecular patterns that can drive inflammasome activation, directly perpetuate
further cell death, and mediate additional organ failure forming a vicious circle.
Studies have shown that inhibition of hepatic inflammation can successfully
delay/prevent the progression of ALF[22,23]. However, the mechanisms promoting
hepatic inflammation during ALF are still not fully understood.

LIVER FAILURE AND HSC ACTIVATION
Hepatic fibrosis and HSCs in ALF
Liver fibrosis is a highly conserved and coordinated wound-healing process aimed at
maintaining organ integrity, which results from acute or chronic liver injury and is
always associated with excess hepatocellular death[24]. Chronic liver injury always
accompanies progressive hepatocyte apoptosis and subsequent liver fibrogenesis. In
chronic liver injury, fibrosis is widely acknowledged as a damaging process, which
results in cirrhosis, portal hypertension and liver cancer[25]. ALF is associated with
massive short-term hepatocyte death by provoking excessive apoptosis and necrosis,
and consequently, deterioration of liver function[26]. When the disease is not fatal, the
liver has a unique capacity to recover via proliferation and regeneration, and HSC
activation has also been found to participate in the pathogenesis of ALF[27]. However,
data on the roles of fibrosis during the pathogenesis of ALF are still scarce.
HSC activation is the central step during liver fibrogenesis, and HSCs are known
for their role in the initiation, progression and regression of hepatic fibrosis. A recent
study has shown that fibrogenic cells, including HSCs and myofibroblasts, are
activated early after acute/chronic liver injury to produce ECM components[24]. The
engulfment of hepatocyte-derived apoptotic bodies formed during liver failure was
shown to promote the expression of fibrogenic genes in HSCs[28]. Moreover, Dechêne
et al[29] found that ALF was accompanied by active hepatic fibrogenesis and revealed a
positive correlation between liver stiffness, hepatocyte death and HSC activation,
which suggests that fibrosis is an attempt to repair liver damage responding to ALF.
Besides, a decrease of liver stiffness in the remission stage of the disease was also
found in these ALF patients. Our previous data indicated that this short-term
occurrence of fibrosis during the progression stage of ALF is a potentially beneficial
response by the liver and serves as a scaffold to support the parenchyma and
maintain hepatic integrity[30]. Thus, liver fibrosis may play a protective role during
ALF.
Clinical data have revealed that patients with chronic liver disease are not sensitive
to the deleterious effects of toxic compounds due to elevated levels of fibrosis:
patients with long-term elevated liver enzyme levels are less sensitive to the
hepatotoxicity of statins [31] , and patients with chronic liver disease have shown
increased tolerance to APAP compared to healthy individuals [32] . Moreover, in
experimental mouse models, Osawa et al[33] showed that mice with bile duct-ligatedinduced fibrosis were more resistant to the lethal effect of Fas. Acute and chronic
injury can both induce HSC activation and subsequent ECM accumulation. In the
pathogenesis of ALF, ECM has been shown to protect hepatocytes from death
through the maintenance of cell attachment and the architecture of liver tissue[30].
However, the mechanism by which ECM participates in protecting hepatocytes from
death remains complex. In a recent study, collagen 1, the most abundant form of
collagen in both normal and pathologic livers, has been shown to increase resistance
to various injurious stimuli and protect hepatocytes from apoptotic or necrotic death
via activation of the ERK1/2-MAPK signaling pathway[27]. In addition, some adaptor
molecules such as the integrins, focal adhesion kinase, integrin-like kinase, PINCH
and others are also likely to contribute to hepatocyte survival [ 3 4 ] . Matrix
metalloproteinases are a family of proteinases that are capable of degrading all ECM
proteins. A recent study revealed that IL-1β induced the production of matrix
metalloproteinases during liver failure, which provoked the collapse of sinusoids via
ECM degradation and led to parenchymal cell death and loss of liver function in
response to hepatic toxins[35]. Taken together, HSC activation leads to hepatic fibrosis,
which participates in the maintenance of cell attachment and the architecture of liver
tissue and protects hepatocytes from injurious stimuli via ECM production.

Hepatic regeneration and HSCs in ALF
The liver is the main site of drug detoxification. It is exposed to numerous chemicals
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in the body that may induce cell injury or even death, and the ability for regeneration
is of importance to maintain liver homeostasis[36]. It is known that the key strategy for
the treatment of ALF is to reduce hepatocyte death and stimulate hepatocyte
regeneration. Liver regeneration is the process by which the liver is able to replace lost
liver tissue via growth from the remaining tissue. Liver regeneration driven by
epithelial cell (including hepatocytes and LPCs) proliferation is a highly controlled
process regulated by a complex signaling network and has important implications for
stimulating hepatic recovery and improving survival during liver failure[12,37]. The
induction of liver regeneration depends on cross-talk between epithelial cells and
nonparenchymal cells, especially HSCs.
HSCs are liver-specific mesenchymal cells that play vital roles in promoting liver
fibrosis and maintaining hepatic homeostasis. There is growing evidence to show that
HSCs have a profound impact on the proliferation, differentiation and morphogenesis
of other hepatic cell types during liver development and regeneration[38]. HSCs are in
direct contact with hepatocytes and LPCs, and their close anatomic relationship in the
space of Disse suggests that HSCs are part of the local “stem cell niche” for
hepatocytes and LPCs. Activated HSCs have been shown to assist liver regeneration
by producing growth factors, which can modulate the proliferation of both
hepatocytes and LPCs around them. Conditioned medium collected from HSCs at an
early stage of liver regeneration in a 2-acetylaminofluorene/partial hepatectomy
injury model was found to contain high levels of hepatic growth factor and epidermal
growth factor, which target and act primarily on epithelial cells[39]. These factors may
directly enhance the proliferation of hepatocytes and LPCs. It has also been shown
that early-activated HSC-derived paracrine factors can evoke an enhanced liver
protective response in APAP-induced ALF in mice by promoting LPCs
proliferation[40]. In addition, depletion of activated HSCs has been shown to correlate
with severe liver damage and abnormal liver regeneration in APAP-induced acute
liver injury in mice[5]. We hypothesize that HSCs may assist liver regeneration during
liver failure by producing growth factors.

LIVER FAILURE AND HSC INFLAMMATION
Hepatic inflammation and HSCs
Inflammation is one of the most characteristic features of chronic liver disease of viral,
alcoholic, fatty and autoimmune origin[41]. Inflammation has been shown to typically
present in different disease stages and is associated with the pathogenesis of cirrhosis,
hepatocellular carcinoma and ALF[42]. Fibrosis is a highly conserved response to
hepatic injury occurring in diseases with hepatocellular death. A number of studies
have focused on explaining the links between inflammation and fibrosis.
Hepatocyte injury followed by inflammation and activation of the innate immune
system leads to liver fibrosis mediated by HSC activation[43]. HSCs are quiescent in the
normal liver and upon activation by liver injury become activated. HSCs have been
characterized as the main effector cells in liver fibrogenesis and receive a wide range
of signals from injured/dead hepatocytes and liver immune cells, predominantly
KCs. KC-derived transforming growth factor-β1 activates HSCs and is the most
potent fibrogenic agonist. KCs also enhance liver fibrosis by promoting activated HSC
survival in a NF-κB dependent manner. The cross-talk between KCs and HSCs have
been shown to be mediated by inflammatory cytokines, including IL-1β and TNF-α[44].
In addition, inhibition of IL-1β significantly led to increased apoptosis of HSCs and
decreased liver fibrosis[45].
Studies have shown that inflammatory cytokines, such as IL-1β and IL-6, are
produced in activated HSCs. HSCs of murine or human origin are highly responsive
to LPS and other pro-inflammatory cytokines, resulting in the activation of proinflammatory signaling pathways and the subsequent production of inflammatory
chemokines/cytokines. This positive inflammatory feedback loop then maintains a
sustained inflammatory process and ensures the survival and activation of HSCs[46,47].

Hepatic inflammation and HSCs in ALF
ALF is characterized by elevated inflammation. ALF shares many features with severe
sepsis, including a systemic inflammatory response and progression to multi-organ
failure.
Two main mouse models are now used to study ALF, including the LPS/Dgalactosamine and Concanavalin A (Con A) models. Intraperitoneal injection of LPS
may activate immune cells located in the circulation and the sinusoids, and these
activated cells produce large amounts of inflammatory cytokines and chemokines
resulting in massive hemorrhagic liver injury or even hepatocyte death [46] . D-
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galactosamine is a hepatotoxic agent, which inhibits protein synthesis and is usually
used together with LPS to create ALF mouse models[48]. A recent study showed that
compared to wild-type mice, HSC-depleted mice presented with decreased cytokine
and chemokine expression and attenuated liver injury after LPS/D-galactosamine
administration[49]. Con A is a lectin, carbohydrate-binding protein, extracted from the
jack-bean (Canavalia ensiformis). An intravenous injection of Con A constitutively
activates intrahepatic and systemic immune cells resulting in excessive inflammatory
cytokines and chemokines production[50]. In a Con A-induced liver injury mouse
model, inflammatory cytokines, including TNF-α and interferon-β, caused massive
hepatocyte necrosis with dense infiltration of leukocytes. A recent study on a Con Ainduced liver injury model showed that HSCs received inflammatory signals
generated in the sinusoids and relayed them to the liver parenchyma[8]. Thus, we
hypothesize that HSCs have important roles in hepatic inflammation during the
pathogenesis of ALF.
Our recent work showed that during the pathogenesis of ALF, reactive oxygen
species activate the NLRP3 inflammasome and promote inflammation in HSCs. We
also revealed that LPS treatment induced reactive oxygen species generation in HSCs
via mitophagy inhibition[51]. Studies have suggested that in hepatocytes, reactive
oxygen species play important roles in the pathophysiology of diseases, including
ALF. Injured/dead hepatocytes greatly increase oxidative stress during liver failure,
which in turn contributes to inflammation, further hepatocyte loss and impedes
regeneration[52]. Taken together, these data suggest that HSC inflammation is involved
in the pathogenesis of ALF by producing inflammatory cytokines upon stimulation
and relaying inflammation signaling from the sinusoids to parenchyma (Figure 2).

CONCLUSION
ALF is a life-threatening disease, which has a high mortality rate. Hepatocyte death
and overactivation of hepatic inflammation are two main characteristics of ALF. HSCs
play both protective and promotive roles during the pathogenesis of ALF: first, HSC
activation participates in the maintenance of cell attachment and the architecture of
liver tissue via ECM production; second, HSC activation assists liver regeneration by
producing growth factors; and third, HSC inflammation plays a role in relaying
inflammation signaling from the sinusoids to parenchyma via the secretion of
inflammatory cytokines. A better understanding of the roles of HSCs in the
pathogenesis of ALF will lead to improvements and novel strategies for the treatment
of patients with ALF.
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Figure 2

Figure 2 Roles of hepatic stellate cells in liver failure. A: Hepatic stellate cells protect hepatocytes by participating in the maintenance of cell attachment and the
architecture of liver tissue via extracellular matrix production; B: Hepatic stellate cells assist liver regeneration by producing growth factors; C: Hepatic stellate cells
play a role in relaying inflammation signaling from sinusoids to parenchyma via the secretion of inflammatory cytokines.

REFERENCES
1

2
3
4
5

6
7

8

9

10
11
12

13

WJH

https://www.wjgnet.com

Liver Failure and Artificial Liver Group; Chinese Society of Infectious Diseases; Chinese Medical
Association; Severe Liver Disease and Artificial Liver Group; Chinese Society of Hepatology; Chinese
Medical Association. Guideline for diagnosis and treatment of liver failure. Zhonghua Gan Zang Bing Za
Zhi 2019; 27: 18-26 [PMID: 30685919 DOI: 10.3760/cma.j.issn.1007-3418.2019.01.006]
Bernal W. Acute Liver Failure: Review and Update. Int Anesthesiol Clin 2017; 55: 92-106 [PMID:
28288031 DOI: 10.1097/AIA.0000000000000141]
Tsuchida T, Friedman SL. Mechanisms of hepatic stellate cell activation. Nat Rev Gastroenterol Hepatol
2017; 14: 397-411 [PMID: 28487545 DOI: 10.1038/nrgastro.2017.38]
Schumacher JD, Guo GL. Regulation of Hepatic Stellate Cells and Fibrogenesis by Fibroblast Growth
Factors. Biomed Res Int 2016; 2016: 8323747 [PMID: 27699175 DOI: 10.1155/2016/8323747]
Shen K, Chang W, Gao X, Wang H, Niu W, Song L, Qin X. Depletion of activated hepatic stellate cell
correlates with severe liver damage and abnormal liver regeneration in acetaminophen-induced liver
injury. Acta Biochim Biophys Sin (Shanghai) 2011; 43: 307-315 [PMID: 21335335 DOI:
10.1093/abbs/gmr005]
Fujita T, Narumiya S. Roles of hepatic stellate cells in liver inflammation: a new perspective. Inflamm
Regen 2016; 36: 1 [PMID: 29259674 DOI: 10.1186/s41232-016-0005-6]
Xiang DM, Sun W, Ning BF, Zhou TF, Li XF, Zhong W, Cheng Z, Xia MY, Wang X, Deng X, Wang W,
Li HY, Cui XL, Li SC, Wu B, Xie WF, Wang HY, Ding J. The HLF/IL-6/STAT3 feedforward circuit
drives hepatic stellate cell activation to promote liver fibrosis. Gut 2018; 67: 1704-1715 [PMID: 28754776
DOI: 10.1136/gutjnl-2016-313392]
Fujita T, Soontrapa K, Ito Y, Iwaisako K, Moniaga CS, Asagiri M, Majima M, Narumiya S. Hepatic
stellate cells relay inflammation signaling from sinusoids to parenchyma in mouse models of immunemediated hepatitis. Hepatology 2016; 63: 1325-1339 [PMID: 26248612 DOI: 10.1002/hep.28112]
Harvey SA, Dangi A, Tandon A, Gandhi CR. The transcriptomic response of rat hepatic stellate cells to
endotoxin: implications for hepatic inflammation and immune regulation. PLoS One 2013; 8: e82159
[PMID: 24349206 DOI: 10.1371/journal.pone.0082159]
Sowa JP, Gerken G, Canbay A. Acute Liver Failure - It's Just a Matter of Cell Death. Dig Dis 2016; 34:
423-428 [PMID: 27170397 DOI: 10.1159/000444557]
Bantel H, Schulze-Osthoff K. Mechanisms of cell death in acute liver failure. Front Physiol 2012; 3: 79
[PMID: 22485095 DOI: 10.3389/fphys.2012.00079]
Weng HL, Cai X, Yuan X, Liebe R, Dooley S, Li H, Wang TL. Two sides of one coin: massive hepatic
necrosis and progenitor cell-mediated regeneration in acute liver failure. Front Physiol 2015; 6: 178
[PMID: 26136687 DOI: 10.3389/fphys.2015.00178]
Macdonald S, Andreola F, Bachtiger P, Amoros A, Pavesi M, Mookerjee R, Zheng YB, Gronbaek H,
Gerbes AL, Sola E, Caraceni P, Moreau R, Gines P, Arroyo V, Jalan R. Cell death markers in patients with

418

May 27, 2019

Volume 11

Issue 5

Li J et al. HSCs in acute liver failure

14
15
16

17

18

19

20

21

22

23

24
25

26

27

28

29

30
31
32

33

34

35
36
37
38
39

40

WJH

https://www.wjgnet.com

cirrhosis and acute decompensation. Hepatology 2018; 67: 989-1002 [PMID: 29023872 DOI:
10.1002/hep.29581]
Best J, Dollé L, Manka P, Coombes J, van Grunsven LA, Syn WK. Role of liver progenitors in acute liver
injury. Front Physiol 2013; 4: 258 [PMID: 24133449 DOI: 10.3389/fphys.2013.00258]
Preziosi ME, Monga SP. Update on the Mechanisms of Liver Regeneration. Semin Liver Dis 2017; 37:
141-151 [PMID: 28564722 DOI: 10.1055/s-0037-1601351]
Sang JF, Shi XL, Han B, Huang T, Huang X, Ren HZ, Ding YT. Intraportal mesenchymal stem cell
transplantation prevents acute liver failure through promoting cell proliferation and inhibiting apoptosis.
Hepatobiliary Pancreat Dis Int 2016; 15: 602-611 [PMID: 27919849]
CANONIC Study Investigators of the EASL-CLIF Consortium and the European Foundation for
the Study of Chronic Liver Failure (EF-CLIF); Stauber RE, Coenraad MJ, Moreau R, Jalan R, Pavesi
M, Titos E, Oettl K, Angeli P, Domenicali M, Alessandria C, Gerbes A, Wendon J, Nevens F, Trebicka J,
Laleman W, Saliba F, Welzel TM, Albillos A, Gustot T, Benten D, Durand F, Bernardi M, Arroyo V,
Clària J, Amorós À, Ginès P, Morales-Ruiz M, Alcaraz-Quiles J. Systemic inflammation in
decompensated cirrhosis: Characterization and role in acute-on-chronic liver failure. Hepatology 2016; 64:
1249-1264 [PMID: 27483394 DOI: 10.1002/hep.28740]
Wang LK, Wang LW, Li X, Han XQ, Gong ZJ. Ethyl pyruvate prevents inflammatory factors release and
decreases intestinal permeability in rats with D-galactosamine-induced acute liver failure. Hepatobiliary
Pancreat Dis Int 2013; 12: 180-188 [PMID: 23558073]
Zhong W, Qian K, Xiong J, Ma K, Wang A, Zou Y. Curcumin alleviates lipopolysaccharide induced
sepsis and liver failure by suppression of oxidative stress-related inflammation via PI3K/AKT and NF-κB
related signaling. Biomed Pharmacother 2016; 83: 302-313 [PMID: 27393927 DOI:
10.1016/j.biopha.2016.06.036]
Donnelly MC, Hayes PC, Simpson KJ. Role of inflammation and infection in the pathogenesis of human
acute liver failure: Clinical implications for monitoring and therapy. World J Gastroenterol 2016; 22:
5958-5970 [PMID: 27468190 DOI: 10.3748/wjg.v22.i26.5958]
Fischer J, Silva TE, Soares E Silva PE, Colombo BS, Silva MC, Wildner LM, Bazzo ML, Rateke EC,
Frode TS, Mello SV, Rosa JS, Dantas-Correa EB, Narciso-Schiavon JL, Schiavon LL. From stable disease
to acute-on-chronic liver failure: Circulating cytokines are related to prognosis in different stages of
cirrhosis. Cytokine 2017; 91: 162-169 [PMID: 28082235 DOI: 10.1016/j.cyto.2016.12.017]
Yang X, Chen Y, Zhang J, Tang T, Kong Y, Ye F, Zhang X, Liu X, Lin S. Thymosin α1 treatment reduces
hepatic inflammation and inhibits hepatocyte apoptosis in rats with acute liver failure. Exp Ther Med 2018;
15: 3231-3238 [PMID: 29545840 DOI: 10.3892/etm.2018.5843]
Liang DY, Liu LM, Ye CG, Zhao L, Yu FP, Gao DY, Wang YY, Yang ZW, Wang YY. Inhibition of
UII/UTR system relieves acute inflammation of liver through preventing activation of NF-κB pathway in
ALF mice. PLoS One 2013; 8: e64895 [PMID: 23755157 DOI: 10.1371/journal.pone.0064895]
Lee UE, Friedman SL. Mechanisms of hepatic fibrogenesis. Best Pract Res Clin Gastroenterol 2011; 25:
195-206 [PMID: 21497738 DOI: 10.1016/j.bpg.2011.02.005]
Lunova M, Goehring C, Kuscuoglu D, Mueller K, Chen Y, Walther P, Deschemin JC, Vaulont S,
Haybaeck J, Lackner C, Trautwein C, Strnad P. Hepcidin knockout mice fed with iron-rich diet develop
chronic liver injury and liver fibrosis due to lysosomal iron overload. J Hepatol 2014; 61: 633-641 [PMID:
24816174 DOI: 10.1016/j.jhep.2014.04.034]
McGill MR, Jaeschke H. Apoptosis or necrosis in acetaminophen-induced acute liver failure? New
insights from mechanistic biomarkers. Crit Care Med 2013; 41: 2653-2654 [PMID: 24162681 DOI:
10.1097/CCM.0b013e31829caf67]
Bourbonnais E, Raymond VA, Ethier C, Nguyen BN, El-Leil MS, Meloche S, Bilodeau M. Liver fibrosis
protects mice from acute hepatocellular injury. Gastroenterology 2012; 142: 130-139.e4 [PMID: 21945831
DOI: 10.1053/j.gastro.2011.09.033]
Zhan SS, Jiang JX, Wu J, Halsted C, Friedman SL, Zern MA, Torok NJ. Phagocytosis of apoptotic bodies
by hepatic stellate cells induces NADPH oxidase and is associated with liver fibrosis in vivo. Hepatology
2006; 43: 435-443 [PMID: 16496318 DOI: 10.1002/hep.21093]
Dechêne A, Sowa JP, Gieseler RK, Jochum C, Bechmann LP, El Fouly A, Schlattjan M, Saner F, Baba
HA, Paul A, Dries V, Odenthal M, Gerken G, Friedman SL, Canbay A. Acute liver failure is associated
with elevated liver stiffness and hepatic stellate cell activation. Hepatology 2010; 52: 1008-1016 [PMID:
20684020 DOI: 10.1002/hep.23754]
He Y, Jin L, Wang J, Yan Z, Chen T, Zhao Y. Mechanisms of fibrosis in acute liver failure. Liver Int
2015; 35: 1877-1885 [PMID: 25388426 DOI: 10.1111/liv.12731]
Chalasani N, Aljadhey H, Kesterson J, Murray MD, Hall SD. Patients with elevated liver enzymes are not
at higher risk for statin hepatotoxicity. Gastroenterology 2004; 126: 1287-1292 [PMID: 15131789]
Teschke R, Danan G. Drug-induced liver injury: Is chronic liver disease a risk factor and a clinical issue?
Expert Opin Drug Metab Toxicol 2017; 13: 425-438 [PMID: 27822971 DOI:
10.1080/17425255.2017.1252749]
Osawa Y, Hannun YA, Proia RL, Brenner DA. Roles of AKT and sphingosine kinase in the antiapoptotic
effects of bile duct ligation in mouse liver. Hepatology 2005; 42: 1320-1328 [PMID: 16317686 DOI:
10.1002/hep.20967]
Gkretsi V, Bowen WC, Yang Y, Wu C, Michalopoulos GK. Integrin-linked kinase is involved in matrixinduced hepatocyte differentiation. Biochem Biophys Res Commun 2007; 353: 638-643 [PMID: 17194454
DOI: 10.1016/j.bbrc.2006.12.091]
Yan C, Zhou L, Han YP. Contribution of hepatic stellate cells and matrix metalloproteinase 9 in acute
liver failure. Liver Int 2008; 28: 959-971 [PMID: 18507761 DOI: 10.1111/j.1478-3231.2008.01775.x]
Michalopoulos GK. Advances in liver regeneration. Expert Rev Gastroenterol Hepatol 2014; 8: 897-907
[PMID: 24964729 DOI: 10.1586/17474124.2014.934358]
Kwon YJ, Lee KG, Choi D. Clinical implications of advances in liver regeneration. Clin Mol Hepatol
2015; 21: 7-13 [PMID: 25834796 DOI: 10.3350/cmh.2015.21.1.7]
Yin C, Evason KJ, Asahina K, Stainier DY. Hepatic stellate cells in liver development, regeneration, and
cancer. J Clin Invest 2013; 123: 1902-1910 [PMID: 23635788 DOI: 10.1172/JCI66369]
Williams MJ, Clouston AD, Forbes SJ. Links between hepatic fibrosis, ductular reaction, and progenitor
cell expansion. Gastroenterology 2014; 146: 349-356 [PMID: 24315991 DOI:
10.1053/j.gastro.2013.11.034]
Chang W, Song L, Chang X, Ji M, Wang H, Qin X, Niu W. Early activated hepatic stellate cell-derived
paracrine molecules modulate acute liver injury and regeneration. Lab Invest 2017; 97: 318-328 [PMID:

419

May 27, 2019

Volume 11

Issue 5

Li J et al. HSCs in acute liver failure

41

42
43

44

45

46
47

48

49

50

51

52

WJH

https://www.wjgnet.com

27991908 DOI: 10.1038/labinvest.2016.130]
de Andrade KQ, Moura FA, dos Santos JM, de Araújo OR, de Farias Santos JC, Goulart MO. Oxidative
Stress and Inflammation in Hepatic Diseases: Therapeutic Possibilities of N-Acetylcysteine. Int J Mol Sci
2015; 16: 30269-30308 [PMID: 26694382 DOI: 10.3390/ijms161226225]
Alegre F, Pelegrin P, Feldstein AE. Inflammasomes in Liver Fibrosis. Semin Liver Dis 2017; 37: 119-127
[PMID: 28564720 DOI: 10.1055/s-0037-1601350]
Wen YA, Liu D, Zhou QY, Huang SF, Luo P, Xiang Y, Sun S, Luo D, Dong YF, Zhang LP. Biliary
intervention aggravates cholestatic liver injury, and induces hepatic inflammation, proliferation and
fibrogenesis in BDL mice. Exp Toxicol Pathol 2011; 63: 277-284 [PMID: 20149605 DOI:
10.1016/j.etp.2010.01.006]
Robert S, Gicquel T, Bodin A, Lagente V, Boichot E. Characterization of the MMP/TIMP Imbalance and
Collagen Production Induced by IL-1β or TNF-α Release from Human Hepatic Stellate Cells. PLoS One
2016; 11: e0153118 [PMID: 27046197 DOI: 10.1371/journal.pone.0153118]
Masola V, Carraro A, Granata S, Signorini L, Bellin G, Violi P, Lupo A, Tedeschi U, Onisto M, Gambaro
G, Zaza G. In vitro effects of interleukin (IL)-1 beta inhibition on the epithelial-to-mesenchymal transition
(EMT) of renal tubular and hepatic stellate cells. J Transl Med 2019; 17: 12 [PMID: 30616602 DOI:
10.1186/s12967-019-1770-1]
Hamesch K, Borkham-Kamphorst E, Strnad P, Weiskirchen R. Lipopolysaccharide-induced inflammatory
liver injury in mice. Lab Anim 2015; 49: 37-46 [PMID: 25835737 DOI: 10.1177/0023677215570087]
Chen Y, Wu Z, Yuan B, Dong Y, Zhang L, Zeng Z. MicroRNA-146a-5p attenuates irradiation-induced
and LPS-induced hepatic stellate cell activation and hepatocyte apoptosis through inhibition of TLR4
pathway. Cell Death Dis 2018; 9: 22 [PMID: 29348414 DOI: 10.1038/s41419-017-0038-z]
Wang W, Wu L, Li Q, Zhang Z, Xu L, Lin C, Gao L, Zhao K, Liang F, Zhang Q, Zhou M, Jiang W.
Madecassoside prevents acute liver failure in LPS/D-GalN-induced mice by inhibiting p38/NF-κB and
activating Nrf2/HO-1 signaling. Biomed Pharmacother 2018; 103: 1137-1145 [PMID: 29715757 DOI:
10.1016/j.biopha.2018.04.162]
Stewart RK, Dangi A, Huang C, Murase N, Kimura S, Stolz DB, Wilson GC, Lentsch AB, Gandhi CR. A
novel mouse model of depletion of stellate cells clarifies their role in ischemia/reperfusion- and endotoxininduced acute liver injury. J Hepatol 2014; 60: 298-305 [PMID: 24060854 DOI:
10.1016/j.jhep.2013.09.013]
Fayad R, Sennello JA, Kim SH, Pini M, Dinarello CA, Fantuzzi G. Induction of thymocyte apoptosis by
systemic administration of concanavalin A in mice: role of TNF-alpha, IFN-gamma and glucocorticoids.
Eur J Immunol 2005; 35: 2304-2312 [PMID: 16047339 DOI: 10.1002/eji.200526062]
Tian Z, Chen Y, Yao N, Hu C, Wu Y, Guo D, Liu J, Yang Y, Chen T, Zhao Y, He Y. Role of mitophagy
regulation by ROS in hepatic stellate cells during acute liver failure. Am J Physiol Gastrointest Liver
Physiol 2018; 315: G374-G384 [PMID: 29648877 DOI: 10.1152/ajpgi.00032.2018]
Gong X, Yang Y, Huang L, Zhang Q, Wan RZ, Zhang P, Zhang B. Antioxidation, anti-inflammation and
anti-apoptosis by paeonol in LPS/d-GalN-induced acute liver failure in mice. Int Immunopharmacol 2017;
46: 124-132 [PMID: 28282576 DOI: 10.1016/j.intimp.2017.03.003]

420

May 27, 2019

Volume 11

Issue 5

WJ H

World Journal of
Hepatology

Submit a Manuscript: https://www.f6publishing.com

World J Hepatol 2019 May 27; 11(5): 421-441

DOI: 10.4254/wjh.v11.i5.421

ISSN 1948-5182 (online)

REVIEW

Hepatitis C virus cure with direct acting antivirals: Clinical,
economic, societal and patient value for China
Qing Xie, Jian-Wei Xuan, Hong Tang, Xiao-Guang Ye, Peng Xu, I-Heng Lee, Shan-Lian Hu
ORCID number: Qing Xie
(0000-0002-2582-8803); Jian-Wei
Xuan (0000-0003-2918-1813); Hong
Tang (0000-0003-0675-1860); XiaoGuang Ye (0000-0002-7837-2360);
Peng Xu (0000-0002-5702-2177); IHeng Lee (0000-0001-9980-177X);
Shan-Lian Hu
(0000-0001-7295-0855).

Author contributions: All authors
contributed to this paper with
conception and design of the
study, literature review and
analysis, critical revision and
editing, and final approval of the
version to be published; all authors
agree to be accountable for all
aspects of the work in ensuring
that questions related to the
accuracy or integrity of any part of
the work are appropriately
investigated and resolved.

Qing Xie, Department of Infectious Diseases, Ruijin Hospital, Shanghai Jiaotong University
School of Medicine, Shanghai 200025, China
Jian-Wei Xuan, Health Economic Research Institute, School of Pharmacy, Sun Yat-Sen
University, Guangzhou 510006, Guangdong Province, China
Hong Tang, Center of Infectious Diseases, West China Hospital of Sichuan University,
Chengdu 610041, Sichuan Province, China
Xiao-Guang Ye, Second Affiliated Hospital of Guangzhou Medical University, Guangzhou
510260, Guangdong Province, China
Peng Xu, Gilead Sciences Inc, Shanghai 200122, China
I-Heng Lee, Gilead Sciences Inc, Foster City, CA 94404, United States
Shan-Lian Hu, School of Public Health, Fudan University, Shanghai 200032, China
Shan-Lian Hu, Shanghai Health Development Research Center, Shanghai 200032, China
Corresponding author: Shan-Lian Hu, MD, MSc, Professor, School of Public Health, Fudan
University, 130 Dong’an Road, Shanghai 200032, China. hushanlian@hotmail.com
Telephone: +86-21-65642222

Conflict-of-interest statement: Xie
Q served as adviser, speaker or
advisory board member for F
Hoffmann-La Roche, Bristol-Myers
Squibb, Novartis Pharmaceutical,
MSD, and Gilead Sciences; Xuan
JW has no potential conflicts of
interest; Tang H served as adviser,
speaker or advisory board member
for MSD, La Roche, Bristol-Myers
Squibb, Novartis Pharmaceutical,
and Gilead Sciences; Ye XG served
as speaker or adviser for GSK, F
Hoffmann-La Roche, Bristol-Myers
Squibb, Novartis Pharmaceutical,
MSD, and Gilead Sciences; Xu P
employee of Gilead Sciences. Lee
IH employee of Gilead Sciences;
Hu SL served as speaker or adviser
for Gilead Sciences.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and

WJH

Abstract
About 10 million people in China are infected with hepatitis C virus (HCV), with
the seroprevalence of anti-HCV in the general population estimated at 0.6%.
Delaying effective treatment of chronic hepatitis C (CHC) is associated with liver
disease progression, cirrhosis, hepatocellular carcinoma, and liver-related
mortality. The extrahepatic manifestations of CHC further add to the disease
burden of patients. Managing CHC-related advanced liver diseases and systemic
manifestations are costly for both the healthcare system and society. Loss of work
productivity due to reduced well-being and quality of life in CHC patients
further compounds the economic burden of the disease. Traditionally, pegylatedinterferon plus ribavirin (PR) was the standard of care. However, a substantial
number of patients are ineligible for PR treatment, and only 40%–75% achieved
sustained virologic response. Furthermore, PR is associated with impairment of
patient-reported outcomes (PROs), high rates of adverse events, and poor
adherence. With the advent of direct acting antivirals (DAAs), the treatment of
CHC patients has been revolutionized. DAAs have broader eligible patient
populations, higher efficacy, better PRO profiles, fewer adverse events, and better
adherence rates, thereby making it possible to cure a large proportion of all CHC
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patients. This article aims to provide a comprehensive evaluation on the value of
effective, curative hepatitis C treatment from the clinical, economic, societal, and
patient experience perspectives, with a focus on recent data from China,
supplemented with other Asian and international experiences where China data
are not available.

Manuscript source: Unsolicited

Core tip: Chronic hepatitis C is a systemic disease that manifests both hepatically and
extrahepatically, leading to impaired patient-reported outcomes (PROs) and huge
economic burden on the healthcare system and society. Direct acting antivirals are
effective hepatitis C therapies that improve PROs and have broad eligible patient
populations, good efficacy, few adverse events, and high adherence rates. Sustained
virologic response is associated with improved clinical outcomes and increased work
productivity. Curative therapies for hepatitis C was of substantial societal and economic
value because they reduce productivity loss and avoid the management costs associated
with advanced liver disease and extrahepatic manifestations.
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INTRODUCTION
In recent years, direct acting antiviral (DAA) treatments have replaced pegylatedinterferon (PEG-IFN) and ribavirin (RBV) combination therapy (PR) as standard of
care for patients with chronic hepatitis C (CHC) globally[1-3]. DAAs are associated with
over 90% rates of sustained virologic response (SVR), fewer side effects, shorter
treatment durations, and improved adherence compared to PR therapy[4].
Due to the substantial impact of hepatitis C virus (HCV) infection globally on
patients, their families, and public health systems, the World Health Organization
(WHO) has set HCV elimination goals that include reduction of HCV incidence by
80% and HCV-related mortality by 65% by 2030[5]. As part of the strategy to achieve
these goals, the WHO included DAA therapies in its 2017 edition of List of Essential
Medicines[6]. Specifically, the latest (2018) WHO guidelines for HCV treatment make
an updated recommendation of using pan-genotypic regimens for treating adult
patients with chronic HCV infection [5] . Besides their proven high efficacy, pangenotypic regimens enable cost saving and care pathway simplification by
eliminating the need for pre-treatment genotyping, potentially reducing loss to follow
up among patients. Furthermore, the recommended pan-genotypic regimens, such as
sofosbuvir/velpatasvir (SOF/VEL), enable most HCV patients to be treated with
simple treatment strategies regardless of patients’ prior treatment experience or
cirrhosis status, with minimal need for regimen adjustment or on-treatment
monitoring[5]. As reflected in this recommendation by the WHO, the value of highimpact, curative treatment for HCV infection is wide-ranging and goes beyond
clinical efficacy.
In China, the number of individuals infected with HCV is estimated at 10 million,
with a seroprevalence of anti-HCV antibodies of 0.6% among the general
population [7,8] . In addition to the large and growing number of HCV-infected
individuals, there have been a diversification of HCV genotypes (GTs) and a
broadening of the age spectrum among Chinese HCV patients; GT1b or GT2a HCV
patients historically infected through blood transfusion are aging, while an increasing
number of younger patients are becoming infected with GT3a, 3b and 6a HCV
through injection drug use[9-11]. The resulting healthcare expenditures, as well as
reduction in quality of life and loss of work productivity among the Chinese CHC
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population, are expected to have wide-ranging economic and societal implications.
In addition to the heavy disease burden, the management of the HCV epidemic has
been compounded by a lag in adopting DAAs in China: up to early 2017, no DAA had
been approved in China. To improve the availability of innovative treatments
(including DAAs), China introduced policies that expedite the regulatory review
process for drug registration. To date (March 2019), most of the mainstream DAA
regimens used internationally have been approved in China, including daclatasvir
plus asunaprevir (DCV + ASV), sofosbuvir plus simeprevir (SOF + SMV), SOF + DCV,
the fixed-dose combination ombitasvir/paritaprevir/ritonavir with or without
dasabuvir (O/P/r ± D), SOF/VEL, ledipasvir (LDV)/SOF, and elbasvir/grazoprevir
(EBR/GZR). Glecaprevir/pibrentasvir (GLE/PIB) and SOF/VEL/voxilaprevir (VOX)
are also pending approval.
While the rapid improvement in DAA availability is encouraging, China is still far
from universal adoption of DAA-based therapies. In an initial step to address the
issue of drug accessibility, the Chinese government included SOF/VEL in the latest
(October 2018) National Essential Drug List as the first and only DAA treatment[12].
Nevertheless, DAAs are not covered by the National Medical Insurance scheme for
reimbursement, and thus much less affordable compared with IFN-based therapies.
As such, a considerable number of patients, such as those in rural and less-developed
areas and those with limited financial means, would still have to resort to IFN-based
therapies.
In light of how IFN-free DAA regimens have revolutionized treatment for HCVinfected patients, many countries are now aiming for elimination of the disease[13]; the
introduction of DAA regimens in China therefore, also provides the opportunity for
potential hepatitis C elimination. In the 2017–2020 National Viral Hepatitis Action
Plan, the Chinese government emphasized the use of more efficacious treatment as
part of the strategy to reduce the spread of HCV[14]. The overarching Healthy China
2030 Plan also showed the Chinese government’s commitment to establish public
health as the foundation for future economic and societal development[15]. In line with
the country’s strategic approach to healthcare and hepatitis management, this article
aims to comprehensively evaluate the value of curative HCV therapies in the
dimensions of clinical, patient, economic and societal benefits, in the hope of
providing useful references for various stakeholders and policy makers in China.
Where possible, data from China have been used, supplemented with data from other
Asian countries and from around the world when Chinese data are unavailable.

CLINICAL BENEFITS OF CURING HCV INFECTION
Impact of HCV infection and treatment on the liver
The principal impact of HCV is on the liver, the predominant site of HCV replication.
While initial HCV infection resolves spontaneously in around 15%–25% of cases, the
majority of patients will develop CHC [16] . The long-term outcomes of the liver
inflammation caused by HCV infection include the development of fibrosis,
compensated and decompensated cirrhosis, hepatocellular carcinoma (HCC), and
end-stage liver disease (ESLD)[16]. Progression of CHC typically occurs over many
years; it is estimated that 10%–20% of patients will develop cirrhosis and the annual
risk of HCC in patients with cirrhosis is approximately 1%–4%[16]. If left untreated,
CHC patients would progress to more advanced disease stages, which in turn are
associated with accelerated disease progression, elevated risks of developing HCC,
and consequently lower survival rates[4]. A long-term retrospective cohort study in
Japanese CHC patients showed that untreated F0/F1 patients have a 0.5% annual risk
for HCC development, while this increased to 7.9% in F4 patients[17]. A systematic
review of CHC patients in Asia, including China, reported that the 5-year survival for
cirrhotic CHC patients was 73.8%, but falls to 39.2% following progression to ESLD,
wherein liver transplantation is required[18].
China has an estimated annual incidence of 53593 cases (95%CI: 16144–92466) of
HCV-related HCC[19], with > 93000 cases of HCV-related liver cancer deaths recorded
in 2005 [20] . The majority of Chinese HCV patients were infected through blood
transfusion before 1993–1996, in whom age and duration of infection are significant
risk factors for disease progression[21]. As these patients grow older and enter their
third or fourth decade of infection, the occurrence of decompensated cirrhosis (DCC),
HCC and ELSD will rise. On the other hand, China has seen a recent increase in
younger patients with GT3 HCV[10,22]. A study in Shanghai reported evidence that GT3
patients undergo faster disease progression, with GT3 patients < 50 years of age
showing significantly more advanced fibrosis than their non-GT3 counterparts[22]. If
left untreated, considerable numbers of liver sequelae will develop in these younger
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GT3 patients in future.
Antiviral treatment and resultant SVR improve the long-term clinical outcome of
HCV patients[23-28]. The beneficial effects of IFN-based treatment and SVR on reducing
cirrhosis progression, HCC, and mortality have been well documented, and this is
reflected by the recently published results from two large-scale studies in Asia and
two Chinese cohort studies[29-32]. Similar clinical benefits have been observed with SVR
to DAA-based treatment. In a large-scale, retrospective study in Japan, GT1 HCV
patients who achieved SVR to all-oral DAA regimens had a lower cumulative
incidence of HCC than non-SVR patients at 2 years post-treatment (Figure 1) [27] .
Furthermore, a recent Chinese prospective study in DAA-treated and case-matched
PR-treated patients showed no difference in the risk of developing HCC post-SVR[33].
DAA treatment was also associated with a 32% reduction in liver-related mortality
relative to no treatment[25], and DAA-mediated SVR conferred reductions in all-cause
mortality relative to non-SVR in patients with or without advanced liver disease by
79% and 56%, respectively[23,24].
A meta-analysis of 31 studies in predominantly GT1 HCV-infected patients
(including Asian patients) showed that achieving SVR conferred survival benefit
irrespective of patients’ clinical characteristics, with difficult-to-treat populations such
as cirrhotic patients experiencing the largest extent of reduction in 5-year mortality
compared to no SVR[34]. Nonetheless, the hepatic and survival benefits of achieving
SVR are maximized by treating patients in earlier disease stages[31,35]. For instance, for
Asian cirrhotic patients who achieved SVR, despite a reduction in cumulative risk of
HCC by 25.5 percentage points relative to cirrhotic patients without SVR, the
associated risk of HCC was still higher than non-cirrhotic patients with SVR (0.54 vs
0.37)[31]. Thus, the WHO guidelines recommend treating all HCV-infected patients
without disease stage-based restriction or prioritization, with an emphasis on
minimizing treatment delay after diagnosis[5].
Although SVR to either IFN- or DAA-based treatment reduces liver disease
progression, the impact of IFN-based treatment would be limited due to low SVR
rates (40%–75%)[4,36]. In a meta-analysis of 12 studies involving 25497 CHC patients on
IFN-based therapy, although SVR achievement led to a 76% reduction in HCC risk,
only 36% of patients achieved SVR [ 3 7 ] . PR treatment also has numerous
contraindications and side effects, such as RBV-induced hemolytic anemia and
various neuropsychiatric, autoimmune, ischemic, and infectious disorders that may
be caused or aggravated by IFN[38,39]. In the nationwide CCgenos study, 56.7% of
untreated Chinese HCV patients were IFN-ineligible[40]. In contrast, DAA regimens
confer high real-world SVR rates of 90%–100%, and extend HCV cure to patient
populations that could not be effectively treated in the PR era, such as patients with
DCC and/or liver transplant, and patients with concomitant renal impairment or
psychiatric disorders (although the eligible patient populations and efficacy profiles
do differ among DAA regimens)[41]. As such, DAAs would have a greater impact than
IFN-based therapy in significantly reducing HCV-related liver sequelae and deaths at
the population level [42] . Evidence for such populational benefits associated with
expanded DAA use is emerging internationally, and various countries are promoting
the use and reimbursement of DAAs as a key strategy towards the goal of HCV
elimination. For example, in England, a national 40% scale-up of DAA provision in
2015 was followed by reductions in the incidence of HCV-related cirrhosis (42%), liver
transplantations (32%), and deaths (8%)[43]. In 2018, Canada is progressively removing
the eligibility criterion of F2+ fibrosis for DAA reimbursement[44].
In China, DAAs achieved high SVR rates in pivotal clinical studies (Table 1).
Evaluated genotype-specific regimens (DCV + ASV, LDV/SOF, EBR/GZR, and
O/P/r + D) all achieved SVR12 rates ≥ 92% in GT1 or GT1b patients [45-48] . Pangenotypic regimens evaluated in clinical studies included SOF + RBV ± PEG-IFN and
SOF/VEL. For SOF + RBV ± PEG-IFN, cirrhotic patients achieved lower SVR12 rates
than non-cirrhotic patients (Table 1)[49]. For SOF/VEL, the only patient population
with an SVR12 rate below 90% was GT3b cirrhotic patients (Table 1), who also
exhibited a high prevalence of baseline A30K + L31M substitutions[50,51]. Due to the
short period of DAA application, real-world efficacy data in China are only emerging.
Majority of the early real-world studies focused on SOF-based regimens (reviewed by
An et al [52] ); two examples are shown in Table 1, where SOF-based regimens
demonstrated high efficacy in difficult-to-treat patients[53,54].
Using China-specific SVR data where available, modeling studies predicted that
compared to PR, DAA treatment would markedly reduce the HCV-associated longterm disease burden and mortality. A study simulating the national-level disease
burden of CHC in China predicted that with no treatment, the prevalence of HCV
would continue increasing and reach 28.1 million in 2050, with 2.4 million liverrelated deaths, mostly attributable to DCC and HCC[55]. The model predicted that
using PR therapy would not be able to revert the trend of increase in HCV prevalence.
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Figure 1

Figure 1 Viral elimination by all-oral direct acting antiviral treatment reduces rate of hepatocellular
carcinoma in hepatitis C virus-infected patients. Japanese patients with GT1 hepatitis C virus infection initiating
all-oral direct acting antiviral treatment between September 2014 and May 2016 were followed up for a range of
0.1–2.2 years (median follow-up period 1.3 years). The number of patients at risk is shown below each time point.
Patients who achieved sustained virologic response had significantly lower incidence of hepatocellular carcinoma
compared to patients without sustained virologic response. aP = 0.007, log-rank test. SVR: Sustained virologic
response. Adapted with permission from Ogata et al[27], 2017.

In contrast, universal adoption of DAAs from 2021 onward would significantly
reduce the HCV prevalence. Furthermore, compared to using PR therapy, universal
DAA adoption would reduce the cases of incident DCC, HCC, liver transplants, and
liver-related deaths by 61%, 45%, 50%, and 61%, respectively[55]. Similarly, simulations
of 10000 Chinese CHC patients over a lifetime horizon predicted that various DAA
regimens would significantly reduce the incidence of HCV-related liver sequelae and
mortality compared to PR therapy[56,57]. These simulations took into consideration the
composition of different HCV genotypes, treatment history and cirrhotic status of the
patient population, thus, pan-genotypic regimens (SOF/VEL and GLE/PIB) were
predicted to achieve higher overall SVR rates and greater reduction in disease
progression than genotype-specific DAA regimens (Table 2)[56,57].

Extrahepatic manifestations
Besides the direct impact on the liver, HCV-infected patients may experience liverunrelated symptoms that, depending on epidemiological evidence, are considered
extrahepatic manifestations (EHMs) associated or possibly associated with HCV
infection [ 5 8 , 5 9 ] . The most documented EHMs are mixed cryoglobulinemia/
cryoglobulinemic vasculitis and B-cell non-Hodgkin’s lymphoma. A diverse range of
other conditions also occur at higher prevalence in HCV-infected patients, including
type 2 diabetes mellitus, renal diseases, fatigue, cardiovascular disease, and lichen
planus (LP), to name a few[58]. EHMs can occur in > 70% of CHC patients, and can be
present before advancement into ESLD[59]. Underlining the impact of EHMs on HCV
patients, a Taiwanese study reported a cumulative 18-year EHM-related mortality of
19.8% in patients with chronic HCV infection, much higher than the non-liver-related
mortality in those without HCV infection (12.2%)[60]. Published studies on EHMs in
China are few, and there is currently a lack of clinical data on the prevalence and
management of EHMs among Chinese patients[61].
A recent meta-analysis investigated the extrahepatic benefit of antiviral treatment
and SVR in HCV patients [62] . Achieving SVR significantly reduced extrahepatic
mortality (vs no SVR, OR 0.44, 95%CI: 0.28–0.67), was associated with improvements
in cryoglobulinemic vasculitis and B-cell lymphoproliferative diseases, and reduced
the incidence of insulin resistance and diabetes[62]. Concordantly, IFN-based treatment
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Table 1 Clinical efficacy of direct acting antiviral in major empirical studies in China
Study Information

Study regimen

SVR12

DCV + ASV

Non-cirrhotic: 92%

SOF + RBV ± PEG-IFN

Non-cirrhotic GT1/2/3/6:
96%/93%/97%/100%

Pivotal phase 3; TN patients; GT1b

Ref.
[45]

Cirrhotic: 94%
Pivotal phase 3b; TN and TE
patients; GT1, 2, 3, 6

[49]

Cirrhotic GT1/2/3/6:
84%/88%/88%/50%
(GT6 with cirrhosis: n = 2)
[46]

Pivotal phase 3b; TN and TE
patients; GT1b

LDV/SOF

100%

Pivotal phase 3; TN and TE patients;
GT1b, 2, 3, 6

SOF/VEL

GT1b/2/3/6:
100%/100%/83%/100% (Subgroup
SVR12: GT3a: 91%; GT3b noncirrhotic/cirrhotic: 96%/50%)

Pivotal phase 3; TN patients; GT1, 6

EBR/GZR

GT1/6: 97%/80% (GT1: 140/146
patients were GT1b; GT6: n = 5)

Pivotal phase 3; TN and TE patients;
GT1b

O/P/r + D

99%–100%

Prospective cohort; TE; GT1b

SOF + DCV

100% (SVR24)

LDV/SOF

100% (SVR24)

Real-world study; TN and TE HCV
patients with DCC

[50]

[48]

[47]

[53]

PEG-IFN + RBV

28% (SVR24)

SOF-containing regimens

90%; with significant improvement in
hepatic function among SVR patients

[54]

ASV: Asunaprevir; DCC: Decompensated cirrhosis; DCV: Daclatasvir; EBR: Elbasvir; GT: Genotype; GZR: Grazoprevir; HCV: Hepatitis C virus; LDV:
Ledipasvir; O/P/r + D: Ombitasvir/paritaprevir/ritonavir plus dasabuvir; PEG-IFN: Pegylated-interferon; RBV: Ribavirin; SOF: Sofosbuvir; SVR:
Sustained virologic response; TE: Treatment experienced; TN: Treatment naïve; VEL: Velpatasvir.

induced favorable immunologic response in Chinese cryoglobulinemic patients with
HCV infection, and IFN-based SVR reduced the risk for type 2 diabetes mellitus
among Japanese HCV patients[63,64]. Of note, IFN-based treatment may exacerbate
symptoms of cryoglobulinemic vasculitis, likely due to the immune-stimulatory
effects of IFN [ 6 5 , 6 6 ] . IFN also induces lichenoid inflammation, and is thus
contraindicated to LP[66].
Emerging data support the extrahepatic benefit of successful DAA treatment for
HCV patients[67]. In two prospective studies on patients with HCV-related mixed
cryoglobulinemia, SOF-based regimens conferred 100% SVR rates and clinical
improvement or resolution of mixed cryoglobulinemia-associated vasculitis[68,69]. In a
retrospective study on 46 CHC patients with lymphoproliferative disorders, DAA
treatment (mostly SOF-based) achieved an SVR rate of 98%, together with a
lymphoproliferative disease response rate of 67% and survival benefit [70] . In a
prospective Japanese study, 7 patients with HCV-related oral LP all achieved
resolution or improvement of oral LP lesions and cutaneous LP upon DAA-based
SVR[71].
In short, existing data on DAAs are in line with data from the IFN era, showing that
SVR attainment aids the amelioration of HCV-associated EHMs. While further
research is needed on the effect of DAAs on EHMs, the higher virologic efficacy,
fewer side effects, and shorter treatment durations of DAAs would likely amplify the
health benefit of reducing disease burden associated with extrahepatic
complications[67].

Prevention of HCV transmission
Effective treatment of diagnosed patients is an integral part of a comprehensive
approach to preventing HCV transmission, which also requires public education to
raise disease awareness and efficient screening and linkage to care[72]. HCV prevention
strategies also need to be aligned with the predominant mode of transmission[72].
There is substantial regional variation in risk factors for HCV infection in China. In
regions outside Southern China, blood transfusion is the major route of HCV
transmission, accounting for 57.5%–69.3% of existing HCV-infected patients. Infection
through surgery or dental treatment is more common in Northern China than in other
areas, whereas HCV transmission via high-risk behavior such as intravenous drug
abuse is more prevalent in Southern and Western China [10] . Within each broad
geographical region, the modes of HCV transmission may also show urban–rural
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Table 2 Model predicted long-term clinical outcomes of using direct acting antivirals in China
Predicted reduction in liver sequelae relative to PR therapy
Study Information

Regimens compared

Simulating 10000 Chinese CHC patients over a lifetime
horizon;
GT1b, 2, 3, 6

DCC

HCC

Liver transplant Liver-related death

GLE/PIB[57]

-95%

-90%

-95%

-92%

SOF/VEL[56,57]

-96%

-91%

-96%

-93%

DCV + ASV[56]

-51%

-48%

-51%

-49%

O/P/r + D

[56]

-59%

-55%

-59%

-57%

EBR/GZR[56]

-59%

-55%

-59%

-57%

ASV: Asunaprevir; CHC: Chronic hepatitis C; DCC: Decompensated cirrhosis; DCV: Daclatasvir; EBR: Elbasvir; GT: Genotype; GZR: Grazoprevir; HCC:
Hepatocellular carcinoma; O/P/r + D: Ombitasvir/paritaprevir/ritonavir plus dasabuvir; PR: Pegylated-interferon plus ribavirin; RBV: Ribavirin; SOF:
Sofosbuvir; VEL: Velpatasvir.

differences. Current HCV prevention measures in China include screening of all
blood donors, as well as harm reduction services for high-risk groups like injection
drug users (IDUs)[3,73].
In addition to existing prevention measures, treating HCV infection with highly
effective therapy can function as a prevention strategy [treatment as prevention, TasP]
by essentially removing individuals in key populations from the pool of transmitters.
Numerous TasP modelling studies predicted that HCV treatment of sufficient
effectiveness and accessibility would help reduce the incidence and chronic
prevalence of HCV infection among IDUs, prisoners, and men who have sex with
men (MSM)[74]. For example, in Melbourne, with HCV prevalence among IDUs at 50%,
increasing uptake of DAA treatment to 40 per 1000 IDUs annually is expected to halve
HCV prevalence rates within 15 years; while scaling up treatment to 54 per 1000 IDUs
annually could cut prevalence rates by as much as 75%[75].
Empirical evidence verifying these positive projections are currently scarce, but
some real-world programs are underway, reflecting confidence in the potential of
HCV TasP. In Australia, a world-first HCV surveillance and treatment program
assessing the use of SOF/VEL for HCV TasP in prisons is expected to be completed by
2019[76]. Notably, high real-world efficacy of SOF/VEL has been demonstrated among
HCV-infected, treatment-adherent IDUs with recent injection, lending confidence to
the notion that treatment scale-up and adherence management would effectively
control HCV transmission among IDUs[77]. In 2016, Iceland (with a population of
340000) launched the nationwide program of Treatment as Prevention for Hepatitis C
(“TraP Hep C”), offering universal access to DAAs for HCV-infected patients, with an
emphasis on treating high-risk transmitters such as IDUs[78]. International guidelines
also recognized the benefit of reduced transmission with successful HCV
treatment[1,2,79]. Guidelines by the European Association for the Study of the Liver and
the WHO further highlighted that HCV screening and treatment should be prioritized
in individuals at high-risk of transmitting HCV such as IDUs[2,79].
With the regional variations in HCV epidemiology in China, tailored strategies at
the provincial or even district/city level will be necessary for HCV prevention and
control[80]. Suitable measures targeting specific modes of transmission will facilitate
HCV ‘micro-elimination’ within certain populations: such is the strategy adopted by
many countries for HCV elimination, and can form part of a realistic approach in
China towards accomplishing the goals in the National Viral Hepatitis Action Plan[14].
In particular, China has a documented IDU population of 2.95 million, among whom
the estimated HCV prevalence is 50.4%[81,82]. In this key population, efficacious HCV
treatments, together with targeted education campaigns, continued harm reduction
measures, and efficient diagnosis and linkage to care, would be required to reduce the
prevalence and transmission of HCV[14,15].

ECONOMIC AND SOCIETAL VALUE OF CURING HCV
INFECTION
As illustrated in the WHO 2018 guidelines, HCV control strategies are formulated
based on not only the clinical efficacy of treatment options, but also their costeffectiveness and the broader value and benefits they bring to patients and society[5].
Curing HCV infection can generate economic and societal value on many fronts,
depending on the efficacy, safety, and other characteristics of the treatment options
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used. Figure 2 provides an overview of the main factors contributing to the economic
and societal value of DAA- and IFN-based HCV treatment. It is challenging for any
existing value assessment model to incorporate all the factors shown in Figure 2; the
following sections seek to provide relevant information in these areas to enable a
holistic discussion on the value of curing HCV infection.

Significance of economic and societal burden of CHC
Costing studies on the management of CHC generally found that more advanced
disease stages are associated with higher medical costs, which constitute a financial
burden to patients, healthcare systems, and society[83,84]. Within the CHC population in
China, nearly a quarter are hospitalized at least once per year with a median duration
of 2 wk [85] . Since later disease stages are costlier, treatment delay would lead to
increased future costs associated with disease progression. A modelling study in
China captured such a scenario and highlighted the impact of treatment delay on
younger patients who, with a longer life expectancy, would incur higher life-time
disease management costs than older patients with a similar initial disease state[86].
With a 3-year treatment deferment, the projected cost for managing future ESLD in
non-cirrhotic patients aged 40 increased from RMB 4407359 to RMB 7997253, while
the corresponding cost increment for non-cirrhotic patients aged 70 was from RMB
2091499 to RMB 5565547[86]. At the population level, more cases of cirrhosis and HCC
would occur as CHC patients age, leading to higher healthcare costs in the future[87].
China faces both an increasing population of younger, incident patients and an aging
population of prevalent patients[9-11]. Without effective treatment, it was predicted that
over the next 15 years, 420000 new cases of HCV-related cirrhosis and 254000 new
cases of HCV-related HCC would occur, leading to future treatment costs of 589
million and 611 million dollars respectively (Figure 3)[8,88].
Besides the cost of managing liver-related morbidity of CHC, economic burden also
arises from HCV-associated EHMs. In a meta-analysis of 102 studies conducted
between 1996 and 2014, the annual medical costs of managing EHMs, in 2014 dollars,
amounted to approximately $1.5 billion[89]. Therefore, curing HCV would also be
expected to reduce the cost of managing EHMs as well as preventing expensive longterm liver morbidities.
In addition to direct costs related to CHC management, the growing involvement
of younger, work age HCV patients in China also poses a broader societal issue[11,84].
HCV patients may suffer from fatigue, low energy, and impaired general health; the
resultant impairment of work productivity would have repercussions on the financial
and psychological well-being of the HCV-infected young individuals and their
families[89]. Employers of HCV-infected individuals would also face reduced output
and earnings due to loss of worker productivity, in the forms of absenteeism and
presenteeism[90]. Based on a modelling study in HCV GT1-infected Chinese patients,
the monetized productivity losses resulting from non-treatment amount to RMB 37.78
billion per year[91].
By effectively curing HCV infection, HCV therapeutic innovation would help
alleviate the heavy economic and societal burdens caused by CHC, yet such
innovation would require upfront investments. To determine which treatment
strategy offers the best “value for money” (cost-effectiveness), health economic
models are used to weigh the costs of different HCV treatment options against their
long-term cost savings.

Cost-effectiveness considerations in HCV treatment
Health economic analysis in HCV predominantly focuses on the direct medical costs
of managing HCV. As discussed previously, more advanced disease stages are
associated with higher medical costs, and patients who achieve SVR have lower
probabilities of progressing to the later, costlier disease stages. Thus, in theory, more
effective HCV treatments should save more on long-term medical costs by avoiding
disease progression in more patients. Health economic models evaluate the costs thus
saved, along with the benefits of life extension and improved quality of life, against
the upfront investments needed for implementing certain treatment methods.
Currently, health economic research on HCV treatment in China is expanding rapidly.
Emerging health economic analysis results from China will be introduced, together
with analyses from countries with more experience using DAAs, to evaluate the
potential costs and benefits associated with upfront investments in HCV treatment
innovation.
In health economic analysis, the gain in patients’ quantity and quality of life
achieved using a certain treatment is measured in quality-adjusted life years (QALYs),
and the incremental cost-effectiveness ratio (ICER) measures the cost needed to
achieve a unit gain in QALYs; if the ICER of a treatment is below the willingness-topay threshold, it is considered cost-effective. In a systematic review of health
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Figure 2

Figure 2 Main factors contributing to the comparative economic and societal value of direct acting antiviraland interferon-based treatment for hepatitis C virus infection. Predicted relative percentage reductions in
decompensated cirrhosis, hepatocellular carcinoma, and liver transplant: as reported in Wu et al[55], 2019. CHC:
Chronic hepatitis C; DAA: direct acting antiviral; DCC: Decompensated cirrhosis; EHM: Extrahepatic manifestation;
HCC: Hepatocellular carcinoma; HCV: Hepatitis C virus; IFN: interferon; PR: Pegylated-interferon plus ribavirin; SVR:
Sustained virologic response; TasP: Treatment as prevention.

economic studies in the United States, Europe, and Australia, second-generation
DAAs, compared to first-generation DAAs, PR therapy, or non-treatment, were
shown to be either cost-saving or cost-effective in the majority of the analyses as
judged by the ICERs calculated[92]. Furthermore, a modelling analysis in the United
States compared various second-generation DAA regimens for treating GT1 patients;
the results predicted that a treatment strategy of 8-wk LDV/SOF for GT1, treatmentnaïve (TN), non-cirrhotic patients with a viral load less than 6 million copies, and
SOF/VEL for all other GT1 patients was the most cost-effective strategy, resulting in
35% fewer cases of advanced liver disease events, with up to 57% reduction in cost
per SVR relative to the other comparator regimens[93].
Moving beyond the conventional methodology using ICERs, recent health
economic studies devised other indicators to better elucidate the economic value of
HCV therapies, by monetizing QALYs gained so that they can be directly compared
against the costs of treatment. A United States economic model study in HCV GT1
patients predicted that all-oral therapies, in relation to PR therapy, improved health
by 1.622 QALYs per patient, thereby leading to an overall decrease of 32730–500599
dollar in quality-adjusted cost of care, which was defined as the increase in the price
of treatment minus the increase in the value of the patient’s expected QALYs when
valued at 50000–300000 dollar per QALY[94].
Unlike the abovementioned counties and regions, China is still early in its
transition from IFN to DAA-based regimens. Health economic studies in China are
fast emerging, mostly focused on comparing DAA regimens with IFN-based
treatments, reflecting an acute need for cost-effectiveness data to inform potential
health technology assessment decisions at this stage. The DCV + ASV regimen was
predicted to be more or comparably cost-effective relative to IFN- or RBV-containing
regimens in GT1b patients in two analyses[95,96]; an SMV-containing regimen was also
predicted to be more cost-effective than PEG-IFN-based therapy in GT1 patients[97].
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Figure 3 Projected chronic hepatitis C-related medical costs in China in the absence of effective hepatitis C
virus treatment. Estimation based on annual data (2005–2013) of hepatitis C virus infection cases from the Chinese
Center for Disease Control and Prevention; graph generated using data reported in Wei et al[88], 2015. HCC:
Hepatocellular carcinoma.

Another study predicted that compared to PR, O/P/r + D would be cost-saving in
GT1b patients, and SOF + RBV cost-effective in GT2/3 patients and cost-saving in
GT6 patients, respectively[98]. One of the aforementioned studies simulating 10000
Chinese CHC patients with various HCV genotypes predicted that all the thenavailable second-generation DAA regimens (DCV + ASV, O/P/r + D, SOF/VEL, and
EBR/GZR) would have cost-effectiveness advantages over PR therapy, with the pangenotypic SOF/VEL conferring the greatest gain in QALYs (by 17%) and reduction in
lifetime cost (by 49%) relative to PR[56]. Among genotype-specific DAA regimens, one
study predicted that for GT1b Chinese patients stratified by cirrhosis status and
treatment history, EBR/GZR would be more cost-effective than DCV + ASV[99].
Cost-effectiveness analyses derived from a real-world prospective cohort predicted
that for Chinese GT1b cirrhotic, PR-experienced patients, 12-wk LDV/SOF and 12-wk
SOF+DCV would be cost-saving and cost-effective, respectively, compared to
repeated PR treatment for 72 wk[53]. Analyzing real-world data from the PR era, a
Taiwanese study reported that the costs per SVR for PR treatment were the highest in
GT1/6 patients co-infected with HIV, due to low SVR rates in these populations;
EBR/GZR, though more expensive than PR, would theoretically offer similar costs
per SVR thanks to significantly higher SVR rates[100]. These two studies highlight the
value of DAAs for traditional difficult-to-treat patient populations, and illustrate how
the benefit of short treatment durations and high efficacy can offset the impact of high
drug price for DAAs to maintain favorable cost-effectiveness profiles. Furthermore,
two budget impact studies, from Hong Kong and three cities in Mainland China
respectively, both predicted that although subsidizing DAAs would incur additional
short-term drug costs, the resultant gain in patients’ health benefit and the avoidance
of long-term disease management costs would be desirable[101,102].
Besides the factor of avoiding disease progression-associated long-term costs of
HCV sequalae, health economic models take into account additional factors
contributing to cost of care[94]. For PR therapy, such additional factors include the costs
of monitoring and managing adverse events, and of re-treating patients who failed or
discontinued the treatment[4]. With a high incidence of adverse events and the need
for frequent monitoring, PR treatment can negatively impact patients’ quality of life
(which will be discussed in a later section), resulting in lower QALY gains compared
to DAA treatment. DAA therapy with its better safety and efficacy profiles can avoid
such costs altogether if used as a first-line treatment. Indeed, one study predicted that
for treatment-naïve Chinese GT1 patients, treatment with all-oral DAA regimens,
either immediate or with a 1-year delay, would generate positive net monetary
benefits of 6832 dollar and 3115 dollar, respectively, compared to immediate PEGIFN-based treatment, at a willingness-to-pay threshold of 21209 dollar per SVR[103]. On
the other hand, certain DAA therapies may incur costs associated with
genotype/subtype or baseline resistance testing; such costs could be avoided with the
application of pan-genotypic DAA regimens and regimens with high resistance
barrier. Further studies would be required to fully elucidate the costs and savings
associated with different DAA regimens in this respect.
In summary, modelling analyses conducted in the United States, Europe, and high-
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income Asian countries thus far have suggested that DAAs are likely to be cost
effective compared to conventional IFN-based therapies; emerging health economic
evidence in China is in line with these international findings. DAA regimens are easy
to use, of shorter treatment duration, and requiring less monitoring than IFN-based
therapy; the management cost thus saved, together with the long-term saving in
CHC-related medical cost, would likely outweigh the upfront investment in DAAs.
This is consistent with the WHO’s recommendation, whereby treatment regimens
with better tolerability and safety profiles that simplify the care pathway would be
preferred by patients and policy makers, which may also facilitate care coverage
expansion and equity in treatment access[5].

Societal value of HCV treatment
The health economic analyses discussed above focus mostly on medical costs and do
not capture the societal value of curing HCV. As will be discussed here, the additional
potential benefits of curing HCV, such as improved productivity in Chinese workers
and reduced HCV transmission, would further offset the upfront investment in HCV
treatment.
Reduced productivity impairment has been predicted in Asian CHC patients with
successful HCV treatment (Figure 4)[104]. Hence, introduction of therapies with high
SVR rates in China would likely improve work productivity among Chinese CHC
patients, and in turn ameliorate the financial burden of HCV infection at an individual
and family level. The resulting economic stability within a family unit owing to
attainment of HCV cure could be of great benefit to China’s societal fabric.
From the employer standpoint, improved worker productivity increases revenue
generation[104]. A modelling study in HCV GT1-infected Chinese patients showed that
treatment with SOF/VEL would generate annual productivity gains equivalent to
RMB 11.37 billion, mainly driven by reduced presenteeism (Figure 4C) [91] . The
consideration of presenteeism in addition to absenteeism in the model is a more
accurate representation of the actual reduction in productivity impairment in the
context of Asian culture that values stoic industriousness.
Besides work productivity, another aspect typically not captured in health
economic analyses is the benefits of stopping onward transmission through effective
HCV treatment in key populations. Based on projections from a modelling study in
the UK, at 10%–100% treatment uptake among IDUs and cost of GBP 20000 per
QALY, reduced HCV transmission with DAA therapy led to an additional net
monetary benefit of GBP 24304–90559 per patient[105]. One modelling study in China
estimated the cost associated with HCV management in IDUs at RMB 21900 per
patient per year[82]. With a predicted 20-year cumulative HCV incidence in 48.28% of
IDUs, effective TasP in IDUs in China would conceivably translate into considerable
societal and economic values[82].
In summary, effective HCV treatment can benefit society through improving
working productivity and reducing HCV transmission. As reflected in the modelling
studies above, such benefits would translate into tremendous value in addition to the
economic benefit of reducing medical costs.

PATIENTS’ EXPERIENCE WITH HCV TREATMENT
While SVR is the main clinical indicator of HCV treatment success, a patient’s overall
experience with the disease and the treatment process can be captured by patient
reported outcomes (PROs). PROs are directly reported by patients without
interpretation by HCPs and are used as proxy indicators of patients’ overall
wellbeing. As mentioned earlier, HCV patients often experience debilitating fatigue
and impairment to work productivity and non-work activities[89]. HCV infection also
causes neuropsychiatric manifestations such as “brain fog”, whereby patients suffer
from difficulty in attention and memory, alongside other cognitive impairments[106].
Clearly, HCV infection and its systemic manifestations negatively impact patients’
health-related quality of life (HRQoL)[89,106]. As such, the importance of assessing PROs
in HCV management has gained considerable attention internationally over the past
decade[107,108]. PRO data can also contribute to informing healthcare policy making[109].
Patients’ demographic characteristics and cultural background may influence how
they perceive and report their conditions; thus country-specific PRO data would be
important for an accurate understanding of the impact of the disease[4].
Multiple PRO instruments can be used to assess HCV patients’ HRQoL, which
typically assess patients’ conditions in several aspects, or domains; the outcomes are
reported using domain and summary scores (Supplementary Table 1).

HCV disease burden in China as reflected in PRO data
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Figure 4 Predicted reduction in hepatitis C virus-related productivity loss with direct acting antiviral treatment. Compared to no treatment, direct acting
antiviral treatment for GT1 hepatitis C virus patients was predicted to reduce productivity loss in Singapore, South Korea (A and B: Adapted with permission from
Younossi et al[104], 2017) and China (C: Graph generated using data reported in Ye et al[91], 2018); modelling was over a one-year time horizon.

HCV infection negatively impacts patients’ health and quality of life throughout the
disease stages. Evidence indicates that there is already measurable damage to HRQoL
in asymptomatic or undiagnosed patients with HCV infection[110]. PRO measurements
deteriorate further as the disease progresses to more severe and advanced stages, as
reported by studies from Thailand and Japan[111,112].
In China, studies on PROs in HCV patients have been scarce. Nevertheless, existing
data showed that impairment in quality of life contributes to the disease burden of
HCV infection. As part of the nationwide CCgenos study, cross-sectional data
collected in 2011 from 997 untreated patients with chronic HCV infection reported a
mean Euro-QoL 5 Dimensions descriptive score of 0.780/1[113]. The percentage of
patients reporting moderate or severe problems was about 34% for both the domains
of pain/discomfort and anxiety/depression, and 7%–8% for the domains of mobility
and usual activities[113]. Similarly, results from local studies in rural Liaoning and
Beijing using the Short Form-36 (SF-36) and/or the Chronic Liver Disease
Questionnaire (CLDQ) scales revealed low quality of life among CHC patients[114,115].
In a community-based survey of CHB and CHC patients in Shanghai using the
Quality of Life Instruments for Chronic Disease-Chronic Hepatitis and the Family
Burden Interview Schedule, multivariable analyses identified HCV infection and
elevated serum alanine aminotransferase level as direct risk factors negatively
impacting both the patients’ quality of life and the burden on their caregivers[116].
Clearly, the wellbeing and quality of life of Chinese HCV patients and caregivers are
adversely affected by the disease, calling for closer attention to patient experience in
HCV management.

Impact of different HCV treatment regimens on patient experience
To understand how treating and curing HCV infection can affect patients’ experience
and wellbeing, PROs are typically measured pre-treatment, at different time points
during treatment, at the end of treatment (EoT), and 12 or 24 wk post-treatment.
Impact of PR therapy on PROs: PR therapy is known to cause on-treatment
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deterioration in PROs due to side effects of and intolerance to the regime. A crosssectional study in Taiwan reported that CHC patients on PR treatment (n = 108)
scored significantly lower than untreated CHC patients on some of the SF-36 and
CLDQ scales[117]. Illustrating the on-treatment PRO impairment more clearly, another
Taiwanese study involving 47 PR-treated CHC patients showed that by treatment
week 12, the patients’ mean scores for all 8 SF-36 domains decreased significantly
from baseline[118].
Upon PR treatment completion, PRO parameters would return to pre-treatment
levels, or improve further upon treatment success. In the afore-mentioned study of 47
PR-treated patients, the SF-36 domain scores of those who achieved SVR (n = 21)
improved significantly over baseline by week 24 post-treatment. In contrast, the
domain scores of non-SVR patients (n = 26), though recovered from treatment week
12 to pre-treatment level by EoT, did not improve further post-treatment[118]. A study
in Guangzhou involving 72 CHC patients treated with PR reported that by EoT and
similarly at week 24 post-treatment, patients’ quality of life as measured by the
Generic Quality of Life Inventory-74 questionnaire improved significantly over
baseline, being significantly better than that of 30 untreated CHC patients at the same
timepoints. This study did not report on-treatment QoL measurements or patients’
SVR status[119].
Impact of DAA regimens on PROs: Throughout the development of DAAs, various
combination therapies have been studied and used, including DAA + IFN + RBV,
DAA + RBV, and DAA-only regimens. For SOF-based regimens, PRO data collected
from pivotal clinical studies in Western countries, Japan and other Asian regions
(China, Hong Kong, Taiwan, South Korea and Vietnam) consistently demonstrated
that for all three types of DAA combination therapy, achieving SVR12 was associated
with post-treatment PRO improvement, although compared to PR-containing or IFNfree, RBV-containing regimens, DAA-only treatment offered better on-treatment
patient experience[120-124].
Specifically for HCV patients in China, pooled analysis of two phase 3 studies on
SOF-based regimens showed that all three types of DAA combination therapy
achieved high SVR12 rates (94.6%–100%)[125]. Patients treated with SOF + IFN + RBV
regimen showed marked HRQoL decrease from treatment week 2, and those treated
with SOF + RBV experienced modest on-treatment HRQoL decline. For both groups,
the HRQoL scores remained at trough level until EoT, before improving to and
beyond pre-treatment levels[125]. In contrast, the HRQoL scores of patients receiving
DAA-only treatment (LDV/SOF) started to improve from treatment week 4, and
continued improving during and after the treatment period[125]. By week 12 posttreatment, the HRQoL scores of the LDV/SOF-treated group were significantly higher
than those of the other two treatment groups[125]. Considering the good safety profile
and tolerability documented for SOF/VEL in clinical and real-world studies,
SOF/VEL is likely to have beneficial effects on PROs, similar to LDV/SOF. Other nonSOF-based, DAA-only regimens have also generally been associated with stable ontreatment PRO profiles and PRO improvements at EoT or post-treatment[126-130].
In summary, curing HCV infection is generally associated with improved patient
experience and quality of life, irrespective of the therapy used. Again, the benefits
availed by PR therapy are likely to be limited in the light of its low treatment success
rate. In fact, poor adherence due to severe on-treatment HRQoL impairment is
considered an important factor contributing to the low real-life SVR rates with PR
therapy[4]. IFN-containing DAA combination regimens can achieve high SVR rates,
but like PR therapy, are associated with severe PRO impairment during treatment.
IFN-free, RBV-containing DAA regimens lead to mild on-treatment PRO impairment.
In contrast, DAA-only regimens can avoid such negative impact on patients, and can
confer rapid, sustained improvements in PROs during and after treatment. In
resource-limited settings or in difficult-to-treat patients, the use of IFN and/or RBV
may be a pragmatic necessity. Nevertheless, the need to minimize on-treatment life
quality deterioration and to optimize patient experience should be taken into
consideration when choosing the appropriate treatment regimens for HCV patients,
and DAA-only regimens have demonstrated added value in this respect.

REMAINING CHALLENGES AND FUTURE DIRECTIONS
Technical considerations in HCV management
In the DAA era, the goal of HCV elimination has become more realistic than ever.
Nevertheless, there remain some challenges and important issues that deserve more
attention in the management of HCV.
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With existing pan-genotypic regimens, GT3 HCV tends to be more difficult to treat
than the other genotypes. Both GLE/PIB and SOF + DCV require treatment duration
extensions for certain subpopulations of GT3 patients, and SOF/VEL’s drug label in
China suggests the addition of RBV for GT3, cirrhotic patients[5,131]. More research
would be needed to optimize the treatment strategy for GT3 patients, especially in
China where the proportion of GT3b subtype and the prevalence of baseline NS5A
RASs are higher than in Western countries[51,132].
Special attention needs to be paid to patients coinfected with hepatitis B virus
(HBV), which has a prevalence of 4.11% among HCV patients in China[133]. HBV/HCV
coinfected patients not on active anti-HBV treatment should be monitored for
potential HBV reactivation during and after DAA treatment[5].
Patients who fail certain DAA regimens may develop treatment-emergent RASs,
the transmission and accumulation of which could potentially cause public health
issues. A study on HCV resistance in China by Huang et al[134]. reported a significantly
higher overall frequency of NS5A RASs in treatment-naïve GT1b patients in 2016 than
in 2008 (42.0% vs 18.4%; P = 0.002). To minimize the risk of treatment-emergence
RASs, it is important to select for initial treatment regimens with high resistance
barriers (such as NS5B inhibitors), or to diligently conduct baseline RAS testing if
planning to use regimens known to be prone to clinical resistance. SOF/VEL/VOX,
the regimen reserved for rescue treatment of patients with DAA failures, is not yet
available in China, but would likely be a valuable tool in the future as more and more
Chinese patients undergo DAA treatments.
While DAAs offer high rates of virologic cure, the issue of HCV reinfection is
coming increasingly into attention. High reinfection rates associated with high risk
behaviors may hamper HCV elimination in key populations, such as IDUs and MSM.
For patients prone to high-risk behavior, reinfection risk counseling and linkage to
harm reduction services should be provided before and after HCV treatment, such as
referring actively injecting IDUs to methadone substitution treatment or needle and
syringe exchange programs, linking MSM to condom distribution programs, and
other behavioral interventions where necessary[135].
Besides curative therapies, another approach explored for facilitating HCV
elimination is the development of prophylactic HCV vaccines. Faced with challenges
ranging from the high genetic variability of HCV to a lack of appropriate animal
model systems for efficacy evaluation, research in this area thus far has not met with
success (for research progress on vaccine candidates, please refer to reviews by
Ghasemi et al[136] and Yan et al[137]).

Value assessment and other considerations in healthcare policy making
In addition to the value aspects discussed in this article, there are other factors
pertaining to curing HCV infection that, though not yet incorporated into value
assessment models, obviously carry considerable importance for patients and society.
For example, the hope of being cured and the removal of societal stigmatization
would be valuable from individual patients’ perspectives. Often, HCV patients are
ostracized by the community and discriminated in the workplace. Individuals
diagnosed with HCV infection may suffer from anxiety and fear, and some may feel
hopeless and give up on seeking treatment. However, with the availability of highly
effective DAA therapies, the possibility of achieving a complete cure with relatively
short and well tolerated treatments would help alleviate the fear in many patients and
contribute towards destigmatizing HCV infection. Another such example is the
scientific “spill-over” effect, whereby introducing and investing in innovative
treatment technology may stimulate future research for better understanding of HCV
and advancement in HCV prevention and control. It could be worthwhile for Chinese
researchers to explore how these aspects can be incorporated into novel value
assessment models to better inform health technology assessment and public health
policy making.
With the first DAA regimens approved in 2017 and the registration process
expedited for innovative HCV medicines, China is undoubtedly shifting from the PR
era towards that of DAAs for HCV treatment. In light of the principles set out in the
2017–2020 National Viral Hepatitis Action Plan and the goals of the Healthy China
2030 Plan, we would like to suggest that Chinese policy makers take further measures
to improve the availability of, and enable large-scale access to, innovative HCV
treatment, so as to capitalize fully on the value of effective HCV cure.
In order to maximize the benefits of highly effective HCV treatment, it would be
essential to have as many HCV-infected patients as possible diagnosed and treated.
The targets set out in the WHO Global Health Sector Strategy on viral hepatitis are
that, by 2030, 90% of HCV-infected patients are diagnosed and 80% of those
diagnosed receive HCV treatment[5]. In this respect, efforts would be needed from
Chinese policy makers and healthcare professionals to improve the public awareness
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of HCV through continued education. Public health resources would also be needed
to support the service coverage of HCV screening, diagnosis, and linkage to care.
Specifically, targeted efforts and aids may be needed to ensure that the diagnosis and
treatment needs are met in rural and less developed areas of China, and that HCV
management capabilities can be enhanced in lower-tier hospitals and healthcare
facilities.

CONCLUSION
The value of curing HCV infection extends far beyond the clinical endpoint of SVR. At
patient level, achieving virologic cure improves the long-term health outcomes and
quality of life. At society level, providing prompt and effective treatment can help
avoid future HCV-related disease and financial burdens. As China stands on the
threshold of the DAA era, it would be important for stakeholders and policy makers
to consider, that when evaluated holistically, the long-term benefits associated with
curing HCV infection would outweigh the initial investment needed for
implementing effective HCV therapies.
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Abstract
BACKGROUND
Current diagnosis of hepatitis C virus (HCV) infection requires two sequential
steps: testing for anti-HCV followed by HCV RNA PCR to confirm viremia. We
have developed a highly sensitive and specific HCV-antigens enzyme
immunoassay (HCV-Ags EIA) for one-step diagnosis of viremic HCV infection.
AIM
To assess the clinical application of the HCV-Ags EIA in one-step diagnosis of
viremic HCV infection in human immunodeficiency virus (HIV)-coinfected
individuals.
METHODS
The study blindly tested HCV-Ags EIA for its performance in one-step
diagnosing viremic HCV infection in 147 sera: 10 without HCV or HIV infection;
54 with viremic HCV monoinfection; 38 with viremic HCV/HIV coinfection; and
45 with viremic HCV and non-viremic HIV coinfection.
RESULTS
Upon decoding, it was 100% accordance of HCV-Ags EIA to HCV infection status
by HCV RNA PCR test. In five sera with HCV infection, HCV RNA was as low as
50-59 IU/mL, and four out of five tested positive for HCV-Ags EIA. Likewise, it
was also 100% accordance of HCV-Ags EIA to HCV infection status by HCV
RNA PCR in 83 sera with HCV and HIV coinfection, regardless if HIV infection
was active or not.
CONCLUSION
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The modified HCV-Ags EIA has a lower detection limit equivalent to serum HCV
RNA levels of approximately 100 IU/mL. It is highly sensitive and specific in the
setting of HIV coinfection, regardless of HIV infection status and CD4 count.
These data support the clinical application of the HCV-Ags EIA in one-step
diagnosis of HCV infection in HIV-infected individuals.
Key words: Hepatitis C virus; Hepatitis C virus antigens; Hepatitis C virus core antigen;
Hepatitis C virus diagnostic test; Diagnostic assay; Enzyme immunoassay
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We recently developed a novel and highly sensitive and specific hepatitis C
virus antigens (HCV-Ags) enzyme immunoassay for one-step diagnosis of viremic HCV
infection. The present study blindly tested this test’s performance in 147 sera: 10 without
HCV or human immunodeficiency virus (HIV) infection; 54 with viremic HCV
monoinfection; 38 with viremic HCV/HIV coinfection; and 45 with viremic HCV and
non-viremic HIV coinfection. Our results demonstrated that the HCV-Ags enzyme
immunoassay is highly sensitive and specific in the setting of HIV coinfection,
regardless of HIV infection status and CD4 count. These data support the clinical
application of the HCV-Ags test in one-step diagnosis of HCV infection in HIV-infected
individuals.

Citation: Hu KQ, Cui W, Rouster SD, Sherman KE. Hepatitis C virus antigens enzyme
immunoassay for one-step diagnosis of hepatitis C virus coinfection in human
immunodeficiency virus infected individuals. World J Hepatol 2019; 11(5): 442-449
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DOI: https://dx.doi.org/10.4254/wjh.v11.i5.442

INTRODUCTION
Chronic hepatitis C virus (HCV) infection affects approximately 115 million
individuals worldwide that can progress to chronic hepatitis C or cirrhosis, and it is
associated with development of hepatocellular carcinoma[1,2]. HCV infection is also
common in human immunodeficiency virus (HIV)-infected individuals, as both
infections share the same modes of transmission[3]. The activity and progression of
liver injury are more severe in HCV and HIV coinfected individuals than those with
HCV monoinfection[4]. Research advances have resulted in clinical application of
direct acting anti-viral treatment for HCV infection. All these treatment regimens are
highly safe and effective and associated with > 95% sustained virologic response rates
even in those with HCV/HIV coinfection[5-8]. It is recommended that HIV and HCV
coinfection should not be treated differently than HCV monoinfection[7,8]. Successful
eradication of HCV has been shown to improve the prognosis of HCV-induced liver
disease and reduce the associated mortality[9,10]. Both the World Health Organization
and the United States of America Center for Disease Control have advocated
eradicating HCV infection by 2030 [11,12] . These emphasize the essential need for
effective HCV screening and diagnosis, including HIV-infected individuals, to link
them to appropriate care.
However, the current two-step HCV test process represents one of the main
barriers for effective HCV screening[7,13,14], as it is suboptimal, costly, inconvenient,
time consuming, and globally not widely available. Current anti-HCV tests, although
highly specific and sensitive, cannot distinguish viremic HCV (V-HCV) infection from
resolved HCV (R-HCV) infection [15] . Thus, when anti-HCV is tested positive, an
expensive HCV reverse transcription-polymerase chain reaction (RT-PCR) is
mandatory to further test the presence or absence of viremia. Additionally, anti-HCV
testing cannot be used for diagnosing acute HCV infection and may cause false
negative results in immunocompromised patients, those receiving immunosuppressive therapy, or on hemodialysis[16,17]. Although serum HCV RNA RT-PCR is a
highly specific and sensitive test to detect V-HCV infection, the dependence on
expensive equipment, high cost, and time-consuming nature limit its applicability,
especially in developing countries and regions.
Several HCV core antigen (HCVcAg) assays have been reported[18-29]. The detection
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limit of the Ortho HCVcAg enzyme immunoassay (EIA) was reported to be 1.48
pg/mL, corresponding to HCV RNA of 9707 IU/mL. Hence, it is not a sensitive test.
The detection threshold of the Abbott Architect HCVcAg assay is reported to be 3
fmol/L, equivalent to HCV-RNA between 1015-1045 IU/mL, which is in line with
published data showing HCVcAg detection limits corresponding to serum HCV-RNA
levels in the range of 428-2700 IU/mL[30-32]. However, the sensitivity of the Abbott
Architect HCVcAg assay was only 64.7% to 81.9% when serum HCV RNA was < 4 log
IU/mL and 0.0% to 19.7% when serum HCV RNA was < 3 log IU/mL [31,33] .
Furthermore, a high false positive rate occurred in patients with R-HCV infection (i.e.,
negative HCV RNA and positive anti-HCV results) when tested with the current
HCVcAg assay[32-34]. Currently available HCVcAg assays have limited clinical utility
due to their low specificity and sensitivity. Recently, we developed a highly sensitive
and specific HCV-Ags EIA that could be used for one-step diagnosis of V-HCV
infection by testing serum or urine specimens[35].
The goals of the present study were to further assess the sensitivity and specificity
of the HCV-Ags EIA and its value for one-step diagnosis of viremic HCV infection in
HCV monoinfected and HCV/HIV coinfected individuals through a blinded way, i.e.
obtaining serum samples from one lab (Kenneth E Sherman; KES) and performing
HCV-Ags EIA in another lab (Ke-Qin Hu). Our results indicated that HCV-Ags EIA
holds high specificity and sensitivity for detection of V-HCV infection in individuals
with HCV monoinfection as well as HCV/HIV coinfection.

MATERIALS AND METHODS
HCV and HIV diagnosing criteria, serum specimen, and clinical data collection
Chronic V-HCV infection was defined as positive anti-HCV and HCV RNA tests for 6
mo. R-HCV (or past) infection was defined on the basis of a known history of prior
HCV infection, a positive anti-HCV test, but negative HCV RNA RT-PCR performed
at least twice. Chronic viremic HIV infection was diagnosed by positive tests for both
anti-HIV and HIV RNA PCR. Whereas, non-viremic HIV infection was defined by
history of HIV infection, on HIV treatment, and negative HIV RNA test.
The study was approved by Institutional Review Boards of both institutions. After
obtaining informed consent, venous blood specimens were collected, and serum
aliquots were prepared and stored at -80 °C. Quantitative HCV RNA RT-PCR and
HIV RNA RT-PCR were performed on the same day in the clinical laboratory. The
clinical records were also reviewed for details regarding clinical diagnosis and course.
Anti-HCV test was performed using the Architect Anti-HCV Assay, a
chemiluminescent microparticle immunoassay (Abbott Laboratories, Abbott Park, IL,
United States). Serum HCV RNA was quantitated using the Abbott Real Time HCV
assay, which has a lower limit of quantification of 12 IU/mL (Abbott Laboratories,
Abbott Park, IL, United States). Anti-HIV was performed using Abbott's Architect
HIV Ag/Antibody Combo assay for the simultaneous detection of both HIV antigen
and antibodies. HIV RNA test was performed by LabOne, Inc. using the Roche
Diagnostics Amplicor HIV-1 Monitor test kit with a linear range of 400-750000 HIV-1
RNA copies/mL.

Serum specimens and study conduction
The present studies utilized a blind fashion to assess the performance of the HCV-Ags
EIA that was recently reported highly sensitive and specific[35] in sera with (1) HCV
mononfection and (2) HCV and HIV coinfection. For study enrollment, patients must
have a full assessment for HCV and HIV infection as described above. Serum samples
were collected from the KES lab, and divided into four groups without HCV and HIV
infection, HCV monoinfection, and HCV and HIV coinfection with different HIV
replication status as shown in Table 1.
All the serum specimens were blindly coded in the KES lab and sent to the Ke-Qin
Hu lab to perform HCV-Ags EIA. The test results were then sent back to the KES lab
for decoding and used for statistical analysis. The related clinical data, such as age,
gender, and CD4 count, were collected in the KES lab.

HCV-Ags EIA
All coded serum samples underwent HCV-Ags EIA that was performed in the Ke-Qin
Hu lab, as previously reported[35]. Briefly, 96 microtiter plates were coated with HCVAgs-specific capture antibodies followed by addition of HCV detection antibodies
specific to HCV antigens (i.e., HCVcAg and non-structural S3-S5 proteins) and HRPconjugated secondary antibodies. Finally, a color reaction was produced using
substrate solution, and optical density was measured using ELX 800 Universal
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Table 1 Blinded 147 serum samples in four groups for hepatitis C virus antigens enzyme immunoassay
Group

Diagnosis

Cases

HCV infection

HIV infection

1

No HCV/HIV

2

HCV alone

10

No (anti-HCV -/HCV PCR -)

No (anti-HIV -)

54

Yes (anti-HCV +/HCV PCR +)

3

HCV/viremic HIV

No (anti-HIV -)

38

Yes (anti-HCV +/HCV PCR +)

Yes (anti-HIV +/HIV PCR +)

4

HCV/non-viremic HIV

45

Yes (anti-HCV +/HCV PCR +)

Yes (anti-HIV +/HIV PCR -)

147

Total

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus.

Microplate Reader. Results were expressed as optical density values.

Statistical analysis
The categorical data were presented as percentage, and continuous data were
expressed as the mean and standard deviation. A 2 x 2 table was used to calculate the
test sensitivity, specificity, positive, and negative predictive values. The P values less
than 0.05 were considered statistically significant. SPSS software was used for
statistical analysis.

RESULTS
Study groups, serologic and virologic data, and CD4 count
As summarized in Table 1, a total of 147 coded serum specimens were used in the
present study in the following four groups. Group 1 included 10 sera without HCV or
HIV infection (i.e., negative anti-HCV, HCV RNA, anti-HIV, and HIV RNA tests);
group 2 included 54 sera with HCV monoinfection (i.e., positive HCV RNA, negative
anti-HIV tests); group 3 included 38 sera with viremic HCV and HIV coinfection (i.e.,
positive for both HCV RNA and HIV RNA tests), and group 4 included 45 sera with
viremic HCV infection, but non-viremic HIV infection (i.e., history of positive HCV
RNA and anti-HIV, on HIV treatment, and currently negative HIV RNA tests).
In group 2, HCV genotype (GT) distribution was GT1 = 47, GT3 = 4, GT4 = 1, and
GT mixed = 2, and the range of serum HCV RNA load was from 4.8 x 2 log to 2.6 x 7
log IU/mL. In group 3, HCV GT distribution was GT1 = 28 and GT4=10. The range of
serum HCV RNA load was from 4.6 x 5 log to 7.8 x 7 log IU/mL. The range of serum
HIV RNA load was from 4.7 x 1 log to 1.2 x 6 log copies/mL, and mean CD4 count
was 482.3 (282-800). In group 4, HCV GT distribution was GT1 = 35, GT2 = 6, GT4 = 2,
and ND = 2. The range of serum HCV RNA load was from 9.5 x 3 log to 2.1 x 7 log
IU/mL. All were negative for HIV RNA, and mean CD4 count was 594 (174-1106).
Additionally, five sera with HCV monoinfection and HCV RNA load ranging from
50-59 IU/mL were tested by the HCV-Ags EIA.

Performance of HCV-Ags EIA in HCV monoinfection
As shown in Table 2, in ten sera without HCV and HIV infection, all (100%) tested
negative for HCV-Ags EIA. All 54 (100%) sera with viremic HCV infection tested
positive for HCV-Ags EIA regardless of serum HCV RNA level and GT. Thus, the test
results of HCV-Ags EIA were in 100% accordance to HCV infection status by HCV
RNA PCR. Statically, HCV-Ags EIA test was confirmed to have 100% sensitivity and
specificity for HCV viremic infection. Additionally, in five sera with low viremic HCV
infection (HCV RNA level ranged between 50-59 IU/mL), 4/5 were positive for HCVAgs EIA.

Performance of HCV-Ags EIA in HCV/HIV coinfection
As shown in Table 3, in 38 sera with viremic HCV and HIV coinfection, all (100%)
were positive for HCV-Ags EIA. In 45 sera with viremic HCV and non-viremic HIV
coinfection, all (100%) were positive for HCV-Ags EIA. Thus, the test results of HCVAgs EIA were in 100% accordance to HCV infection status by HCV RNA PCR,
regardless if HIV infection was active and of the CD4 count.

DISCUSSION
HCV infection affects approximately 115 million people globally [1] . Currently,

WJH

https://www.wjgnet.com

445

May 27, 2019

Volume 11

Issue 5

Hu KQ et al. One-step EIA for viremic HCV in HIV infection

Table 2 The accordance of serum hepatitis C virus antigens enzyme immunoassay test results
to hepatitis C virus RNA PCR in sera with hepatitis C virus monoinfection
Serum HCV-Ags EIA
Groups

Interpretation

Cases
Positive (%)

Negative (%)

1 (anti-HCV -/HCV RNA -)

No HCV infection

10

0 (0.0%)

10 (100.0%)

2 (anti-HCV +/HCV RNA +)

Chronic HCV infection

54

54 (100.0%)

0 (0.0%)

64

54

10

Subtotal

HCV: Hepatitis C virus; HCV-Ags EIA: HCV-antigens enzyme immunoassay.

diagnosis of HCV infection requires two sequential steps: testing anti-HCV to screen,
followed by HCV RNA RT-PCR to confirm viremia[7,13,14]. The latest anti-HCV tests are
highly sensitive and specific, but they cannot differentiate acute HCV infection with
V-HCV and R-HCV infection. Therefore, all positive anti-HCV test results need to be
further tested by HCV RNA RT-PCR. Although HCV RNA RT-PCR tests are highly
sensitive and specific for V-HCV infection, it is time consuming, costly, and not
available and affordable in many developing countries and regions.
Recently, we developed a novel HCV-Ags test that is more sensitive and specific
than traditional HCVcAg tests and holds potential for one-step serologic diagnosis of
V-HCV infection[35]. In the present study, we used a blinded fashion to further test the
sensitivity and specificity of the HCV-Ags EIA in HCV sera with monoinfection and
HCV/HIV coinfection. The serum samples were from one laboratory with coding,
and HCV-Ags EIA were performed blindly in another laboratory, then decoded for
data analysis.
In 64 sera, 10 without HCV and HIV infection and 54 with viremic HCV infection, it
was in 100% accordance of HCV-Ags EIA test results to HCV infection status by HCV
RNA PCR. This blinded study further confirmed our previous report that the HCVAgs EIA is highly specific and sensitive in diagnosing viremic HCV infection in those
with HCV monoinfection. In an additional five sera with viremic HCV infection as
low as HCV RNA load ranging between 50-59 IU/mL, 4/5 were positive for HCVAgs EIA, further confirming the lowest limits of detection of the HCV-Ags assay as
previously reported[35].
We then tested utility of HCV-Ags EIA in sera with HCV and HIV coinfection. In 38
sera with viremic HCV and HIV coinfection and 45 sera with viremic HCV and nonviremic HIV coinfection, it was in 100% accordance of HCV-Ags EIA test results to
HCV infection status by HCV RNA PCR, regardless if HIV infection was active and of
the CD4 count. These results confirmed that the HCV-Ags EIA is highly specific and
sensitive in diagnosing viremic HCV infection in those with HCV and HIV
coinfection, no matter if HIV infection was active or not. The present study confirmed
the potential that HCV-Ags EIA may provide an equal and cost-effective way for onestep screening and diagnosing viremic HCV infection. As HCV infection is common
in HIV-infected individuals, these results are very promising in further study on the
clinical application of the HCV-Ags EIA in the population with risk for both HCV and
HIV infection, an important addition to the World Health Organization and the
Center for Disease Control’s commitment of HCV elimination globally[11,12].
It should be noted that the main advantage of the present study is the blinded
fashion, but the sample size was small. Further larger, prospective studies are needed
to assess the value of clinical application of the HCV-Ags EIA.
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Table 3 Accordance of serum hepatitis C virus antigens enzyme immunoassay to hepatitis C virus PCR testing results in sera with
hepatitis C virus/human immunodeficiency virus coinfection
Serum HCV-Ags EIA
Groups

HIV status

Cases
Positive (%)

Negative (%)

1 (anti-HCV +/HCV RNA +)

Viremic HIV infection

38

38 (100.0%)

0 (0.0%)

2 (anti-HCV +/HCV RNA +)

No viremic HIV infection

45

45 (100.0%)

0 (0.0%)

83

83

0

Subtotal

HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HCV-Ags EIA: HCV-antigens enzyme immunoassay.

ARTICLE HIGHLIGHTS
Research background
Current diagnosis of hepatitis C virus (HCV) infection requires two sequential steps: testing for
anti-HCV followed by HCV RNA PCR to confirm viremic infection. We have developed a highly
sensitive and specific HCV-antigens (Ags) enzyme immunoassay (EIA) for one-step diagnosis of
viremic HCV infection. However, it has not been tested blindly and especially in those with HCV
and human immunodeficiency virus (HIV) coinfection.

Research motivation
Although HCV RNA RT-PCR tests are highly sensitive and specific for viremic HCV infection, it
is time consuming, costly, and not available and affordable in many developing countries and
regions. Further confirming the sensitivity and specificity of HCV-Ags EIA will provide
additional support of its clinical value for one-step screening and diagnosing HCV viremic
infection.

Research objectives
The present study was aimed to blindly assess the clinical application of the HCV-Ags EIA in
one-step diagnosis of viremic HCV infection in HCV-infected and HCV/HIV-coinfected
individuals.

Research methods
The study blindly tested HCV-Ags EIA for its performance in one-step diagnosing viremic HCV
infection in 147 sera, 10 without HCV or HIV infection; 54 with viremic HCV monoinfection; 38
with viremic HCV/HIV coinfection; and 45 with viremic HCV and non-viremic HIV coinfection.

Research results
The modified HCV-Ags EIA has a lower detection limit equivalent to serum HCV RNA levels of
approximately 100 IU/mL. It is highly sensitive and specific in the setting of HIV coinfection,
regardless of HIV infection status and CD4 count.

Research conclusions
These data support the clinical application of the HCV-Ags test in one-step diagnosis of HCV
infection in HIV-infected individuals.

Research perspectives
The HCV-Ags EIA will be a novel addition to the current standard and is a more cost-effective
one-step HCV screening and diagnosis method.
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Abstract
BACKGROUND
Progressive familial intrahepatic cholestasis (PFIC) refers to a disparate group of
autosomal recessive disorders that are linked by the inability to appropriately
form and excrete bile from hepatocytes, resulting in a hepatocellular form of
cholestasis. While the diagnosis of such disorders had historically been based on
pattern recognition of unremitting cholestasis without other identified molecular
or anatomic cause, recent scientific advancements have uncovered multiple
specific responsible proteins. The variety of identified defects has resulted in an
ever-broadening phenotypic spectrum, ranging from traditional benign recurrent
jaundice to progressive cholestasis and end-stage liver disease.
AIM
To review current data on defects in bile acid homeostasis, explore the expanding
knowledge base of genetic based diseases in this field, and report disease
characteristics and management.
METHODS
We conducted a systemic review according to PRISMA guidelines. We performed
a Medline/PubMed search in February-March 2019 for relevant articles relating
to the understanding, diagnosis, and management of bile acid homeostasis with a
focus on the family of diseases collectively known as PFIC. English only articles
were accessed in full. The manual search included references of retrieved articles.
We extracted data on disease characteristics, associations with other diseases, and
treatment. Data was summarized and presented in text, figure, and table format.
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RESULTS
Genetic-based liver disease resulting in the inability to properly form and secrete
bile constitute an important cause of morbidity and mortality in children and
increasingly in adults. A growing number of PFIC have been described based on
an expanded understanding of biliary transport mechanism defects and the
development of a common phenotype.
CONCLUSION
We present a summary of current advances made in a number of areas relevant
to both the classically described FIC1 (ATP8B1), BSEP (ABCB11), and MDR3
(ABCB4) transporter deficiencies, as well as more recently described gene
mutations -- TJP2 (TJP2), FXR (NR1H4), MYO5B (MYO5B), and others which
expand the etiology and understanding of PFIC-related cholestatic diseases and
bile transport.
Key words: Cholestasis; Progressive familial intrahepatic cholestasis; Benign recurrent
intrahepatic cholestasis; Intrahepatic cholestasis of pregnancy; Drug induced cholestasis;
Bile acids; Bile transport
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Progressive familial intrahepatic cholestasis is a heterogeneous cohort of
diseases that present both diagnostic and treatment challenges for clinicians. Significant
advancement in the knowledge base related to the genetic underpinnings regulating bile
acid transport physiology has enabled new diseases to be identified with a breadth of
phenotypes from neonates to adults.
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etiology of progressive familial intrahepatic cholestasis. World J Hepatol 2019; 11(5): 450463
URL: https://www.wjgnet.com/1948-5182/full/v11/i5/450.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i5.450

INTRODUCTION
Progressive familial intrahepatic cholestasis (PFIC) refers to a heterogeneous group of
autosomal recessive disorders that are linked by the inability to appropriately form
and excrete bile from hepatocytes, resulting in a hepatocellular form of cholestasis.
While the diagnosis of such disorders had historically been based on pattern
recognition of unremitting cholestasis without other identified molecular or anatomic
cause, recent scientific advancements have uncovered multiple specific responsible
proteins. The variety of identified defects has resulted in an ever-broadening
phenotypic spectrum, ranging from traditional benign recurrent jaundice to
progressive cholestasis and end-stage liver disease.
Bile is a unique aqueous secretion of the liver that is formed by the hepatocyte and
modified downstream by absorptive and secretory properties of the bile duct
epithelium. It is a combination of lipids (mainly phosphatidylcholine), bile acids,
cholesterol, bilirubin, and other substances that serve to move toxins and waste
metabolites out of the liver and into the gut for excretion[1]. Micellarized bile is then
reabsorbed in the enterohepatic circulation in the distal small bowel via the apical
sodium dependent bile transporter (ASBT; SLC10A)[2]. Bile salts are synthesized in
hepatocytes and transported across the canalicular membrane via the bile salt export
pump (BSEP); the expression and trafficking of which is regulated by the farnesoid X
receptor (FXR) and dependent upon of MYO5B respectively[3,4]. The stability of the
canalicular membrane, in which the BSEP transporter lies, is dependent on the FIC1
ATPase that regulates the phospholipid balance and the ABC translocase MDR3
which moves phosphatidylcholine across the canalicular membrane to inactivate bile
acids. The integrity of the system is in part dependent upon hepatocyte connections,
such as the TJP2-anchored tight junctions, which protect hepatocytes from bile salt
reflux and subsequent damage [4] (Figure 1). Defects in these bile acid transport
processes result in the accumulation of bile salts in the hepatic parenchyma, which are
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toxic due to their detergent nature, and the phenotypic manifestations collectively
known as PFIC.

MATERIALS AND METHODS
This systematic review was conducted according to the PRISMA guidelines. We
searched Medline/PubMed in February–March 2019 for established cases of PFIC as
well as reports of defects in PFIC-related genes contributing to morbidity in adult
populations. English language only articles that were fully accessible were included in
the review. Data was manually extracted on disease characteristics in established
PFIC patients. Associated phenotypes with other diseases relating to specific genetic
defects were also collected. Treatment strategies were summarized. Data was collated
and presented in text, figure, and table format.

Statistical analysis
Descriptive statistics were utilized to present the data. The statistical methods of this
study were reviewed by Suraj Nepal, lead data analyst from the UPMC Children’s
Hospital of Pittsburgh department of surgery.

RESULTS
A summary of currently understood protein mechanisms, whose functions are critical
to bile acid homeostasis, and whose dysfunction results in a phenotype of PFIC is
presented in Figure 1. A gene-specific search identified 52 ATP8B1, 158 ABCB11, 250
ABCB4, 56 TJP2, 48 MYO5B, and 363 NR1H4 articles. Manual review to identify
association with liver disease in humans revealed reports summarized in the current
manuscript. The three “Historical” PFIC diseases, the expanded phenotypes, and
emerging data on contributing morbidity in non-pediatric populations relating to
defects in PFIC-related genes are summarized.

Historical PFIC
ATP8B1 (FIC1, PFIC1, Byler’s disease): The first reported PFIC, progressive familial
intrahepatic cholestasis type 1, also called Byler’s disease, was described 1969 in seven
Amish children (from the original Byler kindred in Western Pennsylvania) as a
progressive cholestatic disease with associated extrahepatic symptoms [5] . The
causative ATP8B1 gene and corresponding FIC1 protein was identified by Bull et al[6]
in 1998 by analyzing the genetics of patients from the initial Amish cohort as well as
patients from Northern Europe with benign recurrent intrahepatic cholestasis type 1
(BRIC1). Definitive FIC1 function remains ambiguous. Current understanding of its
action as an aminophospholipid translocase which transports phospholipids from
outside to inside the canalicular membrane is based on studies in Atp8b1-deficient
mice[7]. Additional modifiers of disease phenotype, such as mutation-specific effects
on FIC1 trafficking from the endoplasmic reticulum to the canalicular membrane,
have been proposed[8]. Ultimately, without appropriate concentrations of intracellular
phospholipids, bile acids accumulate intracellularly and are cytotoxic to the
hepatocyte due to their detergent nature[9].
Deficient or defective FIC1 results in a low gamma glutamyl (GGT) cholestasis that
often presents in the neonatal period, though milder forms with transient jaundice
may present later in life[1,9,10]. Affected individuals have hyperbilirubinemia, mildly
elevated transaminases, and elevated serum bile acids. Infants often present
jaundiced, with pruritis and hepatosplenomegaly developing over the first months of
life. Severe disease manifests with persistent, progressive cholestasis and the
development of portal hypertension often in early childhood. Extrahepatic disease is
also notable due to the broad distribution of FIC1, which can clinically distinguish
FIC1 deficiency from other forms of intrahepatic cholestasis. Affected children
frequently exhibit profound diarrhea, poor growth, short stature, pancreatic
insufficiency, elevated sweat chloride, and sensorineural deafness[4,10]. Histopathology
demonstrates canalicular cholestasis with biliary plugs, giant cell transformation,
ductular paucity, and lobular disarray [11] . Visualized bile is termed as “bland”
granular (Byler’s) bile[9,12].
Treatment for FIC1 deficiency, as with all PFIC diseases, is challenging with no
definitive medical therapies available. Supportive measures are focused on improving
nutritional deficiencies and managing complications of end stage liver disease.
Patients should be treated with caloric, fat, and vitamin supplementation, with the
majority of fat being medium chain triglycerides [9] . Ursodeoxycholic (UDCA), a
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Figure 1

Figure 1 Molecular mechanisms of cholestasis at the apical hepatocellular membrane. FXR: Farnesoid X receptor; RXR: Retinoid x receptor alpha; ABCB11:
ATP binding cassette subfamily B member 11; MYO5B: Myosin VB; RAB11A: Ras-related protein Rab11a; FIC1: Familial intrahepatic cholestasis 1; BSEP: Bile salt
export pump; MDR3: Multidrug resistance 3; TJP2: Tight junction protein 2.

hydrophilic bile acid which replaces hydrophobic bile salts and may also induce BSEP
and MDR3 expression, can improve pruritis and biochemical markers of cholestasis[9].
Other antipruritic agents (Table 1) such as rifampin and cholestyramine may also be
utilized but are often less helpful in FIC1 deficiency [9,10] . Certain CFTR folding
correctors have been shown to improve defective trafficking of FIC1 in cell culture [13];
however, studies in human subjects are lacking.
When medical therapy is insufficient, surgical intervention may be considered with
the goal of bypassing the enterohepatic circulation and/or decreasing reabsorption of
bile salts (Figure 2). Procedures including partial external biliary diversion (PEBD),
partial internal biliary diversion, and ileal exclusion have generally, though not
uniformly, resulted in sustained clinical improvement in PFIC patients[14-16]. A large
surgical experience has been described in FIC1 deficiency[14-16].
Early procedures including PEBD were first reported more than 20 years ago[17].
PEBD utilizes an external stomal conduit (generally a cholecystojejunal cutaneous
stoma) to enable partial, unregulated external bile flow, resulting in decreased bile
acids in the enterohepatic circulation and reports of improved pruritis, growth, and
possibly hepatic fibrosis[14,17]. Remarkably, PEBD has been recognized to provide an
alternative to transplant, with many patients surviving with their native liver.
However, complications can occur including recurrent episodes of pruritis, possible
need for biliary diversion revision, continued need for aggressive vitamin
supplementation, or progressive disease necessitating liver transplant[14,18,19].
An alternative to PEBD is the ileal bypass (IB, or ileal exclusion)[20]. This technique
bypasses the distal 15% of the ileum to avoid the major site of bile acid reabsorption
and is particularly useful in patients without an intact gall bladder[20]. Unfortunately,
severe malabsorption can occur and refractory disease has been reported[18,21,22].
More recently, partial internal biliary diversions (PIBD) has been described. The
procedure may involve the creation of a neo-conduit between the gall bladder and the
colon to prevent reabsorption of bile acids in the terminal ileum. This procedure may
utilize a cholecystojejunocolonic, cholecystoileocolonic, cholecystocolostomy, or
cholecystoappendicocolonic anastomosis technique[22,23]. Reports in the literature
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Table 1 Medical management of pruritus in children
Medicine
Cholestyramine

Naltrexone

Rifampicin

Dose

Mechanism of action

Initial dose: 2 g BID

Ion exchange resin which acts as BA binder in the
intestine

(max dose 24 g/d)

Decreased ileal BA absorption, Increased BA
excretion (in feces)

Initial dose: 0.25-5 mg/kg per day

Opioid antagonist

(max dose 50 mg/d)

Block the permissive activity on pruritus neuronal
signaling

Initial dose: 5 mg/kg

PXR agonist
Induces CYP3A4

(max dose 20 mg/kg per day)

Increases metabolism and renal excretion of
pruritogenic substances
Antibacterial effect may modify intestinal
metabolism of pruritogenic substances

Sertraline

Ursodeoxycholic acid

Initial dose: 1 mg/kg per day

Serotonin reuptake inhibitor

(max dose: 4 mg/kg per day)

Proposed mechanism includes increase in central
serotonergic tone, which regulates pruritus

600 mg/m2 per day

Tertiary BA
Increases bile secretion
Reduces ileal absorption of hydrophilic BAs

BA: Bile acid; PXR: Pregnane X receptor.

suggest patients experience not only improvement of intractable pruritis and sleeping
difficulties, but also significant biochemical decrease in both bilirubin and plasma bile
acids[21-23]. Side effects described are most notable for diarrhea, which improved with
cholestyramine [21,23] . Notably, no single procedure has demonstrated definitive
superiority with center-experience likely driving center-specific approaches. Newer
therapeutics including inhibitors of the ileal apical-sodium dependent bile acid
transporter (ASBT) which effectively act as a ‘chemical’ biliary diversion are currently
under investigation (NCT03566238)[24].
Liver transplant is indicated in those with a refractory course and in those who
develop end stage disease. While hepatocellular carcinoma as an indication for
transplant has been reported in other PFIC diseases, FIC1 deficiency is not known to
associate with tumor development. However, mutations in ATP8B1 have been found
while sequencing hepatocellular carcinoma in patients without cholestatic disease[25].
Importantly, patients should be counseled that the diarrhea associated with FIC1
deficiency may persist, or even worsen, following transplant. This phenomenon has
been reported concomitant with the development of both allograft steatosis and
fibrosis, which can progress requiring re-transplantation[9,26]. In order to prevent
damaging steatosis in the graft, ileal diversion at the time of transplant has sometimes
been utilized[27].
Notably, the recognition of variable disease courses and responses to therapy in
individuals with identical ATP8B1 mutations would suggest the presence of disease
modifiers[10,14]. While the majority of FIC1 deficiency presents in childhood, mutations
in the ATP8B1 gene may also lead to more mild manifestations of disease including
BRIC1 and intrahepatic cholestasis of pregnancy type 1 (ICP1) [28-30] . Dozens of
mutations have been described, with missense mutations being more common in
BRIC1 patients and nonsense or large deletions more common in severe FIC1
disease[31].
ABCB11 (BSEP, PFIC2): Historical PFIC2 results from defects or deficiency in the
BSEP encoded by ABCB11. The location of the defect was initially mapped to
chromosome 2q24 to be positional match to BSEP, which had been cloned previously
in the mouse genome and was shown soon after to export bile acids[32,33]. This defect
results in a severe hepatobiliary phenotype due to impairment of bile salt handling
and subsequent damage to hepatocytes[9]. As of this writing, more than 200 causative
mutations have been identified[34]. Affected infants initially present jaundiced, with
pruritis developing around 4-5 mo of age and often progressing to the development of
portal hypertension within the first year of life[9,35,36]. Scleral icterus, hepatomegaly,
excoriation of skin, and poor growth due to fat malabsorption and fat-soluble vitamin
deficiency may also be apparent due to cholestasis, though extrahepatic symptoms are
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Figure 2

Figure 2 Representative surgical interventions for progressive familial cholestasis. A: Partial external biliary diversion; B: Partial internal biliary diversion using
a cholecystocolostomy approach; C: Ileal bypass/exclusion.

less significant than in FIC1 deficiency[4,9]. Laboratory findings demonstrate a low
GGT cholestasis with transaminases typically more than twice the upper limit of
normal[36]. Similar to FIC1 deficiency, treatment is primarily supportive and focuses on
nutritional supplementation and antipruritic agents. Zebrafish models of BSEP
deficiency suggest a potential role for therapies aimed at promoting alternative
transporters to excrete bile[37] while reports in human subjects using cell surface BSEPenhancer molecules (i.e., 4-phenylbutyrate) alone [38] or as part of a cocktail of
medications [39] have shown promise. Both approaches require more complete
investigation, which may be facilitated through new disease models using patientspecific induced pluripotent stem cell-derived hepatocyte like cells [40] . Surgical
interruption of the enterohepatic circulation may improve pruritis but may not
change the course of disease[16]. Notably, the response to diversion has been shown to
be dependent on the gene defect, with those who retain some residual protein
function having better outcomes than those with mutations resulting in severely
dysfunctional or absent protein[41,42]. Pathology typically demonstrates canalicular
cholestasis, hepatocellular disarray, and lobular and portal fibrosis[9]. Importantly,
there is up to 15% rate of malignancy (hepatocellular carcinoma and cholangiocarcinoma) that has been described in children as young as 13 mo [43] . Therefore,
patients with PFIC2 should be screened for malignancy with an alpha-fetoprotein
(AFP) level and abdominal ultrasound every 6-12 mo[9]. Liver transplant has been
successfully used to treat severe BSEP disease and in those who develop tumor. While
organ replacement has historically been considered a ‘’cure’’, patients can develop
allo-reactive antibodies specific to the extracellular loop of the BSEP protein resulting
in an immune mediated recurrence of their BSEP disease in the allograft [44-46] .
Monitoring for disease recurrence is critical as most disease will respond to increased
immunosuppression. However, with refractory disease recurrence, more intensive
management such as B-cell depleting antibody therapy[47], allogenic hematopoietic
stem cell transplant[48], and repeat solid organ transplant[49] may be required.
Similar to ATP8B1, a phenotypic continuum has been recognized with ABCB11
mutations. Transient neonatal cholestasis, benign recurrent intrahepatic cholestasis
type 2 (BRIC2), intrahepatic cholestasis of pregnancy type 2 (ICP2), and drug induced
cholestasis have all been associated with abnormalities in BSEP[50,51]. Two mutations
have been found that prognosticate a modified disease course of BSEP disease: D482G
leads to a more slowly progressive disease with the development of cirrhosis at a later
age, and E297G results in PFIC2 or BRIC2 that may be more responsive to medical
therapy[4,9]. Drug induced cholestasis is often associated with the V444A mutation,
which leads to decreased BSEP expression, and specifically contraceptive induced
cholestasis has been associated with the 1331T>C polymorphism[52,53].
ABCB4 (MDR3, PFIC3): Also described as a cholangiopathy, PFIC3 is secondary to
defects in the multidrug resistance class 3 (MDR3) glycoprotein, encoded by ABCB4[54].
As a phospholipid translocator, MDR3 facilitates the incorporation of
phosphatidylcholine into bile. Without phosphatidylcholine to neutralize bile acids,
the imbalance of free bile acids damages cholangiocytes, and cholesterol crystallizes
into liver-damaging stones[9]. As with other PFIC diseases, there is a spectrum of
disease that can be explained by the extent to which MDR3 is impaired by a particular
genetic mutation[55,56]. Those with a heterozygous mutation typically have a mild
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disease course, including forms of transient neonatal cholestasis[55,57]. Of the described
defects in MDR3, the majority are missense mutations that result in defective
processing or intracellular transport; while the minority have completely absent
MDR3 expression secondary to early truncation or destruction of the protein[9,55,57,58].
While presentation in the first months of life are reported, MDR3 deficiency more
often presents in late adolescence or even adulthood[59]. The phenotype of adults with
ABCB4 mutations can be varied, ranging from slowly progressive disease,
cholelithiasis, ICP, drug induced cholestasis, and benign recurrent intrahepatic
cholestasis[58]. In children and adolescents, symptoms are typically few, and the first
may be variceal bleeding secondary to portal hypertension[9]. A retrospective review
of 38 patients found that those diagnosed in childhood presented with pruritis around
1 year of age and most had hepatosplenomegaly, portal hypertension, and jaundice at
the time of presentation[58]. Pediatric disease has also been associated with growth
restriction, reduced bone density, and learning disabilities [58] . GGT is typically
elevated at presentation, with relatively milder elevation of transaminases and
bilirubin[41,59]. Medical treatment should be initiated early in the disease course. Care is
supportive including nutrition supplementation and antipruritic agents, though it is
not clear if these therapies alter the disease course[4,55]. In vitro studies have suggested
that disease-associated mutations resulting in impaired ABCB4 trafficking may be
functionally rescued by chemical chaperones[56]. Temporizing surgical interventions as
described above are rarely successful due to the severity of disease when diagnosed
and liver transplant remains the only definitive therapy [4,59] . Histology typically
demonstrates portal fibrosis and bile duct proliferation with mild giant cell hepatitis
at disease onset with occasional intraductal cholelithiasis[9]. MDR3
immunohistochemical staining will be absent, decreased, or potentially normal if
there are functional protein defects [9]. Carcinogenesis and the development of both
cholangiocarcinoma and hepatocellular carcinoma have been reported[9,60,61].

Expanded PFIC
TJP2 (TJP2): Recently, alternate proteins have been identified in whom mutations
result in a phenotypic pattern that is similarly to ‘’classic’’ PFIC disease, mainly
cholestasis presenting in the neonatal period. The first of these identified stems from
loss of function mutations in TJP2 encoding the tight junction protein TJP2. TJP2 is
one of the intracellular anchors for tight junctions that seal canaliculi and prevent
damage from cytotoxic detergent bile salts[4,59]. To date the largest case series consists
of 12 infants from 8 families (most consanguineous) who presented ≤ 3 mo of age with
severe liver disease [ 6 2 ] . Though still exceedingly rare, advances in genetic
understanding has enabled retrospective re-classification suggesting TJP2 deficiency
may be more common than previously thought[63]. The disease results from biallelic
mutations in TJP2 with extrahepatic manifestation in the respiratory and neurologic
systems having been reported. The mechanism of injury is thought to relate to TJP2’s
function maintaining junction integrity, the disturbance of which enables toxic
molecules to reflux into the paracellular space; however, this is not clearly
described[62]. Though few samples are available, pathology demonstrates intracellular
cholestasis and giant cell transformation, with absence of TJP2 specific staining[4].
Several mutations have been noted specific to the families who manifested the
disease, but it is not yet clear if some mutations pertain to less severe disease than
others or if there is a milder form of disease that may be appreciated in adult patients.
Hepatocellular carcinoma has been described at presentation in infants[64,65]. Due to the
severity of presentation, 9 of the initial 12 patients described underwent liver
transplant; 2 have survived with portal hypertension, and one passed away of their
disease[62].
NR1H4 (FXR): PFIC phenotype can also result from mutations in NR1H4, which
encodes the FXR, the nuclear receptor transcription factor which regulates BSEP
expression via negative feedback loop and induces FGF19 to repress bile acid
synthesis[4,66]. Patients reported with these defects are extremely rare, with only 5
patients reported in the literature [67,68] . Without appropriate regulation of BSEP,
patients with this defect have presented in the neonatal period with normal GGT
cholestasis, normal liver enzymes, elevated serum bile acids, extremely elevated AFP,
and rapidly progressed to end stage liver disease with vitamin K independent
coagulopathy and hyperammonemia[67,68]. On native liver pathology, the patients were
found to have intralobular cholestasis with ductular reaction, hepatocellular
ballooning, giant cell transformation, and fibrosis with progression to micronodular
cirrhosis. Three patients underwent liver transplant with 2 of 3 showing steatosis in
the graft organ on follow up[67].
MYO5B (MYO5B): Defects in MYO5B, on which BSEP depends to localize to the
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canalicular hepatocellular membrane, usually cause microvillus inclusion disease but
also may result in isolated liver disease[4]. Without appropriate BSEP localization,
secretion of bile acids is impaired and causes hepatocellular toxicity[69]. This results in
a clinical picture of low GGT cholestasis, hepatomegaly, normal or mildly elevated
transaminases. Patients have preserved synthetic function but struggle with pruritis
and present around 1 year of age, similar to FIC1 and BSEP disease [69] . The
hepatocellular damage results in a pathologic pattern of hepatocellular cholestasis
with portal and lobular fibrosis and giant cell transformation. Present but abnormal
BSEP and MDR3 staining suggest that these transporters are made but can’t
appropriately migrate to the canalicular membrane[69].
Because MYO5B interacts with rab11 for appropriate functioning of polarized cells,
extrahepatic manifestations can be present. MYO5B has previously been implicated in
microvillous inclusion disease, thus some patients with genetic cholestasis have also
had diarrheal manifestations of disease[69]. Similarly, some patients also suffer short
stature, though others have normal growth. Finally, some patients with this disease
have neurologic findings, though it is not clear if these are related to the gene
defect[4,69]. In addition to supportive care for nutrition and diarrhea, patients have been
treated with antipruritic and anticholestatic agents, including UDCA, rifampin,
cholestyramine, traditional Chinese medicine[4,69]. If pruritis is refractory to medical
therapy, some success has been seen with PEBD. Finally, liver transplant has been
undertaken if pruritis is refractory, though it does not address extrahepatic
symptoms[69]. At our institution, the association between MYO5B defects, intestinal
failure, and isolated liver disease has made decisions regarding type of transplant
(isolated bowel, liver bowel, multi-visceral, etc) challenging in patients with
microvillus inclusion disease.
USP53 (USP53) and LSR (LSR): A recent report utilizing exome sequencing and
positional mapping was able to identify 2 novel loci with defects associated with lowGGT cholestatic liver disease presenting in childhood[70]. In the first case, 3 members of
a family (2 sisters and a cousin) presented with low-ggt cholestasis, liver enzyme
elevations, and pruritus. Defects in the USP53 protein, thought to colocalize with TJP2
and be part of the tight junction complex[71], was identified. In the second case, a
young boy who presented with hypocalcemic seizures, pruritus, liver enzyme
elevation, and low-ggt cholestasis was found to have a mutation in lipolysisstimulated lipoprotein receptor (LSR). Mechanisms by which LSR contributed to the
liver disease were not reported, although LSRs role in animal models of liver
development suggests an area for future research[70].

Contributions beyond pediatrics
The traditional understanding of the PFIC-associated genes contributing to morbidity
in adults mainly encompass the phenotypes of BRIC and ICP. The phenotype of BRIC
is characterized by intermittent episodes of cholestasis with varying degrees of
severity. Both ATP8B1 and ABCB11 mutations have been associated with the
phenotype[12,51]. While classic descriptions of BRIC note complete symptom resolution
without progression, several cases have been reported to transition to more persistent,
progressive disease[72]. Treatment of cholestatic episodes with steroids, choleretic
agents, and bile acid binders have generally been ineffective, although rifampicin has
been shown to decrease pruritus and shorten exacerbations[73,74]. ICP is a common
condition affecting about 1% of all pregnancies[75]. ICP manifests during pregnancy
with pruritus, hepatic impairment, and cholestasis which usually resolves completely
after delivery. While generally considered benign for the mother, adverse perinatal
outcomes for the child, such as fetal distress, premature birth, and stillbirth, can
occur [75] . While rare, stillbirth has been shown to be associated with bile acid
concentrations of ≥ 100 μmol/L highlighting the importance of close monitoring[76].
The use of ursodiol has been shown to symptomatically improve pruritus and
decrease the risk of premature birth[77,78]. An expanded understanding of the genetics
associated with ICP has identified mutations in ABCB4, ABCB11, ATP8B1, ABCC2
(associated with Dubin-Johnson), and TJP2 contributing to disease[79]. Additionally,
variations in NR1H4 may be implicated in ICP, possibly via downregulation of BSEP
expression[80]. Beyond BRIC and ICP, drug-induced injury has been historically been
linked to PFIC gene associated polymorphisms[52].
More recently, investigators have begun looking more broadly at the contributions
that these genes may have on morbidity in adult populations(Table 2). Mutations in
ATP8B1, ABCB11, ABCB4, and TJP2 have been reported in adults with cryptogenic
cirrhosis[81] while ABCB4 defects have been linked to the development of sclerosing
cholangitis, biliary cirrhosis, and low-phospholipid cholelithiasis [82,83] . Genetic
sequencing of large cholestatic populations have revealed disease causing mutations
in up to a third of patients, with common variants detected in a high number of those
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without known disease-causing defects suggesting that they still may have a
contributing role to the development of cholestasis[83]. Importantly, several of the
recently identified contributing genes, such as NR1H4, MYO5B, USP53 and LSR were
not tested for in these studies, suggesting the burden may still be higher.

DISCUSSION
PFIC is a heterogeneous cohort of diseases that present both diagnostic and treatment
challenges for clinicians. While significant advancement in bile transport physiology
has been made by studying these diseases, the breadth of phenotypes from neonates
to adults demonstrates that there remains much more to be understood. In the future,
precise molecular diagnosis may allow individualized therapy through gene
replacement or protein augmentation therapies.
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Table 2 Adult manifestations of progressive familial intrahepatic cholestasis gene mutations
Etiology

Genetic defect

FIC1 deficiency

ATP8B1

Manifestations
BRIC1
ICP1 and contraceptive-induced cholestasis
Cryptogenic cirrhosis

BSEP deficiency

ABCB11

BRIC2
ICP2 and contraceptive-induced cholestasis
DILI
Cryptogenic cirrhosis

MDR3 deficiency

ABCB4

ICP3 and contraceptive-induced cholestasis
Drug induced cholestasis
Low phospholipid-associated cholestasis
Cholesterol gallstone disease
Biliary fibrosis or liver cirrhosis without cholestasis
Cryptogenic cirrhosis

TJP2 deficiency

TJP2

FXR

NR1H4

Cryptogenic cirrhosis
ICP
Drug induced cholestasis associated with propylthiouracil

BRIC: Benign recurrent intrahepatic cholestasis; BSEP: Bile salt export pump; ICP: Intrahepatic cholestasis of pregnancy; DILI: Drug induce liver injury.

ARTICLE HIGHLIGHTS
Research background
Progressive familial intrahepatic cholestasis (PFIC) is an umbrella term originally used to
describe 3 classic genetic-based cholestatic diseases in children. Recent advancements in how
genetic defects in proteins affect bile acid homeostasis and caused disease has led to an
expanded list of syndromes categorized as PFIC and a growing understanding of how adults can
be affected. In this report, we review the literature to summarize the understanding of ‘classic’
PFIC diseases and present up-to-date information the expanding list of genetic defects that are
now known to contribute to the PFIC phenotype.

Research motivation
Bile acid metabolism, homeostasis, and transport is a complex physiologic process, the
importance of which is underscored when defects in the system cause disease. While recent
advancements have identified critical genes and protein products that, when defective,
contribute to disease, phenotypic variability persists, and treatment remains mainly supportive.
Furthermore, it is clearly that additional genes and proteins are likely to be identified as the field
continues to evolve. In the future, better diagnostics and precise molecular defect identification
may identify individualized therapy options that will improve the care provided to these
patients.

Research objectives
The objectives of this work were to thoroughly review the current published literature and
present an up-to-date summarization of both the ‘’Classic’’ and ‘’Expanded’’ PFIC diseases.

Research methods
A Medline/PubMed search was performed to identify established articles relating to PFIC as
well as reports of defects in PFIC-related genes contributing to morbidity in adult and pediatric
populations. Data was manually extracted on disease characteristics. Associated phenotypes
with other diseases relating to specific genetic defects were also collected. Treatment strategies
were summarized. Data was collated and presented in text, figure, and table format.

Research results
We present a comprehensive summary of the ‘’Classic’’ PFIC disorders resulting from defects in
ATP8B1 (FIC1 protein), ABCB11 (BSEP protein), and ABCB4 (MDR3 protein). We further explore
and summarize the “Expanded” PFIC disorders including those related to TJP1 (TJP2 protein),
NR1H4 (FXR protein), MYO5B (MYO5B protein, USP53 (USP53 protein), and LSR (LSR protein)
defects. While many of these disorders have historically affected children, we also looked to
present the growing literature related to the significant morbidity that these diseases cause in
adults.

Research conclusions
In this review, we present a comprehensive summary of the current understanding and
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management of PFIC-related disorders. The recent identification of the “Expanded” disorders
underscores the importance of continued exploration of the genetic basis of bile acid
homeostasis. However, idiopathic disease remains a considerable challenge to patients and
healthcare professionals suggesting opportunities for further investigation. Future strategies to
improve the treatment provided to patients affected by these devastating diseases are also
critically needed.

Research perspectives
Since their first description in 1969, the last 50 years has brought dramatic advancements in both
the understanding and management of PFIC-related diseases. Still, challenges remain.
Continued idiopathic disease suggest improvement in diagnostic strategies are needed and
treatment options remain frustratingly small. Variability in both phenotype and response to
therapy opens the possibility that specific gene defects or modifiers can identify sub-populations
where more personalized approaches can be more affective. Improved disease models, both in
vitro and in vivo, are needed to better understand mechanisms and identify therapeutic
strategies. Finally, the growing morbidity linked to defects in PFIC-related genes identified in
adults highlights the urgency, but also the opportunity, for future investigation.
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BACKGROUND
Variceal hemorrhage is associated with high mortality and is the cause of death
for 20–30% of patients with cirrhosis. Nonselective β blockers (NSBBs) or
endoscopic variceal ligation (EVL) are recommended for primary prevention of
variceal bleeding in patients with medium to large esophageal varices.
Meanwhile, combination of EVL and NSBBs is the recommended approach for
the secondary prevention. Carvedilol has greater efficacy than other NSBBs as it
decreases intrahepatic resistance. We hypothesized that there was no difference
between carvedilol and EVL intervention for primary and secondary prevention
of variceal bleeding in cirrhosis patients.
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AIM
To evaluate the efficacy of carvedilol compared to EVL for primary and
secondary prevention of variceal bleeding in cirrhotic patients
METHODS
We searched relevant literatures in major journal databases (CENTRAL,
MEDLINE, and EMBASE) from March to August 2018. Patients with cirrhosis
and portal hypertension, regardless of aetiology and severity, with or without a
history of variceal bleeding, and aged ≥ 18 years old were included in this review.
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Only randomized controlled trials (RCTs) that compared the efficacy of
carvedilol and that of EVL for primary and secondary prevention of variceal
bleeding and mortality in patients with cirrhosis and portal hypertension were
considered, irrespective of publication status, year of publication, and language.
RESULTS
Seven RCTs were included. In four trials assessing the primary prevention, no
significant difference was found on the events of variceal bleeding (RR: 0.74,
95%CI: 0.37-1.49), all-cause mortality (RR: 1.10, 95%CI: 0.76-1.58), and bleedingrelated mortality (RR: 1.02, 95%CI: 0.34-3.10) in patients who were treated with
carvedilol compared to EVL. In three trials assessing secondary prevention, there
was no difference between two interventions for the incidence of rebleeding (RR:
1.10, 95%CI: 0.75-1.61). The fixed-effect model showed that, compared to EVL,
carvedilol decreased all-cause mortality by 49% (RR: 0.51, 95%CI: 0.33-0.79), with
little or no evidence of heterogeneity.
CONCLUSION
Carvedilol had similar efficacy to EVL in preventing the first variceal bleeding in
cirrhosis patients with esophageal varices. It was superior to EVL alone for
secondary prevention of variceal bleeding in regard to all-cause mortality
reduction.
Key words: Carvedilol; Liver cirrhosis; Variceal hemorrhage; Portal hypertension;
Prophylaxis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study was an updated meta-analysis of primary prevention and the first
meta-analysis of secondary prevention of variceal bleeding in cirrhotic patients. Seven
relevant randomized controlled trials were included. Based on the pooled analysis,
carvedilol had similar efficacy to endoscopic variceal ligation (EVL) in preventing the
first variceal hemorrhage in cirrhosis patients with esophageal varices. Carvedilol was
superior to EVL for secondary prevention of variceal bleeding in regard to all-cause
mortality reduction by 49% (RR: 0.51, 95%CI: 0.33–0.79).

Citation: Dwinata M, Putera DD, Adda’i MF, Hidayat PN, Hasan I. Carvedilol vs endoscopic
variceal ligation for primary and secondary prevention of variceal bleeding: Systematic
review and meta-analysis. World J Hepatol 2019; 11(5): 464-476
URL: https://www.wjgnet.com/1948-5182/full/v11/i5/464.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i5.464

INTRODUCTION
Variceal hemorrhage is associated with high mortality and is the cause of death for
20–30% of patients with cirrhosis[1]. The use of nonselective β blockers (NSBBs) or
endoscopic variceal ligation (EVL) is recommended to prevent primary variceal
bleeding in patients with medium to large esophageal varices [2] . Meanwhile, a
combination of EVL and NSBBs (i.e., propranolol or nadolol, with carvedilol as an
alternative) is the standard approach to prevent rebleeding. Treatment selection is
based on the availability of local resources and expertise, patient characteristics and
preferences, contraindications, and side-effects[3] .
NSBBs reduce portal pressure by decreasing cardiac output (β-1 effect) and, more
importantly, by initiating splanchnic vasoconstriction (β-2 effect), thus causing a
reduction in portal vein pressure. A decrease in the hepatic venous pressure gradient
of < 20% or even < 10% from baseline significantly minimizes the risk of the first
variceal hemorrhage[4,5].
Carvedilol, given its additional α-blocking component, has been reported to have
higher efficacy than other NSBBs in reducing intrahepatic vascular resistance. A
significant difference in overall mortality, bleeding-related mortality, and upper
gastrointestinal bleeding between patients treated with carvedilol or EVL to prevent
first variceal hemorrhage was not seen in a previous systematic review. However,
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only two primary prevention studies were included in the review. On the other hand,
until present, there is no systematic review or meta-analysis comparing carvedilol
with EVL for the secondary prevention of variceal bleeding[6-8].
We hypothesized that there was no difference between carvedilol and EVL
intervention for primary and secondary prevention of variceal bleeding in cirrhosis
patients. In many developing countries, EVL intervention is only available at specific
secondary or tertiary healthcare centres. We presumed that carvedilol may be the best
prevention strategy of variceal bleeding, especially in hospitals that are unable to offer
EVL. Therefore, we performed this review with the inclusion of subsequent trials to
summarize and update the evidence.
The study objective was to compare the efficacy of carvedilol and EVL for primary
and secondary prevention of variceal bleeding in cirrhotic patients

MATERIALS AND METHODS
Study sample, design, and setting
Patients with cirrhosis and portal hypertension, regardless of aetiology and severity,
with or without a history of variceal bleeding, and aged ≥ 18 years old were included
in this systematic review and meta-analysis. Only randomized controlled trials (RCTs)
that compared the efficacy of carvedilol and that of EVL for primary and secondary
prevention of variceal bleeding and mortality in patients with cirrhosis and portal
hypertension were considered, irrespective of publication status, year of publication,
and language.

Treatment outcomes
A comparison of the primary outcome (bleeding events, all-cause mortality, and
bleeding-related mortality) was made for patients with and without a history of
variceal bleeding. A bleeding incident was defined as hematemesis or melena and
was detected by endoscopic procedure or signs of hemorrhage. Bleeding from the
band ligation was also counted. All-cause mortality meant death that occurred in each
of the included studies and until follow-up completion.
Serious adverse events, non-serious adverse events, and compliance and treatment
failure were secondary outcomes. An adverse event was considered be serious if it led
to death, was life-threatening, or caused persistent disability.

Search strategy and literature review
Two independent reviewers searched the Medline, Cochrane Central Register of
Controlled Trials (CENTRAL), and EMBASE journal databases from March to August
2018 (Table 1). The reference lists of the retrieved articles were perused for potentially
relevant studies. Abstracts and other gray literatures were also included through a
manual and electronic search of the clinical trial registries and electronic databases.

Selection of study
Relevant studies, screened based on the title and abstract, were selected after
conducting an electronic search. Studies on animals and review articles were
excluded. Disagreement was resolved through discussion, failing which a third
reviewer was consulted. The study selection process was plotted using a Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.
The relevant studies were independently appraised using an Oxford Centre for
Evidence-Based Medicine critical appraisal tool.

Assessment of bias
Risk of bias was independently determined using the Cochrane risk-of-bias tool. The
data were then included in a table. Risk of bias was classified as low, high, or unclear.
Disagreement was resolved through discussion, failing which a third reviewer was
consulted.

Statistical analysis
Risk ratios (RR) and 95%CI were used to calculate the dichotomous data. RRs with
95%CI were used as relevant effect measures for variceal bleeding, all-cause mortality,
and bleeding-related mortality. Statistical analysis was performed according to the
Cochrane Handbook for Systematic Reviews of Interventions and using Review
Manager® version 5.3 guidelines.
A random-effects model was chosen a priori for the entire analysis. The χ2 and I2
statistics were calculated. P < 0.10 or I2 of > 60% was considered to indicate substantial
heterogeneity. I2 of > 40% indicated moderate heterogeneity. Analysis was carried out
using a ﬁxed-effects model, in the absence of statistically signiﬁcant heterogeneity,
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Table 1 Search strategy
Journal database

Search Terms

Articles

CENTRAL

(Cirrhosis OR “esophageal varices” OR
“oesophageal varices”) AND (carvedilol) AND
(ligation OR “variceal band ligation” OR
“endoscopic variceal ligation” OR VBL OR EVL)

20

MEDLINE

(Cirrhosis OR “esophageal varices” OR
“oesophageal varices”) AND (carvedilol) AND
(ligation or “variceal band ligation” OR
“endoscopic variceal ligation” OR VBL OR EVL)

5

EMBASE via Ovid
A manual search of abstracts and citation index
from identified paper’s reference list and via
https://library.sydney.edu.au/

Cirrhosis AND Carvedilol AND Ligation

3

“portal hypertension”, “cirrhosis”, “carvedilol”,
“endoscopic variceal ligation”

54

and a random-effects model in the case of signiﬁcant heterogeneity. For the subgroup
analysis, P < 0.05 was considered to denote a difference that was statistically
significant between the subgroups. We assessed the quality of evidence using Grading
of Recommendations, Assessment, Development and Evaluation (GRADE) approach
and created ‘Summary of findings’ table.
Our initial intention was to perform sensitivity analysis of heterogeneity found in
the pooled studies through the exclusion of studies with low-quality results.
However, this did not occur owing to a paucity of data. Subgroup analysis was
conducted of the primary bleeding outcomes based on the grade of varices.

RESULTS
Five, twenty, and three relevant references were identified in the Medline, CENTRAL,
and EMBASE via Ovid databases, respectively. Fifty-four of them were selected
through a manual search of the references lists in the identiﬁed papers. Thirty-five
studies were duplicates and were removed. The abstracts were also filtered, leading to
the removal of a further 22 studies that met the exclusion criteria for various reasons;
i.e., carvedilol or EVL were not used as interventions, the study design was not an
RCT, or the research had been withdrawn or was ongoing. Thirteen full-text studies
were assessed for eligibility. Six of these were excluded, primarily because either EVL
or carvedilol were not evaluated, or carvedilol was assessed but in combination with
other drugs (Figure 1).
Seven RCTs were included in the current study. Primary prevention was assessed
in four trials[9-12], and secondary prevention was evaluated in three[9-15] (Table 2). Three
of the studies were deemed to be of fair quality, and the remaining one was
determined to be of low quality when measured using the Cochrane risk-of-bias tool
(Figures 2 and 3).
In the four studies that assessed primary prevention, 368 patients were randomised
to carvedilol and 374 patients to EVL. The length of follow-up in the studies varied
from 6–24 mo. The mean age of the participants was 47–52 years. Majority of study
subjects in two of the trials were classified as Child class A (Child-Pugh Score) and as
Child class C in one trial, while cirrhosis was not classified in the fourth research.
Most of the trials included cirrhosis patients with medium to large varices (grade II or
higher)[10-12], but one study included patients with grade I and II esophageal varices[13].
There was no difference for bleeding incidence (RR: 0.74, 95%CI: 0.37–1.49), all-cause
mortality (RR of 1.10, 95%CI: 0.76-1.58), and bleeding-related mortality (RR: 1.02,
95%CI: 0.34–3.10) between carvedilol group and EVL (Figure 4 A-C). Subgroup
analysis was conducted on participants with medium to large esophageal varices
(grade II or larger), and the differences between the groups were also without
statistical significance (RR: 0.89, 95%CI: 0.55–1.43). There was little to no evidence of
subgroup differences between Grade I and Grade II varices or higher (χ2 = 2.19,
degrees of freedom = 1, P = 0.14). The differences might be moderate (I2 = 54.4%)
(Figure 4A).
During the follow-up, hypotension was seen to be the most common side-effect of
carvedilol treatment, followed by bradycardia, and asthmatic attack[11]. Following
analysis of the primary prevention studies, a 4.18 times higher risk of treatmentrelated side-effects was attributed to the carvedilol group (95%CI: 2.19–7.95, P ≤ 0.001)
(Figure 5 A). By contrast, EVL was shown to be associated with serious adverse events
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Figure 1

Figure 1 The results of the literature search process used in the current study, depicted using a Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram.

(i.e., chest pain that required medication) in 20% of the participants, compared to 0%
of the patients in the carvedilol group (P ≤ 0.001) in another study [10] . However,
subjects in the carvedilol group experienced more non-serious adverse events,
including dyspnea and nausea (P = < 0.001). Patient compliance with the treatment
was similar between the two groups when the primary prevention studies were
analyzed (P = 0.32) (Figure 5 B).
The randomization of 230 participants took place in the three trials in which
secondary prevention was assessed. The mean age of the participants in the studies
ranged from 44–52 years. A median Child-Pugh score of 9 was attained, with a mean
follow-up period of 16–30 mo. There was no difference between the two interventions
with respect to rebleeding incidence (RR: 1.10, 95%CI: 0.75–1.61) (Figure 6 A). The
fixed-effects model showed that carvedilol decreased all-cause mortality by 49% (RR:
0.51, 95%CI: 0.33–0.79) (Figure 6 B) without significant heterogeneity (χ2 = 0.04, P =
0.980, I2 = 0%). Elsewhere, in a study on secondary prevention, Stanley et al[14] reported
a similar incidence of serious adverse events in both intervention groups (P = 0.97).
However, Kumar et al[13] noted considerably more side-effects (28%) due to carvedilol
compared to EVL (2%) (P ≤ 0.05).

DISCUSSION
In this study, we found no significant differences in the incidence of variceal bleeding,
all-cause mortality, and bleeding-related mortality between carvedilol vs EVL for
primary prevention strategy. This finding was consistent with the subsequent
subgroup analysis of participants with medium to large esophageal varices (grade II
or higher). This finding was also similar to that reported in a previous meta-analysis[8],
but the current study extended to an analysis of the side-effects that arose from the
interventions and patient compliance with the medication.
To the best of our knowledge, this study is the first meta-analysis to have assessed
the efficacy of carvedilol vs that of EVL for secondary prevention of variceal bleeding.
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Table 2 Characteristic of included studies
History of
variceal
bleeding

Ref.
Tripathi et al[9]

Shah et al[10]

Treatment
groups

No

No

Age (mean ± SD, yr)

Dosage /
method

n

Follow up(mo)

Carvedilol

54.2 ± 9.4

77

6.25 mg (starting
dose) daily, with
target dose of 12.5
mg daily

24

EVL

54.5 ±11.1

75

Every two weeks
until eradication

24

Carvedilol

48.3 ± 11.3

82

6.25 mg daily,
with target dose
of 6.25 mg twice a
day

up to 24

EVL

47.2 ± 13.2

86

Every three
weeks until
eradication

up to 24

52.1 ± 14.7

125

12.5 mg daily

6

Khan et al[12]

No

Carvedilol
EVL

54.1±14.3

125

Not mentioned

6

Abd ElRahim et
al[11]

No

Carvedilol

51.2 ± 11.0

84

starting dosage of
6.25 mg daily,
titrated up every
4 days to reach up
to 12.5–50 mg

up to 12

EVL

50.6 ± 5.9

88

Every two weeks
until eradication

up to 12

51 ± 10.9

32

6.25 mg daily,
with target dose
12.5 of mg daily

29

Smith et al[15]

Yes

Carvedilol

EVL

50 ± 13.0

31

Not mentioned

29

Stanley et al[14]

Yes

Carvedilol

51.4 ± 10.8

33

6.25 mg daily,
with target dose
12.5 of mg daily

up to 60

EVL

49.6 ± 12.87

31

Every two weeks
until eradication

up to 60

Carvedilol

44.1 ± 8.5 (overall)

47

Not mentioned

11.1 - 21.7

EVL

44.1 ± 8.5 (overall)

56

Not mentioned

11.1 - 21.7

Kumar et al[13]

Yes

EVL: Endoscopic variceal ligation.

Based on our pooled analysis, although there was no significant difference regarding
incidence, carvedilol may be superior compared to EVL by significantly reducing allcause mortality. Unfortunately, the relevant data needed to elucidate this finding
were lacking in the review. In a study conducted by Stanley, most deaths in the
carvedilol group were related to bleeding (15%), whereas only 3% of deaths were due
to bleeding in the EVL group. None of the patients in the carvedilol group died of
liver-related causes not due to bleeding, whereas the latter was responsible for the
deaths of six of the 31 (19%) patients in the EVL group. It is assumed that this result
can be explained by the systematic effect of carvedilol in reducing portal pressure in
patients with cirrhosis.
Carvedilol, an NSBB with weak intrinsic anti-α1-adrenergic activity, is known to
effect a reduction in portal pressure with added vasodilatory α-adrenergic blocking
activity. The α1-adrenergic receptor located in the splanchnic vascular smooth
muscles and vascular smooth muscle at other sites, such as the genitourinary tract.
Blocking the α1-adrenergic receptors leads to a reduction in intrahepatic vascular
tone. Therefore, the α1- and β-receptor-blocking properties of carvedilol can lead to
superior reduction in portal pressure compared to conventional NSBBs (i.e.,
propranolol or nadolol)[16].
The current recommendation for the prevention of variceal rebleeding in cirrhosis
patients is to use a combination of EVL and NSBBs (i.e., propranolol or nadolol). This
study revealed that carvedilol is superior to EVL alone for secondary prevention of
variceal bleeding in regard to all-cause mortality reduction. Regarding this finding,
we encourage that RCTs comparing efficacy of carvedilol vs combination therapy of
EVL and NSBBs should be conducted to strengthen the evidence. This current study
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Figure 2

Figure 2 A risk of bias graph showing the researchers’ opinions on each risk of bias item (presented as
percentages across all the seven included studies).

finding may be of use to physicians working in rural areas or hospitals where an EVL
intervention is unlikely[17].
In the primary prevention studies, patient compliance was similar in both groups
despite a greater number of side-effects being seen in the carvedilol group. This
indicates that the side-effects were nevertheless tolerable to the participants. In the
secondary prevention studies, the data on serious adverse events and side-effects of
both interventions were still insufficient. Further studies are needed to
comprehensively assess the side-effects of each intervention.
There are several limitations in this systematic review and meta-analysis that bear
mentioning. First, we could not retrieve complete data from some included studies
which hindered us to do some subgroup analysis, such as subgroup analysis of
cirrhosis severity or numbers of EVL procedure performed. Most of the included
studies also did not perform specific analysis regarding this particularly topic.
Second, the numbers of available clinical trials are relatively limited which also
hindered us to perform sensitivity analysis for this study.
The quality of evidence of primary prevention for variceal bleeding is low. The
quality is reduced due to lack of blinding in the included studies. On the contrary, the
quality of evidence for the all-cause mortality and the bleeding-related mortality in
primary prevention is high as the included studies showed low risk of bias. The
quality of evidence of secondary prevention for rebleeding is low, because some of the
included studies showed unclear methods while conducting the studies (Table 3).
In conclusion, carvedilol had similar efficacy to EVL in preventing the first variceal
bleeding in cirrhosis patients with esophageal varices. We considered that carvedilol
was superior to EVL alone for secondary prevention of variceal bleeding in regard to
all-cause mortality reduction.
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Table 3 Summary of findings for the main comparison
Relative effect

Participants

Quality of the evidence

(95%CI)

(studies)

(GRADE)

RR 0.38

250

++−−

(0.15-0.93)

(1 Study)

low

Outcomes

Comments

Variceal bleed in primary prevention (Grade I)

Variceal bleed in primary prevention (Grade II)

All-cause mortality in primary prevention

Bleeding-related mortality in primary prevention

Side effect of treatment in primary prevention

Compliance in primary prevention

Rebleeding events in secondary prevention

All-cause mortality in secondary prevention

RR 0.92

492

+++−

(0.42-2.41)

(3 Studies)

moderate

RR 1.10

320

++++

(0.76-1.58)

(2 Studies)

high
++++

RR 1.02

320

(0.34-3.10)

(2 Studies)

high

RR 4.18

276

+++−

(2.19-7.95)

(2 Studies)

moderate

RR 0.90

122

+++−

(0.73-1.11)

(2 Studies)

low

RR 1.10

230

++−−

(0.75-1.61)

(3 Studies)

low

RR 0.51

230

++−−

(0.33-0.79)

(3 Studies)

low

Benefit for Carvedilol group

Benefit for EVL group

Benefit for Carvedilol group

GRADE: Grading of Recommendations, Assessment, Development and Evaluation; Patient or population: Portal hypertension or cirrhosis patients;
Comparison: Endoscopic variceal ligation; Settings: Secondary or tertiary hospital; Intervention: Carvedilol. GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect; Moderate quality: Further research is likely to have an
important impact on our confidence in the estimate of effect and may change the estimate; Low quality: Further research is very likely to have an important
impact on our confidence in the estimate of effect and is likely to change the estimate; Very low quality: We are very uncertain about the estimate.
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Figure 3

Figure 3 A risk of bias summary showing the researchers’ opinions on each risk of bias item for each of the seven included studies.
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Figure 4

Figure 4 Meta-analysis forest plot of primary outcomes in primary prevention studies. A: Variceal bleeding; B: All-cause mortality; C: Bleeding-related mortality.
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Figure 5

Figure 5 Meta-analysis forest plot of secondary outcomes in primary prevention studies. A: Side-effects of treatment; B: Compliance.
Figure 6

Figure 6 Meta-analysis forest plot of primary outcomes in secondary prevention studies. A: Variceal rebleeding; B: All-cause mortality.

ARTICLE HIGHLIGHTS
Research background
Variceal hemorrhage is associated with high mortality and is the cause of death for 20%–30% of
patients with cirrhosis. Either traditional nonselective β blockers (NSBBs) (i.e. propranolol or
nadolol), carvedilol, or endoscopic variceal ligation (EVL) is recommended for primary
prevention of variceal bleeding in patients with medium to large esophageal varices. Meanwhile,
combination of EVL and NSBBs is the recommended approach for the secondary prevention.
Carvedilol has greater efficacy than other NSBBs as it decreases intrahepatic resistance. We

WJH

https://www.wjgnet.com

474

May 27, 2019

Volume 11

Issue 5

Dwinata M et al. Carvedilol vs EVL for primary and secondary prevention of variceal bleeding
hypothesized that there was no difference between carvedilol and EVL intervention for primary
and secondary prevention of variceal bleeding in cirrhosis patients.

Research motivation
Some of the major drawbacks of EVL are invasive, costly, and unavailable in many areas,
especially in developing countries. A better understanding of the efficacy of carvedilol compared
to EVL might provide less invasive and more accessible prevention strategy for variceal bleeding
in cirrhosis patients.

Research objectives
We conducted this meta-analysis to evaluate the efficacy of carvedilol compared to EVL for
primary and secondary prevention of variceal bleeding in cirrhotic patients with esophageal
varices

Research methods
We searched relevant literatures in major journal databases (CENTRAL, MEDLINE, and
EMBASE) from March to August 2018. Only randomized controlled trials (RCTs) that compared
the efficacy of carvedilol and that of EVL for primary and secondary prevention of variceal
bleeding and mortality in patients with cirrhosis and portal hypertension were considered,
irrespective of publication status, year of publication, and language.

Research results
Seven RCTs were included in this meta-analysis. For primary prevention strategy, we found no
significant difference between carvedilol and EVL on the events of variceal bleeding, all-cause
mortality, and bleeding-related mortality. For secondary prevention strategy, we found no
difference between two interventions for the incidence of rebleeding. Interestingly, compared to
EVL, carvedilol decreased all-cause mortality by 49% (RR: 0.51, 95%CI: 0.33-0.79), with little or
no evidence of heterogeneity.

Research conclusions
Carvedilol had similar efficacy to EVL in preventing the first variceal bleeding in cirrhosis
patients with esophageal varices. In clinical practice, the use of carvedilol or EVL for prevention
of first variceal bleeding may depends on physicians’ and patients’ preference. For prevention of
rebleeding, we considered that carvedilol was superior to EVL alone in regard to all-cause
mortality reduction.

Research perspectives
This study demonstrated significant benefit of using carvedilol for secondary prevention of
variceal bleeding in cirrhosis patients. We highly suggest that future clinical trials should
compare between carvedilol and combination of EVL and traditional NSBBs (i.e., propranolol or
nadolol) or carvedilol to enrich our understanding about efficacy of carvedilol for the prevention
of esophageal varices rebleeding.
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Abstract
BACKGROUND
Congenital dyserythropoietic anemia type 1 (CDA1) is an autosomal recessive
disorder of ineffective erythropoiesis, resulting in increased iron storage. CDA1 is
usually diagnosed in children and adolescents but can rarely present in the
neonatal period with severe anemia at birth. There are no prior reports of
neonatal liver histologic findings of CDA1. We report a case of CDA1 in a
newborn presenting with severe anemia, cholestasis and liver failure, where liver
biopsy helped confirm the diagnosis.
CASE SUMMARY
A term infant, born via emergency Cesarean section, presented with cholestasis,
hepatosplenomegaly, multiorgan failure and severe anemia at birth. A prior
pregnancy was significant for fetal demise at 35 wk without autopsy or known
etiology for the fetal demise. Parents are both healthy and there is no history of
consanguinity. On further evaluation, the patient was found to have severe
ferritin elevation and pulmonary hypertension. An extensive infectious and
metabolic work-up was negative. Salivary gland biopsy was negative for iron
deposition. At 2 wk of age, a liver biopsy showed findings consistent with CDA1.
A genome rapid sequencing panel revealed novel variants in the CDAN1 gene.
The patient’s liver dysfunction, cholestasis and organomegaly resolved, however
she remains transfusion-dependent.
CONCLUSION
We report liver pathology findings of CDA1 with a novel genetic mutation for
the first time in a newborn.
Key words: Congenital dyserythropoietic anemia; Hemochromatosis; Pulmonary
hypertension; Jaundice; Case report

https://www.wjgnet.com

477

May 27, 2019

Volume 11

Issue 5

Jaramillo C et al. Neonatal congenital dyserythropoietic anemia type 1
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Congenital dyserythropoietic anemia type 1 (commonly known as CDA1) is an
autosomal recessive disorder of ineffective erythropoiesis, resulting in increased iron
storage. We report a rare case of CDA1 with novel genetic mutations in a newborn
presenting with severe anemia, cholestasis and liver failure. This case highlights how
liver histology helped confirm the diagnosis.
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INTRODUCTION
Congenital dyserythropoietic anemia type 1 (CDA1) is an autosomal recessive
disorder of ineffective erythropoiesis, resulting in increased iron storage, and
considered a form of secondary hemochromatosis[1]. Most CDA1 patients have a
mutation in the CDAN1 gene [2] . CDA1 is usually diagnosed in children and
adolescents with moderate to severe macrocytic anemia. However, it can rarely
present in the neonatal period with severe anemia at birth[2]. Additional clinical
findings include hepatosplenomegaly (HSM), jaundice, cholestasis, liver dysfunction,
transient thrombocytopenia and persistent pulmonary hypertension of the newborn[2].
The diagnosis is based on hematologic abnormalities and positive genetic testing[3].
Bone marrow biopsy findings include spongy heterochromatin, enlargement of
nuclear pores and invagination of cytoplasm into the nuclear area[4].
Prior reports have described liver biopsy findings of extramedullary hematopoiesis
and iron accumulation in autopsies and adult patients[5-8]. There have been no prior
reports of neonatal liver histologic findings of CDA1. We report a case of CDA1 in a
newborn presenting with severe anemia, cholestasis and liver failure, where liver
biopsy helped confirm the diagnosis.

CASE PRESENTATION
Chief complaints
This is a former 37 wk and 3 d old female transferred to our institution due to respiratory failure.

Birth history
The patient was delivered by emergency Cesarean section due to non-reassuring fetal
heart rate tracings at an outside hospital to a 28-year-old, Caucasian, gravida 4, para 2,
0, 1, 2 with an unremarkable pregnancy. A prior pregnancy was significant for fetal
demise at 35 wk without autopsy or known etiology for the fetal demise. Parents are
both healthy and there is no history of consanguinity. Perinatal laboratory results
included maternal blood type O (+) with negative antibody screen, negative venereal
disease research laboratory, hepatitis B, and human immunodeficiency virus and
rubella. Apgar scores were 7 and 8. Birth weight was 3070 g (21st percentile), length 18
inches (16th percentile), occipital frontal circumference 32.5 cm (3rd percentile).

Physical examination upon admission
At birth, this patient had no facial or limb dimorphism. She was started on
supplemental oxygen due to duskiness 10 min after birth. Subsequently, she required
endotracheal intubation and initiation of inhaled nitric oxide. She was then
transferred to our institution due to respiratory failure on day of life (DOL) 1. On
arrival, she was found to have HSM.

Laboratory examinations
On admission to our institution, she was found to have liver dysfunction with an
International normalized ratio (commonly referred to as INR) of 2.1, total bilirubin of
9 mg/dL, direct bilirubin of 2.1 mg/dL, aspartate aminotransferase 655 U/L and
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alanine aminotransferase 65 U/L. Partial thromboplastin time was within normal
limits, with mildly low fibrinogen and elevated D-dimers. Anemia and
thrombocytopenia were also present. The anemia was present since birth with a
hemoglobin of 7.4 g/dL and hematocrit of 23.7%. Her platelets were initially normal
but soon started to decline, with a nadir of 54 k/μL on DOL 1. She was also found to
have pulmonary hypertension, right ventricular hypertrophy and required high
frequency oscillator ventilation due to hypoxemic respiratory failure.
Additional laboratory work-up included serum ferritin of 40664 ng/mL and
normal soluble interleukin 2 receptor. Initially her gamma-glutamyltransferase
(commonly referred to as GGT) was normal and then peaked at 390 U/L on DOL 25.
Infectious studies included negative herpes simplex virus, Epstein-Barr virus,
cytomegalovirus, adenovirus, parvovirus, enterovirus, echovirus, parechovirus and
human herpesvirus 6 PCR. Multiple blood cultures and urine cultures were also
negative. She also had negative work-up for inborn errors of metabolism: normal
serum plasma amino acids, urine organic acids, ammonia and very long/branchedchain fatty acids.

Imaging examinations
Imaging studies included an initial echocardiogram on DOL 1, which showed a large
patent ductus arteriosus, small patent foramen ovale and dilated and hypertrophied
right ventricle with suprasystemic pressures. An abdominal ultrasound showed HSM
with minimal ascites, and a liver Doppler was normal.

Further diagnostic work-up
A salivary gland biopsy performed on DOL 5 did not show any evidence of iron
deposition. On DOL 15, a liver biopsy was performed, which showed iron deposition
(Figure 1) and erythroblasts with spongy appearance (Figure 2). Immunohistochemical staining for cytomegalovirus and HSV were negative. A genome rapid
sequencing panel of over 4500 genes was performed (ARUP Laboratories, Salt Lake
City, UT, United States) and revealed novel compound heterozygous variants in
CDAN1, c.2174G>A (p.Arg725Gln) and c.1003C>T (p.Arg335Trp), each variant
inherited from an asymptomatic parent.

FINAL DIAGNOSIS
The final diagnosis of the presented case is CDAN1 resulting from c.2174G>A
(p.Arg725Gln) and c.1003C>T (p.Arg335Trp) mutations.

TREATMENT
The infant remained on broad spectrum antibiotics, antivirals and required multiple
packed red blood cell, fresh frozen plasma and platelet transfusions. She also received
intravenous immunoglobulin. She was weaned off mechanical ventilation on DOL 16
and was discharged from the neonatal intensive care unit (known as the NICU) at
DOL 43.

OUTCOME AND FOLLOW-UP
Her INR normalized by DOL 2. Her ferritin levels remained elevated but were
declining with a level of 4133 ng/mL at NICU discharge. She had improving liver
enzymes, bilirubin and thrombocytopenia throughout her NICU stay. At discharge,
she was on nasal cannula and sildenafil for persistent pulmonary hypertension. By 7
wk of age, her bilirubin had normalized, and by 4 mo of age, her liver enzymes and
GGT had normalized. At her first gastroenterology follow-up 4 wk after discharge,
her organomegaly had resolved. At 1 year of age, her ferritin level had decreased to
1139 ng/mL and had 9.3 mg of iron/g of liver tissue determined by magnetic
resonance hepatic iron quantification, still consistent with iron overload [5] . She
remains transfusion-dependent.

DISCUSSION
CDA1 is a rare disorder of ineffective erythropoiesis that leads to severe anemia[6]. It
has been mainly described in European countries and in the Bedoiun Israeli
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Figure 1

Figure 1 Approximately 10%-15% of the hepatocytes contained iron granules. Iron deposition was identified in
all three zones of the liver.

population[2]. The diagnosis is more commonly suspected in patients presenting with
hematologic abnormalities such as moderate-severe macrocytic anemia (MCV > 90),
inappropriately low reticulocytes for degree of anemia, macrocytosis, elliptocytes and
basophilic stippling on peripheral blood smear, bone marrow aspirate findings of
erythroid hyperplasia with interchromatic bridges on light microscopy and
erythroblasts with spongy appearance of heterochromatin and invaginations of the
nuclear membrane on electron microscopy[3]. Other common findings may include
jaundice, splenomegaly, limb dimorphism, hypoplastic nails and syndactyly[3].
Diagnosis in the newborn period is rare[2]. The patient described above presented
with multiple clinical characteristics previously described in the literature. HSM and
early jaundice are commonly encountered (65% and 53%, respectively). Neonates can
also present with direct hyperbilirubinemia in up to 20% of cases. Thrombocytopenia
has been described as transient, which is consistent with this patient's presentation[2].
Persistent fetal circulation/pulmonary hypertension has also been reported in up to
15% of patients; the reported cases have had pulmonary hypertension without any
underlying cardiopulmonary abnormalities requiring high pressure ventilation[2,7]. It
is also reported that patients who have clinical manifestations of CDA1 in the
neonatal period have severe intrauterine anemia at birth, and there have been cases of
hydrops fetalis[8,9].
In this case, a liver biopsy supported evidence for the diagnosis of CDA1 before
genetic testing was performed, with identification of typical siderosis and
extramedullary hematopoiesis[6,10]. Both of these findings are consistent with prior
adult liver pathology reports. Most recently in 2016, Salihoglu et al[10] reported a case
of CDA1 in an adult in whom a liver biopsy was performed to exclude Wilson’s
disease and was found to have extramedullary hematopoiesis. Another case report
describes a 28-year-old diagnosed with CDA1 with a liver biopsy that showed
massive siderosis and early cirrhosis[6]. Autopsy reports have also been described with
findings of extramedullary hematopoiesis of the liver and spleen[8].
The initial therapeutic modality for this disease is intermittent blood transfusions,
however if patients become transfusion-dependent, there have been cases of
successful treatment with interferon alpha [6,11,12] . Up to 80% of affected neonates
require blood transfusions in the first month of life, with reported transfusion
independence by 4 mo of age in 88% of patients[2]. There are also three reported cases
of bone marrow transplantation in patients resistant to interferon therapy[3,13]. Our
patient is currently receiving intermittent blood transfusions approximately every 4
wk.
From a gastrointestinal and hepatology standpoint, CDA1 patients have a future
risk of gallstones (reported in patients as young as 4 years of age)[4] and secondary
hemochromatosis; the latter develops with age due to increased iron absorption even
in patients who are not chronically transfused[3]. Hence, it is suggested that patients
are periodically monitored (every 3 mo) for iron overload starting at age 10[3].
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Figure 2

Figure 2 Electron microscopy showing erythroblasts with dense heterochromatin and translucent vacuoles.
There is widening of the nuclear pores with invagination of cytoplasm.

CONCLUSION
Liver biopsy can be a helpful tool in the diagnosis of infants with unexplained liver
dysfunction. This case report describes the liver histopathology and electron
microscopy findings of CDA1 caused by a novel genetic mutation in the pediatric age
group. CDA1 is in the differential diagnosis of infants with unexplained anemia,
hyperbilirubinemia and HSM.
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Abstract
BACKGROUND
Idiopathic non-cirrhotic portal hypertension (INCPH) is mainly associated with
thrombophilia in Western countries. Paroxysmal nocturnal hemoglobinuria
(PNH) is a rare hematologic disease that manifests with hemolytic anemia,
thrombosis, and peripheral blood cytopenias. Portal and hepatic venous
thrombosis were reported in PNH. A rare case of INCPH complicating PNH is
described.
CASE SUMMARY
A 63-year old woman with a 2-year past medical history of PNH without
treatment was admitted because of jaundice and refractory ascites requiring large
volume paracentesis. Liver histology revealed portal venopathy with portal
fibrosis and sclerosis, nodular regenerative hyperplasia, parenchymal ischemic
changes, and focal sinusoidal and perivenular fibrosis without bridging fibrosis
or cirrhosis, all indicative of INCPH. The flow cytometry confirmed PNH
diagnosis and eculizumab treatment was initiated. Her condition was improved
gradually, bilirubin was normalized 6 months following initiation of eculizumab,
and 1 year later diuretics were stopped.
CONCLUSION
Eculizumab improved intravascular hemolysis and reversed clinical
manifestations of INCPH in a patient with paroxysmal nocturnal
hemoglobinuria.
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Core tip Idiopathic non-cirrhotic portal hypertension diagnosis is based on liver
histology, the clinical signs of portal hypertension, and the exclusion of chronic liver
diseases in the absence of portal and hepatic venous thrombosis. We describe a patient
with paroxysmal nocturnal hemoglobinuria who presented with intravascular hemolysis,
jaundice, and refractory ascites. Abdominal portosystemic collaterals were evident in
imaging without varices in endoscopy. Liver histology demonstrated portal venopathy,
features of nodular regenerative hyperplasia, and ischemic parenchymal changes without
cirrhosis, all indicative of idiopathic non-cirrhotic portal hypertension. Eculizumab
treatment achieved improvement of hemolysis and reversion of biochemical and clinical
manifestations of liver disease.

INTRODUCTION
Idiopathic non-cirrhotic portal hypertension (INCPH) is evidenced by the presence of
an increased portal venous pressure gradient despite the absence of a known cause of
chronic liver disease and portal vein thrombosis[1]. In India, INCPH accounts for 23%
of portal hypertension cases[2], while in the Western world, it is very rare[3]. The
etiology is heterogeneous and varies according to the geographical area and the
population studied [4,5] . INCPH is often misdiagnosed as liver cirrhosis, so liver
histology is required to differentiate between the two entities[1]. Histological features
in liver specimens from patients with INCPH include obliterative portal venopathy,
hepatoportal sclerosis, nodular regenerative hyperplasia, and incomplete septal
cirrhosis[1]. It has been suggested that obliterative portal venopathy may represent an
early stage while nodular regenerative hyperplasia is a late stage of the same disease
currently termed porto-sinusoidal vascular disease[6], which may lead to INCPH[7].
Paroxysmal nocturnal hemoglobinuria (PNH) is a rare disease[8] and has not been
reported so far as a cause of INCPH. We herein describe a case of PNH complicated
by INCPH, which was reversed clinically by the administration of eculizumab.

CASE PRESENTATION
Chief complaints
A 63-year old female patient was admitted to the hospital for fatigue, jaundice, and
large-volume ascites.

History of present illness
PNH was diagnosed 2 years earlier when she was admitted for anemia, but she was
lost to follow-up. Six weeks before current admission, portal vein thrombosis was
diagnosed and enoxaparin 60 IU twice daily was initiated.

Physical examination
The abdomen was distended, and the liver was enlarged 4 cm below the right costal
margin. The spleen was mildly enlarged.

Laboratory workup
Blood analysis revealed hemoglobin of 10.8 g/dL, white blood cell count 5.4 × 109/L,
platelets 171 × 109/L, reticulocytes 6.5%, international normalized ratio 1.0, total
bilirubin 4 mg/dL, direct bilirubin 2.6 mg/dL, aspartate transaminase 28 IU/L,
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alanine transaminase 12 IU/L, alkaline phosphatase 456 IU/L, glutamyl
transpeptidase 248 IU/L, total protein 6.6 g/dL, albumin 3.3 g/dL, lactate
dehydrogenase (LDH) 650 U/L, serum haptoglobin < 7 mg/dL, creatinine 1.7 mg/dL,
urea 81 mg/dL. Ascitic fluid had a serum-ascites albumin gradient of 1.7 g/dL (ascitic
fluid total protein 3 g/dL, albumin 1.6 g/dL). Hepatitis B and C and human
immunodeficiency virus serology was negative. Direct globulin test was negative.

Further work-up
In Doppler ultrasonography of splenoportal axis, recanalization of the portal vein and
large abdominal portosystemic anastomoses were evident. Hepatic veins were patent.
Magnetic resonance imaging showed hepatomegaly and confirmed the above
findings. No esophageal or gastric varices were demonstrated in endoscopy. Ascites
was refractory to diuretics and multiple large volume paracenteses were required.
Due to the absence of a clear etiology of portal hypertension, a liver biopsy was
performed.

Liver histology
Changes of portal venopathy with portal fibrosis and sclerosis and features of nodular
regenerative hyperplasia were demonstrated. A spectrum of portal vein lesions was
seen in interlobular portal tracts included in the biopsy, ranging from portal venule
herniation in the periportal parenchyma, to slit-like stenosed portal venules and
sclerosed portal tracts without a visible portal venule. In addition, parenchymal
ischemic changes indicative of decreased venous outflow, mild focal sinusoidal and
perivenular fibrosis, mild cholestasis, and mild secondary siderosis were noted. There
was no bridging fibrosis or cirrhosis (Figure 1). The overall changes supported the
diagnosis of INCPH.

Hematology work-up
The flow cytometry at this point revealed that 16.5% of her red blood cells were PNH,
4.1% were partially deficient for CD59, and 12.4% lacked CD59 completely; 63% of her
granulocytes and 60% of monocytes were PNH.

FINAL DIAGNOSIS
INCPH complicating PNH was diagnosed.

COURSE OF THE DISEASE
Paroxysms of abdominal pain, debilitating fatigue, dyspnea, deepening of jaundice
(total bilirubin 21 mg/dL, direct bilirubin 14.4 mg/dL), worsening of renal function
(creatinine 2.2 mg/dL), anemia (Hb 7.6 g/dL), and thrombocytopenia (80 × 109/L)
developed over the next 8 weeks, and the patient became bedridden. Vaccination for
Neisseria meningitis was performed as a prophylaxis for future therapy with
eculizumab.

TREATMENT
Eculizumab was initiated at a regular dosing for patients with PNH (600 mg weekly
for the first 5 weeks followed by 900 mg biweekly thereafter).

OUTCOME AND FOLLOW-UP
Three months following eculizumab initiation, no more therapeutic paracentesis of
ascitic fluid was required and diuretics were administered. Serum bilirubin, LDH,
hemoglobin, and reticulocyte count improved gradually (Figure 2). Renal function,
serum bilirubin, LDH, and platelets normalized 6 months following initiation of
eculizumab. One year later, diuretics were stopped without reappearance of the
ascites. No direct antiglobulin test was evident during follow-up. Anticoagulation
treatment with enoxaparin was continued during hospitalization and follow-up.

DISCUSSION
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Figure 1

Figure 1 Selected images from the liver biopsy showing changes of portal venopathy and features of nodular regenerative hyperplasia. A: A sclerosed PT
without a visible portal vein. Peripherally, a dilated portal vein radicle herniates into the adjacent hepatic parenchyma (HE, x 10); B: Nodular regenerative hyperplasia.
White dotted line circumscribes a nodule of regenerating hepatocytes surrounded by atrophic hepatocyte trabeculae (arrow), reticulin stain, x 10; C: THV with
perivenular sclerosis. Sinusoidal dilatation in zone 3 (arrow), (HE, x 10); D: Sinusoidal capillarization in ischemic areas highlighted by CD34 immunostain. Arrow points
to a THV (brown CD 34-positive sinusoidal staining), x 10; E: Keratin 7-positive atrophic hepatocytes indicative of ischemia in zone 3 (brown staining), x 10; F:
Sinusoidal zone 3 fibrosis in zone 3 (arrow) and perivenular fibrosis in midleft, Masson trichrome stain, x 10; G: A fibrosed portal tract with a slit-like portal venule
(arrow), PAS stain, x 20. PT: Portal tract; THV: Terminal hepatic vein; HE: Hematoxylin & eosin.

Our patient fulfilled all the criteria for the diagnosis of INCPH, including the clinical
signs of portal hypertension (ascites and portovenous collaterals in our case), the
exclusion of cirrhosis on histology, the absence of chronic liver diseases causing
cirrhosis or other conditions causing INCPH, and the patency of portal and hepatic
veins [1] . Although called idiopathic, INCPH has been associated with various
conditions, including thrombophilia[9], hematological malignancies[10], infections[11],
medication and toxins [12] , genetic [13] and immunological disorders [14] . The main
symptoms of patients with INCPH are upper gastrointestinal bleeding and
splenomegaly[2,15]. Ascites, as in the current case, was present in 50% of cases in a
French[16] and in 26% in a Spanish study[17]. Prothrombotic disorders accounted for
48% in the former and 8% in the latter. Our case demonstrated the presence of large
abdominal portosystemic collaterals. However, esophageal or gastric varices were not
evident, probably due to the early stage of portal hypertension. Chronic ascites may
be attributed both to portal hypertension and the concomitant renal failure in keeping
with published literature[1]. Kidney disease is a common manifestation of PNH and is
a result of tubular damage caused by microvascular thrombosis and renal iron
accumulation[8].
From a pathophysiology point of view, in thrombophilia cases of INCPH, increased
intrahepatic resistance ensuing from obliteration of the portal venous microcirculation
may result in an increase in portal blood pressure[7,18]. High levels of endothelin-1
might further increase vascular resistance and stimulate periportal collagen
production[19]. Another hypothesis is that the prothrombotic disorder affects the
sinusoidal and portal vein wall causing fibrosis, obstruction, and secondary
alterations in hepatic architecture[10]. In the case of PNH, the accumulation of high
levels of free hemoglobin, which is a potent nitric oxide scavenger[20], may play a role
in increasing vascular resistance. Nitric oxide maintains smooth muscle relaxation and
inhibits platelet activation and aggregation[21]. Its deficiency may contribute to smooth
muscle tone increase and platelet activation.
In PNH, deficiency of the glycosyl phosphatidylinositol-anchored complement
regulatory proteins CD55 and CD59 induces the intravascular hemolysis that is the
main clinical manifestation of the disease[22,23]. Thrombotic events occur in about 27%
of patients with PNH and are the main cause of mortality, accounting for
approximately 40% of deaths[24]. Hepatic and portal veins are considered common
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Figure 2

Figure 2 Clinical and laboratory course of the disease before and after treatment with eculizumab.

sites of thrombosis[25]. Eculizumab is a monoclonal blocking antibody to complement
protein C5, which inhibits cleavage to C5a and C5b and impedes terminal
complement complex C5b-9[26]. Trials with eculizumab demonstrated a reduction in
hemolysis, stabilization of hemoglobin levels, and a reduction in transfusion
requirements but also a protection against the complications of hemolytic PNH, such
as deteriorating renal function, pulmonary hypertension, and thromboembolism[27].
The patient presented has a large clone (> 50% PNH granulocytes and > 10% PNH
red cells) combined with a notably increased LDH as evidence of intravascular
hemolysis and a high reticulocyte count. In addition, platelet count was normal and
anemia was mild without transfusion requirement, indicating an adequate bone
marrow reserve. Thus, she had many chances to benefit from eculizumab treatment as
the drug is highly effective in abrogating the intravascular hemolysis of PNH and
reducing the risk of thrombosis but does not alleviate bone marrow failure if
present[28]. Eculizumab is expensive and should be administered indefinitely for
achieving sustained response. It has been stated that the drug has changed the natural
course of PNH[29].
In our case, long-term treatment with eculizumab in combination with
anticoagulation in a patient with PNH and INCPH resulted in improvement of the
symptoms of liver disease, elimination of intravascular hemolysis, gradual resolution
of kidney disease, and improvement of quality of life. The beneficial effect of the drug
on liver microcirculation may be a result of the elimination of the prothrombotic
disorder and the decrease of vascular resistance of the sinusoidal and portal venous
walls.

CONCLUSION
Long-term administration of the monoclonal antibody eculizumab controlled the
symptoms and life-threatening complications of PNH. More specifically, it reversed
the complications of INCPH, as indicated by the elimination of large ascites and
jaundice and normalization of liver function tests. Furthermore, it abrogated the
intravascular hemolysis and improved dramatically the quality of life.
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Abstract
Hepatic encephalopathy (HE) is a common and serious neuropsychiatric
complication of cirrhosis, acute liver failure, and porto-systemic shunting. HE
largely contributes to the morbidity of patients with liver disease, severely
affecting the quality of life of both patients and their relatives and being
associated with poor prognosis. Its presentation is largely variable, manifesting
with a broad spectrum of cognitive abnormalities ranging from subtle cognitive
impairment to coma. The pathogenesis of HE is complex and has historically
been linked with hyperammonemia. However, in the last years, it has become
evident that the interplay of multiple actors, such as intestinal dysbiosis, gut
hyperpermeability, and neuroinflammation, is of crucial importance in its
genesis. Therefore, HE can be considered a result of a dysregulated gut-liverbrain axis function, where cognitive impairment can be reversed or prevented by
the beneficial effects induced by “gut-centric” therapies, such as non-absorbable
disaccharides, non-absorbable antibiotics, probiotics, prebiotics, and fecal
microbiota transplantation. In this context dietary modifications, by modulating
the intestinal milieu, can also provide significant benefit to cirrhotic patients with
HE. This review will provide a comprehensive insight into the mechanisms
responsible for gut-liver-brain axis dysregulation leading to HE in cirrhosis.
Furthermore, it will explore the currently available therapies and the most
promising future treatments for the management of patients with HE, with a
special focus on the dietary approach.
Key words: Cirrhosis; Hepatic encephalopathy; Diet therapy; Gut microbiota; Leaky gut;
Hyperammonemia; Prebiotics; Probiotics; Gluten-casein free diet; Gut microbiota
transplantation
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Core tip: Hepatic encephalopathy (HE) is a serious complication of cirrhosis resulting
from a multifactorial impairment of gut-liver-brain axis functioning. Multiple
interrelated factors (e.g., intestinal hyperpermeability, dysbiosis, hyperammonemia,
inflammation) cooperate in its development. “Gut-centric” therapies, including nonabsorbable disaccharides, antibiotics, prebiotics, probiotics, and fecal microbiota
transplantation have been successfully employed to manage HE: pertinent current
knowledge will be reviewed. Furthermore, the utility of dietary modifications in this
context is increasingly recognized, thus opening a new promising research path. This
review sheds light on dietary therapeutic strategies for HE, exploring how they can target
the mechanisms underlying gut-liver-brain axis dysregulation.
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INTRODUCTION
Hepatic encephalopathy (HE) is one of the most debilitating complications of liver
cirrhosis and represents a relevant cause of hospitalization[1]; it is associated with both
direct and indirect costs to health services. HE is a predictor of poor prognosis and
severely affects patients’ quality of life, often entailing a heavy burden for relatives
and caregivers[2]. HE consists of a brain dysfunction caused by liver insufficiency and
porto-systemic shunting, and it manifests as a wide spectrum of neurological or
psychiatric abnormalities, ranging from subclinical alterations to coma[3].
Based on the variable severity of its manifestations, HE has been arbitrarily
classified in five stages, from minimal HE (MHE) to grade IV according to the WestHaven criteria[3]. These stages can be further divided into two categories: overt HE
(OHE), including grades II-IV, in which diagnosis can be established through a
physical examination detecting evident neurologic and neuropsychiatric
abnormalities, and covert HE (CHE), including MHE (no clinical evidence of mental
dysfunction but presence of abnormalities in psychometric tests) and grade I
according to West-Haven criteria (i.e., a trivial lack of awareness, a discreet
psychomotor retardation, or a subtle lack of attention)[4,5]. As per International Society
for HE and Nitrogen Metabolism consensus, the presence of disorientation in time or
asterixis identifies the onset of OHE[4,6].
Although the variety of clinical presentations and the difficulty in detecting MHE
make it hard to quantify the exact prevalence of HE, it is estimated that approximately
30%-40% of patients with cirrhosis will develop OHE during their disease course[7,8],
whereas MHE or CHE occur in 20%-80% of patients [9] . Subjects with a previous
episode of OHE have a 40% cumulative risk of recurrence at 1 year, and subjects with
recurrent OHE have a 40% cumulative risk of another episode within 6 months[1,10].
Although the pathogenesis of this condition has not been fully elucidated yet,
progress in research has led to the identification of several potential determinants of
HE, among which intestinal dysbiosis, gut permeability alterations, inflammation,
and oxidative stress seem to play a key role[11]. In particular, HE can be regarded as a
model for impaired gut-liver-brain axis functioning: specific microbiota changes in the
gut of cirrhotic patients, along with altered intestinal permeability, have been
associated with endotoxemia and bacterial translocation, leading to increased
inflammatory response both at a systemic level and in the central nervous system
(CNS), which finally induces impaired cognition and favors the onset of HE.
Although the mechanisms underlying this gut-brain interplay are far from being fully
clarified, the importance of the gut in HE pathogenesis is corroborated by the
beneficial effects that gut-centric therapies such as lactulose and lactitol, nonabsorbable antibiotics such as rifaximin and neomycin, probiotics, and prebiotics exert
on patients’ cognitive function[12].
In this context, available data suggest that dietary modifications too might exert
relevant conditioning on several factors involved in the gut-liver-brain axis, including
gut microbiota, intestinal permeability, and inflammation.
This review will give insight into the mechanisms responsible for gut-liver-brain
axis dysregulation that leads to HE development in the context of cirrhosis.
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Furthermore, we will explore how the different therapeutic approaches investigated
so far are supposed to act in this complex network. A special focus will be given to
dietary interventions.

PATHOGENESIS
The pathogenesis of HE is a complex entity in which multiple factors cooperate in
determining the functional impairment of neuronal cells[13], as illustrated in Figure 1.
In patients with liver cirrhosis, it is believed that high levels of gut-derived toxins
and endogenous neurotoxic substances escape from liver catabolism, due to the
impaired detoxifying function of the cirrhotic liver and to the presence of portosystemic shunts, and that these toxins reach the brain through the blood-brain barrier
(BBB). In this context, a number of different factors, including gut dysbiosis and small
intestine bacterial overgrowth, leaky intestinal barrier, cirrhosis-related systemic
inflammation and neuroinflammation, oxidative stress, nitrogen metabolism, changes
in neurotransmission, gamma-amino butyric acid (GABA)ergic or benzodiazepine
pathway abnormalities, as well as BBB disturbances, appear to contribute to the
development of HE[14-16].

Ammonia and other neurotoxic compounds
Increased blood ammonia is a cornerstone in HE development[17-19]. Ammonia, a byproduct of nitrogen metabolism, is derived from gut and kidneys[20]. In the gut, both
the small intestine and colon are sources of great amounts of ammonia as a product of
the enzyme glutaminase and a large number of urease-producing bacteria.
Ammonia-rich blood normally reaches the liver through the portal vein, where it is
detoxified through the urea cycle[21,22]. In patients with portosystemic shunts or liver
failure, gut-derived blood bypasses the liver, and the liver itself has impaired capacity
for detoxification. As a consequence, nitrogenous waste products accumulate in the
systemic circulation. Excess ammonia crosses the BBB and is subsequently absorbed
and used by astrocytes to synthesize glutamine; intracellular accumulation of excess
glutamine causes osmotic and oxidative stress, mitochondrial dysfunction, and,
finally, astrocyte swelling. This can lead to cerebral edema (with the extreme
consequences of increased intracranial pressure and brain herniation often seen in
acute liver failure) as well as to increased GABAergic activity[21,23].
Apart from the gut, also kidneys, urinary tract, and muscles are involved in
nitrogen metabolism and contribute in determining ammonia circulating levels. In
this setting, muscle tissue is of particular interest because: 1- sarcopenia is a
recognized risk factor for HE, due to the reduced utilization of ammonia for
glutamine synthesis in the context of muscular tissue deficiency [24-27] ; 2- protein
catabolism, which is enhanced in fasting conditions, can contribute to hyperammonemia through the release of nitrogen compounds.
Nowadays, the relevance of ammonia per se in the pathogenesis of HE has been
partially questioned, in light of evidence that ammonia levels in chronic liver failure
do not reliably correlate with HE severity[28-30] and the identification of the synergistic
role of inflammatory mediators and a number of other potentially neurotoxic
compounds, including mercaptans, benzodiazepine-like substances, and indole, a
tryptophan derivative that is produced by gut microbes and transformed into
oxindole in the brain, where it displays sedative properties[31-34].

Inflammation
Inflammation has been suggested to play a synergistic role in HE pathophysiology,
increasing the effect of ammonia and thus partially explaining the weak correlation
between ammonia circulating levels and HE severity. Inflammation is both systemic
and localized to the CNS [35-37] . At a local level, proinflammatory cytokines are
produced by the brain in the presence of ammonia, giving rise to neuroinflammation[21,38].
Decompensated cirrhosis is characterized by a chronic systemic inflammatory state
that concurs to the maintenance of characteristic clinical features such as generalized
vasodilation and hyperdynamic circulation[21,39]. The genesis of systemic inflammation
in cirrhosis is multifactorial: an impaired intestinal permeability caused by portal
hypertension allows pathological bacterial translocation from the intestinal lumen to
the splanchnic and systemic circulation. Translocated bacteria and bacterial products
(pathogen-associated molecular patterns) stimulate the immune response, leading to
the release of inflammatory cytokines, causing in turn oxidative stress[40,41].
Systemic inflammatory response syndrome and sepsis are recognized as key
players in precipitating and exacerbating HE, possibly by rendering the brain more
susceptible to concurrent hyperammonemia [23] . HE patients show high levels of
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Figure 1 Multifactorial pathogenesis of hepatic encephalopathy. The figure summarizes the pathogenetic mechanisms at all levels of the gut-liver-brain axis
underlying the development of hepatic encephalopathy. In this context, the interplay between systemic inflammation and hyperammonemia plays a central role (see
text for details). CNS: Central nervous system; GABA: Gamma-aminobutyric acid; GI: Gastrointestinal; IL: Interleukin; NH4: Ammonia; NO: Nitric oxide; PAMPs:
Pathogen associated molecular patterns; ROS: Reactive oxygen species; SIBO: Small intestine bacterial overgrowth; SIRS: Systemic inflammatory response
syndrome; TNF-α: Tumor necrosis factor-alpha.

inflammatory cytokines, such as interleukin (IL)-6, IL-18, and tumor necrosis factor
alpha (TNF-α).
Tranah et al[38] reported that the presence and severity of HE are not associated with
ammonia concentration alone but with serum levels of inflammatory cytokines such
as TNF-α and IL-6. In another study, induced hyperammonemia in cirrhotic patients
resulted in worse neuropsychiatric test scores only when inflammation was present[42].
It is now widely accepted that sepsis can trigger HE in cirrhotic patients by
releasing proinflammatory mediators in the context of altered nitrogen metabolism[43,44], thus indicating that systemic inflammation is a critical determinant of the

WJH

https://www.wjgnet.com

492

June 27, 2019

Volume 11

Issue 6

Campion D et al. Dietary modulation for chronic hepatic encephalopathy

presence and severity of HE in chronic liver failure[23,45].
Moreover, patients with acute and chronic liver failure are functionally immunosuppressed and prone to infections, which are well-known precipitants of HE. The
innate immune response, comprising phagocytic cells such as monocytes and
neutrophils, was impaired both in acute liver failure and cirrhosis in different
preclinical studies and animal models[43,46,47]. Hyperammonemia itself appears to have
a role in worsening immune function. Ammonia-fed rats and cirrhotic patients given
amino acid drinks to induce hyperammonemia develop impaired neutrophil
phagocytic activity with neutrophils spontaneously producing reactive oxygen
species[48].
Hence, on the one hand the aberrant activation of neutrophils contributes to
systemic inflammation and bystander damage to host organs, whereas on the other
hand their impaired microbicidal capacity predisposes to infections with further
worsening of the inflammatory milieu and induction of clinical decompensation of
cirrhosis[23,47].
Systemic inflammation can also affect neuroinflammation: proinflammatory
cytokines are transported across the BBB from the systemic circulation. However,
there is good evidence that inflammatory mediators can also be produced by the brain
itself[21].
Microglial cells, which are essentially CNS resident macrophages, can be activated
by systemic inflammation and in turn release proinflammatory cytokines. Chronic
hyperammonemia is sufficient to induce microglial activation[49], and this activation
results in brain-derived proinflammatory cytokines[50], in particular TNF-α, IL-6, and
IL-1β[51]. This inflammatory state leads to neuronal death in vitro and in vivo[52]. In this
context, the extent of microglial activation was found to be predictive of the level of
HE as well as of the presence of cerebral edema in acute liver failure[53].
Furthermore, BBB contains endothelial cells that can induce the release of
proinflammatory mediators when stimulated by systemic inflammation: endothelial
cells are provided with TNF-α and IL-1β receptors that convey signals able to induce
the synthesis of secondary messengers in the brain, such as nitric oxide and
prostanoids[54,55].

Leaky gut and bacterial translocation
The intestinal barrier is a functional unit composed of the intestinal epithelial cells, the
immune effectors (immune cells and immunoglobulins), the mucus layer, and the
intercellular junctions (tight junctions and gap junctions), which allow selective
passage of substances through the paracellular pathway[56]. The paracellular transport
regulated by the tight junctions is a dynamic system that can be modulated by several
factors, such as neurotransmitters, cytokines, food components, and other signaling
molecules such as zonulin, a protein synthesized in the intestinal and liver cells that
reversibly increases intestinal permeability[57-59].
Patients with liver cirrhosis exhibit structural and functional changes in the
intestinal barrier, the so-called “leaky gut”[60-62], which can lead to increased intestinal
permeability to bacteria and their products[63,64]. The impaired expression of tight
junction proteins, a common finding in patients with cirrhosis[65,66], is one of the main
mechanisms underlying the disruption of the intestinal barrier[67].
Tight junctions are composed by different families of transmembrane proteins,
among which occludins, claudins, and junctional adhesion molecules are the most
important. The intracellular domains of these proteins interact with cytoplasmic
proteins called “zonula occludens”, which allow the anchorage of the protein complex
to the cytoskeleton[68].
The increased levels of proinflammatory cytokines, particularly TNF-α, as well as
other inflammatory mediators were found to be responsible for the decreased
expression of occludin and claudin-1 in the intestinal epithelium of cirrhotic
patients [69-71] . This downregulation was more significant in the phase of decompensated cirrhosis (Child-Pugh classes B and C)[72-75].
Furthermore, several other factors cooperate in affecting the integrity of the
intestinal barrier, such as portal hypertension (by slowing down mucosal blood flow
with consequent vascular congestion), gut dysbiosis, short-chain fatty acids (SCFAs),
oxidative stress, endotoxemia, and alcohol consumption[76,77], as illustrated in Figure 2.
A recent interesting study conducted by Muñoz et al[78] in rat models of cirrhosis
demonstrated that the presence of ascites (identifying a phase of decompensated
disease) correlates with significant damage of the tight and adherens junctions,
increased intestinal permeability, and enhanced bacterial translocation, which can be
normalized by antibiotics administration. This reinforced the hypothesis that
coexistent dysbiosis and immune dysregulation play a pivotal role in disrupting the
intestinal barrier. Hence, the homeostasis of the intestinal barrier is likely to be
modulated by a dynamic symbiotic relationship between the gut microbiome and the
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Figure 2

Figure 2 Leaky gut in liver cirrhosis. Multiple factors are involved in the increase of intestinal permeability found in
cirrhotic patients. SCFA: Short-chain fatty acids.

immune system[78]. Due to increased gut permeability, bacteria can pass the intestinal
barrier and migrate to mesenteric lymph nodes and other organs, a process known as
bacterial translocation[79]. This phenomenon is responsible for increased levels of
circulating bacterial products and endotoxins, which directly correlate with the
severity of liver disease and lead to the development of several complications,
especially infections and HE[80,81] .

GUT MICROBIOTA
The human gut contains 1014 bacteria, more than ten times the number of somatic cells
in the human body[82]. Microorganisms start colonizing the gut after birth, and their
density and types vary among different parts of the intestines, among individuals,
and in the same individual during periods of illness and following dietary
changes [ 8 3 - 8 5 ] . In the healthy individual, the host/microbiota relationship is
characterized by a homeostatic symbiosis: the host provides nutrients, and the
microbiota influences the correct epithelial function and nutrient absorption.
Normally, anaerobes are more represented than aerobes, and the majority of species
belong to the genera Bacteroidetes and Firmicutes[86].
The liver receives blood supply from the intestine through the portal circulation
and is therefore exposed to gut-derived toxins, including bacteria and bacterial
products, which are normally eliminated by the inflammatory response orchestrated
by a large number of resident macrophages, dendritic cells, lymphocytes, and natural
killer cells[87,88].
In cirrhotic patients with impaired immune response and altered intestinal barrier,
it is clear how gut microflora can play a major role in triggering systemic
inflammation, even in the absence of overt infection[15,89]. Furthermore, the increase of
translocated bacterial products is believed to be responsible for the cognitive
impairment found in HE[90].
A growing number of studies is trying to identify the existence of specific
“microbiome signatures” related to cirrhosis and its complications, but the
heterogeneity in study designs, investigated populations, bacterial taxonomic levels
considered, origin of the microbiome samples (fecal microbiota or mucosa samples),
the different methodologies used, along with the lack of standardization, make it
difficult to obtain clear-cut results. Yet, some common findings in the gut microbiota
of patients with cirrhosis can be highlighted, consisting in a higher proportion of
Enterobacteriaceae, Alcaligenaceae, Streptococcaceae, Veillonellaceae, and Fusobacteriaceae,
along with a reduction of Bacteroidetes, Ruminococcaceae, and Lachnospiraceae in
comparison with healthy controls[91-93].
Of note, Ruminococcaceae and Lachnospiraceae are butyrate-producing bacteria[77].
Butyrate is a SCFA used as a source of energy by enterocytes and able to influence the
intestinal barrier function through the stimulation of tight junctions and mucus
production. SCFAs play a role in increasing anti-bacterial peptides and reducing
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colonic inflammation; therefore, their reduction may have a detrimental role in the
whole setting of systemic inflammation[94,95].
As a result of these findings, further studies were designed to search for
associations between gut flora alterations and development of HE or other
complications of cirrhosis and to evaluate how gut-centric therapies may help treat
them. Hence, specific changes in the gut microbiome have been correlated with
cognitive function and systemic inflammation.
In patients with HE, a higher proportion of Veillonellaceae was linked to increased
circulating inflammatory cytokines (IL-6, TNF-α, IL-2, and IL-13) and poor cognition
when compared to cirrhotic patients without HE[95].
Alcaligenaceae abundance was associated with poor cognitive performance[12]. These
organisms are Proteobacteria responsible for opportunistic infections that degrade
urea to produce ammonia, thus explaining their association with loss of cognitive
functions.
In another study by Bajaj et al[96], microbiome testing was performed on stool and
sigmoid mucosa tissue of cirrhotic patients with concurrent HE, cirrhotic patients
with normal cognitive function, and healthy controls. Blautia, Fecalibacterium,
Roseburia, and Dorea were associated with good cognition and decreased inflammation in both HE/non-HE, whereas genera overrepresented in HE
(Enterococcus, Megasphaera, and Burkholderia) were linked to poor cognition and
inflammation.
Zhang et al[97] found an overrepresentation of Streptococcaceae and Veillonellaceae in
stools of cirrhotic patients with and without HE compared with normal individuals.
In addition, the abundance of Streptococcus salivarius was significantly higher in
cirrhotic patients with HE than in those without, and increased levels of this bacteria
were correlated with ammonia accumulation in patients with HE.
A recent study by Ahluwalia et al[98] aimed to evaluate the contribution of specific
gut bacteria to neuronal changes in cirrhotic patients with HE. Cirrhotic patients
without HE, cirrhotic patients with HE, and healthy controls underwent stool
microbiota analysis, systemic inflammatory assessment, and magnetic resonance
imaging analysis. Cirrhotic patients with HE had a higher abundance of
Staphylococcaceae, Enterococcaceae, Porphyromonadaceae, and Lactobacillaceae compared to
controls and cirrhotics without HE. These microbial populations were linked to
increased endotoxin and ammonia production as well as with worse cognitive
performance. Specific microbial families such as Enterobacteriaceae positively
correlated with hyperammonemia-associated astrocytic changes diagnosed through
magnetic resonance imaging spectroscopy. Porphyromonadaceae only correlated with
neuronal changes without linkages with ammonia levels.
Other regions of the gastrointestinal tract have been associated with dysbiosis in
cirrhotic patients with HE[73]. Bajaj et al[99] studied oral and distal gut microbiota in
both patients with and without HE. Salivary microbiota in cirrhotic subjects with HE
showed an increased proportion of Enterobacteriaceae and lower amounts of
autochthonous bacteria and Erysipelothricaceae compared to non-HE and healthy
controls. The alterations of oral microbiota in cirrhotic subjects were correlated with
an increased potential for endotoxins synthesis and with the existence of both a local
salivary proinflammatory milieu (expressed by higher levels of IL-1β, IL-6, and
immunoglobulin A secretion), and a systemic inflammatory status, thus suggesting a
contribution of oral microbiota in the overall inflammation found in cirrhosis. Hence,
dysbiosis, represented by a reduction in autochthonous bacterial abundance in favor
of other microorganisms, is present in saliva as well as in the stools of cirrhotic
patients, and this change could reflect a globally impaired mucosal-immune function.
As a result, it has been postulated that the identification of specific stool and salivary
microbial signatures associated with better cognitive function could potentially be
used to predict the absence of MHE thus avoiding cognitive testing[100].
These findings suggest that microbiome composition is strictly correlated with
cognition and inflammation in cirrhotic patients, especially in those who develop HE.

Small intestinal bacterial overgrowth
Small intestinal bacterial overgrowth (SIBO), a manifestation of gut microbial
dysbiosis, represents a common finding in cirrhosis, affecting up to 59% of patients
and correlating with the severity of liver disease [101-103] . Quantitative cultures of
proximal jejunal aspirate with bacterial counts ≥ 105 colony forming units per milliliter
are considered the diagnostic gold standard[104]. However, non-invasive tests such as
glucose breath test and lactulose breath test have been developed to investigate SIBO
with no need for endoscopic examination and at lower costs[105].
Gram-negative bacteria, and particularly Escherichia coli and Klebsiella pneumoniae,
are found to be overrepresented in SIBO[106,107], and this condition favors bacterial
translocation and endotoxemia, thus representing a risk factor for the development of
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clinical decompensation events, such as spontaneous bacterial peritonitis or HE[77].
The results of a recent meta-analysis[108] showed an overall prevalence of 41% for
SIBO in cirrhosis, significantly higher than the prevalence among control subjects
(11%). The prevalence did not differ according to etiology of liver disease, but did
vary according to the diagnostic test used (lactulose vs glucose breath test vs aspirate
culture) and according to Child-Pugh class, with higher prevalence in patients with
worse liver function. Cirrhotics with SIBO more often had ascites, spontaneous
bacterial peritonitis, and MHE compared to those without SIBO [75.6% vs 33.5% for
MHE; OR 6.28 (95% confidence interval: 2.10–18.80; P = 0.001)]. Furthermore, two of
the studies included in the meta-analysis evaluated orocecal transit time, demonstrating a significant prolongation in cirrhotics with SIBO compared to those
without[109,110].
Therefore, HE appears to be significantly more frequent in cirrhosis when SIBO
coexists; in this case, increased amounts of intestinal bacteria in the context of an
altered intestinal permeability and disrupted immune function can lead to increased
endotoxemia, inflammation, and hyperammonemia, finally eliciting the development
of decompensation[111,112].
Future studies are needed to clarify the causes of SIBO in cirrhosis. A cooperation
of several factors can be hypothesized, including impaired intestinal motility leading
to stasis of luminal content, local and systemic immune dysregulation leading to
reduced secretion of luminal immunoglobulins A, the presence of gastric
hypochlorhydria (particularly in case of therapy with proton pump inhibitors), and
alterations in bile acids metabolism[113].
At present, no clear evidence is available showing that the elimination of SIBO in
cirrhosis could lead to clinical improvement of the disease course. Large, randomized
controlled trials (RCTs) exploring this issue are required.

THERAPY
As previously described, the accumulation of gut-derived toxic substances in patients
with impaired liver function induces a systemic inflammatory response as well as
detrimental effects on the CNS, ultimately leading to the development of HE.
Several conditions can precipitate acute episodes of HE, among them: constipation,
concomitant infections, gastrointestinal bleeding, administration of sedative drugs,
dehydration following liquid losses or excess of diuretics, hyponatremia, and
alkalosis. These so-called “precipitating factors” can act at various levels of the gutliver-brain axis, amplifying the intestinal production of ammonia and absorption of
toxins, boosting the inflammatory response or enhancing the negative effects of
hyperammonemia on the CNS. Consequently, the initial management of an acute
episode of HE should always include an exhaustive search for any precipitating factor
and its elimination or correction[3,114]. Secondly, general treatment for HE should be
initiated.
Currently, available therapies for HE primarily target the reduction of ammonia
and the modulation of gut microbiota. The efficacy of these gut-centric therapeutic
approaches further supports the pathogenetic relevance of the alterations of gut
microflora and intestinal barrier. See Table 1 for an overview on the available
therapeutic approaches for HE, their mechanisms of action, and the corresponding
levels of evidence.

NON-DIETARY APPROACH
Non-absorbable disaccharides
At present, non-absorbable disaccharides, such as lactulose and lactitol, represent the
first-line standard of care treatment recommended by international guidelines for use
in OHE as well as in secondary prophylaxis[3]. The main mechanisms explaining their
efficacy in the management of HE can be summarized as a cathartic effect, reducing
intestinal transit time and content of toxic compounds, together with the ability to
modulate the intestinal flora, and finally resulting in a reduction of ammonia
levels[115-117].
In detail, these synthetic disaccharides pass through the intestine without being
absorbed and are partially metabolized by gut bacteria, with the production of lactic
and acetic acid. The consequent acidification of the gut content inhibits bacterial
production of ammonia and converts ammonia into non-absorbable ammonium,
trapping it in the intestinal lumen and preventing its passage in the blood[114-116]. Nonabsorbable disaccharides can also inhibit glutaminase activity, thus reducing the
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Table 1 Therapeutic strategies in hepatic encephalopathy

Therapeutic
approach

Gut microbiota
modulation

Mechanism of action

Non absorbable
disaccharides
(lactulose and
lactilol)

Decrease serum ammonia levels by:

Rifaximin

Decreases serum ammonia levels and
proinflammatory cytokines release by:

Adequate protein
Decrease serum ammonia levels by:
intake (1.2-1.5 g/kg
per day)

- Accelerating intestinal transit

Yes

Level of evidence
according to
EASL/AASLD
guidelines
- Treatment: GRADE
II-1, B, 1 [3]

- Reducing ammonia synthesis in the gut

- Secondary
prophylaxis:
GRADE II-1, A, 1 [3]

- Modifying intestinal bacterial metabolism Yes
and abundance

Secondary
prophylaxis:

- Inhibiting bacterial translocation

GRADE I, A, 1 [3]

- Balancing nitrogen metabolism

-

Treatment:
- GRADE I, A, 1 [3]

- Preventing sarcopenia

-[136]
GRADE II-2, B, 1
Dairy proteins

Decrease serum ammonia levels (process unclear)

Yes

Treatment:
- GRADE II-3, B, 1
[136]

Vegetable proteins

Decrease serum ammonia levels by:

- Increasing ammonia detoxification (urea
cycle)

Yes

- Accelerating intestinal transit (high fiber
content)

Treatment:
-[136]
GRADE II-3, B, 1

Reduce circulating mercaptans and indoles
Oral branchedchain amino acids
(BCAA)

Unclear. Postulated:
Decrease serum ammonia levels by:

- Increasing ammonia detoxification
(glutamine synthesis)

-

- GRADE I, B, 2 [3]

Rebalance of CNS system neurotransmitters synthesis
L-ornithine-Laspartate (LOLA)

Decreases serum ammonia levels by:

Zinc
Prebiotics

Treatment:

-[136]
GRADE I-1, A, 1

- Increasing ammonia detoxification (urea
cycle and glutamine synthesis)

-

Treatment:

Decrease serum ammonia levels by:

- Increasing ammonia detoxification (urea
cycle and glutamine synthesis)

-

No
recommendations

Decrease proinflammatory cytokines
release and serum ammonia levels by:

- Reducing intestinal permeability

Yes

No
recommendations

Yes

No
recommendations

Yes

No
recommendations

Yes

No
recommendations

- GRADE I, B, 2 [3]

- Reducing luminal pH
- Reducing ammonia absorption
- Accelerating intestinal transit

Probiotics

Decrease proinflammatory cytokines
release and serum ammonia levels by:

- Reducing intestinal permeability
- Reducing luminal pH
- Reducing ammonia absorption

Gluten-casein free
diet

Unclear. Postulated: - reducing absorption of gluten- and casein-derived peptides

Fecal microbiota
transplantation

Rebalance of gut microbiota

Rebalance of CNS
dysfunction by:

- decreasing proinflammatory cytokines production

Criteria used to classify recommendations (EASL/AASLD guidelines)[3,136]: Level of evidence: I: Randomized, controlled trials, II-1 controlled trials
without randomization, II-2) cohort or case-control analytical studies, II-3 multiple time series, dramatic uncontrolled experiments, III opinions of
respected authorities, descriptive epidemiology. Quality of evidence: A: High: further research is very unlikely to change our confidence in the estimated
effect; B: Moderate: further research is likely to have an important impact on our confidence in the estimated effect and may change the estimate; C: Low:
further research is likely to have an important impact on our confidence in the estimated effect and is likely to change the estimate. Any change of estimate
is uncertain. Grade of recommendation: 1: Strong: factors influencing the strength of recommendation included the quality of evidence, presumed patientimportant outcomes, and costs, 2: Weak: variability in preferences and values or more uncertainty. Recommendation is made with less certainty, higher
costs, or resource consumption. CNS: Central nervous system.

intestinal production of ammonia[118]. Besides, lactulose and lactitol act as prebiotics,
favoring the growth of beneficial saccharolytic bacteria, such as Bifidobacteria and
Lactobacilli, and counteracting the growth of harmful, ammonia-producing
bacteria[15,91,114,115,119].
Moreover, the promotion of microbial growth by non-absorbable disaccharides
prompts bacterial uptake of ammonia as a nitrogen source for protein synthesis[120].
Furthermore, it has been demonstrated that lactulose reduces bacterial DNA
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translocation, with a consequent decrease in serum ammonia and levels of inflammatory mediators[121].

Rifaximin
In patients experiencing recurrent bouts of HE despite administration of nonabsorbable disaccharides, it is recommended to implement secondary prophylaxis by
adding rifaximin[3].
Rifaximin is a non-absorbable antibiotic that has been shown to reduce serum
ammonia and improve cognitive function in patients with HE, thus preventing
recurrences and decreasing hospitalization rates [122,123] . Several studies proved
rifaximin efficacy in both prevention of recurrences and treatment of acute bouts of
HE, and its beneficial effects on neuropsychiatric and neuromotor abnormalities have
been observed[124,125]. Rifaximin is thought to act through a number of mechanisms,
including the modulation of gut microbiota, reduction of ammonia circulating levels
and bacterial translocation, and reduced release of endotoxins and proinflammatory
cytokines with consequent anti-inflammatory effects[126-128]. It also directly affects
intestinal barrier and gut bacteria function[129-131].
The effect of rifaximin on the gut-liver-brain axis was investigated by Bajaj et al[132],
who observed improved cognition and reduced endotoxemia after 8 weeks of
rifaximin administration in 20 cirrhotic patients with MHE. Despite only slight
modifications of microbiota composition were observed (namely a reduction in
Veillonellaceae and an increase in Eubacteriaceae), serum metabolomics analysis
suggested that rifaximin significantly altered bacterial functioning. In fact, there was
an increase in serum saturated and unsaturated fatty acids, as well as other bacterial
end-products, with a potentially beneficial impact on cognitive functions. The authors
postulated that rifaximin might positively affect cognitive function mainly through a
beneficial modulation of bacterial metabolism rather than by reducing absolute or
relative bacterial abundances.
Rifaximin efficacy appears to be further increased when used in addition to
lactulose: a double-blind prospective study by Sharma et al[10] revealed a significant
decrease in OHE and length of hospital stay with combination therapy compared to
lactulose alone. These data reveal how synergistic strategies may enhance treatment
efficacy.

Other non-dietary therapies
Several other non-dietary treatments have been proposed for the management of HE
in cirrhosis, many of which are still under investigation. They basically aim to lower
serum ammonia levels (ornithine phenylacetate, glycerol phenylbutyrate, AST-120,
polyethylene glycol) and to scavenge inflammatory and reactive oxygen species
(albumin administration and dialysis)[133,134]. At present, the evidence of their efficacy
in patients with HE is scarce or limited, and they cannot be recommended in this
setting. As modulation of intestinal microbiota or dietary interventions is not the
target of these therapies, their literature analysis is beyond the scope of this review.

DIETARY APPROACH
Therapeutic strategies used in the management of HE aimed to treat its main
pathogenetic factors: increased ammonia levels, inflammation, and alterations of gut
microbiota. Along with pharmaceutical products, diet plays a role of primary
importance in addressing this condition. As illustrated in Figure 3, changes in food
habits may modulate nitrogen metabolism and exert beneficial effects on gut
microbiota, thus interrupting the chain of events that leads to inflammation and
development of cognitive impairment[135]. Different nutritional strategies have been
proposed in order to correctly manage HE, including modulation of protein intake
(regarding both avoidance of protein restriction and selection of specific protein
sources), increased fiber intake, and use of foods with prebiotic and probiotic effects.
Current evidence strongly suggests that specific dietary approaches can largely
contribute to the treatment and prevention of HE, and several recommendations
regarding dietary changes have already been included in the main clinical guidelines.
The European Association for the Study of the Liver (EASL) Clinical Practice
Guidelines on nutrition in chronic liver disease[136], the American Association for the
Study of Liver Diseases (AASLD) and EASL Practice Guidelines for HE[3], and the
ESPEN Guidelines on nutrition in liver disease[137] recommend daily energy intakes of
35-40 kcal/kg and that high-calorie diets should be implemented in cirrhotic patients
in conditions of increased energy expenditure (e.g., in cases of acute decompensation).
Carbohydrates should make up for 40%-60% of total caloric intake, and complex
carbohydrates should be preferred. Lipids, which should account for 25%-50% of
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Figure 3 Potential benefits of dietary modulation in hepatic encephalopathy. AAA: Aromatic amino acids; BCAA: Branched-chain amino acids; CNS: Central
nervous system; LOLA: L-ornithine–L-aspartate; SCFA: Short-chain fatty acids.

dietary calories, are particularly useful in HE patients as they have been demonstrated
to exert beneficial effects on gut flora and on bowel transit time[138].

Proteins
Adequate nutrition is of utmost importance in all cirrhotic patients, who exhibit
protein-energy malnutrition and muscle wasting in up to 60% of cases. As muscle
tissue contributes to the removal of circulating ammonia by increasing glutamine
synthesis, sarcopenia is not only associated with worsening of clinical conditions and
increased mortality in cirrhotic patients[139] but also represents an independent risk
factor for HE[25,140,141]. Adequate protein intake is therefore extremely important in
cirrhotic patients with HE [142] , both in terms of timing and quality of nutrient
ingestion.
Firstly, it is mandatory to define a pattern of dietary intake in order to grant a
correct substrate utilization; this is a very relevant issue, as catabolism of amino acids
for glucose production depletes tissues of proteins and increases ammonia levels[143].
Cirrhotic patients should have frequent meals during the day, avoiding fasting for
longer than 3-6 h. It has been demonstrated that a late-evening snack, containing
approximately 50 g of carbohydrates, has a beneficial effect on substrate utilization
and nitrogen production [ 1 4 4 ] , therefore preventing HE and reducing HE
severity[2,145,146,147]. It is recommended that breakfast and late-evening snack also include
some proteins in order to fulfill energy and protein requirements[136].
As dysregulated nitrogen metabolism plays a key role in the development of HE,
protein intake requirement in patients with HE has been widely investigated. Early
evidence suggested that episodes of HE could be controlled by reducing protein
intake[148,149], but these observations have been largely debunked by several subsequent
studies.
In 1995, a study by Morgan et al[150] questioned for the first time the real usefulness
of protein restriction in HE, demonstrating that patients with alcoholic hepatitis
whose diet provided a higher protein intake experienced an improvement in mental
status, suggesting that the lack of an adequate protein intake could favor HE. A study
found that restriction of protein intake has no beneficial effect on the evolution of
episodic HE and that it can worsen the nutritional status of these patients by
exacerbating protein breakdown from muscles[151]. Furthermore, they showed that
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patients with HE could safely follow a normal protein diet.
Additional studies confirmed that normal protein intake is well tolerated and
useful in HE to ensure sufficient substrate for energy synthesis and hepatocyte
function[152,153]. Hence, avoidance of protein restriction in patients with HE is now
strongly recommended. The International Society for HE and Nitrogen Metabolism [145] , the EASL Clinical Practice Guidelines on nutrition in chronic liver
disease [136] , the AASLD and EASL Practice Guidelines for HE [3] , and the ESPEN
Guidelines on nutrition in liver disease[137] recommend for patients with HE a daily
protein intake of 1.2-1.5 g/kg per day.
The amount of protein is not the only important factor to take into consideration; in
cirrhosis, tolerance to dietary proteins (in terms of the development of HE after
protein ingestion) seems to vary among different protein sources; dairy and vegetable
proteins have been suggested to be better tolerated than animal proteins.
The evidence regarding dairy proteins is limited. An old study by Fenton et al[154]
described a consistent reduction of plasma ammonia in three patients when meat was
replaced by dairy protein and hypothesized that this improvement might be due to
gut flora modifications. Bessman et al[155] administered intragastrically blood and milkprotein preparations to patients with liver disease, observing significantly higher
elevations of circulating ammonia after administration of blood rather than after milkprotein preparations. More recently, a 14 day high-protein casein-vegetable diet was
shown to improve cognitive performance and lower serum ammonia levels in 150
patients with OHE, thus confirming the irrationality of dietary protein restriction and
the usefulness of a casein-vegetable based diet[152].
The beneficial effects of vegetable proteins have been widely studied among
cirrhotic patients. Bianchi et al[156] tested the effect of a vegetable versus animal protein
diet on nitrogen metabolism and cognitive function in cirrhotic patients with
persistent HE, and the results showed that ammonia levels, as well as clinical severity
of HE, significantly improved during vegetable protein diet. Uribe et al [157] also
demonstrated improved mental state and encephalogram results in patients with HE
undergoing vegetable protein diet compared to those on animal protein diet. Finally,
Maharshi et al[158], in a recent RCT, showed that 6 months of 1-1.5 g/d of vegetable
protein was effective in treating MHE, preventing OHE episodes, and improving
patients’ quality of life.
Multiple reasons may explain the superiority of vegetable proteins: they contain
lower quantities of methionine and cysteine compared to animal proteins. These
amino acids are precursors of mercaptans and indoles, which, as mentioned before,
have been implicated in HE development[159]. On the other hand, vegetable-derived
proteins contain high ornithine and arginine levels, which are implicated in ammonia
detoxification through the urea cycle[160]. Another advantage of vegetable proteins is
their high fiber content[145], which favors intestinal transit and consequently a more
efficient ammonia excretion. Moreover, fiber digestion operated by intestinal bacteria
produces the SCFAs acetic, propionic, and butyric acid, therefore reducing colonic
pH, which improves ammonia excretion[161,162]. This may result in favorable changes in
microbiota composition, with associated enhanced anti-inflammatory and antioxidant
properties[163,164]. Although additional benefits of vegetable protein diets on intestinal
microbiota in HE patients have been hypothesized, to our knowledge no studies
exploring the effects of this dietary approach on gut microorganisms in HE patients
have been published so far.
To summarize, although vegetable proteins may be better than animal proteins for
patients with HE and should therefore be encouraged, they can also cause bloating,
flatulence, and diarrhea, which may consequently reduce patients’ compliance to the
dietary regimen. In order to make the diet palatable and tolerable in the long run, a
strategy of protein intake from different sources (dairy, vegetable, and high-quality
animal proteins) seems the most reasonable one and should be recommended[136,165,166].

Branched-chain amino acids
Another way to prevent excessive protein catabolism and reduce ammonia levels in
HE patients is through the administration of branched-chain amino acids (BCAAs):
valine, leucine, and isoleucine.
These essential amino acids are used by skeletal muscles for the amidation of
glutamine, a process that allows ammonia detoxification[167]. Due to the combination
of impaired hepatic function, portosystemic shunting, and skeletal muscle loss, with
hyperinsulinemia and hyperglucagonemia, BCAA levels in cirrhotic patients are
usually reduced[145,168,169], whereas a concomitant rise in the levels of aromatic amino
acids (AAA: phenylalanine, tyrosine, and tryptophan) has been observed[170-172].
Decreased breakdown of AAA due to impaired liver function and increased
utilization of BCAAs in the muscle are thought to be the main causes for the observed
decrease in the BCAA/AAA ratio, also called the Fischer-ratio[145,167,173]. The consequent

WJH

https://www.wjgnet.com

500

June 27, 2019

Volume 11

Issue 6

Campion D et al. Dietary modulation for chronic hepatic encephalopathy

increase of AAA influx in the CNS has been postulated to be responsible for imbalances in neurotransmitter synthesis, contributing to HE[168-170,174].
Oral supplementation of BCAAs in HE patients could therefore improve their
clinical condition through the facilitation of ammonia detoxification, and their
possible use in these patients has been widely studied[168].
There is accumulating evidence showing that long-term oral supplementation of
BCAAs may confer nutritional benefits and improve survival in HE patients, probably
due in part to the effect of leucine, which stimulates hepatic regeneration[175] and
muscle protein synthesis[176]. Furthermore, BCAAs promote correction of plasmatic
amino acid imbalance and counteract the harmful brain influx of AAA across the
impaired BBB[145,177].
A meta-analysis [ 1 7 8 ] performed on nine RCTs demonstrated a significant
improvement in the grade of HE with the administration of oral BCAAs compared to
other nutritional supplements, but no difference was found in terms of resolution of
HE. Another recent Cochrane meta-analysis on 16 RCTs indicated that oral
administration of BCAAs had a beneficial impact on HE, without effect on mortality,
quality of life, and nutritional status[179]. Considering prophylaxis of HE, several
studies showed that oral BCAAs do not prevent development or recurrence of HE in
cirrhotic patients[180-182].
Furthermore, it should be mentioned that many of these trials have methodology
issues that limit their value and that oral BCAAs supplements are not used in many
countries because of their cost (they are not reimbursed) and scarce palatability[137]. As
a consequence, even if the use of oral BCAAs should be considered in this clinical
setting, there is still a need for additional high-quality RCTs to confirm their efficacy
in preventing and treating HE.

L-ornithine–L-aspartate
L-ornithine–L-aspartate (LOLA) is a mixture of two endogenous amino acids with the
capacity to fix ammonia in the form of urea or glutamine. They are substrates for the
urea cycle and can also activate glutamine production by activating glutamine
synthetase in hepatocytes and muscle cells. Therefore, LOLA can be used as a
supplement to reduce serum ammonia levels[136,137,183].
The efficacy of LOLA in patients with HE was addressed in three recent reviews
and meta-analyses. The first one, a Cochrane review [184] , suggested a possible
beneficial effect of LOLA on mortality and HE, without increased serious adverse
events in comparison with placebo or no intervention and a possible favorable impact
on HE when compared with probiotics. The authors, however, considered the
beneficial profile of LOLA uncertain, due to the low quality of the available studies.
The second study[185] showed that LOLA was significantly more effective compared to
placebo/no intervention for improvement of mental state in all types of HE and for
lowering of blood ammonia[185]. The last and very recent meta-analysis highlighted the
benefit of LOLA in a wide range of clinical presentations of HE, including OHE as
well as MHE, where the oral formulation of LOLA was particularly effective[186]. The
concomitant reduction of blood ammonia levels was reported in all RCTs that
investigated this issue. Network meta-analysis showed that LOLA appears to be
comparable (or superior) in efficacy to other ammonia-lowering agents, including
non-absorbable disaccharides and probiotics. Furthermore, LOLA seems to be
effective also for the treatment of post-transjugular intrahepatic portosystemic shunt
HE and secondary HE prophylaxis. The authors concluded supporting the use of
LOLA in the treatment of HE.

Vitamins and micronutrients
Generally, patients suffering from liver disease present vitamin deficiencies due to
altered hepatic function, reduction of reserves, as well as inadequate dietary intake or
malabsorption[187]. Deficiencies of vitamins and electrolytes can potentially cause a
variety of neuropsychiatric symptoms, hence mimicking or worsening HE.
Among vitamins potentially affecting cognitive function, cirrhotic patients often
present vitamin B deficiency, probably due to intestinal malabsorption and decreased
liver storage. Although the consequences of vitamin B deficiency in patients with
advanced liver disease are not fully understood (except vitamin B1 deficiency), it is
known that this group of vitamins is linked to cognitive function [188,189] , and its
reduction may cause additional CNS alterations in patients with HE[190].
Patients with cirrhosis may also have reduced levels of micronutrients; among
them, zinc has been implicated in the pathogenesis of HE, as glutamine synthetase
and ornithine transcarbamylase, which are involved in ammonia detoxification, are
both zinc-dependent. Zinc administration has been suggested to improve
psychometric tests in some studies[191,192], but overall results are conflicting[193-195].
Furthermore, clinicians should always pay attention to electrolyte imbalances, as
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they can both trigger the development of HE and worsen pre-existing abnormalities
of mental function. In particular, hyponatremia, hypomagnesemia, and hypercalcemia, if present, should be promptly corrected in cirrhotic patients with altered
mental status, bearing in mind the importance of a slow rebalancing in sodium levels,
because of the risk of developing central pontine myelinolysis[2,136,196].
Currently, supplementation of vitamins and micronutrients is recommended by the
EASL[136] and ESPEN guidelines[137] in patients with documented deficiencies or during
the first 2 weeks of nutritional support when the deficiency is clinically suspected.

DIETARY APPROACH, INTESTINAL MICROBIOTA
MODULATION, AND GUT-LIVER AXIS
Since the influence of diet on gut microbiota composition in both healthy and
unhealthy populations has been abundantly demonstrated[197-199], and the connection
between gut, liver, and brain plays a fundamental role in the development of HE in
cirrhotic patients[21,69,82], it has been hypothesized that specific dietary approaches
targeting the gut-liver-brain axis may be implemented in the therapeutic management
of HE.

Prebiotics and probiotics
Prebiotics are food substrates that are selectively used by host microorganisms
causing alterations in the composition and activity of gut microbiota and thus
conferring a health benefit[200]. Probiotics are live microorganisms that, when ingested
in adequate amounts, alter the microflora conferring a favorable effect on the health of
the host[201]. Synbiotics are defined as a combination of both pre- and probiotics. They
produce beneficial alterations in gut microbiota and may be, at least in theory, helpful
in the management of HE thanks to their gut-centric action [145,202] . In fact, the
modulation of gut microbiota operated through supplementation of pre- and
probiotics decreases pathogenic bacteria and reduces luminal pH, thus lowering
ammonia absorption, improving nutritional status of gut epithelium, and decreasing
intestinal permeability; all these changes reduce systemic inflammation and oxidative
stress and lower circulating ammonia levels[203-205].

Prebiotics
At present, lactulose, lactitol, fructo-oligosaccharides, and galacto-oligosaccharides
are the most commonly used prebiotics. Malaguarnera et al[206,207] demonstrated that a
combination of probiotics and fructo-oligosaccharides was effective in treating MHE,
improving neuropsychiatric function when compared both to placebo and lactulose.
Liu et al[198] showed that the administration of a synbiotic preparation composed by
probiotics and four fermentable fibers induced reversal of MHE in 50% of patients.
This study also revealed that fermentable fibers alone could be beneficial in a
substantial proportion of patients. Soluble fibers have prebiotic properties, as they are
usually a substrate for fermentation. According to these data, Sitkin et al[208] suggested
that dietary fibers supplementation modified gut microbiota and improved
psychometric tests in patients with MHE. To summarize, although treatment with
prebiotics seems to be promising in cirrhotic patients with HE, their efficacy (except
lactulose) has still to be established; and therefore, they cannot be recommended as
part of the conventional therapy.

Probiotics
In a recent meta-analysis of 21 trials with 1420 participants, Dalal et al[209] compared
the effects of probiotics vs placebo or no intervention or lactulose in MHE or OHE.
The meta-analysis showed that probiotics, when compared to placebo or no
intervention, probably improved recovery and may confer an advantage in terms of
the development of OHE, quality of life, and plasma ammonia concentrations, with
little or no difference on mortality. When compared to lactulose, probiotics did not
show any statistically significant advantage in terms of recovery, development of
OHE, quality of life, plasma ammonia concentration, or mortality. The authors
highlighted that whether probiotics are better than lactulose for HE is uncertain due
to the very low quality of the available evidence, and they claimed for new highquality RCTs to clarify further the efficacy of probiotics on HE. Therefore, at present,
the use of probiotics cannot be routinely recommended for treating patients with HE.
Lunia et al[210] evaluated the usefulness of probiotics as primary prophylaxis for HE
in cirrhotic patients, showing that a 3 month course of probiotics reduced levels of
arterial ammonia, improved psychometric tests, and reduced the risk of developing
HE compared to placebo. Regarding the setting of secondary prophylaxis for HE, a
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clinical trial by Agrawal et al[211] compared the efficacy of probiotics and lactulose in
this field. Probiotics were revealed to be as effective as lactulose in preventing new
episodes of HE. Dhiman et al[212] further strengthened these data, demonstrating that
probiotics, compared to placebo, reduced the risk of HE-related hospitalization in
patients who recovered from a previous episode of HE. The results of these studies
are promising, but further standardized trials performed with optimal methodological
quality are needed in order to define the role of probiotics in the context of both
primary and secondary prophylaxis for HE[213,214].

Probiotic yogurt supplementation
The modulation of gut flora through dietary interventions in cirrhotic patients has
been studied by Bajaj et al[215], who investigated whether the supplementation of
probiotic yogurt in cirrhotic patients could be useful in treating MHE and preventing
OHE. Cirrhotic patients were randomized to receive 12 oz of yogurt daily vs no
treatment for 60 days. The study demonstrated a higher rate of MHE reversal in
patients treated with yogurt as well as a better rate of prevention of OHE development. A subsequent study by Liu et al[216] displayed that probiotic yogurt could
modify intestinal microflora in patients with chronic liver disease, increasing the
number of beneficial bacteria and reducing levels of Escherichia coli. This research field
seems therefore promising, but further evidence is needed to confirm these
preliminary results.

Gluten-casein free diet
The gut-liver-brain axis has been widely studied as a possible therapeutic target for
other conditions in which gut microbiota alterations and intestinal barrier impairment
are thought to have a pathogenetic role, such as celiac disease and autism spectrum
disorders (ASD). In these settings, altered intestinal permeability may favor leakage of
gut-derived toxic substances, which in turn may trigger systemic inflammation
through cytokine production and may reach CNS to induce neurological
damage[46,217-219]. This model recalls the mechanisms involved in HE, where gut-derived
substances also induce an inflammatory response and can cross the BBB and cause
cognitive impairment. In ASD, casein and gluten-derived peptides passing through
the altered intestinal barrier have been suggested to play a pathogenetic role[220],
potentially eliciting inflammatory responses both at a systemic and CNS level, where
these peptides are believed to act as neuropeptides and alter neurological functions[221].
Hence, gluten-casein free diet has been postulated to confer beneficial effects on
patients with ASD by reducing both systemic inflammation and circulating opioid
peptides levels (β-gliadomorphine and β-caseomorphine). Even if the efficacy of this
therapeutic approach remains controversial[217], there is increasing evidence that the
elimination or reduction of gluten and casein from the diet may confer some
advantages in patients with ASD, in terms of both gastrointestinal and cognitive
benefits[222,223]. Furthermore, also in contexts other than celiac disease and ASD, gluten
has been shown to impair intestinal permeability through zonulin upregulation, and a
gluten-free diet has been shown to influence positively microbiota composition[224-226].
In light of these data, on the basis of the common ground of altered gut-liver-brain
axis and increased intestinal permeability, a similar dietary approach could be
implemented in the management of cirrhotic patients with HE. This intriguing
possibility has been investigated in a pilot study performed by Balzola et al[227]. Sixteen
patients awaiting liver transplantation for end-stage cirrhosis with chronic HE were
enrolled and clinical, neurological, and gastroenterological evaluations were
performed. A normoproteic gluten-casein free diet was undertaken, along with
maintenance of previously ongoing therapies targeting HE. Clinical and neurological
evaluation was performed after 1 and 3 months; cognitive function (arithmetic,
memory, and orientation) and memory skills measured with Mini Mental Test and
Rey Auditory Verbal Learning Test showed a statistically significant improvement in
14/16 (88%) patients both at 1 and 3 months. Executive functions and attention
evaluated by Trial Making Test significantly increased at 3 months. Baseline and 3
month electroencephalograms did not correlate with the improvement of mental
status. Only one hospitalization for HE was necessary among the 16 patients during
the 3 month follow-up, whilst a mean hospitalization rate of 1 to 3 episodes per month
was observed in a control group made of 10 cirrhotic patients with the same clinical
background (chronic HE). Notably, a transient HE episode was reported in a patient
who accidentally introduced gluten during the study, and a HE recurrence was
experienced by one patient who decided to reintroduce gluten after the 3 month
follow-up.
Although this experience was very limited, it introduced an element of novelty
that, if replicated, could add a simple therapeutic tool in the management of cirrhotic
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patients with HE, at least for those affected by the most severe forms. Investigators
should therefore address this dietary approach as a potential adjunctive therapy in
patients with severe liver disease and HE in order to verify its efficacy.

Fecal microbiota transplantation
Another approach targeting gut dysbiosis in HE patients is fecal microbiota
transplantation (FMT): this innovative treatment was investigated by Bajaj et al[228],
who performed an RCT comparing its efficacy, in terms of cognitive improvement,
adverse events, microbiota, and metabolomic changes, versus standard of care in
patients with recurrent HE. A suitable stool donor was selected through crosssectional microbiome data, and patients enrolled in the FMT arm were then
administered a 90 mL enema after a 5 day broad-spectrum antibiotic course. After 150
days of follow-up, there was a statistically significant cognitive improvement in the
FMT group, together with increased microbial overall diversity and expansion of
beneficial taxa. No severe adverse events were registered.
A very recent study by the same authors has strengthened this approach,
suggesting long-term (12-15 months) safety and sustained improvement in clinical
and cognitive function parameters with prevention of HE recurrence among patients
who received FMT[229].

CONCLUSION
HE is a serious complication of cirrhosis that significantly impacts on the quality of
life of both patients and caregivers and heavily contributes to hospitalizations and
mortality in these patients. The association among HE, malnutrition, sarcopenia, and
poor prognosis is nowadays sound, and there is accumulating evidence that in this
context intestinal dysbiosis and gut hyperpermeability play a pivotal role, being part
of an altered interaction between the gut, the liver, and the brain. The findings
discussed in this review show in their entirety and complexity the fundamental
implication of the gut-liver-brain axis in the development of HE, as well as the
important role that dietary modifications and modulation of microbiota may play in
preventing and treating HE. If it is true that further research is surely necessary to
achieve stronger scientific evidence in the very complex field of HE, it is equally true
that current data suggest that the path taken is the right one.
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Abstract
Liver malignancies are the fifth most common cause of death worldwide. Surgical
intervention with curative intent is the treatment of choice for liver tumors as it
provides long-term survival. However, only 20% of patients with metastatic liver
lesions can be managed by curative liver resection. In most of the cases,
hepatectomy is not feasible because of insufficient future liver remnant (FLR).
Two-stage hepatectomy is advocated to achieve liver resection in a patient who is
considered to not be a candidate for resection. Procedures of staged hepatectomy
include conventional two-stage hepatectomy, portal vein embolization, and
associating liver partition and portal vein ligation for a staged hepatectomy.
Technical success is high for each of these procedures but variable between them.
All the procedures have been reported as being effective in achieving a
satisfactory FLR and completing the second-stage resection. Moreover, the
overall survival and disease-free survival rates have improved significantly for
patients who were otherwise considered nonresectable; yet, an increase in the
morbidity and mortality rates has been observed. We suggest that this type of
procedure should be carried out in high-flow centers and through a
multidisciplinary approach. An experienced surgeon is key to the success of
those interventions.
Key words: Staged hepatectomy; Portal vein embolization; Portal vein ligation; Colorectal
liver metastasis; Hepatocellular carcinoma; Associated liver partition and portal vein
ligation for staged hepatectomy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Surgical intervention with curative intent is the treatment of choice for liver
tumors. A variety of techniques have been established to increase the possibility for
resectability. Two-staged hepatectomy, with its distinguishing beneficial procedures, is
one of the techniques that have been proposed to overcome this clinical challenge. In
spite of higher perioperative morbidity and mortality associated with this procedure, the
overall survival and disease-free survival rates have increased significantly. Patient
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selection through consensus by a multidisciplinary board panel is the mainstay to
successful performance of this procedure.
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INTRODUCTION
Liver malignancies are considered to be the fifth most common cause of death
worldwide. Hepatocellular carcinoma (HCC) and colorectal liver metastasis are the
main indications of liver resection in the Eastern and Western world, respectively[1].
Surgical intervention with curative intent is the treatment of choice for liver tumors,
as it provides for long-term survival[2-4].
Historically, only 20% of patients with metastatic liver lesions have had indications
for management by curative liver resection. While in most of the cases, hepatectomy
has not been feasible, due to insufficient future liver remnant (FLR)[5-7]. Recently, many
options have become available to achieve liver resection with curative intent in those
patients initially deemed to have nonresectable liver tumors. These include Portal
vein embolization (PVE)/ligation, locoregional therapy, hepatic artery chemoinfusion, and systemic chemotherapy[8-13]. However, these options cannot provide
curative resection in all cases, especially in patients with multiple bilobar lesions; in
such cases, two-staged hepatectomy (TSH) has been advocated[14].
This new approach is intended to resect the tumor completely in one lobe, with the
remaining lobe to undergo resection later. The purpose of this staged resection is to
minimize the risk of post hepatectomy liver failure by performing the second
resection once liver regeneration is achieved. The second liver resection is curative,
when restaging of the tumor after the first resection has excluded tumor progression
or metastasis[14].
Prior to 2000, staged hepatectomy was applied to the cases with advanced liver
lesions. These were managed initially by laparotomy and portal vein ligation,
followed by liver resection of the affected lobe at the later stage. Indeed, the first study
on conventional TSH on bilobar liver metastasis from colorectal cancer was reported
in 2000[11,14].
We have based this review on our clinical and research experience to highlight the
history of staged hepatectomy as well as the current practice, outcome and future
direction of this surgical approach. We searched the Medline literature database from
1990 to 2018 using the search terms “staged hepatectomy”, “portal vein embolization”, “portal vein ligation”, “colorectal liver metastasis”, “hepatocellular
carcinoma”, and “associating liver partition and portal vein ligation”.

TYPES OF PROCEDURES
As aforementioned, treatment of malignant liver lesions with curative intent is
preferred[15]. Since many patients have multiple liver lesions (which often preclude
complete resection), multidisciplinary approaches have been proposed to achieve
complete resection and decrease postoperative complications[14,15].
The main principle of resectability is the preservation of an adequate FLR with inflow, out-flow and biliary drainage capability while avoiding post hepatectomy liver
failure. The FLR depends on the liver status and volume that can be studied
preoperatively. Between 25% and 30% of total liver volume (TLV) in healthy liver is
considered adequate. On the other hand, patients with either hepatic dysfunction or
liver injury due to chemotherapy require FLR up to 40% of the TLV[8,16-18]. Multiple
techniques have been described to augment the FLR; these are PVE/ligation,
conventional TSH, and associated liver partition and portal vein ligation for staged
hepatectomy (ALPPS).

PVE/ligation
PVE/ligation is one of the strategies developed to increase the number of patients
indicated for resection. It can be done radiologically through embolization of the
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affected liver lobe's portal vein or surgically by ligating the portal vein with or
without clearance of the FLR[19].
In 1980s, Makuuchi et al[12] introduced PVE for the induction of FLR hypertrophy.
This type of hypertrophy facilitates the removal of extensive liver tumors safely by
mitigating the sudden rise in portal pressure that otherwise occurs during surgery. It
also prevents perioperative liver dysfunction by increasing the FLR volume. This
technique is considered an option in cases of multiple liver malignancy, allowing for
the second curative liver resection after an appropriate time of regeneration[20-22].
Four factors are important in deciding which patients will benefit from PVE. These
are: ratio of FLR to TLV; extent of liver resection; baseline liver function; and,
presence of systemic diseases that might affect the liver hypertrophy, such as diabetes
mellitus[23]. Previously, patients with bilobar multiple metastases were not considered
candidates for PVE. However, recent studies have confirmed that some of these
patients can benefit from PVE in combination with TSH [24] . Patients who are
contraindicated for PVE are summarized in Table 1[25,26].

TSH
TSH is a surgical strategy for bilobar liver metastasis, aiming to achieve a curative R0
resection. The main principle of this approach is a planned sequential liver resection
that will facilitate complete metastasectomy in those cases in which a major resection
in a single surgery would result in FLR insufficient for the patient's survival.
In the first stage, the less affected lobe that will be the FLR is cleared by wedge
resections and/or controlled by ablation. Portal vein ligation may be performed
during the procedure; otherwise, it can be performed later. The optimal interval time
between the two stages has not yet been clarified [27] . Currently, the interval is
calculated based on the FLR regeneration and the control of remnant liver tumors.
During the regeneration waiting period, interval chemotherapy might be used to
control tumor progression[28].
The second stage is then performed, most commonly with hepatectomy of the
contralateral lobe. The success of this method depends on the liver regeneration
between the two stages, which allows for the second surgical step to be performed
with a lower risk of post hepatectomy liver failure.

ALPPS
A new innovative surgical technique for TSH is portal vein ligation and in situ
splitting of the liver parenchyma. This new approach was developed by Schnitzbauer
et al[20] from Regensburg, Germany. It is used for patients with marginally resectable
or initially nonresectable liver tumors, either primary or metastatic, to induce a rapid
increase in FLR[20,29].
In ALPPS, the exact mechanism of the rapid liver regeneration is still not fully
understood. Some pathophysiological mechanisms may explain this phenomenon.
First, the portal vein ligation will lead to impairment of the bilateral portal flow and
subsequently increase portal flow to the FLR; this will result in a redistribution of
hepatotropic factors to the FLR. Second, a local regeneration stimulus is initiated after
liver partitioning due to surgical trauma[30,31].
In preoperative MRI or CT scan-based volumetric planning, both TLV and FLR are
determined and calculated by the radiologist using integrated software techniques.
Calculation of the FLR/remaining liver volume (RLV) to TLV ratio (RLV-TLV,
expressed as a percentage of the TLV) and the RLV to body weight ratio (RLV-BWR,
expressed as a percentage of the body weight) is carried out. The ALPPS procedure is
considered when RLV/TLV < 25% or RLV/BWR < 0.5% in patients with a normal
liver, and when RLV/TLV < 30% and RLV/BWR < 0.8% is found for patients with
diseased liver then the procedure is required[32,33].
ALLPS is a complex surgical procedure that consists of two major surgical stages
and one interval phase.
In classical ALPPS, the stage 1 key steps are as follows: (1) Formal laparotomy and
abdominal exploration to rule out any extrahepatic disease; (2) Complete liver
mobilization, including ligation and division of the retrohepatic veins draining into
the inferior vena cava and isolation of and encircling both the right hepatic vein and
the middle hepatic vein with vessel loops; (3) Intraoperative ultrasonography to
determine resectability and mark the partition plane; (4) Cholecystectomy; (5) If
bilobular disease is present, complete tumor wedge resections of the FLR; and (6)
Isolation of the right portal vein behind the common hepatic duct, followed by
division of the portal supply of the diseased hemiliver. The partition of the liver
parenchyma is continued until the retrohepatic vena cava is visualized. The right
hepatic arterial in-flow and biliary drainage to the deportalized hemiliver are
maintained during this first stage to preserve the liver synthetic function[34].
During the interval phase, the patients are kept in hospital on close monitoring.
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Table 1 Contraindications of portal vain embolization
Contraindications

Portal vein embolization

Absolute

Relative

Overt clinical portal vein hypertension

Mild portal vein hypertension

Extensive invasion of portal vein precluding safe catheter manipulation

Tumor extension to the FLR
Biliary dilatation of the FLR

Complete lobar portal vein occlusion

Extrahepatic metastatic disease
Uncorrectable coagulopathy
Renal insufficiency

FLR: Future liver remnant.

Within 7–10 d after the operation, a contrast-enhanced abdominal CT scan is
performed. If adequate FLR (> 30%) has been achieved and the patient is stable, stage
2 of the procedure is scheduled. In stage 2, the diseased deportalized liver is removed
by stapling through the hilar plate followed by stapling of the right hepatic vein and
then the middle hepatic vein.
Due to the complexity and concerning outcome, classical ALPPS has been modified
in many centers to achieve better results. In the associating liver tourniquet and portal
vein ligation for staged hepatectomy, a tourniquet is used to compress the future
transection plane between the liver lobe that is going to be resect and the FLR, in lieu
of in situ splitting of the liver parenchyma. The main advantages of this new
technique are reduction in operative time in the first stage and in blood loss. In
addition, segment IV is not separated from the hilar bifurcation, thereby helping to
avoid ischemic necrosis[35].
The right ALPPS modification is used when the first stage consists of a left lateral
sectionectomy, ligation of the right portal vein, and limited or non-anatomical
multiple resections of the left, right anterior and caudate lobe lesions. In situ
parenchyma splitting occurs along the right portal fissure. The second stage of this
technique consists of completing the right posterior sectionectomy[36].
In rescue ALPPS modification, the first stage consists of in situ parenchyma
splitting between the right and left liver lobes along the main portal fissure, where the
right portal vein has been already embolized radiologically. The second stage consists
of completing the resection of the right hemiliver. This technique is considered when
the patients are not candidates for the second stage of classical TSH due to insufficient
regeneration[36].
During the left ALPPS modification, the first stage consists of anatomical wedge or
limited segmentectomy of the right anterior and posterior sections, left portal vein
ligation, and in situ parenchyma splitting between the right and left lobes along the
main portal fissure. The second stage consists of left hemihepatectomy with resection
of segment 1[36].
Hybrid ALPPS was proposed by Li et al[37] as non-touch technique to treat tumor
infiltration of the right portal vein or biliary bifurcation as part of ALPPS. The first
stage consists of in situ splitting of the hemiliver via an anterior approach, followed by
right PVE at the first day postoperatively. The final step is completing the second
stage of ALPPS. This modified ALPPS could be considered for patients with tumor
infiltration of the right portal vein. However, the drawback of this technique is longer
operative time in the second stage.
Partial ALPPS was reported by Petrowsky et al[38] in 2015. The partial ALPPS differs
from classical ALPPS by the performance of partial partitioning (50% to 80%,
depending on the hepatic veins and the tumor location). Some reports of partial
ALPPS cases have shown zero mortality and favorable postoperative outcome,
especially after the first stage.
Different types of monosegment ALPPS hepatectomy have been described by
Schadde et al[39]. Additionally, a nomenclature was proposed based on the segment of
the liver remnant, rather than the segments of resected liver. This variation of the
ALPPS technique represents a substantial change to the traditional paradigm of liver
resectability, which is defined as the removal of tumors with negative margins and
preserving ≥ 2 contiguous liver segments along with their in-flow, out-flow and
biliary drainage.
Generally, some modified techniques of the ALPPS procedure have been shown to
reduce mortality and morbidity but, due to insufficient data, they are still under
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evaluation in current practice.

OUTCOMES
Technical success
For TSH, 76% of patients become candidates for the second stage of the procedure[40,41].
However, some patients fail to complete the second stage due to many contributing
factors, disease progression being the most common (13%-35%). Other factors are
inadequate liver regeneration (0%-4%) and poor patient condition (3%)[42].
Portal vein occlusion techniques are now routinely used in TSH to achieve
microscopically negative resection. The PVE has a high technical success rate,
approximately 100%; however, its technical failure has been mentioned in the
literature[43,44]. The resection rate post-PVE in healthy liver can reach up to 85%, while
in cirrhotic patients this rate is decreased to 70%. Failure of hypertrophy is rare but
the degree of it is variable. The FLR hypertrophy ratio after PVE is 8%-25% in normal
status liver. On the other hand, the FLR hypertrophy ratio is 6%-20% in cirrhotic
livers[24,45].
ALPPS has been reported to increase the FLR volume by 74% in a mean of 9 d. This
short interval between the two stages is due to a rapid and effective hypertrophy, as
compared to the vascular occlusion techniques. Many studies have demonstrated that
95%-100% of patients who underwent the first stage of ALLPS then completed the
second stage. Importantly, this represents a viable treatment choice to patients with
otherwise nonresectable tumors[20,46-48]. Furthermore, the R0 resection rate has been
reported to be between 86% and 100%[20,46-48].
Knoefel et al[49] compared the FLR hypertrophy of patients who underwent ALPPS,
PVE, and combined procedures. The rates of FLR hypertrophy after PVE vs ALPPS
were 43% and 63%, respectively. Moreover, the FLR hypertrophy in the ALLPS
patients was achieved in 3 d. Currently, the international ALPPS registry shows a
completion rate to second stage of around 100% on 553 patients from 84 centers
around the world[50].
In summary, the ALPPS procedure can be an appropriate option to overcome the
two main limitations of PVE and TSH. Specifically, these are failure or lengthy time
required to achieve adequate liver remnant and the high rate of patient drop-off from
completing the second resection.

Efficacy
As mentioned above, the majority of patients can complete the TSH. The remaining
patients have a poor prognosis, with a median survival of 20.4 mo. The 3-year
survival for patients who complete the second stage is 68% but only 6% for patients
who do not. The 5-year survival rate is significantly different between the two groups,
49% and 0%, respectively[51-53].
ALPPS is relatively a new technique, and has shown disease-free survival (DFS)
ranging from 73% to 95% at the median of 6 mo. The 1-year DFS is between 46% and
60%[46,48,54,55]. Oldhafer et al[56] reported that 86% of ALPPS-treated patients developed
tumor recurrence at a median time of 8 mo. Schadde et al [46] reported a 1-year
recurrence rate in ALPPS of 54%, as compared to 52% for TSH. Cancer-free resection
has also been compared between ALLPS and the portal vein occlusion techniques; in
one study, 79% of the patients in the ALLPS arm showed cancer-free resection, as
compared with 58% in the portal vein occlusion arm.

Complications
Many complications have been reported for PVE, which are classified as percutaneous-related and PVE-related. The percutaneous-related complications are
pneumothorax, vascular injury, and hemobilia. The PVE-related complications
include non-target canalization and main portal vein thrombosis. Generally, PVE is a
safe procedure, having 0% mortality and 2.2% morbidity[57].
The main downside of ALLPS is the associated high morbidity and mortality.
ALPPS has shown rates of overall and major complications that are higher than for
the TSH procedure[58]. In particular, the postoperative complications reported range
between 33% and 64%, as compared to the range of 16% to 25% in TSH[20,48,58]. The
higher rate of infections and biliary leaks after the first stage of ALPPS compared to
TSH can explain this [59] . The results of another comparison between the two
procedures, carried out by Shindoh et al[60], are summarized in Table 2.
The 90-d mortality of ALLPS and TSH was compared by Schadde et al [46] . He
reported that at 15% in ALPPS and 6% in TSH. However, the 90-d mortality of ALLPS
is variable in the literature. Schnitzbauer et al[20] reported a 12% 90-d mortality and
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Table 2 Comparison between associated liver partition and portal vein ligation for staged
hepatectomy and conventional two-staged hepatectomy
Complication

ALPPS

Conventional TSH

Major morbidity (Clavien-Dindo IIIA)

40%

33%

Bile leaks

24%

5.8%

Sepsis

20%

0%

Re exploration

28%

2.9%

Liver-related mortality

12%

5.8%

ALPPS: Associated liver partition and portal vein ligation for staged hepatectomy; TSH: Two-staged
hepatectomy.

other series reported no 90-d mortalities.

Disease-related outcomes
Colorectal liver metastases (CRLM): Colorectal cancer commonly metastasizes to the
lung and liver. Resection is considered the best treatment of liver metastasis. TSH was
introduced in 2000 as an effective surgical approach in bilobar CRLM[14]. Since then, it
has served to increase the number of patients who can go for liver resection, with an
acceptable mortality and morbidity. More recently, in 2012, ALPPS was introduced to
treat patients who are borderline or nonresectable CRLM[20].
In TSH, the reported 5- and 10-year survival rates are 40% and 30%, respectively[61].
The 1- and 2-year DFS rates were analyzed by Karoui et al[22] and reported to be 85%
and 68%, respectively. However, more than 60% of these patients will have recurrence
afterwards[61]. The reported 30-d mortality after TSH is 2.5% and the major morbidity
rate is 19.6%[62].
In comparison to TSH, ALPPS has shown inferior results. ALPPS registry for
patients with CRLM has showed that 1- and 2-year DFS are 59% and 41%, respectively[55]. In total, 86% of the patients who underwent ALPPS for CRLM had a
tumor recurrence, with a median time of 8 mo[56].
HCC: Complete surgical resection is the only potentially curative intervention for
HCC. Surgical resection improves the survival rate, increasing it to 9-13 mo from the
no-intervention survival time of less than 3 mo.
TSH for HCC patients is not thoroughly investigated, as shown by the small body
of literature, and hence no conclusion can yet be reached on its benefits in improving
overall survival or DFS. On the contrary, ALPPS has been reported in HCC patients,
particularly when there is vascular invasion. Torres et al[63] reported zero incomplete
resection in HCC patients; a 1-year DFS of 87%, 90-d mortality of 12% and rate of
high-grade complications (Clavien-Dindo complications IIIb or more) of 25%.
Björnsson et al[64] reported no 90-d mortality in patients who underwent ALPPS for
primary hepatobiliary malignancies (4 out of 10 patients had HCC). Two of the HCC
patients were lost to follow-up, while two others had died within 6 mo with unclear
reported cause of death. More studies are needed to draw a solid conclusion on the
outcome of ALPPS in HCC patients.

CONCLUSION
Staged hepatectomy procedures, including TSH, PVE and ALPPS, are currently wellestablished and accepted in practice in the field of liver malignancy treatment.
Collectively, they have increased the number of patients who are eligible for liver
resection from among those who otherwise are labeled as nonresectable. It has been
demonstrated, as mentioned earlier, that this advancement has improved the DFS and
overall survival as well.
The drawback of these extensive surgical interventions is the higher rate of
complication and mortality. It is worth mentioning that these rates have improved
from the time they were first advocated. This improvement is probably related to a
better selection of patients who are accepted for these procedures. Moreover, the
experience level of the healthcare center and its surgeons are paramount factors in
these achievements.
We believe that these kinds of advanced intervention techniques and procedures
should be carried out in high-flow centers through use of a multidisciplinary
approach. More studies and reports are awaited to standardize the future practice and
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to minimize the related adverse events.
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Abstract
BACKGROUND
Liver cirrhosis is the late stage of hepatic fibrosis and is characterized by portal
hypertension that can clinically lead to decompensation in the form of ascites,
esophageal/gastric varices or encephalopathy. The most common sequelae
associated with liver cirrhosis are neurologic and neuropsychiatric impairments
labeled as hepatic encephalopathy (HE). Well established triggers for HE include
infection, gastrointestinal bleeding, constipation, and medications. Alterations to
the gut microbiome is one of the leading ammonia producers in the body, and
therefore may make patients more susceptible to HE.
AIM
To investigate the relationship between the use of proton pump inhibitors (PPIs)
and HE in patients with cirrhosis.
METHODS
This is a single center, retrospective analysis. Patients were included in the study
with an admitting diagnosis of HE. The degree of HE was determined from
subjective and objective portions of hospital admission notes using the West
Haven Criteria. The primary outcome of the study was to evaluate the grade of
HE in PPI users versus non-users at admission to the hospital and throughout
their hospital course. Secondary outcomes included rate of infection,
gastrointestinal bleeding within the last 12 mo, mean ammonia level, and model
for end-stage liver disease scores at admission.
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RESULTS
The HE grade at admission using the West Haven Criteria was 2.3 in the PPI
group compared to 1.7 in the PPI nonuser group (P = 0.001). The average length
of hospital stay in PPI group was 8.3 d compared to 6.5 d in PPI nonusers (P =
0.046). Twenty-seven (31.8%) patients in the PPI user group required an Intensive
Care Unit admission during their hospital course compared to 6 in the PPI
nonuser group (16.7%) (P = 0.138). Finally, 10 (11.8%) patients in the PPI group
expired during their hospital stay compared to 1 in the PPI nonuser group (2.8%)
(P = 0.220).
CONCLUSION
Chronic PPI use in cirrhotic patients is associated with significantly higher
average West Haven Criteria for HE compared to patients that do not use PPIs.
Key words: Cirrhosis; Hepatic encephalopathy; Proton pump inhibitors; Hepatology;
Proton pump inhibitor
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this study, we investigate whether proton pump inhibitor (PPI) use in hepatic
encephalopathy patients predisposes them to more severe stages of hepatic
encephalopathy as per West Haven Criteria. We found that chronic PPI use in cirrhotic
patients is associated with significantly higher average West Haven Criteria for hepatic
encephalopathy compared to patients that did not use PPIs. Our data also indicated that
cirrhotic patients on PPIs have longer hospital stays, with increased morbidity and
mortality during their hospital stays.
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INTRODUCTION
Liver cirrhosis is a late stage of hepatic fibrosis and is characterized by portal
hypertension that can clinically lead to decompensation in the form of ascites,
esophageal/gastric varices or encephalopathy. There are multiple etiologies of liver
cirrhosis, with Hepatitis C, alcoholic hepatitis/alcoholic liver disease and nonalcoholic fatty liver disease being the most common causes in the developed world[1].
Some of the most common sequelae associated with liver cirrhosis are neurologic and
neuropsychiatric impairments labeled as hepatic encephalopathy (HE). Neuropsychiatric changes associated with liver disease were first described by Adams and
Foley in the 1940s and 1950s[2]. Since then, our understanding of what HE entails and
what precipitates it has only marginally grown. According to the currently accepted
definition, HE is a neuropsychiatric disorder that can encompass a broad spectrum of
presentations summarized in the West Haven Criteria Severity Scale. HE spans from
minimal to Grade I (mild confusion, disordered sleep), through Grades II (lethargy,
moderate confusion), III (marked confusion, incoherent speech) and finally Grade IV
(coma)[3,4].
While liver cirrhosis can predispose a patient to HE, there are additional triggers
that can precipitate it or worsen its severity. Well established triggers include
infection, gastrointestinal (GI) bleeding, constipation, and medications such as opioids
and benzodiazepines[5-8]. New studies have cited other etiologies, including changes in
gut flora and small bowel bacterial overgrowth[9,10]. More recently, there have been
studies on the role of proton pump inhibitors (PPIs) in contributing to HE in cirrhotic
patients. PPIs are commonly prescribed for many GI diseases, most commonly
gastroesophageal reflux disease (commonly known as GERD), peptic ulcer disease,
and gastritis[11]. In contrast to previous beliefs, recent data suggests that PPIs have the
potential for multiple adverse effects. PPIs act by decreasing gastric acid secretion,
which is believed to be protective against acid-related mucosal injury in the
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stomach[12]. It was thought that their ability to protect the GI mucosa would mitigate
the number of GI bleeds in cirrhotic patients, therefore reducing their risk of HE.
However, new studies show that in addition to their direct effects in the stomach, PPIs
may affect composition of the gut microbiome while also promoting small bowel
bacterial overgrowth[13].
Normally, nitrogenous compounds formed by the gut are drained into the portal
system and filtered by the liver[14]. These compounds then enter the urea cycle and are
excreted in urine. However, in patients with liver disease, ammonia clearance is
compromised due to reduced liver function and increased portosystemic shunting,
leading to high levels of ammonia in the blood stream. When ammonia reaches the
brain, it is metabolized by astrocytes and transformed from glutamate to glutamine
via glutamine synthase. Accumulation of glutamine increases intracellular oncotic
pressure, leading to cerebral edema. In patients with chronic liver disease, this
cerebral edema can be subtle, and at this time, the edema alone does not explain all
the findings of HE[15-17]. However, the morphological changes seen with astrocyte
swelling are similar to the changes seen in Type II Alzheimer’s disease[18]. Therefore,
given the current mechanisms, it appears that ammonia levels (and subsequently
astrocyte glutamine levels) have an overall neurotoxic effect.
Studies have shown that an increased gastric pH allows for increased gut
microflora. In turn this can lead to increased bacterial translocation. Microflora species
such as Salmonella, Campylobacter jejuni, Escherichia coli, Clostridium difficile, Vibrio
cholerae and Listeria all appear to proliferate in high gastric pH[13]. In addition, the
literature suggests that more severe bacterial proliferation such as small intestinal
bacterial overgrowth has also been linked with gastric hypochlorhydria secondary to
prolonged PPI use. Overall, it does appear that elevation of gastric pH allows for
greater gut bacterial proliferation. Increased proliferation is not without consequence,
as the gut microbiome is one of the leading ammonia producers in the body, and
therefore may make patients more susceptible to HE, which is what we believe to be
the driving force behind our findings. This would partly explain why rifaximin, a
poorly absorbable synthetic antibiotic, can lower the risk of HE in cirrhotic patients by
affecting the gut microbiota. Given that changes in gut flora may lead to worse HE,
the role of PPIs must be reconsidered. This study investigates whether PPI use in HE
patients predisposes them to more severe stages of HE as per the West Haven
Criteria.

MATERIALS AND METHODS
Patient selection
This retrospective medical chart review was conducted at the UMass Memorial
Medical Center. Records for patients who presented with acute HE between January
1, 2012 and January 1, 2016 were reviewed. Patients were included in the study with
an admitting diagnosis of HE with and without coma with ICD-9 code 572.2 and ICD10 codes K72.00 and K72.01.
Eligible patients were ≥ 18 years of age, had prior history of End Stage Liver
Disease or cirrhosis as determined by consistent image findings and/or liver biopsy.
Patients were on PPIs for a minimum of 30 d prior to hospital admission. Exclusion
criteria included pregnancy, current prisoner, failure to sign consent, and concomitant
diagnosis of human immunodeficiency virus.

Data collection
Utilizing medical record and data from Electronic Health Records, demographics
(age, sex), grade of HE, Model End Stage Liver Disease (MELD) score, Length of stay,
etiology of cirrhosis, concomitant infection, ammonia level, history of bleeding in the
last 12 mo, etiology of HE, intensive care unit (ICU) stay, and patient expiration, were
collected. The degree of HE was determined from subjective and objective portions of
hospital admission notes using the West Haven Criteria. Grade I included lack of
trivial awareness, presence of euphoria and/or anxiety, shortened attention span
and/or altered sleep rhythm. Patients met Grade II if they were lethargic, had
personality changes, disorientation to time, dyspraxia and/or asterixis on physical
exam. Grade III encephalopathy included confusion, disorientation to space,
somnolence or signs of semi-stupor. Finally, Grade IV was defined as coma. The
institutional review board at UMass Medical School/UMass Memorial Medical
Center approved this study.

Definition of events and study outcomes
The primary outcome of the study was to evaluate the grade of HE in PPI users versus
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non-users at the time of admission to the hospital and throughout their hospital
course. Secondary outcomes included rate of infection, GI bleeding within the last 12
mo, mean ammonia level, and MELD scores at admission.

Statistical analysis
Data was analyzed using R version 3.3.2 GUI 1.68 Mavericks built for Mac computer.
The statistical significance of between-cohort differences in categorical variables was
tested using the chi-square test and in continuous variables using the two-sample ttest. All tests were two-tailed with a significance level of P < 0.05. Multivariate
analysis using a linear regression model was applied to primary and secondary
endpoints to determine statistically significant differences between PPI users and nonusers. The threshold for statistical significance was set at P values < 0.05.

RESULTS
Demographics and clinical characteristics
A total of 103 patients were included in this study from UMass Memorial Medical
Center between January 2013 and December 2016. All patients had been diagnosed
with liver cirrhosis based on imaging studies (U/S, computer scanning or magnetic
resonance imaging) or liver biopsy and evidence of portal hypertension based on
clinical signs, imaging or portal pressure measurement. Seventy-five (73%) of these
cirrhosis patients were taking PPIs (PPI user), while twenty-eight (27%) patients with
cirrhosis were not taking PPIs prior to enrollment (PPI non-user). The mean age of
patients included in this study was 58.3 years, with the PPI user group being 59.6
years and in the PPI nonuser group being 55.3 years (P = 0.044). With regards to
gender, males represented 54 (63.5%) patients in the PPI user group and 17 (47.2%) in
PPI nonuser group (P = 0.143). Sixty-three (74.1%) patients were on lactulose in the
PPI user group compared to 9 (80%) in the PPI nonuser group (P = 0.599).

Primary outcomes
The primary outcomes of this study were the grade of HE and hospital course for PPI
users compared to non-users. The grade of HE using the West Haven Criteria was 2.3
in the PPI group compared to 1.7 in the PPI nonuser group, which represented a
statistically significant difference (P = 0.001) (Table 1). With regards to hospital course,
several outcomes were analyzed. The average length of hospital stay in the PPI group
was 8.3 d compared to 6.5 d in PPI nonusers (P = 0.046). Twenty-seven patients
(31.8%) in the PPI user group required an ICU admission during their hospital course
compared to 6 in the PPI nonuser group (16.7%) (P = 0.138). Finally, 10 (11.8%)
patients in the PPI group expired during their hospital stay compared to 1 in the PPI
nonuser group (2.8%) (P = 0.220).

Secondary outcomes
Several secondary outcomes including infections, serum ammonia levels, MELD and
GI bleeding were measured to further determine the effects of long-term PPI use in
the cirrhotic population. With regards to infections, 5 patients (5.9%) in the PPI group
developed Clostridium difficile compared to 0 in the PPI nonuser group (0%) (P =
0.324). Ten patients (11.8%) of the PPI group developed pneumonia compared to 1 in
the PPI nonuser group (2.8%) (P = 0.220). Five patients in the PPI group developed
spontaneous bacterial peritonitis compared to 4 in the PPI nonuser group (11.1%) (P =
0.533). The mean ammonia level of the PPI group on admission to the hospital was
significantly higher, 67.8 mg/dL compared to 45.5 mg/dL in the PPI non-user group
(P = 0.095). The mean MELD for the PPI group was 19.7 compared to 20.3 in the PPI
nonuser group (P = 0.687). Twenty-six patients (30.6%) in the PPI group were
admitted to the hospital for a GI bleed within the year prior to admission compared to
13 (36%) in the PPI nonuser group (P = 0.703) (Table 2).

Linear regression model
The multiple linear regression models showed that PPI use was associated with a
higher grade of HE in cirrhosis compared to no PPI use. After adjustment for age, sex,
MELD score, and lactulose use, the association between PPI use and HE grade was
maintained (P < 0.001), with a beta of 0.607 and standard error of 0.179. In addition, a
higher MELD score was also associated with a higher HE grade, with a beta of 0.024
and standard error of 0.011 (P = 0.041) (Table 3).

DISCUSSION
WJH

https://www.wjgnet.com

525

June 27, 2019

Volume 11

Issue 6

Fasullo M et al. PPIs worsen hepatic encephalopathy

Table 1 Grade of hepatic encephalopathy in proton pump inhibitor users versus nonusers
PPI user

PPI nonuser

n = 75

n = 28

Grade 1

15 (20.0)

11 (39.3)

Grade 2

32 (46.6)

13 (46.4)

Grade 3

18 (24.0)

4 (14.3)

Grade 4

10 (13.4)

0 (0)

Grade of HE

n (%), Grade of hepatic encephalopathy (HE) is defined by the West Haven Criteria Severity Scale for HE:
Grade I (mild confusion, disordered sleep), II (lethargy moderate confusion), III (marked confusion,
incoherent speech), IV (coma). HE: Hepatic encephalopathy; PPI: Proton pump inhibitor.

Because of their effectiveness in suppressing gastric acid secretions, PPIs have become
one of the most commonly prescribed drug classes with annual expenditures in 2009
estimated at $13 billion in the United States and $24 billion worldwide[19]. The first PPI
available was omeprazole [Prilosec, Prilosec OTC, Zegerid, Zegerid OTC Losec in
Canada], which served as a basis for all other PPIs in its mechanism of action by
causing irreversible inhibition of H+/K+ ATPase, therefore halting hydrogen ion
expulsion into the gastric lumen. While many studies have confirmed PPIs to be safe,
our study indicates that in cirrhosis patients, the use of PPIs is associated with
worsened hospital outcomes.
In this study, we found that hospitalized cirrhotic patients on a PPI had a
significantly higher average West Haven Criteria for HE (score of 2.3) compared to
patients who were not on a PPI (scored an average of 1.7, P = 0.001). Using linear
regression models, we showed that patients using PPIs had a higher West Haven
Criteria grade HE regardless of age, sex, MELD score, and/or lactulose use. Other
statistically significant differences between the PPI user and non-user groups
included longer length of hospital stay (8.5 d for PPI users vs 6.5 for PPI nonusers, P =
0.046). In alignment with patients having a higher grade of HE as well as a longer
length of hospital stay, a greater percentage of patients in the PPI user group also had
an ICU admission, indicating the greater extent of systemic involvement in this group.
A recent meta-analysis by Bian et al[20] supports our contention that there is a higher
risk of developing HE in PPI users with liver dysfunction.
Prior studies have also indicated that PPI use could worsen HE in cirrhotic patients.
A dose response analysis by Tsai et al[21] stratified patients based on length of PPI use
and showed that longer PPI use led to higher rates of HE. The result remained
statistically significant after adjustment of patient comorbidities. Hung et al[22] showed
that cirrhotic patients on a PPI with HE had higher mortality rates at 30 d, 90 d and
one year compared to cirrhotic patients with HE not on PPIs. This study investigates
whether PPI use in HE patients predisposes them to more severe stages of HE as
defined by the West Haven Criteria. Our analysis shows that patients on a PPI had
significantly higher West Haven Criteria scale episode of HE compared to those not
on a PPI (2.3 vs 1.7, P = 0.001). In addition, our study shows that PPIs predispose
cirrhotic patients towards worsened encephalopathy regardless of age, sex, MELD
score, or lactulose use.
The exact pathophysiology of HE is still not fully understood. Multiple mechanisms
of action have been hypothesized and investigated, including the role of ammonia,
increased GABA receptors in the brain, and accumulation of endogenous opioids[23].
Overall, it appears that HE is multifactorial, with accumulation of ammonia being a
leading cause of overt HE[24]. In fact, studies have shown that HE ammonia levels are
increased in 90% of patients. The primary source of ammonia in the body is the GI
tract as a byproduct of chronic bacterial colonization, by enterocytes as they transform
glutamine into ammonia, and by H. pylori, which metabolizes urea into ammonia.
However, H. pylori’s role in HE is still unclear[25,26].
One of the secondary endpoints in this study was determining the risk for infection
in patients with cirrhosis on a PPI. Our data shows that patients on a PPI may have
higher rates of C. difficile infection, pneumonia and spontaneous bacterial peritonitis.
However, these results were not statistically significant with P-values of 0.324, 0.220
and 0.533, respectively. This is thought to be due to this study’s small sample size of
103 patients. A recent meta-analysis by Lambert et al [27] again demonstrated the
association of community acquired pneumonia and Clostridium difficile-associated
diarrhea (CDAD) with the use of PPI. The most likely pathogenesis of the
development of these infections has been attributed to direct acid suppression in the
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Table 2 Participant characteristics
Variables

Total, n = 103

PPI user, n = 75

PPI nonuser, n = 28

P value

Age, yr, Mean ± SD

58.3 (10.8)

59.6 (10.6)

55.3 (10.7)

0.044a

Sex, male, n (%)

71 (58.7)

54 (63.5)

17 (47.2)

0.143

On lactulose, n (%)

92 (76)

63 (74.1)

29 (80)

0.599

Bleeding in last 12 mo, n (%)

39 (32.2)

26 (30.6)

13 (36.1)

0.703

5 (4.1)

5 (5.9)

0 (0)

0.324

Pneumonia

11 (9.1)

10 (11.8)

1 (2.8)

0.220

Spontaneous bacterial peritonitis

9 (7.4)

5 (5.9)

4 (11.1)

0.533

Serum ammonia level, Mean ± SD

61.1 (67.2)

67.8 (67.8)

45.5 (64.2)

0.095

Grade of hepatic encephalopathy, Mean ± SD

2.1 (0.9)

2.3 (0.9)

1.7 (0.7)

0.001b

MELD score, Mean ± SD

19.9 (7.2)

19.7 (7.4)

20.3 (6.7)

0.687

Length of stay in d, Mean ± SD

8.5 (7.0)

8.3 (7.9)

6.5 (3.7)

0.046a

Required ICU, n (%)

33 (27.3)

27 (31.8)

6 (16.7)

0.138

Expired, n (%)

11 (9.1)

10 (11.8)

1 (2.8)

0.220

Infection, n (%)
Clostridium difficile colitis

a

P < 0.05,
P < 0.01. MELD: Model for end-stage liver disease; ICU: Intensive care unit.

b

stomach and small bowel. With regards to CDAD, Janarthanan et al[28] suggested that
the alkaline status of the stomach (pH > 5) likely predisposes the patient to enhanced
survival of C. difficile vegetative spores. A recent study in 2018 by Naito et al [29]
confirms our notion that continued PPI use leads to intestinal dysbiosis. Using 16S
rRNA gene sequencing, PPIs were found to significantly increase certain enteric
microbe taxonomy, including Streptococcaceae and Enterococcaceae, which are risk
factors for CDAD, and to decrease Faecalibacterium, a commensal anti-inflammatory
microbe present in human models.
Our paper has several limitations. First, because it is a retrospective review, information collection is incomplete, particularly regarding follow-up evaluation.
Secondly because, we had an uneven distribution of the number of patients in the PPI
use and non-use groups. Finally, due to the small sample size used for our study,
several of our secondary outcomes were not statistically significant, including several
infections and ICU admission rate, likely secondary to a lack of power. Again, as with
any retrospective study, it is important to note that this type of study is unable to
define exact causality. Further randomized, controlled, prospective studies are needed
to help confirm the observation seen in our study.
In conclusion, PPIs are commonly prescribed for many GI diseases including
GERD, peptic ulcer disease, and gastritis. They are often used without regard for their
adverse effects. Our study demonstrates that PPI use in cirrhotic patients is associated
with more severe degree of HE compared to those not on a PPI. Our data also showed
that PPI use in this population was associated with a longer hospital stay and higher
percentage of patients requiring an ICU admission. We suggest reducing PPI use in
the cirrhotic population as a means to reduce episodes of HE. Further randomizedcontrolled, prospective studies are needed to help confirm this observation.
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Table 3 Linear regression models, grade of hepatic encephalopathy
Variables

Β ± SE

P value

Age

-0.001 ± 0.001

0.871

Sex

0.062 ± 0.167

0.710

PPI use

0.607 ± 0.180

0.001b

Age

0.002 ± 0.008

0.787

Sex

0.043 ± 0.166

0.797

MELD Score

0.020 ± 0.011

0.079

PPI Use

0.607 ± 0.179

< 0.001b

Age

0.004 ± 0.008

0.647

Sex

0.033 ± 0.164

0.839

MELD Score

0.024 ± 0.011

0.041a

Lactulose

0.324 ± 0.189

0.089

PPI use

0.625 ± 0.178

< 0.001b

Model 1, demographic variables

Model 2, medical comorbidities

Model 3, other medications

a

P < 0.05,
P < 0.01. B ± SE: beta ± standard error. MELD: Model for end-stage liver disease; PPI: Proton pump inhibitor.

b

ARTICLE HIGHLIGHTS
Research background
Proton pump inhibitors (PPIs) are a recent hot topic in both internal medicine and gastroenterology, mostly because of their widespread use. Studies are quickly demonstrating that
these medications may not come without risk, as recent studies have demonstrated a clear
association between PPI and conditions like osteoporosis, pneumonia, Clostridium difficile, and
some even postulate an association with dementia. While many effects of PPIs are still in
question, it has also been shown that PPIs work by acid suppression, which can disrupt the gut
microbiome. Patients with cirrhosis are at risk to develop hepatic encephalopathy (HE),
primarily through ammonia produced by typical gut flora, and could subsequently be at risk for
changes in this condition if the microbiome is altered in any way.

Research motivation
The main topic we are trying to address is whether PPI overuse can lead to additional effects
aside from those previously mentioned and described in the literature. One particularly
vulnerable population is those with cirrhosis, as ammonia production is affected by the gut
microbiome. Solving this problem would allow future therapeutics to focus on the gut-livermicrobiome axis to prevent or lessen the severity of HE.

Research objectives
The main objective we want to demonstrate is the effect of PPI on the degree of HE. We hope to
draw an association between PPIs and HE to encourage further prospective research studies on
the side effects of PPIs, the gut microbiome in relation to HE, and to further aid in hospital
outcomes for patients with cirrhosis.

Research methods
This is a retrospective analysis of patients with liver cirrhosis who were admitted with an ICD-9
and/or ICD-9 diagnosis of HE. Once these patients were identified, a chart analysis was
performed to determine if these patients were on a PPI for > 30 d prior to their hospital
admission. Those who were on a PPI for > 30 d were compared to patients who were not on a
PPI at all in relation to their hospital stay. A linear regression model was applied to all patients
to confirm the absence of any confounding variables.

Research results
During our analysis, we found that patients on a PPI who were admitted with HE subsequently
had a significantly longer hospital stay, significantly worse grade of HE, and a larger percentage
of those had intensive care unit (commonly known as ICU) admissions during their hospital
stay. These findings suggest that patients should be assessed for the need for PPIs at every visit.
This also points to the gap in knowledge between PPI and HE, especially if future research is
able to demonstrate changes in the gut microbiome in patients on PPIs.

Research conclusions
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In summary, in this retrospective medical chart review, PPI use was shown to be associated with
worsened HE, greater length of hospital stays, and higher rate of ICU admissions in cirrhotic
patients. To our knowledge, this is the first study that demonstrated that PPI use is associated
with worse grades of HE, whereas prior studies by Tsai et al and Hung et al demonstrated higher
risk of HE and overall higher mortality, respectively, in an Asian population. We propose that
PPI use might affect cirrhotic patients by altering gastric pH, leading to the proliferation of gut
micro-biome, thereby increasing ammonia production and bacterial translation. Considering the
recent increased prevalence of PPIs, this study provides clinically relevant information regarding
their potential risks in the cirrhotic population.

Research perspectives
As a retrospective review, our study is limited by incomplete data collection and uneven
distribution of PPI user and non-user groups. However, the observation that PPI users
experience worsen HE and longer hospital stays is clinically important. Future randomizedcontrolled studies will help confirm this observation and guide clinicians in a shift away from
the use of PPI in cirrhotic patients.
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Abstract
BACKGROUND
Hepatic encephalopathy (HE) is a complication of liver cirrhosis and can result in
neuropsychological and neuromuscular dysfunctions in patients. Rifaximin, an
antibiotic, has been reported to decrease the occurrence of overt HE and also
improve cognitive function in studies from Europe and the United States of
America. There is not enough evidence of the relationship between the long-term
use of rifaximin and its clinical effects in the Japanese.
AIM
To determine the clinical effects of long-term rifaximin therapy in decompensated
liver cirrhosis patients, with overt HE or hyperammonemia.
METHODS
In this single-center retrospective observational cohort study, we reviewed the
data of 38 patients who had taken rifaximin at the dose of 1200 mg/d for more
than 24 wk. The primary outcome measured was the efficacy of long-term
rifaximin use, and secondary outcome measured was the safety of its long-term
use as determined by its influence on portosystemic shunts as well as Escherichia
coli-related infections. Moreover, we compared the prognosis between the
rifaximin group and control cases, matched for hepatic elasticity assessed by
magnetic resonance ela-stography, age, and Child-Pugh classification.
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RESULTS
Of the 38 patients included in the study, 12 (31.6%) had overt HE, 27 (71.1%) had
complications of esophageal varices, and 9 (23.7%) had hepatocellular carcinoma
(HCC). The control group was matched for age, Child-Pugh classification, liver
stiffness, and presence of HCC. The median of serum ammonia level before
treatment was 104 μg/dL (59-297), and 2 wk after treatment, it significantly
decreased to 85 μg/dL (34-153) (P = 0.002). A significantly low value of 80.5
μg/dL (44-150) was maintained 24 wk after treatment. The long-term use of
rifaximin did not cause a decline in liver function. Diarrhea occurred in 2
patients, who improved with the administration of probiotics, and there were no
cases of aborted rifaximin therapy owing to adverse events. In patients with
Child C, the survival was short, but there was no significant difference compared
with that of the control group.
CONCLUSION
Rifaximin therapy improves overt HE. The long-term use of rifaximin in the
Japanese is effective and safe.
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Core tip: This study evaluated the efficacy and safety of long-term rifaximin therapy for
hepatic encephalopathy in the Japanese population. Serum ammonia level was
maintained at a significantly low median value of 80.5 μg/dL (range, 44-150 μg/dL) at
24 wk after treatment, and the long-term use of rifaximin did not worsen liver function.
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INTRODUCTION
Hepatic encephalopathy (HE) is a complication seen in liver cirrhosis patients, which
causes neuropsychological and neuromuscular dysfunction in varying degrees[1].
HE is classified into two types: minimal HE that presents as a slight abnormality
and cannot be proved except by a neuromuscular examination, and overt HE that
causes obvious disorders of consciousness and motor activity[1,2].
It has been reported that once overt HE occurs, the prognosis is so poor that the
mortality rate within 1 year is 64% and that within 5 years is 85%. Overt HE as well as
minimal HE, which are present in 80% of liver cirrhosis patients, can impair the
prognosis and increase the risk of hospitalization[3].
Conventionally in Japan, the first-choice treatment for HE is synthesized
disaccharides or branched-chain amino acids, and poorly absorbed antibiotics have
not been approved by the health insurance. Rifaximin has been available for treatment
since November 2016. Rifaximin is an oral antibiotic which decreases the ammoniaproducing enteric bacteria[4,5].
Studies in Europe and the United States of America have reported on the clinical
effects of rifaximin. It prevents the occurrence and recurrence of overt HE and
decreases the rate of hospitalization because of HE as a long-term effect[6,7]. Also, a
study on minimal HE reported that the use of rifaximin 550 mg for 8 wk improved
cognitive function test performance as well as white matter integrity, as found on
functional magnetic resonance imaging[8]. A meta-analysis that compared rifaximin
with synthesized disaccharides reported that both were effective to the same extent in
improving HE[9]. A randomized, double-blind controlled trial that compared the
results of treatment with rifaximin plus lactulose therapy with lactulose therapy alone
showed that significantly more cases experienced a complete recovery from HE in the
rifaximin plus lactulose group than that in the lactulose only group. Moreover,
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rifaximin plus lactulose decreased the mortality rate and death from sepsis, and
shortened hospitalization[10]. Various factors influence the development of HE[11], and
spontaneous portosystemic shunts are also related to its occurrence. Moreover, it has
been noted that larger the size of the shunt, the higher the possibility for HE to
recur[12].
The efficacy of rifaximin therapy for 10 wk has been proved in the Japanese
population[13]. However, there are no reports on the relationship between the longterm use of rifaximin and its clinical effects and the size of the shunts. In this
retrospective cohort study, we clarified the efficacy and safety of long-term use of
rifaximin, and investigated the influence of shunts, Escherichia coli (E. coli)-related
infection, and the prognosis in the rifaximin group compared with that in the control
group comprising cases of liver cirrhosis matched for magnetic resonance
elastography (MRE), age, Child-Pugh classification, and the presence of
hepatocellular carcinoma (HCC). We evaluated the risk factors due to which the
serum ammonia levels remained above 80 μg/dL at 24 wk after initiating rifaximin
treatment.

MATERIALS AND METHODS
Patients
This was a single-center retrospective observational cohort study. The subjects were
38 consecutive patients with liver cirrhosis who were administered rifaximin
continuously for more than 24 wk at our institute between April 2017 and July 2018.
The primary outcome evaluated was the efficacy of long-term rifaximin use, and the
secondary outcomes were the influences of spontaneous portosystemic shunts and E.
coli-related infection. It was reported that liver stiffness measured by MRE was related
to the recurrence of HCC, liver decompensation, and overall survival, and we
compared the clinical prognosis between the rifaximin and control groups, pairmatched from 451 patients with chronic hepatic disease who were not given rifaximin,
and measured the MRE from September 2016 to April 2018 using the covariates for
liver stiffness based on MRE, age, Child-Pugh classification, and the presence of HCC.
The mortality rate as well as the incidence of complications of liver cirrhosis is
influenced by whether the maximum size of the portosystemic shunt is over 8 mm or
under 8 mm[14].
Moreover, the smallest size of a symptomatic portosystemic shunt reported in the
literature is 8 mm[15]. Based on these reports, we classified the portosystemic shunts
over 8 mm into the large group, and those under 8 mm into the small group. There
was no set standard for initiating treatment with rifaximin.
This study was approved by the Ethics Committee of the Southern-Tohoku General
Hospital and was conducted according to the guidelines of the 1975 Declaration of
Helsinki, as revised in 2008. Informed consent was obtained from all patients for
being included in the study.

Assessment of MRE
3.0-T imagers (GE Healthcare, Milwaukee, WI) were used for all MRE examinations,
and the condition was set as the report[16-18]. We fused the T2 image and the elastogram
and measured the stiffness in 3 regions where the wave image was good and the
region of interest (ROI) was set as broad as possible avoiding the liver surface, vessels,
tumor, cross-hatching, hot spots, and dark spots.
MRE was measured at the beginning of the rifaximin treatment.

Assessment of portosystemic shunts
Contrast-enhanced CT images taken during the follow-up of HCC were assessed. The
instrument used was the 64-detector MDCT Light Speed VCT (GE Healthcare, UK
Ltd.) and the medium was Iomeprol 350 1.8 mL/kg (630 mg I/kg); the time taken for
injecting the medium was 30 s, and the range was from the supradiaphragmatic to the
subpubic region with 0.5-mm slices in the portal phase. The measurement was
assessed with 5-mm slices in the axial dimension, and coronal reconstructed images in
40-mm partial maximum intensity projection (MIP). When a case had a plural system
of shunts, the maximum diameter of the largest shunt was measured.

Statistical analysis
Fisher’s exact test or the Kruskal-Wallis exact test was used to compare categorical
variables, and the Mann-Whitney U-test was used to compare median values of
continuous variables. Wilcoxon signed-rank test was used to compare paired
continuous variables. To evaluate the overall survival in the rifaximin group, the
control group was chosen using MRE as the measure of comparison. As the outcome
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parameters may be influenced by patient selection in the rifaximin group and/or the
control group, we performed propensity score matching. A multivariable logistic
regression model was used to develop the propensity score, which included the
following parameters: MRE, age, Child-Pugh classification, and the presence of HCC.
Death was calculated using the Kaplan-Meier method and compared using the logrank test. Survival duration was measured from the time of index date until either
death or the date of the last follow-up visit for patients who remained alive. Statistical
comparisons were performed using the IBM SPSS software program (IBM Corp.,
Armonk, NY, United States) and P–values of < 0.05 by a two-tailed test were
considered statistically significant.

RESULTS
Patient characteristics
The background of the patients is summarized in Table 1. Rifaximin treatment was
given to 38 patients with decompensated liver cirrhosis. Of these, 12 patients (31.6%)
had a history of overt HE, 27 patients (71.1%) had complications associated with
esophageal varices, and 9 patients (23.7%) had HCC. In 27 cases (71.1%), rifaximin
was added to lactulose, and in 24 cases, branched-chain amino acid supplementation
was used in combination. We compared the control group matched for age, ChildPugh classification, liver stiffness measured by MRE, and the presence of HCC with
the rifaximin group.

Outcomes
Serum ammonia levels were significantly decreased 2 wk after the beginning of
rifaximin compared to the pretreatment levels (P = 0.002), and it remained
significantly lower for up to 60 wk. Decrease was noted at all the points after the start
of the treatment when compared with the ones before it.
There were 3 recurrence cases of overt encephalopathy: 2 occurred during drainage
of the hepatic hydrothorax and 1 followed the self-interruption of rifaximin therapy.
There were no cases of spontaneous bacterial peritonitis (SBP) during the process
(Figure 1).

Safety of long-term use of rifaximin
There were no significant differences in the blood albumin level, total bilirubin,
prothrombin time, and platelet count 24 wk after the treatment. Rifaximin did not
worsen the functionality of the liver. Adverse events included 2 cases of diarrhea
(5.3%), which improved following the intake of probiotics. There were no cases of
treatment interruption due to adverse events.

Portosystemic shunts
There were 2 cases without any shunts (5.3%), 8 cases with one systemic shunt
(21.1%), 15 cases (39.5%) with two, 12 cases (31.6%) with three, and 1 case (2.6%) with
four systemic shunts.

Effect of rifaximin based on shunt diameter
There were 17 (44.7%) cases with shunts over 8 mm who had a median serum
ammonia value of 112 (93-297) μg/dL before rifaximin treatment, which decreased to
86 (54-150) μg/dL after 24 wk, with a significant difference (P = 0.002). On the other
hand, there were 19 cases (50%) with shunts below 8 mm whose median serum
ammonia value was 99 (59-184) μg/dL before the treatment and 67 (44-148) μg/dL
after the treatment, with a significant difference (P = 0.037).

Effect of rifaximin based on number of systemic shunts
There were 28 cases (73.7%) with multiple shunts with a median serum ammonia
value of 104 (69-297) μg/dL before treatment, which decreased to 80.5 (44-150) μg/dL
after 24 wk, with a significant difference (P < 0.001).
There were 10 cases (26.3%) with no or only one shunt with a median serum
ammonia value of 111.5 (59-184) μg/dL before treatment, which decreased to 81 (45148) μg/dL after 24 wk (P = 0.375).

Risk factors for insufficient improvement of serum ammonia levels after rifaximin
treatment
Univariate analyses revealed that the insufficient improvement of serum ammonia
level (below 80 μg/dL at 24 wk) was associated with two variables: maximum shunt
diameter and the albumin-bilirubin (ALBI) score. These factors were evaluated in the
multivariate analyses, which revealed that the insufficient improvement in the serum
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Table 1 Patient baseline characteristics
Rifaximin (n = 38)

Control (n = 38)

P value

Age (yr)

69 (40-85)

69.5 (42-90)

0.934

Sex (female/male)

17 (44.7%)/21 (55.3%)

11 (28.9%)/27 (71.1%)

0.234

BMI (kg/m2)

24.78(18.67-35.88)

23.1 (15.5-30.1)

0.035

Etiology (HBV/HCV/Alcohol/NASH)

7 (18.4%)/5 (13.2%)/13 (34.2%)/5 (13.2%)

4 (10.5%)/14 (36.8%)/9 (23.7%)/3 (7.9%)

0.107

Child-Pugh A/B/C

15 (39.5%)/15 (39.5%)/8 (21.1%)

20 (52.6%)/ 17 (44.7%)/1 (2.6%)

0.051

ALBI Grade

1(2.6%) /27 (71.1%) /10 (26.3%)

22 (57.9%)/15 (39.5%)/1(2.6%)

< 0.001

MELD Score

6 (2-17)

9 (0-22)

0.205

ALT (IU/L)1

24.5 (8.0-105.0)

31.5 (8.0-1490)

0.109

AST (IU/L)1

39.5 (20.0-136.0)

45 (15-1041)

0.426

GGTP (IU/L)1

35.5 (11.0-558.0)

64 (14-506)

0.055

Serum ammonia

104 (59-297)

52 (23-89)

< 0.001

Albumin (g/dL)1

3.0 (2.1-4.4)

4.05 (2.4-5.0)

< 0.001

Total bilirubin (mg/dL)1

1.65 (0.4-4.7)

1.0 (0.4-8.6)

0.002

Platelet count (×103/μL)1

8.7 (4.8-27.9)

12.3 (2.3-30.2)

0.023

Prothrombin activity (%)

60 (38-133)

69 (14-108)

0.066

AFP (ng/mL)1

4.3 (1.0-3375)

6.25 (1.3-385.5)

0.065

DCP (mAU/mL)1

37 (15-3178)

25 (11-11688)

0.383

Fibrosis 4 index

5.61 (1.71-15.1)

4.25 (1.2-33.4)

0.117

MRE (kPa)1

5.04 (3.00-11.11)

4.86 (3.36-12.50)

0.748

SWE (kPa)1

23.1 (8.3-56)

16.8 (7.0-36.8)

< 0.001

History of overt hepatic encephalopathy

12 (31.6%)

0 (0%)

< 0.001

HCC

9 (23.7%)

12 (31.6%)

0.442

Ascites

11 (29.0%)

10 (26.3%)

0.834

Esophageal varices

27 (71.1%)

23 (60.5%)

0.469

Max diameter of portosystemic shunts (mm)

7.6 (1.7-18.5)

4.2 (1.6-10.9)

< 0.001

Number of portosystemic shunts (0,1/2-)

8 (22.2%)/28 (77.8%)

24 (63.2%)/14 (36.8%)

0.001

Lactulose

29 (76.3%)

6 (15.8%)

< 0.001

BCAA

24 (63.2%)

14 (36.8%)

0.038

Sarcopenia

17 (44.7%)

17 (44.7%)

1

Follow up period (wk)1

61 (24-91)

91 (5-120)

< 0.001

1

1

1

Values are expressed as median (range). BMI: Body mass index; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NASH: Non-alcoholic steatohepatitis;
ALBI score: Albumin bilirubin score; MELD score: Model for End-Stage Liver Disease score; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; GGTP: Gamma-glutamyl transpeptidase; AFP: Alpha fetoprotein; DCP: Des-gamma carboxyprothrombin; MRE: Magnetic resonance
elastography; SWE: Shear wave elastography; HCC: Hepatocellular carcinoma; BCAA: Branched-chain amino acid.

ammonia level was independently associated with the maximum shunt diameter of ≥
8.0 mm (risk ratio = 5.52, P = 0.040) (Table 2).
The cutoff values for predicting the insufficient improvement in ammonia levels
after rifaximin treatment were determined by receiver operator characteristics
analysis.

Survival
The median follow-up period was 62 wk for the Rifaximin group and 91 wk for the
control group.
There were 4 deaths in the observation period: 2 cases of liver failure caused by
pleurodesis for pleural effusion and 2 cases of liver failure brought about by
worsened cirrhosis. When classifying according to Child-Pugh, the survival time span
of Child C was significantly shortened. (Figure 2A)
There were 5 deaths in the control group. Hepatic insufficiency due to worsening of
the HCC was the cause of death in 2 patients. Disseminated intravascular coagulation
due to thoracic empyema by intestinal bacteria was the cause of death in 1 patient and
cardiovascular disease was the cause of death in 2 patients.
Altogether, there were no significant differences when we compared the rifaximin
group with the control group (P = 0.897) (Figure 2B).
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Figure 1

Figure 1 Serum ammonia levels. Before rifaximin treatment, median of blood ammonia level was 104 μg/dL (range,
59-297 μg/dL), whereas two weeks after the treatment it decreased to 85 μg/dL (34-153), showing a significant
difference (P = 0.002). The median values were 71 μg/ dL (47-341) after 4 wk, 79.5 μg/ dL (37-215) after 8 wk, 70 μg/
dL (31-221) after 12 wk, 80.5 μg/dL (44-150) after 24 wk, 81 μg/dL (20-298) after 36 wk, 91 μg/dL (53-169) after 48
wk, and eventually 85 μg/dL (45-192) after 60 wk. Decrease was noted at all the points after the start of the treatment
when compared with the ones before it.

DISCUSSION
HE is one of the major complications of liver cirrhosis, and in Japan, rifaximin has
been available for treating HE since November 2016. This study assessed the efficacy
and safety of long-term rifaximin use in the Japanese population. In addition, we also
investigated the differences in the kind of portosystemic shunts and the infections
related to E. coli. The serum ammonia level significantly decreased 2 wk after
initiating treatment compared to the pretreatment level, and the decrease was
maintained for as long as 60 wk. Moreover, there was recurrence of overt HE in cases
of drainage of hepatic pleural effusion and self-cessation of rifaximin therapy, but not
in other cases. This suggests that the long-term use of rifaximin has good efficacy and
rifaximin can be used continuously for a long time without discontinuation.
As to adverse events, 2 cases (5.3%) had diarrhea which improved with probiotics,
and there were no cases of cessation of rifaximin therapy due to side effects. The
efficacy and safety of long-term use of rifaximin has been proved in the West, but
there has been no reported evidence in Japan thus far. Therefore, the result of this
study, that the long-term use of rifaximin is effective and safe, is important.
HE is said to be precipitated by events such as infections and enteric bleeding. In
this study, there was recurrence of overt HE in 3 cases, 2 of which occurred on
draining the hepatic pleural effusion; it was considered that the recurrences occurred
due to dehydration and poor general health conditions, including infections and
intestinal bleeding. West Haven criteria is used to assess HE[19]. However the West
Haven test is not sufficient to identify subclinical encephalopathy and the Trail
Making Test was more useful to detect minimal encephalopathy [ 2 0 ] . In this
retrospective study, we could not evaluate the Trail Making Test.
It was reported that the prevalence of large portosystemic shunts was 70% among
patients suffering from chronic HE and 14% among the control group. In other words,
there is a strong association between HE and the development of portosystemic
shunts. One previous study reported that the grade of portosystemic collateral veins
was concordant with ammonia levels[21]. This finding was consistent with our results.
There have been no studies to date investigating the relationship between
portosystemic shunts and rifaximin therapy. This study revealed that rifaximin could
improve the elevated serum ammonia levels and HE of patients who had large
portosystemic shunts as well as that of those who had not developed shunts. It is
expected that rifaximin can be a useful treatment for HE. In this study, some patients
did not show a decrease in their serum ammonia levels to below 80 μg/dL and
multivariate analyses revealed that this was independently associated with a
maximum shunt diameter of ≥ 8.0 mm. This result suggests that although rifaximin
improved overt HE, minimal HE may remain in cases with large shunts and that the
grade of portosystemic shunts affected the serum level of ammonia as stated in the
previous report [21] . Interventional radiology or surgical treatment should be
considered for those patients who do not show adequate improvement of HE on
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Table 2 Risk factors for insufficient improvement of serum ammonia after rifaximin treatment
Category

HR (95%CI)

P value

Univariate analysis
Age (yr at MRE)
< 70

1

≥ 70

2.2 (0.56-8.7)

0.26

Sex
female

1

male

0.491 (0.128-1.88)

0.30

BMI (kg/m2)
< 28

1

≥ 28

0.42 (0.094-1.85)

0.25

AST (IU/L)
< 36

1

≥ 36

0.372 (0.094-1.47)

0.16

ALT (IU/L)
< 30

1

≥ 30

0.43 (0.11-1.7)

0.23

GGTP (IU/L)a
< 42

1

≥ 42

0.71 (0.18-2.87)

0.64

Albumin (g/dL)
≥ 3.0

1

< 3.0

3.3 (0.83-13)

0.091

Total bilirubin (mg/dL)
< 1.4

1

≥ 1.4

3.0 (0.76-12)

0.12

3

Platelet count (×10 /μL)
≥ 6.8

1

< 6.8

4.1 (0.67-25)

0.13

< 58

1

0.13

≥ 58

3.0 (0.72-13)

Prothrombin activity (%)

AFP (ng/mL)
< 6.5

1

≥ 6.5

3.25 (0.55-19)

0.20

DCP (mAU/mL)
< 18

1

≥ 18

3.6 (0.57-23)

0.17

Absent

1

0.16

Present

2.5 (0.70-8.8)

Ascites

Esophageal varices
Absent

1

Present

1.8 (0.43-7.5)

0.42

History of hepatic encephalopathy
Absent

1

Present

3.6 (0.77-16)

0.11

HCC1
Absent

1

Present

0.75 (0.16-3.6)

0.72

Sarcopenia

WJH

Absent

1

Present

1.64 (0.41-6.6)
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Child-Pugh Score

0.061

<7

1

≥7

3.9 (0.94-16)

ALBI Score
< -1.6

1

≥ -1.6

5.3 (1.1-25)

0.033

< 12

1

0.13

≥ 12

3.0 (0.72-13)

MELD Score

Fibrosis 4 index
< 8.3

1

≥ 8.3

0.42 (0.094-1.9)

0.25

< 5.0

1

0.43

≥ 5.0

1.63 (0.40-8.3)

MRE (kPa)

SWE (kPa)
< 17.7

1

≥ 17.7

3.0 (0.65-14)

0.16

Max diameter of portosystemic shunt
< 8.0

1

≥ 8.0

6.8 (1.4-33)

0.017

0,1

1

0.68

2-4

1.36 (0.32-5.9)

Number of portosystemic shunt systems

Multivariate analysis
Max diameter of portosystemic shunt
< 8.0

1

≥ 8.0

5.5 (1.1-28)

ALBI Score

0.039
0.16

< -1.6

1

≥ -1.6

3.3 (0.62-18)

BMI: Body mass index; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGTP: Gammaglutamyl transpeptidase; AFP: Alpha fetoprotein; DCP: Des-gamma carboxyprothrombin; HCC:
Hepatocellular carcinoma; MELD Score: Model for End-Stage Liver Disease score; ALBI Score: Albuminbilirubin score; MRE: Magnetic resonance elastography; SWE: Shear wave elastography.

rifaximin therapy.
It has been suggested that in liver cirrhosis patients, the function of the gut
microbiome is altered, and advanced liver disease has a significantly decreased the
cirrhosis dysbiosis ratio (CDR); altered gut microbiota was observed in patients with
severe liver cirrhosis. It was reported that the mortality was highest in these
patients[22].
There were no SBP cases reported in both rifaximin and control groups in this
study, but one patient died of thoracic empyema caused by intestinal bacteria.
This suggests that rifaximin suppressed E. coli-related infections as previously
reported[23].
Also, no significant difference was recognized between the rifaximin group and the
control group in the survival rates. Among the rifaximin group, the survival rate was
significantly different based on the Child-Pugh classification, and especially cases of
Child-Pugh C group had the shortest survival. We can therefore infer that rifaximin
cannot treat liver cirrhosis itself, and that is the limitation of this treatment. Previous
report indicated that spleno-renal shunts are burdened by an increased incidence of
HCC[24]. We also need to be aware of the existence of HCC.
One of the limitations of this study was that we did not examine each test to
diagnose minimal HE, and the improvement of minimal HE cannot be proved. Also,
there was no set standard for initiating rifaximin treatment; it was started based on
the judgement of the attending physicians. This was a retrospective study of a few
cases in a single institution, and it is necessary to evaluate a larger number of cases in
a multiple-center study to assess survival. It is also necessary to consider HCC,

WJH

https://www.wjgnet.com

538

June 27, 2019

Volume 11

Issue 6

Nishida S et al. Efficacy of rifaximin in the Japanese
Figure 2

Figure 2 Kaplan-Meir survival curves. A: Results from log-rank test showed significant differences in Child-Pugh A
and B vs Child-Pugh C. a: Survival data of patients with Child-Pugh A and B (n = 30), b: Survival data of patients with
Child-Pugh C (n = 8). Median survival time was 43 wk; B: Results from log-rank test showed no significant differences
of rifaximin group vs control group. a: Survival data of rifaximin group (n = 38), b: Survival data of control group (n =
34).

infections, malnutrition, and cardiovascular disease, etc. as causes of death in patients
with liver cirrhosis.
In conclusion, the long-term use of rifaximin was found to be safe and effective in
the Japanese population.

ARTICLE HIGHLIGHTS
Research background
Hepatic encephalopathy (HE) is a complication of liver cirrhosis. Rifaximin, an antibiotic, has
been reported to decrease the occurrence of overt HE and improve cognitive function in studies
from Europe and the United States of America. There is not enough evidence of the relationship
between the long-term use of rifaximin and its clinical effects in the Japanese.

Research objectives
To determine the clinical effects of long-term rifaximin therapy in decompensated liver cirrhosis
patients, with overt HE or hyperammonemia. We evaluated the relationship between the longterm use of rifaximin and its clinical effects and the size of the shunts.

Research methods
In this single-center retrospective observational cohort study, we reviewed the data of 38
patients who had taken rifaximin at the dose of 1200 mg/d for more than 24 wk. The primary
outcome measured was the efficacy of long-term rifaximin use, and the secondary outcome
measured was the safety of its long-term use as determined by its influence on portosystemic
shunts.

Research results
Rifaximin did not worsen the functionality of the liver 24 wk after the treatment. Adverse events
included 2 cases of diarrhea (5.3%), which improved following the intake of probiotics. There
were no cases of treatment interruption due to adverse events. Serum ammonia levels were
significantly decreased 2 wk after the beginning of rifaximin compared to the pretreatment levels
(P = 0.002), and it remained significantly lower for up to 60 wk. Multivariate analyses revealed
that the insufficient improvement in the serum ammonia level was independently associated
with the maximum shunt diameter of ≥ 8.0 mm (risk ratio = 5.52, P = 0.040).

Research conclusions
The long-term use of rifaximin was found to be safe and effective in the Japanese population.

Research perspectives
In this retrospective study, we did not examine each test to diagnose minimal HE, and the
improvement of minimal HE cannot be proved. Tests as the Trail Making Test should be
evaluated to minimal HE in the future investigation.
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Abstract
BACKGROUND
An ideal staging system for hepatocellular carcinoma (HCC) should rely on the
hepatic reserve function and tumor burden. With the improvement in diagnostic
and treatment strategies for HCC, in addition to recent treatment of viral
hepatitis, finding a suitable assessment tool for hepatic reserve has become
mandatory.
AIM
To validate a recently proposed modified albumin-bilirubin-TNM (mALBI-T)
grade as a prognostic model for patients with HCC in Egypt.
METHODS
For patients diagnosed with HCC, Child-Turcotte-Pugh (CTP) score, Barcelona
Clinic Liver Cancer (BCLC) stage, albumin-bilirubin (ALBI), plateltetalbumin–bilirubin (PALBI), ALBI-based BCLC, ALBI-T and mALBI-T grades
were estimated. Patients were followed from time of diagnosis to date of death or
date of data collection if they remained alive. Overall survival and received
treatments were determined. Survival data were analyzed.
RESULTS
A total of 1910 patients were included (mean age, 57 years; 1575 males). At
presentation, 50.6% had CTP A, 36.1% had CTP B and 13.4 % had CTP C; 12%
had ALBI grade 1, 62.3% had ALBI grade 2 and 24.7% had ALBI grade 3. Overall
median survival was 13 mo; survival was better in patients with ALBI 1 than in
those with ALBI 2 and 3 (28.6 vs 14 and 5.8 mo, respectively, P < 0.001). Patients
with ALBI-T grades 0 and 1 had better survival than those with ALBI-T grades 2,
3, 4 and 5 (P < 0.001). The modified ALBI-T showed better stratification and
significant improvement in prediction of survival.
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CONCLUSION
ALBI-T grade is a superior prognostic tool that selects patients with HCC who
have better liver reservoir and tumor stage. mALBI-T is a better prognostic model
in patients with HCC.
Key words: Staging; Hepatocellular carcinoma; Albumin-bilirubin grade; Scores
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Core tip: In this study, we validated the modified version of the albumin-bilirubin-TNM
grade (mALBI-T) in a retrospective Egyptian cohort. In addition, this study offered a
comparative analysis of eight different established and novel scoring systems. We
concluded that the modified ALBI-T score is superior to the other scoring systems and
offers a better prognostic tool.
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INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for > 5% of all human cancers and is a
major health problem worldwide, being the fifth most common malignancy in men
and the eighth in women. The estimated annual incidence of HCC exceeds 840000,
and it is the third most common cause of cancer-related death in the world[1].
It is widely perceived that survival in HCC depends on tumor stage, underlying
liver function, and the performance status of the patient[2]. The Child-Turcotte-Pugh
(CTP) classification of liver function relies on individual parameters scored based on
arbitrarily defined, predetermined cutoff points that lead to misjudging of the liver
condition of the patients[3]. This was an incentive for the development of a novel
scoring system, the Albumin-Bilirubin(ALBI) grade by Johnson et al[4] incorporating
albumin and bilirubin only, which are numerical parameters readily available in the
basic investigations for patients with liver disease. ALBI grade does not comprise the
subjective parameters which are included in CTP classification, for example, grading
of ascites and encephalopathy. The cut-off points of the predictive equation of ALBI
grade allocate patients according to the calculated score as follows: score of -2.60 or
less is ALBI grade 1, those with a score more than -1.39 is ALBI grade 3, while those in
between are classified as ALBI grade 2. Nevertheless, patients with ALBI grade 2 had
a wide range of hepatic function, the same drawback of Child-Pugh class B. So, other
grades based on ALBI grade were proposed[5-8]. Hiraoka et al[8] proposed the ALBI-T
grade which icorporated TNM staging system (LCSG fifth edition) into the previously
discussed ALBI grading system. It showed better performance and superiority as a
prognostic scoring system regarding survival prediction in HCC patients.
Hiraoka et al [9] proposed to divide ALBI grade into four levels, namely, the
modified ALBI (mALBI) grade, using an additional cut-off value for ALBI score
(–2.270), based on an indocyanine green retention test (ICG-R15) of 30%, which is
statistically defined as the cut-off value for minimal anatomical surgical resection for
HCC in Makuuchi criteria. In the current work, the prognostic value of the modified
albumin-bilirubin-TNM (mALBI-T) grade proposed by Hiraoka et al[9] was evaluated
as a tool to predict survival in HCC patients and compared to other ALBI-based
grades.

MATERIALS AND METHODS
All patients diagnosed with HCC according to the AASLD guidelines [10] with
complete data and contact details, from the HCC clinic at National Liver Institute,
Menoufia University, were included in this study. The study was granted ethical
committee approval prior to data retrieval. We had access to a data set of a cohort of
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1910 patients diagnosed with HCC who fulfilled the inclusion criteria.
The diagnosis of HCC was based on the presence of an arterial hypervascular focal
lesion > 2 cm with rapid wash-out with a single imaging modality (triphasic spiral
computed tomography (CT), magnetic resonance imaging or angiography) or two
imaging modalities demonstrating the before mentioned feature for lesions < 2 cm[10].
All patients included in the study were subjected to history taking and complete
clinical examination with special emphasis on the etiology of liver disease, history of
ascites or encephalopathy, performance status based on the Eastern Co-operative
Oncology Group (ECOG) performance scale, demographic data and contact details.
Laboratory investigations included serum albumin, total bilirubin, alpha fetoprotein
(AFP) and international normalized ratio (INR). Ultrasound and multislice triphasic
CT of the abdomen with contrast were done to detect the number of nodules, nodule
type (unifocal, multifocal, or diffuse), maximum tumor diameter (cm), location
(right/left/both lobes), portal vein thrombosis (PVT) and extrahepatic or lymph node
metastasis. Any patient with incomplete data or inaccessible contact was excluded
from the analysis.

Staging and grading systems
The following staging and grading systems were estimated at the time of HCC
diagnosis: CTP score, Barcelona Clinic Liver Cancer (BCLC) stage and TNM
stage[4,10-12]. During data preparation and analysis, the following scores were estimated
based on baseline data using the following formulas.
ALBI grade[4]: The cut points of this linear predictor place patients with a calculated
score of -2.60 or less into ALBI grade 1, those with a score higher than -1.39 into ALBI
grade 3, and those in between into ALBI grade 2. The equation for the linear predictor
is (log10 bilirubin x 0.66) + (albumin x -0.085), where bilirubin is in mcmol/L and
albumin is in g/L[5].
PALBI grade[6]: ALBI score was calculated as [2.02*Log10 bilirubin] + [-0.37*[log10
bilirubin]2] + [-0.04*albumin] + [-3.48* log10 platelets] + [1.01 *(log10 platelets2)].
PALBI grade was assigned based on 50% and 85% Cox cut points: PALBI 1, ≤ -2.53;
PALBI 2, -2.53 to -2.09; PALBI 3, >-2.09[7].
ALBI-BCLC grade[7]: It was calculated by replacing the CTP grades A, B and C used in
the BCLC system with the ALBI grades 1, 2 and 3 respectively[8].
ALBI-T grade[8]: ALBI-T score was obtained by adding the TNM stage from the LCSGJ
5th edition to the ALBI grade and then subtracting 2. Patients were graded from 0 to
5[9].
mALBI-T grade[9]: The mALBI-T score was proposed by Hiraoka et al[9] as they added
a new cut-off point for ALBI grade 2 at -2.27 based on an ICG-R15 of 30%, resulting in
four stages of ALBI grade. This modification was introduced to ALBI-T grade where
TNM stage was added to modified ALBI grade and subtracting 2. This led to mALBIT stages from 0 to 6. Consequently, patients were followed from the time of diagnosis
to the date of death or date of data collection if they remained alive.

Statistical analysis
Statistical analyses were performed using SPSS Statistics version 25.0 (IBM, United
States). Overall survival and the received treatment were determined. Survival data
were analyzed using Kaplan Meir Survival curves and log rank test, then the area
under the receiver operating characteristic curve (AUC) was determined for each
staging and scoring system. Results were considered statistically significant when Pvalues were lower than 0.05. P-values less than 0.01 were considered highly
significant. Of note, all reported P-values are uncorrected and two-tailed.

RESULTS
Patients and tumor characteristics
A total of 1910 patients with HCC were included, of whom 1575 (82.5%) were male.
The mean age of the patients was 57 years. The underlying cause of cirrhosis was
hepatitis C virus infection in 71.6% of cases. The right lobe was the site of HCC in
about 1204 (63%) patients. PVT was detected in 345 (18%) patients, and extra-hepatic
metastasis was detected in (7.74%) 148. EGOG performance status was zero in 1154
(60.3%) patients. The baseline clinical features of the included patients are shown in
Table 1.
Among these basic features, we can see that hepatitis B virus infection as an
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Table 1 Characteristics of the included patients
Patients
Variable
n = 1912
Male gender, n (%)

1575 (82.4)

Age (yr, mean ± SD)

57(± 7.2)

Etiology
Hepatitis C

1369 (71.6)

Hepatitis B

468 (24.5)

Other

75 (3.9)

Albumin (g/L, mean ± SD)

31.4(± 4.6)

Bilirubin [µmol/L, median (IQR)]

24.5 (13.9-29.1)

Platelet count (x 109/L, mean ± SD)

96 (± 37.4)

AFP [µg/L, median (IQR)]

43 (10-184.3)

Tumor size [cm, median (IQR)]

5.6 (1.8-8.4)

Solitary tumor, n (%)

369 (19.3)

PVT

345 (18)

Metastasis

148 (7.7)

ECOG grade 0, n (%)

1154 (60.4)

Treatment
Liver resection

67 (3.5)

Liver transplantation

43 (2.3)

Ablative procedures (PEI, RFA and microwave)

249 (13.1)

TACE

1036 (54.1)

Combined treatment (TACE + ablation)

8 (0.4)

Systemic therapy

40 (2.1)

Conservative

469 (24.5)

Overall survival, months (95%CI)

17.9 (12.1-13.8)

Overall deaths, n (%)

1219 (63.8)

AFP: Alpha fetoprotein; PVT: Portal vein thrombosis; TACE: Transarterial chemoembolization; PEI:
Percutaneius ethanol injectuion; RFA: Radiofrequency ablation; IQR: Interquartile range.

etiology is a predictor of poor survival in the multivariate analysis (Table 2). Also,
single tumor and good liver function (e.g., low bilirubin and high albumin) were good
predictors of survival in our cohort (Table 2).

Patient classification according to different scoring systems
Patients were classified according to CTP class, ALBI grade, PALBI, TNM, BCLC
staging system, ALBI-based BCLC, ALBI-T and mALBI-T (Table 3).

Survival according to different scoring systems
Each of the investigated scoring systems showed significant stratification of the
median survival across its different grades. The overall median survival was 13 mo
for the whole cohort. The median survival for CTP A patients were 19 mo, better than
that for patients with CTP B and C (11 and 3.8 mo, respectively) (P < 0.001). Indeed,
the median survival was better in patients with ALBI grade 1 than in those with ALBI
grades 2 and 3 (28.6, 14 and 5.8 mo, respectively, P < 0.001). Also, patients with PALBI
grade 1 had a better median survival (34.6 mo) than in those with PALBI grades 2, 3
and 4 (27.5, 23.9 and 7.5 mo, respectively, P < 0.001).
The ALBI-based BCLC system showed better performance to stratify the included
patients (Table 3). The median survival was [undefined (mean = 33.8 mo), 30.8, 14.2,
11 and 5 mo, P < 0.001] for stages 0, A, B, C and D compared to (25.4, 19.8, 16, 8 and 4
mo, P < 0.001) for stages 0, A, B, C and D, respectively, in the CTP-based BCLC
staging system.
Incorporating TNM staging into ALBI grade (ALBI-T) provided better performance
and ability to discriminate median survival of patients across different stages (P <
0.001). Furthermore, ALBI-T grades 0 and 1 patients had better median survival than
those with ALBI-T grades 2, 3, 4 and 5 (42, 28.9, 17, 8, 5 and 3 mo, respectively P <
0.001). Notably, the mALBI-T showed significant improvement in the median survival
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Table 2 Multivariable Cox regression anaylysis
Variable

Hazard ratio (95%CI)

P-value

Tumour number
Solitary

1

Multiple

1.456 (1.236, 1.750)

<0.01

Log10 tumour size (cm)

3.517 (2.678, 4.567)

<0.001

Baseline log10 AFP

1.302 (1.208, 1.411)

<0.001

Baseline albumin

0.993 (0.966, 0.998)

0.031

Baseline log10 bilirubin

1.581 (1.139, 2.194)

<0.001

Vascular invasion
No

1

Yes

1.612 (1.251, 2.045)

0.001

Aetiology
Hepatitis C virus

1

hepatitis B virus

1.260 (1.020, 1.407)

<0.05

0.914 (0.887, 0.991)

0.043

Others

AFP: Alpha fetoprotein.

in patients with ALBI-T grades. Also, mALBI-T grades 2, 3 and 4 showed improved
survival (20, 14 and 8 mo, respectively, P < 0.001), as shown in Figure 1. However,
other stages remained the same as they were not affected by the sub-classification of
ALBI grade 2.

Accuracy of different scoring systems in predicting survival
The AUC was determined for each grade (Figure 2). Of note, the ALBI-based BCLC
had significantly higher AUC in comparison to CTP-based BCLC (AUC = 0.749 vs
0.713, respectively). However, the mALBI-T grade showed the highest AUC
compared to all other studied scoring systems (AUC = 0.848, P < 0.001).

DISCUSSION
The most widely used staging system for stratifying patients with HCC is the BCLC
system. It was proposed according to the recommendations of many randomized
controlled trials and cohort studies which precisely included the tumor stage,
patient’s performance status, and liver function into an algorithm which allocates
patients to different treatment plans according to the evidence-based results[11]. The
BCLC system helps to allocate treatment modalities and properly identify suitable
patients for clinical trials. However, it is important to know that the liver function is
assessed in the BCLC system according to the subjective CTP grade which is
considered one of the limitations of this widely used staging system[10].
Residual hepatic function plays an important role in predicting the outcome of
patients with HCC. On this premise, Johnson et al[4] conducted the pioneer study that
coined the term ALBI grade on 6000 patients from Europe, Japan, China and the
United States with various stages of HCC. Simply, this model depended on two
laboratory variables (bilirubin and albumin) and omitted the subjective CTP variables
ascites and hepatic encephalopathy. Questions have been raised regarding INR
inclusion in ALBI grade. However, INR as a parameter is considered a source of bias
in patients taking oral anti-coagulants, but it is impossible to stop treatment just to
calculate a score. Since residual hepatic function plays an important role in predicting
the outcome of patients with HCC, six models evaluating the severity of cirrhosis
(CTP, ALBI, PALBI, ALBI-based BCLC and ALBI-T grading systems) were
investigated in this study in addition to the recently proposed modification of ALBI-T.
Patients with CTP class A had a significantly better median survival than those
with CTP classes B and C. This is in agreement with several reports[12-14]. Similarly,
patients with ALBI grade 1 had a significantly better median survival than those with
ALBI grades 2 and 3 in this study, in accordance with other reports[15,16]. ALBI grade
has become a core for further prognostic models, and Roayaie et al[6] proposed PALBI
grade, where they added the platelet count in a new linear predictive equation to the
ALBI grade parameters. In this study, patients with PALBI grade 1 had significantly
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Table 3 Distribution and median survival of patients with hepatocellular carcinoma according to the studied staging systems
Staging/grading system

Stage/grade

Percentage of patients

Median survival (mo)

P-value

CTP

A

50.6

19

< 0.001

B

36.1

11

C

13.4

3.8

0

3.6

25.4

A

27.5

19.8

B

26.6

16

C

28.9

8

D

13.4

4

I

19.5

23

II

36.6

18

III

35.4

8

IV

8.5

6

1

12

28.6

2

63.2

14

3

24.7

5.8

1

10.1

34.6

2

29

27.5

3

33.9

23.9

4

27

7.5

0

1.5

Undefined

A

5.9

30.8

B

67.2

14.2

C

2.2

11

D

23.2

5

0

2.6

42

1

18.1

28.9

2

30.4

17

3

31.1

8

4

16

5

5

1.8

3

0

2.6

42

1

9.1

28.9

2

18.5

20

3

27.9

14

4

25.5

8

5

14.6

5

6

1.8

3

BCLC

TNM

ALBI

PALBI

ALBI-based BCLC

ALBI-T

Modified ALBI-T

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

CTP: Child-Turcotte-Pugh score; ALBI: Albumin-bilirubin score; TNM: Tumor-node-metastasis staging system; BCLC: Barcelona Clinic Liver Cancer
staging system.

better median survival than those with PALBI grade 2, 3 and 4 (P < 0.001).
Both ALBI and PALBI grades showed precise ability to stratify HCC patients into
different stages according to their survival. The PALBI grade was superior to CTP
classification and ALBI grade in terms of mortality prediction (AUC = 0.734, 0.643 and
0.709, respectively). For CTP grade A patients, the PALBI grade had significantly
higher AUC in comparison to ALBI grade at 1-year and 3-years intervals (Table 4).
This is in line with the endpoints reported by Roayaie et al[6] who concluded that
PALBI was independently associated with survival when controlled for age, tumor
related factors and performance status, and can stratify patients with HCC
undergoing curative therapies more precisely than CTP class[6]. Other studies reported
the same results using different treatment modalities for HCC[17,18]. PALBI grade was
found to perform better than ALBI grade, as incorporating platelet count reflects the
role of portal hypertension. However, not all HCC patients have portal hypertension
and some fallacies may result from platelet counting, as pseudo thrombocytopenia
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Figure 1 Survival curves of patients with hepatocellular carcinoma. A: Child-Turcotte-Pugh score; B: Barcelona Clinic Liver Cancer (BCLC) staging system; C:
TNM staging system; D: Albumin-bilirubin (ALBI) grade; E: Plateltet-ALBI grade; F: ALBI-TNM score; G: ALBI-BCLC score; H: Modified ALB-T score.

resulting from adding EDITA to blood samples that lead to aggregate formation
inside automated cell counters. In addition, thrombocytosis can be found as a
paraneoplastic event in patients with HCC and can affect the results of the score.
ALBI grade succeeded to overcome the weaknesses of CTP classification, and this
led to further trials to substitute CTP score in the BCLC staging system by Chan et al[7]
or incorporating it to the TNM staging system to result in ALBI-T which was
proposed by Hiraoka et al[8]. The ALBI-based BCLC staging system showed more
prognostic power than CTP-based BCLC in the studied cohort. The ALBI-based BCLC
had significantly higher AUC compared with CTP-based BCLC (AUC = 0.749 vs 0.713,
respectively). In contrast, an international multicenter study found that the ALBIbased BCLC system yields the same prognostic discrimination as the CTP-based
BCLC system, regardless of treatment modalities. The authors concluded that the
substitution of CTP class by ALBI grade does not improve the overall prognostic
performance of the BCLC system[7]. However, other authors found that the ALBI
grade can estimates objective hepatic reserve across each BCLC stage[19].
ALBI-T grade was proposed through evaluation of the prognosis of 2,584 Japanese
patients with HCC and validated in a nationwide survey of 46,681 patients in
Japan[8,9]. In this study, patients with ALBI-T grade 0 had a median survival of 42 mo
and patients with ALBI-T grade 1 was found to have a better median survival (28.9
mo) than those with ALBI-T grades 2, 3, 4 and 5 (17, 8, 5 and 3 mo, respectively).
Comparable results were reported by other investigators[9,20-22].
ALBI-T grade was able to percisely predict survival in comparison to other scoring
systems, due to its incorporation of TNM stage, which is suitable for assessment of
small HCC tumors, and ALBI grade, which is an accurate objective tool for
assessment of liver function. This could be emphasized by the multivariate Cox
regression analysis showing that the parameters of the ALBI score performed well
and it was a good predictor of survival (Table 2). Future scores would perform better
if they include other parameters that evolved in our analsysis as a good predictor of
survival such as vascular invasion and etiology.
The mALBI-T grade showed more detailed stratification ability and better
predictive value for prognosis of Egyptian patients with HCC, compared to those
shown by other staging and scoring systems including ALBI-T. When comparing the
modified model to other staging systems, the mALBI-T had the highest AUC (0.848),
while the AUC for ALBI-T was 0.801.
The retrospective nature and the short follow-up period are the main limitations to
the present study. Despite this, the mALBI-T grade, with its detailed stratification of
hepatic reserve function, may provide more accurate prediction of prognosis and
overall survival of patients with HCC than other available grading systems.
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Table 4 AUROC values for all scores at 1 and 3 years in addition to overall survival
Grade

1-yr AUROC

3-yr AUROC

Overall AUROC

TNM

0.639

0.626

0.620

CTP

0.672

0.649

0.643

ALBI

0.741

0.728

0.709

Modified ALBI

0.755

0.732

0.719

PALBI

0.753

0.741

0.734

BCLC

0.758

0.743

0.713

ALBI-based BCLC

0.762

0.751

0.749

ALBI-T

0.822

0.809

0.801

Modified ALBI-T

0.851

0.848

0.848

CTP: Child-Turcotte-Pugh score; ALBI: Albumin-bilirubin score; TNM: Tumor-node-metastasis staging system; BCLC: Barcelona Clinic Liver Cancer
staging system.

Figure 2

Figure 2 ROC curves for overall survival of patients with hepatocellular carcinoma according to the studied staging systems.

ARTICLE HIGHLIGHTS
Research background
It has been an urge to find a proper staging system for patients with hepatocellular carcinoma
(HCC). The significance of this study is owed to comparing on a large scale a wide selection of
scoring systems that included established [Child-Turcotte-Pugh (CTP), TNM and Barcelona
Clinic Liver Cancer (BCLC)] and novel scoring systems (albumin-bilirubin (ALBI), plateltetalbumin–bilirubin (PALBI), ALBI-BCLC, ALBI-T and modified albumin-bilirubin-TNM (mALBIT)].

Research objectives
Linear predictive equations based scoring systems (such as ALBI and PALBI) offer better
performance than those based on predetermined cut-off points (CTP, TNM and BCLC). The best
scoring system would be a linear function that incorporates liver function paramters and other
tumor specific paramters such as alpha fetoprotein (AFP), tumor size and number.

Researh methods
We applied the tested scoring systems on our retrospective cohort and compared their

WJH

https://www.wjgnet.com

550

June 27, 2019

Volume 11

Issue 6

Elshaarawy O et al. Validation of modified ALBI-T score
performance using survival curves and AUROCS to predict survival in addition to patient
stratification according to different scores.

Research results
Our findings proved that the modified version of ALBI-T score offered better stratification than
the original score and is a better prognostic tool. It remains to be explored whether treatment
modality specific scores would result in better performance than general scores or not and
whether we need such specific scores or not.

Research conclusions
This study offers a validation of the mALBI-T score in a large scale Egyptian cohort. mALBI-T
performs better than the other investigated scoring systems such as ALBI and BCLC.

Research perspectives
The best model for HCC patients should assess liver function, tumor number, size and other
tumor specific paramters such as AFP. We suggest developing scores that include treatment
response such as mRECIST criteria or recurrence status. Linear equations based scores are more
precise and future scores should abandon old techniques that use predetermined points.
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Abstract
BACKGROUND
Hepatitis E virus (HEV) infection is a cause of chronic hepatitis in
immunosuppressed patients. Sustained virologic response rates to a 12-wk course
of ribavirin therapy were reported to be > 70% in the West. This study describes
the outcome of HEV treatment in a transplant center in Singapore.
AIM
To study the outcome of ribavirin treatment in a series of chronic HEV patients,
and the cause of treatment failure.
METHODS
We studied all of the transplant recipients who were diagnosed with HEV
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infection between 2012 to 2015. The outcome of therapy and virologic relapse are
monitored for three years after the end of therapy.
RESULTS
Ten transplant recipients (4 liver, 5 kidney, and 1 bone marrow transplantation)
with positive HEV RNA were studied. Nine patients received at least 12 wk of
ribavirin therapy, and the remaining patient resolved after reducing
immunosuppression therapy. Two subjects had prolonged viremia that lasted
more than one year, despite continuous ribavirin therapy. Four ribavirin-treated
patients (44.4%) had HEV RNA relapse after achieving a virologic response by
the end of treatment. The overall failure rate is 66.7%. Being a kidney transplant
recipient is the strongest risk factor for not achieving an initial sustained virologic
response (0/5 treated, Chi-Square test, P < 0.05). The most common side effect of
ribavirin is anemia (100%) (haemoglobin reduction of 3-6.2 g/dL). Seven patients
required either a blood transfusion or erythropoietin therapy.
CONCLUSION
The sustained virologic response rate of 12-wk ribavirin therapy for HEV
infection in this Asian series was lower than expected. Kidney transplant
recipients had a higher rate of treatment failure due to higher
immunosuppression requirements and adverse effects.
Key words: Toxicity; Antiviral agents; Hepatitis E virus; Virus classification; Systemic
immunity; Immune responses; Persistent infection
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Core tip: Hepatitis E virus (HEV) infection is a cause of chronic hepatitis in
immunosuppressed patients. Sustained virologic response (SVR) rate to a 12-wk course
of ribavirin therapy was reported to be > 70% in the West. This study describes the
outcome of HEV treatment in a transplant centre in Singapore. Ten transplant recipients
(liver, kidney, bone marrow transplantation) with positive HEV RNA were studied. The
SVR rate of 12-wk ribavirin therapy for HEV infection in this Asian series was lower
than expected; an overall failure rate of 66.7%. Kidney transplant recipients had a higher
treatment failure due to higher immunosuppression requirements and adverse effects.
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INTRODUCTION
In the last decade, our understanding of hepatitis E virus (HEV) infection has changed
from that of an acute self-limiting disease into one that has "two-faces". In
immunosuppressed or immunocompromised hosts, some HEV genotypes may cause
chronic hepatitis and sometimes accelerated liver decompensation, especially in postorgan transplant recipients [1] . While it was previously thought to be limited to
developing countries with a few sporadic cases in industrialized nations secondary to
migration, it has been clear that autochthonous infection is also found in developed
countries[2,3]. A Singapore study done with the Communicable Diseases Division of the
Ministry of Health showed that between 2000-2011, 45.5% (n = 481) of reported acute
hepatitis E cases diagnosed by ELISA for Anti-HEV immunoglobulin M were
considered to be autochthonous[4]. Singapore is unique, in that it is an industrialized
country with a population of 5.6 million that serves as a port and travel hub for many
countries deemed endemic for HEV. The ethnic Chinese in Singapore make up a
majority of the population (76%), while ethnic Malays make up 15%, and ethnic
Indians 7%.
The characteristics of genotypes 1-4 HEV have been well-described, with genotype
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1 and 2 causing waterborne outbreaks and only infecting humans, and genotypes 3
and 4 recognized as zoonotic infections carried by mainly domestic pigs, boar, and
deer[2]. More recently, additional genotypes have been identified. Genotypes 5 and 6
HEV are found to occur in wild boar in Japan, and genotype 7 have been identified in
dromedary camels in Dubai[5]. Chronic infections of HEV have been predominantly
caused by HEV genotype 3, although case reports on chronic infection due to HEV
genotypes 4 and 7 in liver transplant recipients[6] have been published.
Studies from France have reported a rate of chronicity of about 58% in posttransplant patients diagnosed with HEV[3]. Ribavirin is considered a safe and effective
treatment option for chronic HEV. A study from the same group in France reported a
sustained virologic response (SVR) rate of 78% (n = 59)[7], while a study in Germany
gave an SVR rate of 75% (n = 4) in a group of liver transplant patients given ribavirin[8].
While a reasonable strategy for a trial of decreasing immunosuppression doses and
eventual starting of ribavirin has been suggested, there have been some issues with
regards to the management of HEV in transplant patients, and no guidelines have
been established. In 2013, Kamar et al[9,10] proposed that carriage of HEV for more than
3 mo can be called the threshold for identifying chronicity. Their group further
suggests that persistence of HEV replication for 3 mo to be the cutoff point for
considering treating HEV with ribavirin. Others, however, disagree and believe that
HEV conforms to the convention of a 6-mo cut-off, as in hepatitis B and C [11] . A
systematic review has concluded that ribavirin is an effective and reasonably safe
first-line option for the treatment of chronic hepatitis E, especially in organ transplant
recipients[12].
Most clinical studies on chronic HEV cohorts come from studies based in Europe
and the United States. There is a need to characterize and investigate the chronic HEV
infection in Asian populations, including those in Southeast Asia.
We report on the first 10 consecutive cases of hepatitis E diagnosed in immunosuppressed post-transplant patients in an organ transplant center in Singapore.
The aim is to describe and characterize hepatitis E infection in this multi-ethnic Asian
series, and how the outcome differs from the experience of our Western counterparts.

MATERIALS AND METHODS
Methodology
This retrospective case series study includes all the immunosuppressed patients, solid
organ, and haematological transplant recipients who were diagnosed with hepatitis E
virus infection in the National University Hospital, a tertiary referral center in
Singapore, between May 2012 to September 2015. All patients with newly diagnosed
HEV infection based on positive HEV RNA assay, who were on immunosuppression
therapy for prevention of graft rejection, were followed up. In one patient, the time of
infection was determined with the use of stored, frozen serum. During the study
period, the subjects who had transaminitis that were caused by persistent HEV
replication were treated with ribavirin. The study was approved by the DomainSpecific Review Board of the National Healthcare Group (DSRB Number 2016/00250),
and all the patients gave written informed consent.
Medical records including all available laboratory assays for HEV, including RNA
and serology, were reviewed. Pertinent data, like the type of organ transplantation,
time of organ transplantation and types and doses of immunosuppression at the time
of HEV infection diagnosis, were included. The management of the HEV infection
was also reviewed, including the length of time from onset of unexplained
transaminitis, to diagnosis and subsequent resumption of ribavirin. The outcome of
ribavirin therapy and virologic relapse were monitored for three years after the end of
therapy.
All samples were analysed at the Molecular Diagnostic Center at the National
University Hospital. HEV RNA was detected and quantified with the use of a
commercial real-time PCR assay for HEV (RealStar® HEV RT-PCR Kit 2.0, Altona
Diagnostics, Hamburg, Germany). The limit of detection for HEV RNA was 10 IU/μL.
HEV genotyping was determined by sequencing and analysis as described in a
previous study[5]. An SVR is defined as an undetectable level of HEV RNA in the
serum at least 6 mo after completion of ribavirin therapy. A non-responder is defined
as persistently detectable HEV RNA after 12-wk of treatment with ribavirin. Relapse
is defined as recurrent HEV RNA-positive viremia after the completion of a 12-wk
ribavirin therapy, despite an initial response and HEV RNA negativity at the end of
treatment.
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Statistical analysis
Proportions were compared with the use of the Fisher’s exact test. Quantitative
variables were compared with the use of the non-parametric Wilcoxon test.
Independent factors associated with non-responder or relapse after initial SVR were
analysed with the use of SPSS version 21 software. In this analysis, non-responder/
relapser (as defined above) were compared with those with a durable SVR for three
years. A P value (two-sided) of less than 0.05 was considered as statistically
significant.

RESULTS
Patient characteristics
The data of the first 10 HEV RNA-positive patients who had received a solid organ
transplant (5 kidney transplant recipients, four liver-transplant recipients, and one
bone marrow transplant recipients) were analysed. They were all diagnosed with
HEV infections between 2012 to 2015, based on positive HEV RNA assays. Nine
patients (Singapore resident) were infected with HEV genotype 3, and the remaining
patient who came from United Arab Emirates had HEV genotype 7 (a ribavirin
responder). All patients were investigated for HEV after presenting with
transaminitis, and all the other viral causes and other primary hepatic causes of
transaminitis were ruled out.
The demographics and clinically relevant characteristics of the HEV-infected
patients are summarized in Table 1. The time between organ transplantation and the
diagnosis of HEV infection ranged from 2 wk to 23 years after organ transplantation.
Immunosuppression was tacrolimus-based in 6 patients (60%), and tacrolimus levels
at the time of diagnosis of HEV infection were 2.8-9.5 μg/mL. Most patients (80%)
had mild to moderate elevation of liver enzymes (< 400 IU/mL) at the time of
diagnosis. One patient, who was 2 wk post-liver transplantation, had extremely high
transaminase levels (ALT 8127 U/L and AST 2591 U/L) at the time HEV RNA was
found to be positive. This result was later deemed mainly due to liver reperfusion
injury. The liver enzyme and HEV RNA levels of this patient spontaneously resolved
within the next 12 wk, with the progressive reduction of immunosuppression therapy.

Virologic and biochemical responses with ribavirin therapy
In the remaining nine patients, a decision to start ribavirin therapy was made by the
clinician based on the trajectory of the HEV viral load and extent of HEV-related liver
injury (Figure 1). The median time between the onset of transaminitis due to HEV and
the initiation of ribavirin therapy was 3 mo (range, 1 to 9). In 7 patients, the period of
observation was under 3 mo.
The median starting dose of ribavirin was 600 mg per day (range, 400 to 800),
which was equivalent to 9.7 mg per kilogram of body weight per day (range, 2.7 to
13.5). The dosages were subsequently adjusted based on the estimated glomerular
filtration rate (GFR). In more than half of patients (5 out of 9), dose reductions of
ribavirin were necessary due to clinically significant anemia.
All the patients had positive HEV RNA at the start of ribavirin therapy (Figure 2).
Peak viral load ranged from 1.78 x 104 to 3.36 x 107 IU/mL. At the end of the first
month, HEV RNA levels were assessed in 7 patients, and the level remained
detectable in all patients (range, 1.4 to 5.5 log IU/mL). At mo 3 and the end of
therapy, 7 of the 9 patients undetectable HEV RNA, and two patients remained
detectable with prolonged viremia despite continuous ribavirin therapy. Both these
patients were given reduced doses of ribavirin due to side effects (mainly
symptomatic anemia) before achieving SVR (1.5 and 3.7 years, respectively). One of
them was later found to be non-compliant to therapy due to fear of adverse effects.
After resuming ribavirin therapy, four patients (44%, all are kidney transplant
recipients) had good responses during treatment, but developed HEV recurrence after
initial complete virologic response at the end of therapy.
At the beginning of ribavirin therapy, all nine patients had an elevation of liver
enzymes. Eight patients had transaminitis greater than two times the normal upper
limit. All treated subjects had a resolution of transaminitis within 10 wk of starting
ribavirin. Eight patients had normal liver tests after just 4 wk of therapy.

Factors associated with a sustained virologic response
The overall failure rate of achieving sustained viral clearance for a 12-wk course of
ribavirin was 66.67% (delayed virologic response plus viral recurrence after
completing treatment). All four patients with viremia recurrence were kidney
transplant recipients. One of them had a late relapse, which occurred one year after
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Table 1 Demographics and clinical characteristics of 10 patients
Variables

Value

Age, yr
Mean

47

Range

34-59

Male gender, n (%)

8 (80)

Type of organ transplant, n (%)
Liver

4 (40)

Kidney

5 (50)

Bone Marrow

1 (10)

Time from transplant to unexplained transaminitis in mo
Median

41.5

Range

0.5-276

Time from transplant to diagnosis of HEV in mo
Median

43.0

Range

0.5-276

Immunosuppressive therapy at the diagnosis of HEV, n (%)
Tacrolimus

6 (60)

Cyclosporin

1 (10)

Mycophenolate

6 (60)

Azathioprine

3 (30)

Prednisolone

7 (70)

Sirolimus

1 (10)

BEAM-R

1 (10)

(carmustine, etoposide, cytarabine, and melphalan – rituximab)
Peak alanine transaminase, as U/L
Median

213

Range

133-8127

Peak aspartate aminotransferase, as U/L
Median

203

Range

84-2591

Baseline estimated glomerular filtration rate, as mL/min
Median

63

Range

27-108

Baseline creatinine, as μmol/L
Median

141

Range

66-323

HEV: Hepatitis E virus.

the end of therapy. During the HEV recurrence, transient transaminitis was noted. An
HEV reinfection cannot be excluded. The rest of the other relapsers did not have
accompanying transaminitis during the recurrence of HEV viremia. All 4 of them
responded to the second course of ribavirin (12-16 wk) and achieved durable SVR.
We analysed the factors that could potentially influence the rate of SVR (Table 2).
Given the limited sample size, the only statistically significant predictive factor found
to be associated with SVR was being a kidney transplant recipient (0 of 5 treated, χ2
test, P < 0.05). The most common side effect of ribavirin was anemia, with many
patients requiring dose adjustments, erythropoietin or blood transfusions. Of the nine
treated patients, all had a decrease in haemoglobin (Hb) levels (range, 3 to 6.2 g/dL).
Five patients required blood transfusions, and seven required erythropoietin
injections during ribavirin therapy.

DISCUSSION
Since the landmark paper by Kamar et al [7] in 2014, a 12-wk course of ribavirin
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Figure 1

Figure 1 Outcomes of ribavirin therapy in transplant recipients with hepatitis E virus infection. HEV: Hepatitis E virus.

monotherapy has been widely used to treat chronic hepatitis E virus infection in
transplant recipients, if a reduction in immunosuppression fails to eradicate the virus.
Our study aims to assess the effects of ribavirin therapy in this Asian series, and
compare the results with prior studies. Our study has two main findings: the SVR rate
of ribavirin therapy for chronic HEV infection in our immunosuppressed Asian hosts
may be lower than reported earlier, and kidney transplant recipients are associated
with a higher risk of HEV recurrence or partial response to ribavirin monotherapy.
In this study, all five consecutive kidney transplant recipients (50%) had either
partial response (HEV remains detectable) or had a recurrence of HEV after an initial
virologic response. Statistically and clinically, this is unlikely to be coincidental. In
Kamar et al[7] 2014, 42 out of 59 patients (71%) had a kidney transplant or kidney and
pancreas transplantation, and they responded to treatment almost immediately from
the beginning. The ability of the patients to tolerate the full dose of ribavirin therapy
is one of the main reasons. Kidney transplant patients tend to have lower GFR than
the other patients, and thus develop more haemolytic anemia on the same dose of
ribavirin. On average, our kidney transplant patients received 7.8 mg/kg body weight
of ribavirin, which was comparable to 8.1 mg/kg body weight in the study, but still
significantly lower than the liver and bone marrow transplant recipients in our study
(10.3 mg/kg). Our kidney transplant recipients were also slightly older (48 vs 42
years), had more years between transplantation and HEV infection, roughly double
the peak viral load, and were on higher doses of calcineurin inhibitors than liver
transplant recipients.
At the end of the 12-wk therapy, one patient (a kidney transplant recipient)
continued to have high viremia of > 7 log IU/mL, whose HEV viremia persisted for
another 3 years, during which he continued to receive reduced-dose, maintenance
ribavirin therapy due to his renal graft impairment. Another patient had borderline
HEV RNA levels at the end of treatment. Her HEV infection subsequently recurred
due to non-adherence to ribavirin therapy. Hence the rate of virologic response at the
end of therapy was 78%. Adding the number of virological recurrences (n = 4), the
overall failure rate of a 12-wk ribavirin therapy for this study is 66.7%, far higher than
that reported in the Western population. For those who had a recurrence of HEV, a
second course of ribavirin for 12 wk resulted in a complete virologic response at the
end of therapy and SVR at wk 24. In retrospect, a longer course of ribavirin therapy
may be considered in kidney transplant patients who could not tolerate a full dose of
ribavirin therapy.
It needs to be pointed out that in this study, most patients received ribavirin
therapy between 1 mo to 3 mo after the first HEV RNA positive result on clinical
grounds, based on the discretion of the physicians. Thus, these were not technically
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Figure 2

Figure 2 Hepatitis E virus concentration during ribavirin therapy. BL: Baseline; EOT: End of treatment.

chronic HEV infection by the original definition that requires viral persistence of 6 mo
or more. It is possible that some of these patients (the three patients who had SVR)
may spontaneously clear the virus if ribavirin had not been started. However, we are
focusing on the group of immunosuppressed subjects who had persistent viremia or
HEV recurrence beyond 6 mo, thus qualifying them as chronic HEV infections. It is
interesting to note that as HEV infection in transplant recipients are diagnosed
increasingly earlier, and there is little reason to continue observing deranged liver
function tests when treatment is available, the definition and cut-off for treatment of
chronic/persistent HEV infection in this group are due for revision.
Anemia was the main limiting side effect. The mean hemoglobin fall was 3.4 g/dL
for the patients who were treated with ribavirin. Three patients (33.3%) required a
transient interruption of ribavirin therapy due to severe anemia. Five patients need
transfusions, and seven patients require erythropoietin.
This uncontrolled case series has several limitations. (1) The number of patients
studied was small; (2) The immunosuppression regimen was not controlled; and (3)
The dosage of ribavirin and the monitoring protocol for each patient were
individualized based on clinical assessment.
In conclusion, this Asian single-centre case series shows that the SVR rate of HEV
infection treated with a 12-wk course of ribavirin may be lower than reported earlier.
Kidney transplant recipients are at higher risk of relapse, possibly due to higher
immunosuppression requirements and reduced tolerance for higher ribavirin
dosages. A 3-mo regimen seems to be sufficient for the remaining organ transplant
recipients. Whether a longer therapy for all Asian kidney transplant recipients, and
whether the extended therapy should be guided by the on-treatment response,
remains uncertain. Larger prospective studies are required to determine the most
beneficial dose and duration of ribavirin therapy.
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Table 2 Comparison of clinical, biochemical and virological factors between the sustained responders and relapsers/delayed
responders of ribavirin therapy
Sustained responders, n = 4

Relapsers/ delayed responders, n = 5

Type of transplant

3 liver transplants, 1 bone marrow transplant

Kidney transplant

Mean age in yr

42 (15–58)

48 (17–66)

Males

3

4

Mean Time from transplant to HEV infection

40.3 mo (7-132 mo)

130.7 mo (3.5-204 mo)

Mean HEV viral load peak, as IU/mL

6.0 x 106

1.2 x 107

Mean daily dose of Prednisolone at time of
infection, n = 6

13.5 mg (n = 2)

9.6 mg (n = 4)

Mean level of Tacrolimus at time of infection, as
μg/L for n = 5

5.5 (6.4, 7.4, 2.8) n = 3

8.6 (9.5, 7.7) n = 2

Mean peak ALT, as U/L

402 U/L (223-766)

169 U/L (133–202)

Mean peak AST, as U/L

374 U/L (186-818)

132 U/L (84-219)

Lowest eGFR, as mL/min

49 (34 to 85)

32 (11-68)

Mean ribavirin dose, as mg/kg body weight, at
initiation

10.3 mg/kg body weight (6.9- 13.5)

7.8 mg/kg body weight (2.7-11.9)

Haemoglobin drop

3.3 g/dL

3.5 g/dL

Resolution of Transaminitis after starting
treatment

15 d

35 d

(12-21)

(14-70)

Mean time to viral clearance after starting
ribavirin

8.5 wk (8-11)

9.3 wk (5-12), n = 4

HEV recurrence

None in all 4 patients (including the non-adherent Yes in 4 patients + 1 patient with persistent
subject after she became compliant to ribavirin Rx) viremia

HEV: Hepatitis E virus; eGFR: Estimated glomerular filtration rate; ALT: Alanine transaminase; AST: Aspartate aminotransferase.

ARTICLE HIGHLIGHTS
Research background
There has been an increase in the amount of literature and our understanding of Hepatitis E
virus (HEV) infection since the landmark paper by Kamar et al in 2014. This study describes the
outcome of HEV treatment in a transplant center in Singapore, where immunosuppressed Asian
hosts appear to have lower sustained virologic response (SVR) rates after a 12-wk course of
ribavirin than reported earlier.

Research motivation
Singapore is a unique industrialized country where, although ethnic Chinese make up 76% of the
population, it is a thriving hub with many international visitors. Seven genotypes of HEV have
been described so far, and studies have reported a rate of chronicity of 50%-60%. Ribavirin is
considered an effective treatment option for chronic HEV in post-transplant patients, where
success rates > 75% have been reported in France and Germany alongside a reduction in
immunosuppression dose. Since most clinical studies come from Europe and the United States,
there is a pressing need to characterize and investigate the state of chronic HEV infection in
Asian populations.

Research objectives
Our report describes the first 10 consecutive cases of hepatitis E diagnosed in post-transplant
patients in an organ transplant center in Singapore.

Research methods
This is a retrospective case series that studied all newly diagnosed HEV infections in posttransplant patients from May 2012 to September 2015. Subjects who had transaminitis that were
caused by persistent HEV replication were treated with ribavirin, and the results were collected
and tabulated. Data from the first 10 HEV RNA-positive patients who had received a solid organ
transplant (5 kidney transplant recipients, 4 liver-transplant recipients, and 1 bone marrow
transplant recipient) were analysed.

Research results
One of the patients was from United Arab Emirates, and the other nine were Singapore
residents. The median starting dose of ribavirin was 600 mg per day. The dosages were
subsequently adjusted based on the estimated GFR. In more than half of patients (5 out of 9),
dose reductions of ribavirin were necessary due to clinically significant anemia. The overall
failure rate of achieving sustained viral clearance for a 12-wk course of ribavirin was 66.67%
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(delayed virologic response plus viral recurrence after completing treatment) – far higher than
that reported in Western populations. All four patients with viremia recurrence were kidney
transplant recipients, which was found to be the only statistically significant predictive factor.
The most common side effect of ribavirin was anemia.

Research conclusions
This study proposes that kidney transplant recipients, particularly those with poorer renal
function, are more susceptible to the adverse effects of ribavirin. Asian patients with lower body
weight may be even more likely to suffer from the side effects. This Asian single-centre case
series shows that the SVR rate of HEV infection treated with a 12-wk course of ribavirin may be
lower than reported earlier. Kidney transplant recipients are at higher risk of relapse, possibly
due to higher immunosuppression requirements and reduced tolerance for higher ribavirin
dosages.

Research perspectives
More effective therapy for chronic HEV infection may be needed, including more accurate
markers to predict ribavirin response. A large, prospective, controlled study comparing kidney
transplants and other groups of chronic HEV patients will be useful to confirm the results of this
study and minimise bias.
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the most common form of chronic
liver disease in the Western world. It is more prevalent in male gender, and with
increasing age, obesity, and insulin resistance. Besides weight loss, there are
limited treatment options. The use of anti-diabetic medications has been studied
with mixed results. In this review, we discuss the use of anti-diabetic medications
in the management of NAFLD with a specific focus on sodium-glucose
cotransporter 2 inhibitors. We shed light on the evidence supporting their use in
detail and discuss limitations and future directions.
Key words: Non-alcoholic fatty liver disease; Non-alcoholic steatohepatitis; Sodiumglucose cotransporter 2 inhibitors; Liver cirrhosis; Diabetes
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Non-alcoholic fatty liver disease (NAFLD) is the most common form of chronic
liver disease in the Western world. NAFLD is associated with obesity and insulin
resistance. Weight loss is the cornerstone of therapy with no other proven pharmacologic
therapy, Sodium-glucose co-transporter 2 (SGLT2) inhibitors may play a role in
preventing and treating NAFLD. SGLT2 inhibitors reduce hepatic steatosis,
steatohepatitis, and fibrosis in patients with NAFLD.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the leading cause of liver disease in
Western countries[1] and its prevalence worldwide is increasing substantially. NAFLD
constitutes a spectrum of liver disease that extends from simple hepatic steatosis to
nonalcoholic steatohepatitis (NASH), a more progressive form of the disease that can
lead to advanced fibrosis or cirrhosis. The worldwide prevalence is approximately
10%-35%[2]. In the United States, it is estimated that NAFLD affects more than 20% of
the population[3,4]. Cardiovascular disease remains the most common cause of death in
patients with NAFLD[5].
The underlying pathophysiology of NAFLD is not fully understood, but genetics
and insulin resistance seem to play key roles [6] . Certain risk factors have been
identified in NAFLD. Gender, age, ethnicity, and the presence of obesity or type 2
diabetes mellitus (T2DM) are differentially associated with NAFLD. Males are
affected more often than females with approximately a 2:1 ratio. Most patients are
diagnosed in their 40 s and 50 s. Studies demonstrate a higher prevalence in
Hispanics, medium prevalence in Caucasians, and relatively low prevalence amongst
blacks[7]. Certain genetic polymorphisms (i.e., PNPLA-3 and TM6SF2) have also been
implicated in the disease process leading to more progressive form of NAFLD[8].
The multifaceted pathophysiologic nature of NAFLD has challenged the
development of targeted therapeutic strategies for this growing disease. Thus far,
weight loss is the most effective therapy with 3%-5% weight loss resulting in
improvement of liver transaminases and reversal of steatosis[9,10], and 7%-10% weight
reduction resulting in reversal of abnormal histologic features[11].
Pharmacologic therapies for NAFLD have not yet gained widespread use, mainly
due to the poor quality of evidence supporting their use. Evaluated medications
include those with anti-oxidative effects (Vitamin E)[12], anti-inflammatory effects
(Ursodeoxycholic acid) [13] , lipid-lowering effects (Atorvastatin) [14] , anti-diabetic
medications, and other nutritional supplements (Omega-3 fatty acids)[15].
In this review, we focus on the use of anti-diabetic agents in the treatment of
NAFLD, more specifically on the newly emerging class of Sodium-glucose cotransporter 2 (SGLT2) inhibitors. We shed light on the evidence supporting their use
in detail and discuss future directions.

SEARCH CRITERIA
MEDLINE search was conducted using the keywords “SGLT2 inhibitors” and
“NAFLD” OR “NASH” and all the studies were included. There were no excluded
articles. The studies were mainly focused on the role of SGLT2 inhibitors in NAFLD
and were included up to December 2018.

ANTI-DIABETICS IN NAFLD
A cornerstone in the management of NAFLD is treating concomitant diabetes
mellitus. The relationship between NAFLD and type-2 diabetes mellitus (T2DM) is
well established and is often relayed as a bidirectional relationship. There is an
association between the prevalence of NAFLD and T2DM, as multiple prospective
observational studies shown NAFLD independently increases the incidence of
T2DM [16-21] . In one study, NAFLD was independently associated with impaired
glucose metabolism[22]. Previous reports show a high prevalence of NAFLD in patients
with T2DM[23,24]. T2DM was also associated with worsening NAFLD and progression
to NASH and hepatocellular carcinoma (HCC)[25-27]. The underlying mechanisms
between NAFLD and T2DM is complicated, but stems from the critical role the liver
plays in regulating glucose and lipid metabolism, where the inciting event is thought
to be a fat-associated chronic low-grade inflammatory response [28,29] . As there is
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overwhelming evidence that NAFLD and T2DM share a common pathogenesis[30], the
treatment of T2DM had been suggested as an important key in the management of
NAFLD.

METFORMIN
Metformin is the most commonly used medication in the management of T2DM. It
reduces hepatic glucose production and promotes skeletal muscle glucose uptake.
Given the pathogenesis of NAFLD and T2DM, multiple investigations have been
carried out regarding its use in NASH. However, a meta-analysis published in 2010
demonstrated that metformin failed to improve hepatic steatosis, inflammation,
hepatocyte ballooning, Alanine aminotransferase (ALT) levels, liver fibrosis, or body
mass index (BMI) in subjects with simple steatosis or biopsy-proven NASH[31]. As a
result, metformin is not recommended for use in NAFLD, even in patients with
T2DM.

THIAZOLIDINEDIONES
Thiazolidinediones are PPAR-gamma agonists that enhance insulin sensitivity[32]. A
study investigating the effect of pioglitazone on patients with NASH but without
T2DM showed a significant reduction in ALT levels and improvement in histological
features of NAFLD such as steatosis, inflammation, and hepatocyte ballooning when
compared to placebo[33], however it did not slow down the progression of hepatic
fibrosis[33].

INCRETIN-BASED THERAPY
GLP-1 agonists are incretin-based therapies that are used in the management of T2DM
by promoting glucose-dependent insulin secretion[34]. An investigation comparing
liraglutide and placebo in patients with NASH showed that liraglutide led to a
significant resolution of steatosis as determined by an end-of-treatment liver biopsy[35].
It was also shown to slow down the progression to fibrosis[35].
Dipeptidyl-peptidase 4 (DPP-4) inhibitors, such as sitagliptin, inhibit the
degradation of incretins, which in turn stimulate secretion of insulin in patients with
T2DM. They have been shown to have extra-pancreatic effects, including protective
effects on hepatocytes against diet-induced steatosis and ultimately NAFLD[36]. Not
only do they prevent the development of NAFLD, but they seem to exert an effect in
treating it by influencing the serum levels of ALT, Aspartate aminotransferase (AST)
and gamma-GT [37] . They were also found to be safe in patients with T2DM and
NAFLD, and had been suggested as a potential mono-therapeutic agent for
NAFLD[38]. However, there are yet to be randomized controlled trials showing their
therapeutic effects in NAFLD.

SGLT2 INHIBITORS
SGLT2 inhibitors are a class of drugs that inhibit glucose reabsorption in the kidney
via inhibition of the SGLT channels which are primarily located in the proximal
convoluted tubules epithelial cells, thus promoting glucosuria. Their mechanism of
action is independent of insulin secretion making the use of these drugs useful in
patients with limited pancreatic beta cell activity. The hypothesized mechanism of
SGLT2 inhibitors in NAFLD stems from their glycosuric effect leading to total loss of
energy which results in increased pancreatic secretion of glucagon while suppressing
insulin secretion. SGLT2 inhibitors also work as alpha-cells secretagogues by directly
stimulating glucagon release via neuronal stimulation [ 3 9 ] . This mild hyperglucagonemic state induces hepatic gluconeogenesis, ketogenesis and lipolysis,
leading to an overall reduction in the amount of fatty acids. Furthermore, SGLT2
inhibitors exert a direct neurogenic effect that enhances gluconeogenesis and lipolysis
in the liver[40]. The sum of such effects leads to reduction in hepatic steatosis and halts
the progression of NAFLD (Figure 1). Albeit being of the same group of medications,
different SGLT2 inhibitors demonstrated different effects on NAFLD. In the following
section, we discuss the evidence that supports the use of different members of this
family of drugs in SGLT2.
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Figure 1

Figure 1 Mechanism of action of Sodium-glucose co-transporter-2 inhibitors in non-alcoholic fatty liver
disease. Obesity-induced insulin resistance leading to diabetes are the major risk factors for non-alcoholic fatty liver
disease (NAFLD). The increase in insulin secretion and inhibition of glucagon secretion by the islet cells in the
pancreas ultimately leads to the stimulation of lipogenesis, ultimately shifting the balance towards hepatic steatosis
and NAFLD. Sodium-glucose co-transporter inhibitors primary effect is inducing glycosuria causing lowering of the
blood glucose levels. This inhibits the secretion of insulin and stimulates glucagon secretion, causing a higher insulinto-glucagon ratio, which increases the lipolytic, gluconeogenetic, and ketogenetic pathways. This results in reduction
in the hepatic steatosis in NAFLD.

CANAGLIFLOZIN
Canagliflozin is the most commonly prescribed SGLT2 inhibitors for patients with
T2DM. In animal models of NAFLD, canagliflozin used in high-fat diet fed mice
reduced ALT levels and prevented the development of cirrhosis as evident by
reduced steatosis on histologic examination[41]. Canagliflozin also showed favorable
outcomes when pitted against sitagliptin, a DPP4-inhibitor, in the management of
Japanese patients with biopsy-proven NAFLD[42]. It demonstrated reductions in BMI,
fasting blood glucose, body weight, HbA1c, and ALT levels[42]. It is worth noting that
the study was a retrospective cohort study and the results could not be directly
attributed to canagliflozin[42]. Canagliflozin used for 24 wk in patients aged 20-64 years
with biopsy-proven NAFLD complicated with T2DM showed significant reductions
in BMI, fasting blood glucose, waist circumference, ferritin level, gammaglutamyltransferase (GGT) level, and type IV collagen 7S[43]. Furthermore, there was a
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decrease in the NAFLD score in all patients included in the study[43]. However, the
study was a single center, single arm study and only involved 5 patients. Hence,
extrapolation to the general population was difficult[43]. A systemic analysis pooled the
results of 4 studies in which canagliflozin was used for 26 or 52 wk vs placebo or
sitagliptin, and showed significant reductions in HbA1c, body weight, ALT, AST,
alkaline phosphatase and gamma-glutamyl transferase. The favorable changes in liver
function tests were attributed to reductions in HbA1c and body weight[44]. In westerndiet fed murine models, canagliflozin showed significant improvements in
hyperglycemia, hyperinsulinemia and liver function tests as early as 8 wk after
initiation, and significant improvements in hepatic fibrosis after 20 wk of treatment.
There was additionally a significant reduction in the number of liver tumors after 1
year of canagliflozin treatment[45]. More recent evidence emerged on the positive effect
of canagliflozin with a human study demonstrating significant reductions in hepatic
steatosis, hepatocyte ballooning, fibrosis, and inflammation after 24 wk of treatment
in patients with T2DM and NAFLD [46] . Another prospective cohort study also
demonstrated significant reductions in ALT, AST, GGT, triglycerides, HbA1c, and
body weight[47].

IPRAGLIFLOZIN
Ipragliflozin used in high fat diet fed murine models that had streptozocin
nicotanamide-induced T2DM showed improvement in glucose tolerance, blood
glucose, insulin, and lipid levels [48] . Moreover, there were reductions in hepatic
steatosis and liver levels of oxidative stress biomarkers as well as improvement in
aminotransferase levels after 4 wk of treatment [48] . Another murine based study
demonstrated similar results by demonstrating improvement in insulin resistance,
free fatty acids, AST and ALT levels, and liver fat content with an 8 wk course of
ipragliflozin[49]. Murine models fed a choline-deficient l-amino acid-defined diet
developed liver triglyceride increase, liver fibrosis, and mild inflammation[50]. These
changes were prevented with 5 wk of ipragliflozin therapy which suggests that
SGLT2 inhibitors might play a role in the prevention of hepatic fibrosis[50]. In human
subjects, ipragliflozin used for 16 wk in patients with T2DM showed significantly
reduced fatty liver index, fasting plasma glucose, HbA1c, body weight, visceral
adipose tissue, and subcutaneous tissue and fat mass[51]. When ipragliflozin was
compared to pioglitazone, a PPAR agonist, in patients with T2DM, similar effects
were observed with regards to blood glucose, HbA1c, liver to spleen ratio, AST and
ALT levels. There was a significantly reduced body weight and fat area with
ipragliflozin[52]. The co-administration of ipragliflozin with incretin-based drugs such
as GLP-1 analogs or DPP-4 inhibitors showed significant reductions in HbA1c, body
weight, serum ALT levels, and fibrosis-4 index [53] . The most important aspect
observed here is that ALT levels were not normalized with incretin-based therapies
until combined with iprafliglozin, which suggests a synergistic effect between
incretin-based therapies and SGLT2 inhibitors[53]. In a larger multicenter prospective
study involving patients with T2DM and NAFLD, ipragliflozin administration for 24
wk showed significant reductions in HbA1c, AST, ALT, body weight, and steatosis[54].
It further suggests that SGLT2 inhibitors can help in the management of patients with
T2DM with metabolic syndrome[55].

DAPAGLIFLOZIN
Dapagliflozin is a highly selective competitive inhibitor of SGLT2. In genetic murine
models of obesity and diabetes, such as db/db, dapagliflozin was shown to improve
markers of liver injury such as MPO and reactive oxygen species[56]. Even in dietinduced obesity, dapagliflozin showed decreased serum ALT, AST, hepatic lipid
accumulation, and hepatic fibrosis in mice that were fed western diet compared to
low-fat diet. Dapagliflozin also attenuated the western diet-mediated increases in
body weight, plasma glucose, plasma triglycerides, and renal fibrosis[57]. This suggests
that dapagliflozin can be used for reversal of hepatic steatosis associated with
NAFLD, even in humans. Indeed, the use of dapagliflozin and empagliflozin
demonstrated a significant reduction in ALT levels in patients with T2DM. This
change was independent of HbA1c and fasting glucose levels[58]. Dapagliflozin also
showed significant improvement in BMI, AST levels, ALT levels, fasting plasma
glucose and HbA1c when used for 24 wk in patients with biopsy-proven NASH and
T2DM[59]. More recently, a study investigating the use of dapagliflozin for 24 wk in
patients with T2DM and NASH showed a significant reduction in ALT and GGT
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levels as well as significant improvement in liver stiffness measurement [60] .
Dapagliflozin was also found to significantly reduce hepatic steatosis and attenuate
severe liver fibrosis in patients with T2DM and NAFLD[60]. A randomized doubleblind placebo-controlled trial involving 84 patients with T2DM and NAFLD
demonstrated significant reduction of liver fat content with combination dapagliflozin
and n-3 carboxylic acid for 12 wk. Dapagliflozin monotherapy also decreased hepatic
injury biomarkers and as mentioned earlier, ALT, AST, GGT and body weight[61].

EMPAGLIFLOZIN
Empagliflozin, vs combination empagliflozin and linagliptin, a DPP-IV inhibitor, vs
placebo demonstrated that empagliflozin monotherapy reduced the severity on
NASH at 21 d in NASH mouse-models [62] . Furthermore, the combination of empagliflozin and linagliptin led to reduction in body weight and liver collagen
deposition i.e., fibrosis indicating a probable synergistic effect upon coadministration[62]. The E-LIFT trial which involved patients with T2DM and NAFLD,
showed that empagliflozin in addition to standard diabetes management causes a
significant reduction in liver fat content and ALT and a non-significant difference in
GGT and AST levels [63] . A subgroup analysis from the EMPA-REG trial showed
significant reduction in ALT independently of changes in HbA1c or body weight[64].

REMOGLIFLOZIN
Mice placed on a high fat diet for 11 wk followed by administration of remogliflozin
or placebo for 4 wk resulted in significant reduction of ALT and ALT levels. Both liver
weight and hepatic triglyceride content were significantly reduced. Furthermore,
when compared to canagliflozin and dapagliflozin, remogliflozin had a significantly
higher effect with regards to oxygen radial absorbance capacity. This study
demonstrated that remogliflozin had clear significant effects on mice with NAFLD
and NASH[65]. Similar studies are yet to occur in humans.

LUSEOGLIFLOZIN
Mice models receiving streptozotocin and nicotinamide to reduce insulin secretion
followed by administration of luseogliflozin or placebo exhibited reductions in ALT
levels along with reduction in the increase of collagen deposition in the treatment
group[66]. A human-based study in which luseogliflozin was compared to metformin
in patients with type 2 diabetes and NAFLD demonstrated significantly lower liverto-spleen ratio, visceral fat, HbA1c, and BMI with luseogliflozin after 6 months of
use[67]. Another prospective study showed significant reductions in ALT, AST, BMI,
and GGT levels after 24 wk of therapy in patients with T2DM and NAFLD[68].

POTENTIAL ANTITUMORIGENIC EFFECTS OF SGLT2I
One of the dreadful complications of NAFLD is the development of HCC, which
appears to be increasing[69], regardless of the presence cirrhosis. One in vitro study
showed that the effects of canagliflozin on HCC showing effects that include
antiproliferation, cellular arrest, and apoptosis of cancer cells[70]. Such effects were also
shown to decrease HCC tumor burden in a murine xenograft model of human HCC.
Interestingly, those effects were glycemic-state independent[70]. Although the data
supporting the antitumorigenic effects of SGLT2 inhibitors is limited, it is potentially a
promising medication in preventing HCC in patients with NAFLD. Since normal and
cancer colonic tissue express SGLT2, in one case report of colon cancer with liver
metastasis, treatment with dapagliflozin in combination with cetuximab showed
substantial response to therapy[71]. Although such results remain in need of validation,
they show the potential of SGLT2 inhibitors in the carcinogenesis that could not only
be HCC-specific.

ADVERSE REACTIONS DUE TO SGLT2 INHIBITORS
There have been a few reported side effects with regards to SGLT2 inhibitors use,
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namely vulvovaginal candidiasis and urinary tract infections [72] , hypotension [73]
through osmotic diuresis causing hypovolemia, acute kidney injury [74] likely
secondary to hypoperfusion of the kidneys in the setting of hypovolemia, bone
fractures[75], increased risk of amputation[76], and euglycemic diabetic ketoacidosis[77].
Although the mechanisms of SGLT2 inhibitors ketoacidosis is not fully understood,
the food and drug administration (FDA) has recognized it as an important side effect
to watch for, especially in patient with type-1 diabetes mellitus[78]. Monitoring of
kidney function is essential during treatment particularly in those taking concomitant
diuretics and other medications that predispose to hypovolemia and acute kidney
injury[79]. A major potentially lethal rare consequence of SGLT2 inhibitors use is the
development of Fournier’s gangrene. However, it has only been reported in 12 cases,
but was serious enough the FDA issued an official warning statement for clinicians to
be aware of[80]. Further, it is important to acknowledge that SGLT2 inhibitors were
only FDA-approved as recently as 2013[81], and as such there is ongoing research for
their long-term safety profile[79] (Table 1).

CONCLUSION
Limited pharmacologic options with proven efficacy makes the treatment of NAFLD
challenging. Apart from weight-loss, there are few pharmacologic treatment options.
However, recent emerging evidence of the use of SGLT2-inhibitors in patients with
NAFLD is promising. Those agents have shown to improve levels of serum
transaminases, decrease steatosis, prevent cirrhosis and HCC, and reduce body
weight. They are also gaining wide popularity due to their anti-diabetic effect and
potential cardiovascular benefits. However, prior to establishing the use of those
agents clinically, further studies including randomized controlled trials should be
conducted.

WJH

https://www.wjgnet.com

568

July 27, 2019

Volume 11

Issue 7

Dokmak A et al. SGLT2 inhibitors in NAFLD

Table 1 Sodium-glucose co-transporter inhibitors and their use in non-alcoholic fatty liver disease
SGLT2
ALT
inhibitor

AST

GGT

Bilirubin BMI

Steatosis

Inflammation

Fibrosis HCC

Adverse Study
Ref.
effects
organism

Canagliflozin

↓

↓

↓

↑

↓

↓

↓

↓

↓

Urogenital Human
tract
fungal
infections,
DKA,
amputations, bone
fractures

Ipragliflozin

↓

-

-

NR

↓

↓

↓

↓

NR

Urinary
tract
infections

Dapagli- ↓
flozin

↓

↓

NR

↓

↓

↓

NR

NR

Urogenital Human
tract
infections,
bladder
cancer,
DKA,
amputations

Empagliflozin

↓

-

-

-

↓

↓

↓

↓

NR

Genital
Human/
tract
Mouse
infections,
DKA

Remogliflozin

↓

↓

NR

NR

↓

↓

↓

NR

NR

Urogenital Mouse
tract
fungal
infections

↓

↓

NR

↓

↓

↓

↓ or -

NR

Vaginal
itching,
dehydration

Luseogl- ↓ or iflozin

Human/
Mouse

Human/
Mouse

[44,46,76]

[49,51]

[59,61,76,81]

[62-64]

[65]

[66-68]

SGLT2: Sodium-glucose co-transporter 2; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gamma-glutamyltransferase; BMI: Body
mass index; HCC: Hepatocellular carcinoma; DKA: Diabetic ketoacidosis; NR: Not reported; ↓: Decreases; ↑: Increases; -: No change.
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Abstract
Three-dimensional (3D) printing has recently emerged as a new technique in
various liver-related surgical fields. There are currently only a few systematic
reviews that summarize the evidence of its impact. In order to construct a
systematic literature review of the applications and effects of 3D printing in liver
surgery, we searched the PubMed, Embase and ScienceDirect databases for
relevant titles, according to the PRISMA statement guidelines. We retrieved 162
titles, of which 32 met the inclusion criteria and are reported. The leading
application of 3D printing in liver surgery is for preoperative planning. 3D
printing techniques seem to be beneficial for preoperative planning and
educational tools, despite their cost and time requirements, but this conclusion
must be confirmed by additional randomized controlled trials.
Key words: Three-dimensional printing; Three-dimensional models; Liver; Surgery;
Hepatic phantom models
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Core tip: Three-dimensional printing is an emerging technology that seems to have useful
applications in various medical fields. The most thoroughly studied applications are in
medical education and preoperative planning. However, the financial and time
requirements for its use remain issues to be resolved. In this Minireview, we analyze the
uses of three-dimensional printing models which are reported in the literature, with
special emphasis on their role in surgical education in hepatic surgery.
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INTRODUCTION
Three-dimensional (3D) printing is a rapid prototyping additive manufacturing
technology that offers the opportunity to create numerous artificial parts and objects,
made of different materials with various mechanical and physical properties[1,2]. The
first 3D printed object was reported by Hideo Kodama in 1982. Since then, the
technological aspects of 3D printing procedures have achieved an exponential
development rate and, nowadays, big specialized companies, as well as individuals
with their personal printers, can construct a variety of 3D objects, ranging in cost and
quality depending on their intended use. 3D printing is an emerging technological
achievement that could be deployed for a variety of applications in many medical
fields, such as preoperative planning and medical education. This state-of-the-art
technology displays certain advantages against older techniques, and seems to
overcome some existing limitations, although there are still some drawbacks to be
resolved[3-5]. 3D printed models seem to be capable of satisfying the needs for tactile
and spatial perception of human anatomical structures[6,7]. Thus, they can be used to
create 3D organ models for spatial and anatomical understanding, so that surgeons
can achieve a better preoperative plan and prepare their surgical manipulations on
3D, graspable models[4,6]. 3D printing also provides optimized strategies for device
testing[6] and serves educational purposes[8-10]. One of the most prominent medical
applications of 3D printing is the development of medical devices and instrumentation [4,9] . 3D printing appears to be a significantly useful and cost-effective
technique compared to traditional cadaveric models. Surgeons can have an accurate
optical and tactile sense of the structures, and perform complex operations on
them [6,11,12] . Moreover, the use of additive manufacturing technologies in tissue
engineering has been recently explored with revolutionary results. Many materials
are used to fabricate a scaffold and then print functional cells onto it in order to mimic
human tissue, which is a process called bioprinting[13,14].
Liver diseases, and especially those requiring surgical interventions, have led the
way for the implementation of 3D printing techniques for many applications. Liver
resection is the “gold standard” procedure in liver cancer that guarantees successful
treatment. Despite technological improvements, liver resections remain a challenging
area, especially for young surgeons. Although the knowledge of liver anatomy is
essential for safe surgical resections, there are many anatomical variations. To perform
an accurate hepatic resection, knowledge of the anatomical relationships among the
branches of Glisson’s sheath, the hepatic veins and the tumor is crucial[15]. Magnetic
resonance imaging (MRI) and computed tomography (CT) are conventional
diagnostic methods that estimate the location of the lesions and their relationship with
neighboring structures, and also provide 2-dimensional images. Virtual and
Augmented Reality tools can possibly offer a more comprehensive alternative for 3D
visualization, but still lack the ability to provide tactile feedback. Advanced
navigation systems during liver resections can provide us with some help, but they
demonstrate numerous limitations while maintaining a relatively high cost[16]. 3D
printing techniques provide an effective solution for preoperative planning, by
creating precise, patient-specific, graspable, 3D printed models of organs and lesions
based on imaging data. While liver surgery can be challenging, and requires technical
excellence and experience, implementation of a 3D printed pre-operative model seems
to be very promising[13]. The implementation of 3D objects in medical education and
surgical training also seems promising, as it provides live models that the trainees can
handle and better comprehend[17,18]. In the present study, we analyze the studies that
report the applications and the outcomes of 3D printing technologies in liver surgery,
with special emphasis on preoperative planning and surgical education.

BASIC PRINCIPLES OF 3D PRINTING
3D printing is similar to conventional inkjet printing. It is a process of layering a
material that initially has polymeric properties (or reaches a fluid state through heat),
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horizontally deposited and solidified, either by cooling or by ultraviolet light
irradiation, to eventually create a complete 3D model. Every horizontal section of the
final printed product closely resembles the way images of an axial or magnetic
tomography are acquired. In 3D printing, instead of having a detection level that
records the different densities corresponding to the different web structures between
the irradiation head and its recorder, the print head composes an artefact in three
dimensions.
The resemblance of how a printed item is created by the process of reconstituting a
CT scan helps physicians' understanding of both the printing process and its necessity
in both medicine and surgery. CT and MRI scans are the most frequent preoperative
examinations performed during the investigation of many pathological conditions,
and guide the treating physician in finding the optimal therapeutic approach.
However, the nature of CT is completely different from the 3D reality, and the
physician's perception is constrained by the two-dimensional representation of
sequential tomography images, which often result in the erroneous assessment of an
existing disease state. CT and MRI data files (Digital Imaging and Communications in
Medicine, DICOM format) were usually stored in CAD software (©Google sketchup).
After isolating the relevant structures in each image set, 3-D volume reconstruction
was performed. The final model was saved in the STL format. This extension STL
supported the visualization of the model as a fully rotated virtual 3-D representation
(360° on the x, y and z axes). A physical model of the processed 3-D digital model was
created by a 3-D printer using commercially available polymeric filament materials. In
all studies, “Digital Imaging and Communications in Medicine” (DICOM) files from
MRI or CT tomography are reconstructed using computer-aided design (CAD)
drawings software. Digital 3-D objects are sent to a 3-D printer, and 3-D models are
then ready for use[3] (Figure 1).

LITERATURE REVIEW
We performed a thorough review of the literature in accordance with PRISMA
statement guidelines, using the PubMed, Embase and ScienceDirect indexing
databases[19]. “3D printing”, “three-dimensional printing” and “rapid prototyping”, in
combination with “liver”, “hepatic” or “surgical”, were used as search terms to
identify relevant titles. We included only original papers written in English and
published between January 2008 and August 2018. Moreover, we excluded the
semantically irrelevant studies that did not refer to the use of 3D printing in liver
surgery, based on the content of the abstract and the full text. The studies involving
non-human subjects, as well as those referring to 3D bioprinting, were also excluded
(Figure 2).

CURRENT STATUS AND CHALLENGES OF 3D PRINTING IN
HEPATIC SURGERY
Data extraction and appraisal
The initial search retrieved 162 titles. Two expert reviewers screened the papers
independently, and after the removal of studies not meeting the inclusion criteria, 32
full-text papers were included (Figure 2). All included papers refer to 3D printing
applications strictly related to liver surgery. Characteristics, such as the study type,
the field of application, the study setting, the clinical or practical outcome and the
time and cost required, were extracted and are presented (Table 1).
Preoperative planning is the leading application of 3D printing technology. Fifteen
of the 32 studies refer to the utilization of 3D printed organs, based on the patients’
CT and MRI imaging data, to establish a better understanding of the lesions and the
surrounding structures pre-operatively [16,20-33] . Ten studies refer to the use of 3D
printed objects for educational uses[28,32,34-41], while seven studies describe and evaluate
the technical properties of 3D printed models[34-36,42-45]. Other uses of 3D printing
techniques account for six of the included studies[32,46-50]. Additionally, 20 of the studies
were case reports, reporting the use or the properties of one 3D printed model, while
seven were case series, involving more than one object. There were a limited number
of cohort studies and randomized controlled trials (RCT), constituting only seven and
four of the included studies, respectively. Cohort studies quantitatively explore the
characteristics of a group of 3D printed models or of a cohort of patients/trainees
where a 3D printing method is employed. RCTs compare the outcome (clinical or
educational) of a 3D printing method to another conventional one. Some of the
studies described more than one application field using different study designs, and
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Figure 1

Figure 1 Long way from bedside to three-dimensional printed objects.

thus are included in more than one category. The results are summarized (Table 2).

Principles of function, and requirements of 3D printing
In the majority of the cases, 3D printers are “fed” with real patients’ data obtained
from CT and MRI imaging files. In particular, 26 of the 32 studies used CT-derived
images as the pool of data for the printer. In four of the 26 cases, the use of MRI
imaging was included. One study did not clarify the source of the 3D model’s data,
while the remaining five studies used alternative sources of data. The segmentation of
the images, and the conversion of the data to a “3D-printer-friendly” format, is a timeconsuming procedure, lasting from a few hours to a few days, and can be performed
by a variety of different software systems[18]. An .STL file, which is compatible with
the majority of 3D printers, is produced. The printer uses the .STL file to construct a
3D artificial object, which simulates the shape of the individual’s structures with
precision. There is a variety of different 3D printers, each one compatible with specific
fabrication materials, selected according to the desired application. Both conventional,
personal 3D printers and professional, sophisticated 3D printing systems from big
companies were used. Printing time can also be time-consuming. Different structures,
such as the biliary tract, gallbladder, vessels, parenchyma and tumor, are
manufactured with different materials and colored in different colors, a procedure
often performed manually. In most cases, the parenchyma is transparent to allow
visibility of the inner structures, while in some cases it is not printed at all. Depending
on the system employed, the materials used, the size and the complexity of the
printed object, the time necessary for segmentation, conversion and printing, as well
as the economic cost can vary substantially[13,17,18]. Eighteen studies do not provide
clues about the time required, and 14 studies do not refer to the cost of printing.
Neither the cost, nor the time requirements are included in 11 of the studies. The
economic data and time information from the rest of the studies are inhomogeneous
and of poor quality. We can roughly say that the whole procedure time ranges from 13 d, although there are many factors that determine this variable, and significant
deviations are observed[28,38]. The cost also displays a wide range, depending on the
method used and the size of the object. Seven studies use more economical settings at
a cost of around $100, four studies reach a cost of approximately $400-$600, and four
studies use high accuracy materials and techniques that exceed the cost of $1000
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Figure 2

Figure 2 PRISMA statement chart.

(Table 1). However, there are also numerous factors, such as the cost of the dyes, the
materials and the handmade work cost, that can drastically affect the cost and are
vaguely explained in most of the studies.

Preoperative planning
Preoperative planning is the most popular application of 3D printing in liver surgery,
and is referred to in 15 (47%) of the studies. The authors describe the potent use of 3D
printed models of the patients’ organs in helping them better understand the lesions
and the surrounding structures, as well as plan a more efficient surgical strategy. The
individualized, artificially manufactured liver replicates hold many advantages, such
as the tactile feedback, the ability to distinctly demonstrate the different structures by
using different colors, and the ability to reveal small lesions that could be invisible
intraoperatively[22]. However, there are also drawbacks regarding the cost and the
time they require[13,18]. Eleven of the studies describe its use in tumor resection and
partial hepatectomy, while in one of them it is mentioned that the surgery was
abandoned, as the 3D printed model revealed that the tumor was unresectable[32]. One
study describes the use of 3D printing for reducing the radiation dose and detecting
small tumors[27], while three studies exhibit the usefulness of 3D printing in liver
transplantations[20,23,26]. The majority of the studies referring to preoperative planning
with 3D printing are case reports (13 of the 15 studies, 87%)[21-33], while there are also
two (13%) case series, one with six subjects (three organ donors and three LDLT
recipients), and the other with two[16,20].
Most of the studies report good results regarding the usefulness of 3D printing in
preoperative planning, although there is no objective evidence for any significantly
beneficial clinical outcome, as there are no RCTs that could compare the outcome of
these applications with the more traditional ones. Zein et al[19] was the first to describe
the application of 3D printing in liver surgery and the crucial field of transplantation.
This study employed 3D printed models to visualize the donors’ and recipients’
livers, and used them to both identify better anatomical landmarks and optimize
preoperative planning. It is mentioned that the mean errors of the measurements are
< 4 mm for the whole liver and < 1.3 mm for the diameter of the vessels. In 2014 and
2015, the number of publications concerning the use of 3D printing in preoperative
planning for liver surgery began to rise. There were three studies advocating the
beneficial role of 3D printing in partial hepatectomy for tumor removal[21,22,24], one
study testing these methods in pediatric patients with malignant tumors[25], and also
one study concerning transplantation[23]. Soejima et al[25] tried to use a 3D printed
model to simulate the liver of a 11-mo-old female receiving LDLT for biliary atresia
after a failed Kasai procedure, as well as the liver of the donor father. The results were
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Table 1 Report of studies referring to 3D printing applications in liver diseases
Authors[REF], year

Study type

Field of application

Imaging tools

Outcome

Zein et al[19], 2013

Case series

PP

CT and MRI

Accurate in providing liver
volume and size
measurement

[20]

Takagi et al

, 2014

Case report

PP, TP

CT

Reported reproducibility of
the model and possible future
aid to surgical procedures

Igami et al[21], 2014

Case report

PP

CT

Helpful in preoperative
planning. Detects small
tumors invisible with
intraoperative US

Watson[36], 2014

Case series

ET

CT and MRI

Ability of creating patientsimulated 3D printed

Baimakhanov et al[22], 2015

Case report

PP (transplantation)

CT

Helpful in preoperative
planning and surgical
training

Xiang et al[23], 2015

Case report

PP (hepatectomy for tumor)

CT

Helpful in preoperative
planning

Dhir et al[33], 2015

Cohort study

ET, TP

MRCP

Accurate understanding liver
anatomy

Souzaki et al[24], 2015

Case report

PP

CT

Assists surgical planning
understanding of the
anatomy

Soejima et al[25], 2016

Case report

PP

CT

Useful for small infants or
neonates Realistic liver graft
that is helpful in optimizing
the procedure

Leng et al[26], 2016

Case report

PP

CT

Could be useful in reducing
radiation dose and detecting
small liver lesions

Kong et al[35], 2016

RCT, Cohort study

ET, TP

CT

Αnatomy teaching and
significantly improved
knowledge

Kong et al[34], 2016

RCT, Cohort study

ET, TP

CT

Τeaching of hepatic segments

Burdall et al[41], 2016

Cohort study

TP

CR, MRI

Scored 5.6/10 for fidelity,
6.2/10 for complexity and
7.36/10 for usefulness. All
would suggest it and think it
is reproducible

Takao et al[42], 2016

Case series

TP

CT

High accuracy of 3D

Koganemaru et al[45], 2016

Case report

PP

CT

Successful embolization and
follow-up markers

Javan et al[37], 2016

Case series

ET

CT

Useful in comprehending
difficult anatomical
structures

Witowski et al[12,27], 2017

Case report

PP, ET

CT

Useful for planning
procedures like hepatic
resection and for educational
purposes.

Kuroda et al[15], 2017

Case series

PP

CT

Successful resection

Case report

PP

CT, MRI

Anatomical structures and
lesions were clearly
demonstrated

Oshiro et al[29], 2017

Case report

PP

CT

The surgical procedure was
easier, and the visibility of
small tumors was improved

Perica et al[17,30], 2017

Case report

PP

CT

Possible benefit in
preoperative planning and
intraoperative guidance

Andolfi et al[31], 2017`

Case report

PP ET, PE

VR

Clearer observations of the
relationship between the
mass and blood vessels

Trout et al[46], 2017

Case series

PP

CT, MRI

A new technique to
standardize hepatic
sectioning was used

liver models at low cost

[28]

Madurska et al
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Weng et al[47], 2017

Case report

PP, TP

CT, MRI

Positive comments from
relatives and experts

Choi et al[43], 2017

Cohort study

TP

CT, US

No significant difference in
tumor size was found
between the CT images and
3D model measured with US

Bücking et al[44], 2017

Case series

TP

CT

High accuracy in fidelity

Igami et al[32], 2017

Case report

PP

CT

The 3D printed model was
useful in determining the
resection line

Yang et al[48], 2018

Cohort study

PE

CT

Parental understanding of
basic liver anatomy

Li et al[38], 2018

RCT

ET

CT

The 1st group, trained with
the 3D printed model

Yang et al[39], 2018

RCT

ET

CT

Better understanding liver
anatomy

Javan et al[40], 2018

Case report

ET

CT, MRI

Abscess drainage, artery
embolization, and catheter
placement procedures were
well-exhibited

Tang et al[49], 2018

Case report

VR

CT

Navigation was effective,
although stability in tracking
was not satisfactory

3D: Three-dimensional; PP: Preoperative planning; ET: Education and training; PE: Patient education; TP: Evaluation of technical properties; RCT:
Randomized controlled trial; CT: Computed tomography; MRI: Magnetic resonance imaging; LDLT: Living donor liver transplantation; MRCP: Magnetic
resonance cholangiopancreatography; VR: Virtual reality; AR: Augmented reality; 2D: Two-dimensional; US: Ultrasound.

reported as encouraging. Leng et al[26] developed a method, involving 3D printed liver
models, to reduce radiation dose and detect small liver lesions. In 2017, there were six
original papers that described the beneficial effects of 3D printing in the preoperative
planning of liver surgeries[16,28-32], while no similar studies were published in 2018.
Although these studies clearly explain the concept of involving 3D printing in hepatic
surgery, and the opinions are expressed by prominent professionals, they have been
designed as case reports or case series, so it is therefore impossible to objectively
compare their results to another preoperative planning method. Moreover, there is
insufficient information in most of the studies concerning the time and cost
requirements that would allow for the accurate evaluation of their overall efficiency in
the context of these two critical factors.

Education and training
Both student education in liver anatomy and resident training in liver surgical
techniques with the use of 3D printed models are the second most widely studied
application. Ten studies refer to this field, five of which were designed as case reports
or case series [28,32,37,38,41] , one was an observational cohort study [34] and four were
RCTs[35,36,39,40]. The case reports and case series state that 3D printed models could help
in both the understanding of liver anatomy and surgical training, but fail to provide
objective evidence. Dhir et al[33] was the first to use 3D printed liver models to train a
cohort of 15 individuals in EUS-guided biliary drainage (EUS-BD) and, moreover, to
measure the educational outcomes. The success rates were: 100% for needle puncture,
82.35% for wire manipulation and 80% for stent placement. However, the more
experienced trainees were found to score lower in stent placement. This may be
attributed to the small sample size that may not have supported safe comparison
tests. Two RCTs were published in 2016[35,36], and two in 2018[39,40], comparing the
educational impact of 3D printing to more conventional strategies. Kong et al [34]
randomized 61 medical students into three cohorts: the 1st was trained in 3D printed
models, the 2nd in 3D virtual models on computers and the 3rd in traditional anatomy
atlases. The results favored both 3D printed and virtual models against the traditional
atlases. However, the sample was small, and there was no cost analysis to the use of
3D printing against 3D virtual methods. In another study that same year, Kong et al[35]
randomized 92 students into four groups, and trained them in different settings: The
1st was trained on a 3D printed model with hepatic segments without parenchyma, the
2nd on a 3D printed model with hepatic segments with transparent parenchyma, the 3rd
on a biliary tract model with segmental partitions and the 4th on traditional anatomic
atlases. In general, the 3 rd group was found to have better results, although the
samples in the randomized groups may also lack enough statistical power. Li et al[38]
tried to use 3D printed models against virtual, computer-based 3D models in order to
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Table 2 Cross-tabulation of the study characteristics
Type of study
Field of application

Sum
Case report

Case series

Cohort studies

RCT

Preoperative planning

13

2

0

0

15

ET

3

2

1

4

10

TP

0

2

5

0

7

Other

4

1

1

0

6

Sum

20

7

7

4

ET: Education and training; TP: Evaluation of technical properties; RCT: Randomized controlled trial. Five of
the studies belong to more than one application group, and they display different study types for each
application, thus belonging to more than one cell.

train 20 individuals in choledochoscopy. Although the randomized sample was also
small, the design was sophisticated, and the results showed 3D printed models to be
superior. Yang et al[39] evaluated the educational impact of 3D printed models against
3D virtual models and CT-based tools, and found them to be superior. These studies
provide significant evidence that 3D printing could be applied in education and
training in liver surgery, although they may have some methodological weaknesses.

Evaluation of technical properties
There are also a number of studies that aim to evaluate the technical properties of 3D
printed models, such as their accuracy in simulating the real organ. There are seven
published studies, two of which are case series[43,45] and five of which are observational
cohort studies[34,36,36,42,44]. The case series mention high accuracy and fidelity of the 3D
printed models when compared with the CT-derived models. Choi et al[43] printed 20
CT-based 3D livers with tumors, and measured the sizes of the anatomical structures
with US. The results were not significantly different from those derived from CT,
indicating high accuracy. Burdall et al[41] constructed a liver-like base with a cuboid
slot in which a sponge with a green balloon, simulating the gallbladder, was placed.
This setting was evaluated by ten trainees for its possible educational effect, and
scored high for fidelity, complexity, usefulness and reproducibility. Dhir et al[33], Kong
et al[34] and Kong et al[35], except for measuring the differences in the educational impact
between the different cohorts of trainees, also employed independent teams of experts
to quantitatively evaluate the settings. The results showed 3D printed models to be
equal to or more satisfactory than computer-based virtual 3D models, and better than
older, traditional strategies.

Additional applications
Additional uses of 3D printing in liver surgery are described in six studies. Andolfi et
al[31] and Yang et al[48] describe the effect 3D printed liver models can have on patient
education. They can enlighten the patients about their condition, and contribute to the
facilitation of a better understanding and patient-physician collaboration. Tang et al[49]
proposes the use of 3D printed models when training in AR-assisted endoscopy.
Although the setting and equipment were described thoroughly, there were no
quantitative variables in the study that could measure the benefit of this method.
Weng et al[47] describes an alternative use of 3D printing. 3D printed objects were used
to replace the heart, the kidneys and the liver of a brain-dead patient whose organs
were removed for transplantation. In this study, the motives and the relevant ethical
issues are explained, as well as the cost and the procedure. Koganemaru et al [45]
reported the use of a CT-based, 3D printed copy of a portacaval shunt following
transplantation, to better understand the complication and decide the embolization
technique and material. Additionally, Trout et al[46] described a 3D printing-based
technique for applying better sectioning to explants, resulting in better pathology
results.

Impact of 3D printing technology in the era of hepatobiliary surgery
In this systematic review, we analyzed and reported the findings of 32 original studies
concerning the role of 3D printing models in liver surgery. As indicated from the
literature, 3D printing has already been applied to a variety of relevant fields, with
preoperative planning as the one most commonly reported. The second most
encountered application is for educational and training purposes. The remaining
studies evaluate the technical aspects of 3D printed models, or refer to some less
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frequent uses. 3D printed models of patients’ livers have been found to be useful in
preoperative planning, as they provide a more realistic view of the lesion and the
surrounding anatomical structures, a conclusion shared by other reviews as well[13,15,18].
These models can also offer the ability to interact with a graspable object, so that
surgical manipulations can be tested, in contrast with 3D visualizations based on a
computer setting. Although virtual and augmented reality techniques can also
provide tactile feedback, they lack fidelity with the current equipment available[50].
The most common type of surgery was partial hepatectomy for the resection of
malignant tumors, while three studies applied 3D printing methods in LDLT[20,23,26].
The application in transplantation seems to be extremely helpful, as it can provide
models for both donor and recipient livers, thus enabling the surgeon to better
understand the crucial landmarks and structures, as well as better prepare for the
procedure and avoid the large-for-size syndrome[26]. Education offers a great field for
3D printing applications, as the innovative technology can address the need for high
quality visualization of the interior, tactile feedback and reproducible models. 3D
printed copies are used both in anatomy teaching and for providing tools for training
in advanced interventions, such as choledochoscopy. Some studies have evaluated the
accuracy and reproducibility of 3D printed models in a positive manner. Remarkably
interesting are some rarely encountered uses of 3D printing in liver surgery, such as
its use in filling the hollow cavities of brain-dead patients after the removal of their
organs, or its involvement in a novel technique for better sectioning of explants for
pathology purposes[47,48]. These are examples of the numerous yet unknown uses of
such techniques and technologies, and can lead the way for further exploration.
Although 3D printing exhibits significant advantages, there are certain drawbacks
that may undermine its wide use. The large eco nomic cost and the extended time
required for printing are often referred as such in the literature[13,31]. Unfortunately,
these types of information are inadequately reported in the included studies, and
when they do, there are numerous factors that can significantly affect these
parameters, which are rarely explained. As far as the cost is concerned, the price for
printing one model starts at around $100 and can exceed $1000. However, the printing
technique and the printer, the fabrication materials used, and the size of the model
can drastically change the cost. Moreover, in some studies, the printing is assigned to
third specialized companies, which may include extra costs in the final price
(branding, shipping costs) or make marketing discounts. In some studies, the lesions,
biliary tract and vascular structures are printed, but not the parenchyma, not only for
educational/clinical reasons (touching the structures), but also to reduce the cost. In
terms of time, it seems that not only the printing procedure itself is a time-consuming
process, but so are the preliminary stages of image segmentation and data conversion
to a printer-compatible format. The size of the model, the desired quality and the
software used determine the needed time.
Our findings are in agreement with the conclusions of other relevant reviews.
According to our search, there have been four reviews analyzing the use of 3D
printing in liver pathology[13,17,18,51,52]. Three of the reviews include less than or equal to
19 studies[17,18,51,52], while Witowski et al[12] also includes articles referring to 3D tissue
bioprinting. One review was published in 2016, two in 2017 and two in 2018. In the
current review, 32 original papers were included, which makes it the most
comprehensive review in this rapidly developing field. One of the limitations of this
review is that the majority of the studies included were case reports or case series,
while there were only few observational cohort studies and RCTs. The observational
cohort design was mainly used in studies that evaluated the technical properties of
the models. In most cases, a group of experts evaluated specific variables of the
models, such as their accuracy, their potential usefulness (according to the evaluators’
subjective judgement) or their reproducibility. In these studies, the scores of the
various models were not compared to other standardized, gold-standard techniques[34-36,42,44]. On the contrary, the included RCTs evaluated the effect of 3D printed
models against other conventional methods, such as 3D visualizations on computers
or CT imaging, mostly in the field of educational applications[35,36,39,40]. However, even
these papers, which constitute the most robustly designed studies, contain small
sample sizes that fail to add statistical power to the tests used. All of the studies
referring to preoperative planning are case reports or case series, reporting the
subjective evaluation of the experts using these models in single cases. This can at
least partly be explained by the fact that an RCT would require many different,
individualized 3D printed models of the livers of the intervention cohort, which
would be discouragingly costly. Moreover, even if an RCT with sufficiently large
samples could show the clinical benefit of 3D printing, we would also have to assess
the cost of the intervention in order to conclude, not only if it is an effective method,
but also if it constitutes a cost-efficient and massively applicable one. More RCTs are
needed that will show the possible superiority of 3D printing methods against more
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conventional ones, and will extensively report the time and cost aspects. This
thorough evaluation of 3D printing technology, and its medical and surgical
applications, is critical, as the key question remains whether this impressive,
innovative technology will actually benefit our patients and their families. As we are
at the dawn of this new technology, we expect to continue seeing new evidence and
expanding our knowledge.

CONCLUSION
3D printing is a novel technique that has applications in several liver surgical
conditions. Most published studies refer to its use in preoperative planning and
education. Although the advantages it offers seem numerous, the cost and time
required for the whole process is currently an important issue. As this technology has
emerged recently, we can speculate that these drawbacks will be resolved in the
future so that these methods will be widely accessible and better explored.
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BACKGROUND
Acute liver failure (ALF) is a life-threatening syndrome with varying aetiologies
requiring complex care and multidisciplinary management. Its changing
incidence, aetiology and outcomes over the last 16 years in the Australian context
remain uncertain.
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AIM
To describe the changing incidence, aetiology and outcomes of ALF in South
Eastern Australia.
METHODS
The database of the Victorian Liver Transplant Unit was interrogated to identify
all cases of ALF in adults (> 16 years) in adults hospitalised between January 2002
and December 2017. Overall, 169 patients meeting criteria for ALF were
identified. Demographics, aetiology of ALF, rates of transplantation and
outcomes were collected for all patients. Transplant free survival and overall
survival (OS) were assessed based on survival to discharge from hospital. Results
were compared to data from a historical cohort from the same unit from 19882001.
RESULTS
Paracetamol was the most common aetiology of acute liver failure, accounting for
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50% of cases, with an increased incidence compared with the historical cohort (P
= 0.046). Viral hepatitis and non-paracetamol drug or toxin induced liver injury
accounted for 15% and 10% of cases respectively. Transplant free survival (TFS)
improved significantly compared to the historical cohort (52% vs 38%, P = 0.032).
TFS was highest in paracetamol toxicity with spontaneous recovery in 72% of
cases compared to 31% of non-paracetamol ALF (P < 0.001). Fifty-nine patients
were waitlisted for emergency liver transplantation. Nine of these died while
waiting for an organ to become available. Forty-two patients (25%) underwent
emergency liver transplantation with a 1, 3 and 5 year survival of 81%, 78% and
72% respectively.
CONCLUSION
Paracetamol toxicity is the most common aetiology of ALF in South-Eastern
Australia with a rising incidence over 30 years. TFS has improved, however it
remains low in non-paracetamol ALF.
Key words: Liver failure; Acute; Paracetamol; Australia; Victoria; Liver transplant
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Acute liver failure (ALF) is a life-threatening syndrome with varying
aetiologies based on geographic location. Paracetamol is the most common cause of ALF
in South Eastern Australia with a rising incidence over 30 years. Despite this,
transplantation for paracetamol induced ALF is lower than other large centres at 4% with
a comparable overall survival. Non-paracetamol ALF however portends a poor prognosis
with less than one third surviving without emergency liver transplantation.
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INTRODUCTION
Acute liver failure (ALF) is a clinical syndrome characterised by severe liver injury
associated with the development of coagulopathy and hepatic encephalopathy in the
absence of known pre-existing liver disease[1]. The causes of ALF differ markedly
based on geographic location[2]. In developing countries viral hepatitis is the most
common aetiology, whereas in the developed world, the majority of ALF cases are
due to paracetamol poisoning and / or other drug reactions[3-5].
Historically, ALF was associated with low rates of spontaneous survival and in
regions with transplant programs, the majority of eligible patients underwent
emergency liver transplantation (ELT)[6]. However, more recently, transplant-free
survival (TFS) has improved[3,7,8]. In the United States, rates of liver transplantation for
ALF have been reported to be as low as 20% with an overall survival to hospital
discharge of 75%[8]. For non-paracetamol aetiologies, however, TFS is less than 30%,
and ELT has an established survival benefit[9]. In contrast, for paracetamol induced
ALF, TFS is much higher and the survival advantage of transplantation is less clear [10].
The Victorian Liver Transplant Unit (VLTU) provides liver transplantation and
quaternary hepatology services for a population of 6.7 million in South-East Australia,
representing 27% of the total Australian population[11]. Essentially all cases of ALF are
referred to the VLTU, with only very few patients either not referred or dying prior to
transfer. King’s College Criteria is used to determine suitability for liver transplantation.
The primary aim of this study was to report the aetiology, incidence and outcomes
of all adult cases of ALF presenting to the VLTU over the last 16 years. Our secondary
aim was to compare current data to historical data by the same unit [12] . We
hypothesised that the incidence and underlying causes of ALF across the population
would be unchanged, but that outcomes would be improved despite relatively low
utilization of ELT.
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MATERIALS AND METHODS
All adult patients with ALF aged greater than 16 years managed at the VLTU between
January 01, 2002 and December 31, 2017 were included in this study. ALF was defined
as acute liver injury with the development of coagulopathy and hepatic
encephalopathy within 26 wk of onset of symptoms, in the absence of known chronic
liver disease[13]. Data were extracted from the VLTU database for comparison with a
previously published historical cohort[12]. Patients with previous liver transplantation
and primary non-function of the graft were excluded.
Information was collected from the unit database and crosschecked against medical
records. The aetiology of ALF was determined by the treating team based on clinical
history, paracetamol levels, viral and autoimmune serology, metabolic testing and, if
available, histology from liver biopsy or explant specimens. Indeterminate ALF, also
known as non-A non-B hepatitis or seronegative hepatitis, was diagnosed when all
other aetiologies had been excluded.
Demographics, aetiology of ALF, rates of transplantation and outcomes were
collected for all patients. Transplant free survival and overall survival (OS) were
assessed based on survival to discharge from hospital. Patients who recovered
without the need for liver transplantation were typically discharged back to the care
of the referring health service and therefore, long-term outcomes are unknown.
Medical records of patients who undergo liver transplantation, however, are regularly
updated and were used to calculate post-transplant survival.
This study was approved through the Austin Health Human Research Ethics
Committee.

Statistical analysis
The incidence of ALF was calculated based on annual local population data available
from the Australian Bureau of Statistics. Where data was normally distributed (by
Shapiro-Wilk analysis), two-tailed student t-tests were used to compare for
significance. Data not meeting normality criteria were reported as median (IQR) and
compared using the Mann-Whitney U test. To assess differences in endpoints and
changes in aetiology over time, data were first analysed by comparison of the two
cohorts, and then as a continuous set. For categorical data, comparison was made
using chi-square test. Time-series analysis was completed using linear regression.

RESULTS
Records of 221 patients who had a diagnosis of acute liver injury on the liver
transplant database were reviewed. Twenty-one patients were excluded due to the
absence of hepatic encephalopathy. Twenty-two cases were excluded as they had
underlying cirrhosis with acute decompensation and four cases because they had
been transplanted at other centres. Five patients were excluded because they suffered
ALF secondary to primary graft non-function after liver transplantation for non-ALF
indications.
One hundred and sixty-nine patients met the inclusion criteria. One hundred and
thirty-two cases (78%) were female and 37 (22%) were male. The median age at
presentation was 41 years[31;52] for females and 37 years[27;49] for males. The
median rate of referral over the study period was 9 cases per year, or 1.6 cases per
million population per year. Twenty-two patients (13%) presented directly to our
centre, 118 cases (70%) were referred from other metropolitan hospitals and 29 (17%)
from regional and rural hospitals. One hundred and fifty-seven patients (92.9%)
required support in the intensive care unit during their admission.

Aetiology
Paracetamol toxicity was the most common cause of ALF accounting for a total of 84
cases (50%) (Table 1). The median rate of paracetamol induced ALF referred to the
centre over the 16-year study period was 0.7 cases per million population per year[11].
Non-paracetamol drug or toxin induced liver injury was the cause of ALF in 17
patients (10%). Viral hepatitis was the cause of ALF in 26 cases (15%). This included
20 cases of fulminant hepatitis B virus (HBV) infection and two from reactivated
chronic HBV following systemic chemotherapy. Hepatitis A virus (HAV) was
identified in four cases. Other viral aetiologies included herpes simplex virus-2 (HSV)
and varicella zoster virus both in isolated cases.
Fulminant autoimmune hepatitis was diagnosed in nine patients (5%). The
diagnosis was made based on a combination of positive auto-antibody testing,
elevated IgG levels and histology results either during the episode of ALF or after
recovery. ALF secondary to malignancy was identified in four patients. Veno-
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Table 1 Drugs and toxins implicated in cases of acute liver failure managed at the Victorian
Liver Transplant Unit from 2002-2017
Cases of ALF

Waitlisted for ELT

ELT

(n = 101)

(n = 21)

(n = 13)

Paracetamol

84

11

3

Antibiotics

4

2

2

Infliximab

2

2

2

Illicit drugs

4

1

1

NSAIDs

1

1

1

Amanita phalloides

1

1

1

2

2

2

3

1

1

Drug/Toxins

Amoxicillin/clavulanate (2), clarithromycin, isoniazid

LSD, injected buprenorphine, amphetamines, MDMA

Herbal medicines
Black cohosh herb, kava kava
Other
Moxonidine, fenofibrate, chlorambucil

ALF: Acute liver failure; ELT: Emergency liver transplantation; NSAIDs: Non-steroid anti-inflammatory
drugs; LSD: Lysergic acid diethylamide; MDMA: Methylenedioxymethamphetamine; NSAIDs: Non-steroidal
anti-inflammatory drugs

occlusive disease caused ALF in one case following allogeneic stem cell transplantation. Wilson’s disease was the cause of ALF in two cases. Severe ischemic
hepatitis due to hepatic artery injury and extensive portal vein thrombosis resulted in
ALF in four patients.
ALF occurred in five patients during pregnancy. Aetiologies included acute fatty
liver disease of pregnancy, HSV hepatitis and pregnancy-precipitated liver failure
from a urea-cycle disorder[14]. Unintentional paracetamol poisoning causing ALF
occurred in two cases in the context of hyperemesis and malnutrition. One of these
cases presented with foetal death in utero in the third trimester of pregnancy,
however in all other pregnancies, the infants survived. Twenty-one cases (12%) were
classified as indeterminate ALF after exclusion of other aetiologies.

Survival
Over the study period the TFS was 52% and OS to discharge from hospital was 72%.
TFS was significantly higher in patients with paracetamol induced ALF at 74%
compared to non-paracetamol aetiologies at 31% (P < 0.0001). OS however did not
differ significantly at 77% and 67% for paracetamol and non-paracetamol aetiologies
respectively (P = 0.13). ALF caused by indeterminate hepatitis had the lowest TFS at
10%.

Transplantation
Fifty-nine patients (35%) were waitlisted for transplantation (Figure 1). Eight patients
improved and were delisted, however one subsequently died of sepsis. One patient
was delisted following an intraoperative finding of ischemic gut and eight patients
died while waiting for a donor liver (14%). 42 patients (25%) underwent liver
transplantation for ALF. Rates of liver transplantation were highest in patients with
indeterminate hepatitis at 67%. Only three patients with paracetamol induced ALF
were transplanted (4%).
After medical and psychosocial assessment, liver transplantation was contraindicated in 24 patients. Of these, fifteen cases were deemed medically unsuitable
for transplantation. Medical contraindications included uncontrolled sepsis, ischemic
bowel, intracranial events, active malignancy and known severe coronary artery
disease. Only three (20%) of these patients recovered and survived to discharge. Six
patients had psychiatric or psychosocial contraindications and three patients had
concurrent heavy alcohol intake rendering them unsuitable for transplantation.
Paracetamol was the cause of ALF in eight of these patients (89%). Four (44%)
recovered and were discharged from hospital.
For patients undergoing liver transplantation for ALF, 1, 3 and 5-year survival was
81%, 78% and 72% respectively. Seven patients (17%) died within 30 d of
transplantation. The aetiology of ALF for such patients included indeterminate
hepatitis (2), AIH (2), drug and toxins (2) and hepatic arterial injury leading to
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Figure 1

Figure 1 Flowchart of outcomes of patients meeting criteria for acute liver failure.

ischamic heptitis (1). Causes of death post operatively included sepsis in three cases,
cardiovascular or cerebral events in three patients and hepatic artery thrombosis in
one case.

Comparison over time
Compared to historical data published by the unit from 1988-2001[12]. there was no
difference in age at presentation or gender distribution (Table 2). Paracetamol
poisoning remained the most common aetiology over the two time periods. There was
a significant increase in the rate of paracetamol-induced ALF in this current data set
compared to the historical cohort (36% vs 50%, P = 0.046). When presented as
continuous data, linear regression analysis also identified a significant increase in
paracetamol-induced ALF per capita across the 30 years (R2 = 0.275; F(1,28) = 10.643, P
= 0.003) (Figure 2). Overall ALF referrals to the unit also increased significantly over
the time period (R2 = 0.178; F(1,28) = 6.074, P = 0.020). Comparing this dataset to
historical data (1988-2001) also identified no differences in rates of viral hepatitis.
TFS to discharge from hospital improved in the present study compared to the
historical cohort from 38% to 52% (P = 0.032). An improvement in TFS was observed
in both paracetamol toxicity (69% vs 74%, P = 0.614) and non-paracetamol aetiologies
(20% vs 31%, P = 0.160) although neither met significance (Table 3). Overall, there was
no statistically significant difference in hospital survival (63% to 72%, P = 0.122) or
transplantation rates for ALF (33% to 25%, P = 0.206).

DISCUSSION
This cohort study represents the largest modern series of patients presenting with
ALF in Australia. As the sole liver transplant unit responsible for a population of 6.7
million, the VLTU captured both the incidence and outcomes of this rare but lifethreatening syndrome. We identified paracetamol toxicity as the commonest cause of
ALF, responsible for 50% of presentations. We also found an increasing rate of
paracetamol induced ALF referrals to our centre over a 30-year period. Finally, we
found that transplant-free survival for both paracetamol toxicity and non-paracetamol
aetiologies has improved, but that spontaneous survival for non-paracetamol ALF
remains low. This is particularly the case for indeterminate hepatitis and nonparacetamol drug-induced liver injury, highlighting the need for early referral to a
transplant centre.
Our reported prevalence of paracetamol-induced ALF is similar to series from the
United Kingdom and United States with rates ranging from 37%-79%[3,4,15]. However,
of concern, this is the only cohort to show an overall steady increase in its incidence.
These results differ from local Victorian data demonstrating a decrease in hospital
admissions for non-ALF paracetamol poisoning from 2000 to 2007[16]. In the United
States, rates of ALF due to paracetamol poisoning have also fallen following the
introduction of paracetamol sales restrictions in 1998[3,17]. These regulations limited
pharmacy sales to a maximum of 32 tablets per pack. While restrictions in nonpharmacy sales of paracetamol have been in place in Australia since 2013, packets of
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Table 2 Demographics and aetiology of acute liver failure managed at the Victorian Liver
Transplant Unit in a historical cohort† compared to current series
1988-20011 (n =
80)

2002-2017 (n = 169)

n

n

%

P value

%

Referral rate2, median [IQR]

1.2 [0.6;1.6]

1.6 [1.3;1.7]

0.020

Age, yr, median [IQR]

36 [27.0;48.0]

40 [30.0;52.0]

0.168

Male

16

20.0

37

21.9

Female

64

80.0

132

78.1

0.733

Paracetamol

29

36.3

84

49.7

0.046

Viral hepatitis

11

13.8

26

15.3

0.734

Hepatitis B

8

10.0

20

11.8

0.669

Hepatitis A

3

3.8

4

2.4

0.538

Varicella zoster

0

0.0

1

0.1

0.491

Herpes simplex

0

0.0

1

0.1

0.491

Non-paracetamol drug/toxin

5

6.3

17

10.1

0.323

Indeterminate

27

33.8

21

12.4

<0.001

Autoimmune hepatitis

0

0.0

9

5.3

0.036

Other

8

10.0

12

7.1

0.432

Waitlisted for transplantation

35

43.8

59

33.5

0.179

Waitlist mortality

9

25.7

8

13.6

0.139

Liver transplantation

26

32.5

42

24.9

0.206

Transplant-free survival

30

37.5

88

52.1

0.032

Overall hospital survival

50

62.5

122

72.2

0.122

Gender

Aetiology

1

Gow et al[12], 2001;
Referral rate per million population per year. IQR: Interquartile range.

2

up to 100 tablets are still readily available in pharmacies. Risk factors for ALF from
paracetamol include prolonged fasting and malnutrition often resulting in inadvertent
toxicity [18] and combination pain relief products can also result in accidental
overdose[16]. Improved awareness and public health strategies to address these factors
may curtail this trend in life-threatening paracetamol toxicity.
Viral hepatitis was the second most common cause of ALF in this series. HBV
accounted for 12% of all cases of ALF with no change compared to the historical
cohort. This is in contrast to the declining incidence of HBV-induced ALF in other
developed countries[3,19,20]. This may in part reflect the fact that many older Australians
are still not vaccinated against the virus [21] . Also, Australia has high rates of
immigration from countries in Asia where HBV remains endemic. Fulminant flares of
HBV in the setting of inappropriately ceasing anti-viral therapy was a common
background scenario in this patient group. Additionally, two patients in this cohort
developed ALF from HBV infection during treatment of haematological malignancies
with systemic chemotherapy. In both cases, reactivation of HBV was fatal. This
emphasises the importance of early identification of patients at risk, monitoring and
prophylaxis with nucleoside analogues where appropriate[22].
Hepatitis A was the cause of ALF in just four (2%) of our cases. HAV vaccination is
not routine in Australia and is recommended only in high-risk populations including
men who have sex with men and travellers to endemic areas. However, outbreaks do
occur in a predominantly non-immune population[23]. Of note, three of the HAV
induced ALF cases occurred in the same year, coinciding with a large food-born
outbreak of HAV in Victoria [24]. While HAV and HBV were uncommon causes of
ALF, mortality and morbidity were high with less than 40% of this patient population
surviving without transplantation.
In this series we demonstrated that patients with paracetamol induced ALF have
high rates of spontaneous survival and are unlikely to require transplantation. Indeed,
rates of transplantation for paracetamol poisoning in this cohort are lower than
reported by other large centres at 8%-25% but with comparable overall survival[3,15,18].
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Figure 2

Figure 2 Rate of paracetamol induced acute liver failure per capita.

The role of ELT in paracetamol induced ALF has been questioned for more than 25
years[25]. King’s College Hospital have been the world leaders in defining patients with
paracetamol induced ALF who will die without transplantation and these criteria
have been debated and refined over the last 30 years[1,10,26-28]. More recently the King’s
group have questioned whether transplantation plays any role in paracetamol
induced ALF[28]. Our own policy is to consider transplantation only for the small
subgroup of patients who have progressive coagulopathy and hyperlactatemia
despite 48-72 hours of supportive treatment.
Over the 30-year period under review, TFS for ALF improved significantly. This
finding has been observed in other large cohorts[3,4,8,15]. Early recognition of ALF and
referral to specialised transplant centres may be one factor that has improved TFS.
Supportive care for ALF within intensive care units has also evolved. This is
particularly the case in the monitoring and management of cerebral oedema. For the
last decade, we have had a protocolised approach to the management of this patient
group with the aim of minimizing deaths from cerebral oedema. This combination
approach, termed “quadruple-H therapy” comprises hyperventilation, hypernatremia, hypothermia and hemodiafiltration [29] . This multimodal approach has
minimised the use of invasive intracranial pressure monitoring devices. Death
attributed to cerebral oedema occurred in just one patient (0.6%) in this series.
Despite improvements in supportive care, transplantation still plays a pivotal role
in this condition. Organ allocation in Australia is typically State based. However,
patients with ALF who are ventilated in intensive care are classified as a category 1
and are allocated the next suitable organ within Australia or New Zealand[30]. Despite
this approach, waitlist mortality remained high. There is often a brief window period
where patients with ALF can be transplanted before they develop refractory multiple
organ failure. Therefore, timely availability of a suitable donor organ for waitlisted
patients remains critical.
This is the largest Australian cohort to report on the changing incidence and
aetiology of ALF. We identified a concerning rise in paracetamol toxicity causing ALF.
However, despite the high incidence of paracetamol induced ALF, we report on our
very low use of ELT in this group of patients despite a comparable overall survival to
other large international centres.
This study has several limitations. Firstly, this is a retrospective study, which
interrogated prospectively recorded data. The diagnosis of ALF requires the presence
of hepatic encephalopathy, which relied on the adequate documentation of this
clinical finding in medical records. Additionally, these data did not include patients
who were treated at other centres. It is possible that death prior to transfer, suicidal
intent, substance abuse or significant comorbidities deemed unsuitable for
transplantation may have prevented some patients being referred to the VLTU.
In conclusion, paracetamol toxicity remains the most common aetiology of ALF,
with increasing rates over time, highlighting the need for public health measures to
reduce this preventable cause. TFS has improved which may reflect advances in
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Table 3 Outcomes of acute liver failure managed at the Victorian Liver Transplant Unit in a
historical cohort† compared to the current series
Aetiology

TFS (%)

OS (%)

198820011

2002-2017

P
1988-20011
value

n

%

n

%

Paracetamol

20

69.0

62

73.8

Non-paracetamol

10

19.6

26

Viral hepatitis

2

18.2

10

HBV

2

25.0

HAV

0

Drug/toxin induced
Autoimmune hepatitis

2002-2017

P
value

n

%

n

%

0.614

21

72.4

65

77.4

0.589

30.6

0.160

29

56.9

57

67.1

0.230

38.4

0.228

5

45.5

18

69.2

0.173

7

35.0

0.609

4

50.0

14

70.0

0.318

0.0

3

75.0

0.047

1

0.33

3

75.0

0.270

3

60.0

5

29.4

0.211

4

80.0

12

70.6

0.678

0

0.0

3

33.3

-

0

0.0

6

66.7

-

Indeterminate hepatitis

5

18.5

2

9.5

0.381

15

55.5

14

66.7

0.435

Other

0

0.0

6

50.0

0.017

5

62.5

7

58.3

0.852

1

Gow et al[12], 2001. TFS: Transplant-free survival; OS: Overall hospital survival; HBV: Hepatitis B virus;
HAV: Hepatitis A virus.

supportive care measures. Regardless, the majority of cases of non-paracetamol ALF
still require transplantation and therefore early referral to a specialised transplant
centre remains imperative.

ARTICLE HIGHLIGHTS
Research background
Acute liver failure (ALF) is a rare clinical syndrome with varying aetiologies based on
geographic location. This condition is associated with high morbidity and mortality, and
emergency liver transplantation is often life-saving.

Research motivation
In Australia, published data from 1988-2001 demonstrated that paracetamol toxicity was the
major cause of ALF, followed by non-A non-B hepatitis. An updated analysis of aetiologies and
outcomes in an Australian context is therefore required.

Research objections
This study aimed to provide a description of the aetiologies and outcomes of acute liver failure
presenting to a large Australian liver transplant centre. We also aimed to describe changes over
the past thirty years since the availability of liver transplantation for this condition.

Research methods
This is a retrospective cohort study of all patients admitted to the Victorian Liver Transplant
Unit from 2001-2017. Data were compared to previous published series from the unit from 19882001, and as continuous data, to assess changes in aetiologies and outcomes over the past 30
years.

Research results
Paracetamol toxicity accounted for half of all cases of ALF, with a rise in the incidence of this
condition over the past 30 years. Despite this observation, rates of liver transplantation for this
condition are low at 4%, with an excellent overall survival. Rates of emergency liver
transplantation were highest in indeterminate hepatitis and non-paracetamol drug induced liver
injury. Transplant-free survival improved in this cohort compared to the historical cohort,
however there was no significant change in overall survival.

Research conclusions
Paracetamol represents the major cause of ALF in South-Eastern Australia with a concerning rise
in its incidence over the past 30 years. Transplant-free survival has improved but remains low
for ALF due to non-paracetamol causes.

Research perspectives
This study shows a concerning rise in the incidence of paracetamol induced ALF in Australia,
raising important questions regarding awareness and public health strategies to curb this rise.
Larger multi-centre studies are required to confirm this observation. Transplant-free survival
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improved in this population similar to reports from other large international series, highlighting
advances in supportive care.
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Abstract
BACKGROUND
Spontaneous peritonitis is an infection of ascitic fluid without a known intraabdominal source of infection. spontaneous fungal peritonitis (SFP) is a
potentially fatal complication of decompensated cirrhosis, defined as fungal
infection of ascitic fluid in the presence of ascitic neutrophil count of greater than
250 cells/mL.
AIM
To determine the prevalence of fungal pathogens, management and outcomes
(mortality) of SFP in critically ill cirrhotic patients.
METHODS
Studies were identified using PubMed, EMBASE, Cochrane Central Register of
Controlled Trials and Scopus databases until February 2019. Inclusion criteria
included intervention trials and observation studies describing the association
between SFP and cirrhosis. The primary outcome was in-hospital, 1-mo, and 6mo mortality rates of SFP in cirrhotic patients. Secondary outcomes were fungal
microorganisms identified and in hospital management by anti-fungal
medications. The National Heart, Lung and Blood Institute quality assessment
tools were used to assess internal validity and risk of bias for each included
study.
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RESULTS
Six observational studies were included in this systematic review. The overall
quality of included studies was good. A meta-analysis of results could not be
performed because of differences in reporting of outcomes and heterogeneity of
the included studies. There were 82 patients with SFP described across all the
included studies. Candida species, predominantly Candida albicans was the fungal
pathogen in majority of the cases (48%-81.8%) followed by Candida krusei (15%25%) and Candida glabrata (6.66%-20%). Cryptococcus neoformans (53.3%) was the
other major fungal pathogen. Antifungal therapy in SFP patients was utilized in
33.3% to 81.8% cases. The prevalence of in hospital mortality ranged from 33.3%
to 100%, whereas 1-mo mortality ranged between 50% to 73.3%.
CONCLUSION
This systematic review suggests that SFP in end stage liver disease patient is
associated with high mortality both in the hospital and at 1-mo, and that
antifungal therapy is currently underutilized.
Key words: Spontaneous fungal peritonitis; Bacterial peritonitis; Liver; Cirrhosis; Critical
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Spontaneous fungal peritonitis (SFP) in patients with cirrhosis is associated
with high in-hospital mortality rate of 33.3% to 100% and 1-mo mortality rate of 50% to
73.3%. In our systematic review of the literature, despite such high mortality rates, the
condition is under diagnosed and antifungal therapy is underutilized; 33.3% to 81.8%
SFP patients received anti-fungal therapy. High clinical suspicion, new methods of early
diagnosis and empiric treatment in critically ill patients with peritonitis may improve
outcomes.

Citation: Tariq T, Irfan FB, Farishta M, Dykstra B, Sieloff EM, Desai AP. Spontaneous fungal
peritonitis: Micro-organisms, management and mortality in liver cirrhosis-A systematic
review. World J Hepatol 2019; 11(7): 596-606
URL: https://www.wjgnet.com/1948-5182/full/v11/i7/596.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i7.596

INTRODUCTION
Spontaneous peritonitis (SP), defined as an infection of the ascitic fluid without any
apparent intra-abdominal source of infection, is a potentially fatal complication of
decompensated cirrhosis and occurs in approximately 12% of patients with end stage
liver disease (ESLD) with mortality rates up to 40%[1,2]. It has a culture positive and a
culture negative variant, also known as culture negative neutrocytic ascites (CNNA)[3].
SP is further classified into spontaneous bacterial peritonitis (SBP) and spontaneous
fungal peritonitis (SFP) on the basis of microbiological cultures performed on ascitic
fluid[4]. Another classification of SP includes nosocomial SP which is defined as SP
which is diagnosed 48-72 h after hospital admission and community acquired (CA) SP
if it is diagnosed on admission or within 2 d of presentation to the hospital[5].
SFP, a catastrophic and underestimated complication of ESLD is defined as fungal
infection of the ascitic fluid and the presence of ascitic neutrophil count of > 250
cells/mL[6]. It is distinct from fungi ascites which has a neutrophil count of < 250
cells/mL in the ascitic fluid[4]. Cirrhosis with concomitant critical illness is a relevant
combination that causes acquired immunodeficiency leading to increased risk of
developing SFP [ 2 ] . Scarce data exists regarding clinical course, risk factors,
management and outcomes of SFP particularly in critically ill patients. The aim of this
systematic review was to determine the prevalence of fungal micro-organisms,
management and mortality rates of critically ill cirrhotic patients with SFP.

MATERIALS AND METHODS
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Data selection
The study was conducted in accordance with PRISMA guidelines [7] . PubMed,
EMBASE, Cochrane Central Register of Controlled Trials (CENTRAL) and Scopus
were searched up to February 5, 2019. The search strategy for PubMed, EMBASE,
Cochrane and Scopus included search terms for all databases along with Medical
Subject Headings (MeSH) terms for PubMed/Medline, and Emtree terms for
EMBASE. No language restrictions were applied. The search strategy was the
following for the various databases: (1) MEDLINE (PubMed); (“SFP”) AND
(“cirrhosis”[Mesh] OR “cirrhotic”[Mesh] OR "Liver Cirrhosis"[Mesh]); (2) EMBASE;
(“Spontaneous” NEAR/2 "fungal peritonitis" OR ”fungal peritonitis”/exp) AND
(“cirrhosis” OR “cirrhotic” OR “liver cirrhosis”/exp); (3) CENTRAL; (“SFP” OR
“fungal peritonitis”) AND (“"liver cirrhosis"); (4) Scopus; “SFP”.
Intervention trials and observational studies (cross-sectional, case-control and
cohort study-designs) describing the association between SFP and cirrhosis in adults
(> 18 years) were included. In addition, studies with bacterial and other fungal
infections in the presence of concomitant SFP were included. References of review
articles and included studies were hand searched to identify any additional studies.
Exclusion criteria were studies involving children (age < 18 years) or those lacking
data on outcomes listed below. In addition, review articles, case reports, letter to the
editor, comments, perspectives, and animal studies were excluded. The primary
outcome was in-hospital, 1-mo, and 6-momortality rates of cirrhotic patients with SFP
(in percentage). The secondary outcomes were fungal micro-organisms implicated in
SFP cirrhotic patients and in-hospital management by anti-fungal medications (in
percentage).

Risk of bias assessment
The National Heart, Lung, and Blood Institute (NHLBI) quality assessment tools were
used to assess internal validity and risk of bias for each included study [8] . The
following data elements were extracted from included studies: First author,
publication year, journal, study design and setting, study population, controls,
definition of SFP and its method of diagnosis. Quantitative estimates extracted
included: In-hospital, 1-mo and 6-mo mortality rates of cirrhotic patients with SFP;
fungal pathogens isolated; and in-hospital management by anti-fungal medications.

Statistical analysis
Two authors (Irfan FB and Farishta M) independently assessed the eligible studies for
inclusion, and quality, and performed data extraction. In cases of discrepancy
between the two authors, a third author (Tariq T) was consulted to reach consensus.
The statistical methods of this study were reviewed by Patrick Karabon, William
Beaumont School of Medicine, Oakland University.

RESULTS
Characteristics of included studies
The PRISMA flowchart of included studies selection is shown in Figure 1. There were
6 studies included that evaluated mortality rates of cirrhotic patients with SFP. Of the
included 6 studies, 5 studies determined the secondary outcome measure of inhospital management of SFP patients by anti-fungal medications (Table 1). There was
1 study from South Korea; 1 study from Egypt; 2 studies from Portugal and Germany;
1 study from the United States; and 1 multi-center database study from 28 health
centers in United States, Canada and Saudi Arabia. There were 3 cross-sectional
studies, 1 case-control study, 1 prospective cohort study, and 1 nested-cohort study.
The differences in reporting of outcomes (mortality, micro-organisms and
management) and heterogeneity of included studies did not allow a pooled analysis
of results.
There was a total of 82 cirrhotic patients with SFP in all the included 6 studies. Of
the total 82 SFP patients, 27 patients had polymicrobial SFP. Candida spp. was the
fungal pathogen in the majority of cases: Candida albicans (48%-81.8%); Candida krusei
(15%-25%); Candida glabrata (6.66%-20%); Candida parapsilosis (5%-16%); Candida
tropicalis (6.66%-12%); Candida kefyr (10%); Candida lusitaniae (12.5%); and Candida
zeylanoides (4%). Besides candida spp., other significant fungal pathogens included
Cryptococcus neoformans (53.3%). Antifungal therapy utilization ranged from 33.3%
to 81.8%. The prevalence of in-hospital mortality ranged from 33.3%-100%, 1-mo
mortality had a range of 50%-73.3%. Only 1 study described 6-mo mortality of 20% in
their study.
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Table 1 Management, prognosis and mortality in cirrhotic patients with spontaneous fungal peritonitis

Study

Country, setting

Hwang et al[10], 2014

Study design

South Korea, University Retrospective, CrossHospital
sectional

Management

Mortality

n (%)

n (%)

n = 416 patients

3rd generation
cephalosporin (n = 15)

In-hospital: -

SBP (n = 401)

Antifungal: n = 5
(33.3%)

1-mo: 11/15 (73.3%)

SFP (n = 4)

Amphotericin B: n = 2

6-mo: 3/15 (20%)

Polymicrobial SFP (n =
11)

Liposomal
Amphotericin B: n = 1

Study population

Fluconazole: n = 2
Hassan et al[9], 2014

Egypt, University
Hospital

Prospective cohort
study

n = 46 patients

Not described

In-hospital: 1/3 (33.33%)

Anti-fungal: n = 9
(81.8%)

In-hospital: 11/11
(100%)

Control patients with no
infection (n = 18)
SFP (n = 4; only 3
patients described with
ascitic fluid polymorphs
> 250 cells/mm3)

Karvellas et al[11], 2015

[1]

1

Bremmer et al , 2015

[2]

Lahmer, et al , 2016

Gravito-Soares et al[6],
2017

(CATSS Database) from
28 medical centers in
United States, Canada,
Saudi Arabia

Retrospective cohort
study

n = 126 patients
SBP (n = 126)
SFP and SBP (n = 11)

University of Pittsburgh, Retrospective, crossUnited States
sectional study

n = 25

Antifungal: n = 15 (60%) In hospital: 15/25 (60%)

University Hospital,
Germany

Retrospective, crosssectional study

n = 208 SFP (n = 20)

University of Coimbra,
Coimbra, Portugal

Retrospective,
case–control study

n = 231

Cefotaxime n = 231

1 -mo: 4/8

SFP (n = 3)

Antifungal: n = 5/8
(62.5%)

(50%)

Polymicrobial SFP (n =
5)

Fluconazole: n = 3

SBP (n = 119)

Caspofungin: n = 1

SFP (n = 25)

SBP (n = 28)

One mo: 14/25 (56%)
Antibiotic pretreatment: In-hospital: 18/20 (90%)
SFP n = 17 Antifungal: n
= 6 (30% of SFP)

Amphotericin B: n = 1

1

The study was described as a retrospective cohort study design but in the absence of a comparative non-exposure/control group we decided it more
appropriately fitted the description of a cross—sectional study. SBP: Spontaneous bacterial peritonitis; SFP: Spontaneous fungal peritonitis.

Micro-organisms, management and mortality in cirrhotic patients with SFP
Bremmer et al[1], conducted a retrospective study and identified patients with fungal
ascitic fluid cultures through microbiology records. Exclusion criteria included
patients without a history of cirrhosis or if an alternative reason for peritonitis was
found. There were 25 SFP cirrhotic patients with the following fungal infections: 48%
(12/25) patients had Candida albicans; 20% (5/25) patients had C. glabrata; 16% (4/25)
patients had C. parapsilosis; 12% (3/25) patients had C. tropicalis; and 4% (1/25) patient
had C zeylanoides. Antifungal therapy was given to 60% (15/25) patients. There were
15 patients that were treated with antifungal medications, 3 patients had persistent or
recurrent peritonitis. The 1 mo and in-hospital mortality were 56% (14/25) and 60%
(15/25), respectively. There was no statistically significant difference in mortality
between patients managed with caspofungin (38%), fluconazole (57%) or patients
from whom antifungals were withheld electively (25%). The median time to death
was 6 d (IQR: 3-7)[1].
Gravito-Soares et al[6], carried out a case-control study, with 8 cirrhotic SFP patients
compared with 119 cirrhotic SBP (control) patients. Of 8 cirrhotic SFP patients, 62.5%
(5/8) patients had co-infection by bacteria and fungi. Antifungal therapy was utilized
in 7 (87.5%) patients. Appropriate antifungal therapy was given to 62.5% (5/8)
patients: Candida albicans infection was treated with Fluconazole (2/3); Candida
lusitaniae infection treated with Fluconazole (1/1); Candida tropicalis managed with
Caspofungin (1/1); and Geotrichum capitatus treated with Amphotericin B (1/1). There
were 2 patients (25%) with Candida krusei that had resistance to initial antifungal
therapy with Fluconazole; and 1 patient died due to late diagnosis of SFP. The 30-d (1
mo) mortality was 50% (4/8) and overall mortality was 62.5% (5/8) of cirrhotic SFP
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Figure 1

Figure 1 PRISMA flow diagram[27].

patients in the study. The mean time duration between SFP diagnosis and death was
17.6 d ± 11.5 d.
Hassan et al[9] carried out a prospective cohort study including 46 ESLD patients; 18
control patients with no infection and 28 patients with invasive fungal infection. Of 28
cases, 4 (16%) patients had SFP. Although 4 patients were described as having SFP,
ascitic fluid polymorphs > 250 cells/mm3 were only described in three patients, and
only 2 patients had fungal micro-organisms (Aspergillus niger and Candida albicans)
isolated from ascitic fluid. Management of SFP patients was not described. Of the
three SFP patients with ascitic fluid polymorphs > 250 cells/mm 3 , in-hospital
mortality occurred in only one patient[9].
Hwang et al[10] conducted a retrospective cross-sectional study and compared SFP
patients with SBP patients. During the study period of 5 years, 416 patients with SP
were included of which 15 (3.6%) had SFP and 410 (96.4%) had SBP. Eleven out of 15
SFP patients had concomitant bacterial infection. The fungal isolates identified in SFP
patients were the following: Candida albicans (n = 8), Candida tropicalis (n = 1),
Candida glabrata (n = 1) and Cryptococcus neoformans (n = 8). However, only 5
patients, among 15 SFP patients received anti-fungal therapy. All patients received
third-generation cephalosporin (cefotaxime/ceftriaxone). The SFP patients had a 1-mo
mortality rate of 73.3% (11/15). The median time to death was 2 d (range, 0-20 d)[10].
Karvellas et al[11] utilized the Cooperative Antimicrobial Therapy of Septic Shock
(CATSS) database and carried out a nested cohort study to determine the appropriate
antimicrobial management in cirrhotic patients with SBP-associated septic shock. The
Cooperative Antimicrobial Therapy of Septic Shock (CATSS) database collected data
on septic shock patient from 28 medical centers in Canada, the United States, and
Saudi Arabia. There were 126 cirrhotic SBP associated-septic shock patients included
in the study from CATSS database. Of these, 11 patients had concomitant SFP; Candida
albicans (9/11) and Candida tropicalis (1/11) and Candida glabrata (1/11). Nine
patients (81.8%) were treated with antifungal therapy. All SFP patients died during
the course of their hospital stay[11].
Lahmer et al[2] performed a retrospective cross-sectional study by reviewing medical
records of cirrhotic critically ill patients with SBP. Of 205 patients included in the
study, 20 (10%) patients were identified with SFP. Majority of the patients had
Candida spp.: C. albicans (n = 12), C. glabrata (n = 3), C. krusei (n = 3), C. Kefyr (n = 2), C.
parapsilosis (n = 1), C. tropicalis (n = 1). Antifungal therapy was given to 30% (n = 6)
patients. Mortality rate was 90% (n = 18) patients[2].
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Quality assessment
Quality assessment of the included studies was performed according to NHLBI
quality assessment tools (Tables 2 and 3)[8]. All the cross-sectional and cohort studies
were of high-quality while the case-control study was of fair quality[1,2,6,9-11]. None of
the studies described sample size or power estimates. Low sample size was the major
limitation in all studies (n ≤ 25). Only 2 studies did not define SFP. Four studies;
Hwang et al[10], Gravito-Soares et al[6], Lahmer et al[2], and Bremmer et al[1], had primary
outcomes of SFP in patients with cirrhosis. The other two studies had the following
primary outcomes in cirrhotic patients: Karvellas et al[11] had a primary outcome of
SBP; and Hassan et al[9], had a primary outcome of invasive fungal infection. All the
studies included patient baseline characteristics and risk factors, fungal pathogens,
management with anti-fungal therapy (except Hassan et al[9]) and mortality.

DISCUSSION
Based on our review, the prevalence of SFP anywhere from 2%-10% (Table 1). This is
in keeping with a prior meta-analysis which documented a 4.28% prevalence[12]. The
reasons for this low prevalence are several most important of which are low index of
suspicion leading to a delay in carrying out appropriate diagnostic work up, and
longer period of time required for fungal growth. Despite a lower prevalence than
SBP, this systematic review confirms that SFP patients with cirrhosis have a high inhospital mortality (33.3%-100%) and 1-mo mortality (50%-73.3%).
Our systematic review suggests several reasons for the high mortality rates in
cirrhotic patients with SFP. Patients with SFP had 3.6 times higher risk of admissions
to ICU with severe sepsis/septic shock as compared to SBP patients [6] . Higher
mortality rates were observed in patients with high Charlson Comorbidity Index,
Model for ESLD and APACHE II scores. Another unique observation was a
significantly higher 1-mo mortality in patients who did not undergo liver
transplantation compared to patients who underwent liver transplantation. Hence,
antifungal therapy in SFP patients could be utilized as a bridging therapy to liver
transplantation[1]. Furthermore, a high rate of mortality was noted in patients with
SFP who were treated empirically for suspected SBP. After empirical treatment for
suspected SBP was initiated, the condition of most of the SFP patients deteriorated
resulting in death, even when treated with antifungal agents[10]. In a systemic review
suggested that lack of improvement within 48 h after admission is linked to an
increased risk of SFP. Hence, fungi should be sought as potential pathogens in cases
of ceftriaxone or cefotaxime-resistant SP[13] which occurs in approximately 7%-17% of
cirrhotic patients[6].
Understanding the microbiology, diagnosis, and treatment of SFP may lower the
associated mortality. Our systematic review provides insight into the microbiology of
SFP. Fungi are saprophytes that are common commensal organisms of the skin and
mucous membranes[14]. Significant fungal colonization occurs when antibiotics are
used for the prevention of SBP in patients with ascites as a result of reduction in the
intestinal bacterial flora. This subsequently leads to translocation across the damaged
gastrointestinal tract mucosa into the peritoneal activity, causing peritonitis[4]. This
effect is enhanced in the setting of immunosuppression and malnutrition which is
common in ESLD[5]. Fungi are much larger in size (Candida spp. 10-12 µm) than
bacteria including E. coli (0.3-1 µm and K. pneumoniae (0.6-6 µm) hence a higher gut
permeability is required for fungal translocation[1,10]. This explains why SFP is likely
limited to those individuals who experience the greatest hit to their innate immunity
and those with advanced cirrhosis.
In keeping with the literature, this systematic review shows that Candida albicans is
the most frequent fungal infectious agent isolated from ascitic fluid cultures, followed
by candida glabrata, candida parapsilosis, candida krusei, and candida tropicalis. A recent
study described a shift towards increasing prevalence of candida glabrata and
candida parapsilosis infections in cirrhotic patients[15]. Cryptococcus neoformans,
Aspergillus spp. and Fusarium have also been isolated though less commonly than
candidal spp[2,5]. One of the possible explanations as to why candida is more common
in patients with SFP as compared to other fungi such as cryptococcus is probably
related to the size difference between these pathogenic organisms[10]. Cryptococcal
spp. have diameters up to 20 µm which limit their migration across the intestinal
wall[16]. Fungal infections are often polymicrobial with bacterial colonization occurring
in 32%-74% of SFP cases[13].
This systematic review also provides data on risk factors for SFP. The findings of
our review reveal that SFP is more commonly seen in patients with Child Pugh Class
C liver cirrhosis and those with MELD score beyond 30 points[13]. Higher bilirubin
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Table 2 Quality assessment of included observational cohort and cross-sectional studies according to NHBLI Quality Assessment Tool
Hassan et al[9], 2014

Karvellas et al[11],
2015

Bremmer et al[1], 2015 Lahmer et al[2], 2016

1 Was the research
Yes
question or objective in
this paper clearly
stated?

Yes

Yes

Yes

Yes

2 Was the study
population clearly
specified and defined?

Yes

Yes

Yes

Yes

Yes

3 Was the
Yes
participation rate of
eligible persons at least
50%?

Yes

Yes

Yes

Yes

4 Were all the subjects Yes
selected or recruited
from the same or
similar populations
(including the same
time period)? Were
inclusion and exclusion
criteria for being in the
study prespecified and
applied uniformly to
all participants?

Yes

Yes

Yes

Yes

5 Was a sample size
No
justification, power
description, or variance
and effect estimates
provided?

No

No

No

No

6 For the analyses in
this paper, were the
exposure(s) of interest
measured prior to the
outcome(s) being
measured?

Yes

Yes

Yes

Yes

Yes

7 Was the timeframe
Yes
sufficient so that one
could reasonably
expect to see an
association between
exposure and outcome
if it existed?

Yes

Yes

Yes

Yes

8 For exposures that
NA
can vary in amount or
level, did the study
examine different
levels of the exposure
as related to the
outcome (e.g.,
categories of exposure,
or exposure measured
as continuous
variable)?

NA

Yes

NA

NA

9 Were the exposure
Yes
measures (independent
variables) clearly
defined, valid, reliable,
and implemented
consistently across all
study participants?

Yes

Yes

Yes

Yes

10 Was the exposure(s) No
assessed more than
once over time?

No

No

No

No

11 Were the outcome Yes
measures (dependent
variables) clearly
defined, valid, reliable,
and implemented
consistently across all
study participants?

Yes

Yes

Yes

Yes

Hwang et al[10], 2014
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12 Were the outcome
assessors blinded to
the exposure status of
participants?

No

No

No

No

No

13 Was loss to followup after baseline 20%
or less?

Yes

Yes

Yes

Yes

Yes

14 Were key potential No
confounding variables
measured and adjusted
statistically for their
impact on the
relationship between
exposure(s) and
outcome(s)?

Yes

Yes

Yes

Yes

Rating

Good

Good

Good

Good

Good

levels, blood urea nitrogen levels, low ascitic fluid protein (< 1 g/dL), antibiotic
prophylaxis against SBP and hepatorenal syndrome (HRS) are other potential risk
factors that have been described in literature [6,11] . It has been speculated that
prophylactic antibiotics alter the normal intestinal flora and cause an excessive
growth of fungi and is considered one of the pathophysiological mechanisms for the
development of fungal peritonitis and dissemination[17]. Furthermore, patients with
corticosteroid use, prolonged antimicrobial use, central venous catheter, total
parenteral nutrition, high APACHE score, renal replacement therapy, or malnutrition
are more susceptible to opportunistic fungal infections[18-20]. Renal failure is associated
with impaired cell mediated immunity and defective granulocyte-macrophage
function, which are the dominant host defenses against fungal pathogens [9] .
Nosocomial development of SP was also found to be a risk factor for SFP[10,12,13]. As a
result of commensal colonization of mucocutaneous membranes, percutaneous
inoculation of fungi can commonly occur in patients with refractory ascites who
undergo routine paracentesis [9] . Other invasive procedures such as colonoscopy,
urinary catheterization and nasogastric intubation have also been identified as risk
factors for SFP[6].
This systematic review also sheds light on the risk factors associated with increased
mortality from SFP. These factors include severity of liver disease as measured by
higher MELD or Child-Pugh score C, recent antibacterial prophylaxis, presence of
HRS, low ascitic protein concentration, high acute physiology, and Chronic Health
Evaluation II (APACHE II) score and presence of septic shock[12]. In a retrospective
cohort study of 241 cirrhotic patients with invasive candidiasis, multivariate analysis
demonstrated septic shock (odds ratio 3.2, CI: 1.7-6, P < 0.001) as the most significant
predictor of mortality[15].
Given the high mortality related to SFP, early diagnosis and treatment are essential
to improving outcomes for patients with SFP. Newer diagnostic tests like pan-fungal
PCR assay and 1,3 beta-D-Glucan are not only more sensitive in detecting fungi in
peritoneal fluid but also help in early identification of SFP by shortening the time to
diagnosis[21,22]. In patients with risk factors for SFP, our systematic review supports
early testing of peritoneal fluid with these assays. In addition, laboratorial parameters
such as leukocyte count, procalcitonin or C-reactive are too non-specific for SFP and
hence are not very useful in SFP diagnosis[2]. It is important to note that ascitic lactate
dehydrogenase, blood WBC count, blood urea nitrogen and predominance of
lymphocytes in ascitic fluid were significantly higher in SFP compared with patients
with SBP and might provide a clue to diagnosis[6,9,23].
Despite its high mortality, the results from this systematic review show suboptimal
utilization of antifungal therapy utilization in cirrhotic SFP patients, ranging from
33.3% to 81.8%. In addition, we note that only a small percent was treated using
appropriate systemic antifungal therapy. Based on the contemporary microbiology of
SFP, our review supports the use of echinocandins as initial therapy with tailoring
after culture results are available. Echinocandins are preferred over fluconazole in
septic shock due to their lower overall toxicity and high tolerability. They are
associated with lower hepatoxicity compared to fluconazole. Once patients become
clinically stable, antimicrobial therapy is de-escalated from echinocandins to
fluconazole[15,24-27]. Furthermore, empiric treatment is essential for reducing risk of
mortality in SFP as fungal recovery using routine culture methods is associated with
significant delays. Our review shows that 73% of patients receiving antifungal
therapy experienced a median lag in treatment of 3 d until yeast was isolated from
ascitic fluid cultures with the average time from SFP diagnosis to death was 2 d[1,10].
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Table 3 Quality assessment of included case-control studies according to NHBLI Quality Assessment Tool
Gravito-Soares et al[6], 2017
1 Was the research question or objective in this paper clearly stated?

Yes

2 Was the study population clearly specified and defined?

Yes

3 Did the authors include a sample size justification?

No

4 Were controls selected or recruited from the same or similar population
that gave rise to the cases (including the same timeframe)?

Yes

5 Were the definitions, inclusion and exclusion criteria, algorithms or
processes used to identify or select cases and controls valid, reliable, and
implemented consistently across all study participants?

No

6 Were the cases clearly defined and differentiated from controls?

Yes

7 If less than 100 percent of eligible cases and/or controls were selected for NA
the study, were the cases and/or controls randomly selected from those
eligible?
8 Was there use of concurrent controls?

No

9 Were the investigators able to confirm that the exposure/risk occurred
prior to the development of the condition or event that defined a
participant as a case?

Yes

10 Were the measures of exposure/risk clearly defined, valid, reliable, and Yes
implemented consistently (including the same time period) across all study
participants?
11 Were the assessors of exposure/risk blinded to the case or control status No
of participants?
12 Were key potential confounding variables measured and adjusted
statistically in the analyses? If matching was used, did the investigators
account for matching during study analysis?

Yes

Rating

Fair

This further supports the use of empiric broad-spectrum antifungals while awaiting
culture results in those who are most at risk. Limited and low-quality data exists
regarding the appropriate time for initiation of empiric antifungal treatment. Based on
this systematic review and current literature, it is reasonable to use antifungal therapy
in critically ill cirrhotics with ascites who fail to recover within 48 h of receiving broad
spectrum antibiotics, in those patients who are at increased risk of developing
infections. For instance, patients on immunosuppressants or antibiotics for a long
time, those with invasive vascular access devices, patients on total parenteral nutrition
or renal replacement therapy or those who have high APACHE scores and are
malnourished. These patients are at higher risk of mortality from SFP if misdiagnosed[4,18]. However, given the low overall incidence of SFP, empiric antifungal
therapy is generally not recommended in patients with CA SP.
In conclusion, SFP is not an uncommon complication in cirrhotic patients and
associated with high mortality both in the hospital and at 1 mo. High clinical
suspicion is required particularly in those with higher MELD and Child Pugh scores
who fail to improve despite appropriate antibiotic treatment. Antifungal therapy is
inappropriately used and currently underutilized. Our review suggests rapid
initiation of antifungal therapy in the presence of septic shock and failure to respond
to broad spectrum antibiotic regimen. It also highlights the need for further studies
that will inform the timing and choice of anti-fungal use in patients at high-risk for
SFP. Finally, our review also shows that liver transplantation is a possible outcome for
those with SFP with low risk for short-term recurrence and acceptable 1-mo mortality
rates.

ARTICLE HIGHLIGHTS
Research background
Spontaneous fungal peritonitis (SFP) is a devastating and underestimated complication of end
stage liver disease (ESLD) which is defined as fungal infection of the ascitic fluid and the
presence of ascitic neutrophil count of > 250 cells/mL. The combination of cirrhosis and critical
illness causes acquired immunodeficiency leading to increased risk of developing SFP. There is
limited literature regarding clinical course, risk factors, management and outcomes of SFP
particularly in critically ill patients. With this study, we have compiled a systematic review of
available data on SFP.
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Research motivation
When compared to spontaneous bacterial peritonitis, SFP is less well recognized and is
associated with higher mortality rates. In many cases, the clinical importance of isolating
Candida from abdominal cultures is unknown and therapeutic approaches are largely
undefined. Furthermore, the epidemiology and outcomes of patients with SFP have only been
reported sporadically in literature. Hence, by performing a systematic review we aimed to
increase the available knowledge regarding SFP.

Research objectives
The main objective of the study was to determine the prevalence of fungal micro-organisms and
describe the risk factors, management and mortality rates of SFP in critically ill patients with
cirrhosis.

Research methods
This is a systematic review of available studies identified using PubMed, EMBASE, Cochrane
Central Register of Controlled Trials and Scopus databases. Inclusion criteria were intervention
trials and observation studies describing the association between SFP and cirrhosis. The primary
outcome was in-hospital, 1-mo, and 6-mo mortality rates of SFP in cirrhotic patients. Secondary
outcomes were fungal microorganisms identified and anti-fungal medications utilized for the
management of SFP. The National Heart, Lung and Blood Institute quality assessment tools were
used to assess internal validity and risk of bias for each included study.

Research results
Six observational studies were included in this systematic review. A total of 82 patients with SFP
were identified in these studies. Candida albicans was the predominant fungal pathogen in
majority of the cases (48-81.8%) followed by Candida krusei (15%-25%) and Candida glabrata
(6.66%-20%). Antifungal therapy in SFP patients was utilized in 33.3% to 81.8% cases. The inhospital mortality ranged from 33.3% to 100%, whereas 1-mo mortality ranged between 50% and
73.3%.

Research conclusions
SFP is not an uncommon complication associated with a worse prognosis in cirrhotic patients,
particularly those with higher MELD and Child Pugh scores who fail to improve despite
appropriate antibiotic treatment. Our study also showed that antifungal therapy is currently
underutilized. Rapid initiation of antifungal therapy in the presence of septic shock and failure
to respond to broad spectrum antibiotic regimen is crucial in the management of SFP.

Research perspectives
Future large-scale, prospective studies aimed at identifying the ideal timing and choice of antifungal therapy in patients at high-risk for developing SFP are needed. Also, research efforts
should aim at determining appropriate non-cultural tests for SFP in order to improve the
rapidity of diagnosis.
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Abstract
BACKGROUND
Wilson disease (WD) is a rare copper metabolism disorder with symptoms
including hepatic disorders, neuropsychiatric abnormalities, Kayser-Fleischer
rings, and hemolysis in association with acute liver failure (ALF). Osteoarthritis is
a rare manifestation of WD. We experienced a case of WD with arthritic pain in
the knee and liver cirrhosis. Here, we report the clinical course in a WD patient
with arthritic pain and liver cirrhosis receiving combination therapy with Zn and
a chelator and discuss the cause of arthritic pain.
CASE SUMMARY
We present an 11-year-old boy who developed osteoarthritis symptoms and ALF,
with a New Wilson Index Score (NWIS) of 12. He was diagnosed with WD with
decreased serum ceruloplasmin and copper levels, increased urinary copper
excretion, and ATP7B gene mutations detected on gene analysis. There was
improvement in the liver cirrhosis, leading to almost normal liver function and
liver imaging, one year after receiving combination therapy with Zn and a
chelator. Moreover, his arthritic pain transiently deteriorated but eventually
improved with a decrease in the blood alkaline phosphatase levels following
treatment.
CONCLUSION
Patients with WD who develop ALF with an NWIS > 11 may survive after
treatment with Zn and chelators, without liver transplantation, when they
present with mild hyperbilirubinemia and stage ≤ II hepatic encephalopathy.
Osteoarthritis symptoms may improve with long-term Zn and chelator therapy
without correlation of liver function in WD.
Key words: Acute liver failure; New Wilson Index; Osteoarthritis; Wilson disease; Case
report
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Core tip: We present an 11-year-old boy with Wilson disease (WD) who developed
osteoarthritis symptoms and acute liver failure, with a New Wilson Index Score (NWIS)
of 12. His liver cirrhosis improved, leading to almost normal liver function and liver
imaging results, one year after receiving combination therapy with Zn and a chelator.
Patients with WD with a NWIS > 11 may be able to survive with treatment with Zn and
chelators, without liver transplantation, in cases wherein they present with mild
hyperbilirubinemia and stage ≤ II hepatic encephalopathy. Symptoms of associated
osteoarthritis may also improve with long-term Zn and chelator therapy.
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INTRODUCTION
Wilson disease (WD) is a rare copper metabolism disorder caused by a mutation in
the ATP7B gene, with a prevalence of 1 in 30000 to 1 in 100000 individuals. The
clinical manifestations are secondary to accumulation of copper in various organs,
with typical symptoms of hepatic disorders, neuropsychiatric abnormalities, KayserFleischer (K-F) rings, and hemolysis in association with acute liver failure (ALF). WD
may rarely present with extrahepatic conditions, such as skeletal abnormalities,
including premature osteoporosis and arthritis [1] , cardiomyopathy, pancreatitis,
hypoparathyroidism, and infertility or repeated miscarriages.
Most symptoms in WD first appear in the second and third decades of life; thus, the
diagnosis is sometimes difficult and delayed. Most WD patients with hepatic
encephalopathy and ALF would have already developed decompensated liver
cirrhosis. Therefore, the disease is usually severe and may often be fatal without liver
transplantation (LT).
The New Wilson Index Score (NWIS) is an important indication criterion for LT in
cases of severe ALF in WD[2]. Although Dhawan et al[2] reported that patients with WD
who present with ALF with an NWIS > 11 cannot survive without undergoing LT, we
have previously demonstrated that even a WD patient with NWIS >11 could recover
from ALF with treatment consisting of Zn, chelator and plasma exchange (PE)[3]. Here,
we report a new case of WD with arthritic pain in the knee and liver cirrhosis. The
patient developed ALF with NWIS >11 and stage I hepatic encephalopathy but
survived with Zn and chelator treatment, without the need for continuous
hemodiafiltration (CHDF) or PE. His arthritic pain was also alleviated with improved
liver function; however, his knee pain deteriorated with increased blood alkaline
phosphatase (ALP) levels, and he could not walk by himself.

CASE PRESENTATION
Chief Complaints
A 11-year-old boy complained of pain in both knees and sought an orthopedic
consultation. The orthopedic surgeon did not detect any problem in his knees. He
consulted his general physician for persistent pain in both knees. The physician
noticed his pale complexion and edema of both the eyelids and lower limbs, and
based on abdominal ultrasonography, diagnosed him with liver cirrhosis; he was
subsequently referred to our institution.

History of present illness
The patient had experienced knee pain for 2 mo.

History of past illness
His neonatal history was unremarkable. He was born at 38 wk and 4 d of gestation
with a birthweight of 2.66 kg and had no postnatal medical problems. He had been
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diagnosed with genu valgum several years prior.

Physical examination
The patient showed jaundice and splenohepatomegaly with tenderness in both
hypochondrial regions. His vital signs were normal.

Laboratory examinations
Laboratory data and abdominal computed tomography (CT) revealed liver cirrhosis
(Child-Pugh grade C) with ascites and liver atrophy. Multiple high-density mottled
nodular shadows scattered in the liver were observed (Figure 1).

Imaging examinations
The diagnosis of WD was suspected due to his presentation with severe ALF (Table
1), and he immediately received treatment with Zn (3 mg/kg/d), concentrated human
anti-thrombin III, and fresh-frozen plasma (FFP). His consciousness and physical
lethargy gradually improved. The diagnosis of WD was confirmed based on low
copper (27 mg/dL) and serum ceruloplasmin (7.0 mg/dL) levels, elevated urinary
copper excretion (720 µg/d), and the presence of Coombs-negative hemolytic anemia
[hemoglobin (Hb) level, 9.5 g/dL] without definite K-F rings. Moreover, gene analysis
revealed compound heterozygous mutations (p.Arg778Leu/c.2333G>T and
p.Asn958ThrfsX9/c.2871delC). The Leipzig’s score[4] for WD diagnosis was 9.
He received combination therapy with Zn and trientine following the diagnosis of
WD, and his physical condition gradually improved. However, he complained of pain
in both knees and had difficulty walking by himself. Magnetic resonance imaging
(MRI) of the knee did not show significant abnormal findings (Figure 2).

Follow-up and outcomes
The patient was discharged after prolonged hospitalization for 70 d because of the
time required for the recovery of the coagulation parameters [prothrombin time (PT):
24%, prothrombin time-international normalized ratio (PT-INR): 2.5]. A liver CT scan
performed 2 mo after hospitalization revealed fewer hyperdense mottled nodular
shadows compared to those observed in the CT scans recorded at the time of
hospitalization. Following his discharge, the coagulation parameters and liver CT
findings became almost normal by one year after the initiation of therapy.
Although his knee pain was alleviated and blood ALP levels were decreased at the
time of discharge, his knee pain persisted for some months after discharge and
markedly improved with a further decrease in blood ALP levels (Figure 3), and he
could walk by himself with little pain and could continue his schooling following
treatment with Zn (1 mg/kg/d) and trientine (10 mg/kg/d). The coagulation
parameters and liver CT findings also became almost normal by one year after the
start of therapy.

DISCUSSION
Our patient with WD and severe ALF presented initially with arthritic pain in both
knees. Here we report that a patient with ALF with WD could recover normal liver
function by one year after initiation of combination therapy with Zn and trientine
(Table 1). The mutations of p.Arg778Leu/c.2333G>T and p.Asn958ThrfsX9/c.2871delC
present in this patient have been commonly detected in Japanese patients with WD[5].
Previously, WD patients presenting with ALF with an NWIS >11 were considered to
require LT for successful treatment[2]. However, in recent years, certain institutions
have reported that some WD patients developing severe ALF with an NWIS > 11,
even when presenting with stage II hepatic encephalopathy, can be rescued following
conservative therapy with Zn, chelators, CHDF and/or plasma exchange without
LT[3,6-8]. We administered Zn to our patient immediately on suspecting WD based on
his abdominal CT findings. Moreover, we monitored his clinical course, administering
FFP and transfusing glucose and electrolytes without CHDF, as he had developed
ALF with mild hyperbilirubinemia and significant coagulopathy without definite
encephalopathy. CHDF was not performed because there was mild improvement in
his physical condition without any deterioration of liver function and consciousness
in the first 3 d following treatment with Zn and the aforementioned conservative
therapies. A combination of Zn and trientine therapy was initiated after confirming
the diagnosis of WD.
Santos et al[9] reported that even patients with decompensated WD could recover in
one year following either chelator treatment alone or combination therapy with Zn
and chelators, even though they qualified as candidates for LT. In our patient, the
combination therapy of Zn and trientine for 14 months contributed to the recovery of
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Figure 1 Hepatic computed tomography image obtained while receiving Zn and trientine treatment. The mottled nodular shadows with a high density in the
liver improved over time. However, splenomegaly did not improve. A: On admission; B: 1 mo after treatment; C: 2 mo after treatment; D: 4 mo after treatment; E: 14
mo after treatment.

the liver function and liver CT findings to almost normal levels. Therefore, teenagers
with WD and decompensated liver cirrhosis are likely to recover normal liver
functions following treatment with combination therapy involving Zn and trientine.
Devarbhavi et al[7] reported that children aged less than 18 years with WD who
developed ALF leading to impaired consciousness were evaluated for LT, and that
children with WD with hepatic encephalopathy and a Devarbhavi’s score ≥10.4 could
not be rescued without LT. Devarbhavi’s score in our case was 8.1. The children with
WD discussed in Devarbhavi et al [7] report had only stage I or II hepatic encephalopathy. Therefore, we considered that patients with decompensated WD, with
mildly impaired consciousness, mildly elevated blood total bilirubin (T-Bil) levels,
and an NWIS > 11, could be rescued without receiving LT.
Although MRI of the knee did not reveal significant abnormal findings,
osteoarthritis has been reported as a rare complication of WD, and Golding et al[1]
reported on the clinical and radiological features of arthropathy of WD. Nazer et al[10]
reported some evidence of bony abnormality ranging from mild demineralization to
chondromalacia and osteoarthritis. The cause of these bone abnormalities is not
known and is not likely to be related to copper toxicity alone, because copper loading
in experimental animals does not lead to bone abnormalities. Moreover, patients with
severe hepatic WD who were diagnosed and treated in our hospital did not present
with knee pain[3]. The knee pain in the present case deteriorated after the patient’s
liver function improved.
Moreover, Golding et al[1] suggested that these bone changes in patients with WD
resulted from the loss of calcium and phosphorus in the urine; therefore, the bone
changes could be related to chelator therapy, also because of unusual bone mineral
metabolism in the resorption and remodeling of the new bone during chelator
therapy[1]. Our patient presented with knee pain before receiving treatment, and the
knee pain deteriorated following trientine treatment; the pain improved after he had
received trientine treatment for one year. The patient had genu valgum, which might
have been a complication of longstanding WD. The blood ALP levels significantly
increased on trientine treatment. The blood ALP levels correlated with the knee pain,
and when the increased ALP level deceased to less than 2500 (IU/L) on Day 287, the
patient experienced a definite improvement in knee pain and could walk by himself.
It is not the increased blood ALP levels per se, but a ratio of ALP to T-Bil < 2.0 that is
referred to in the diagnosis of severe WD. However, in cases of severe WD with bone
symptoms, these referral values may not be relevant.

CONCLUSION
Even patients with WD who develop ALF with an NWIS >11 may be able to survive
without LT if they present with mild hyperbilirubinemia and stage ≤ II hepatic
encephalopathy. Moreover, the arthritic pain is not associated with the severity of
WD. The pain temporarily deteriorates, but eventually improves following Zn and
chelator therapy because bone mineral metabolism itself leads to a stable state.
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Table 1 Clinical data during hospitalization and follow-up
Day
0

Day
1

Day
3

Day
5

Day
7

Day
14

Day
21

Day
31

Day
42

Day
61

Day
98

Day
118

Day
180

Day
287

Day
371

Day
441

WBC (×103/μL)

9.6

7.5

6.6

4.7

5

3.5

3.9

4.1

4.1

5.6

5.9

3.9

5.3

4.9

5.8

5.7

Hb (g/dL)

9.5

9.8

10.7

10.9

10.8

10.7

9.6

9.3

8.9

8.3

8.9

8.9

9.4

9.8

10.5

11.6

Plt (103/μL)

126

144

145

130

124

43

46

51

58

69

91

80

132

187

166

160

PT (%)

18

18

23

24

22

21

19

20

22

24

31

31

43

57

60

79

PT-INR

3.1

3

2.5

2.3

2.7

2.6

2.8

2.7

2.6

2.5

2.1

2.1

1.7

1.4

1.3

1.1

APTT (%)

27

26

30

29

24

28

22

23

22

24

35

38

50

66

78

78

ATIII (%)

NA

20

22

45

46

51

53

33

25

26

35

32

64

90

115

136

Factor V(%)

NA

NA

NA

NA

13

16

15

19

15

25

33

27

46

81

84

80

BUN (mg/dL)

9.9

7

8.3

7.1

7.7

9.8

8.4

9.8

9.2

8.6

8

8.1

8.7

10.7

8.5

9.6

Cr (mg/dL)

0.49

0.5

0.52

0.47

0.48

0.44

0.43

0.38

0.34

0.35

0.29

0.32

0.33

0.29

0.31

0.36

AST (IU/L)

156

79

53

48

47

76

51

60

55

55

69

75

64

43

38

31

ALT (IU/L)

67

26

30

29

33

69

49

50

42

39

54

68

53

46

45

39

LDH (IU/L)

450

386

290

272

258

247

222

219

217

218

256

286

263

196

179

188

T-Bil (mg/dL)

4.9

2.6

2

1.7

1.4

1.8

2

2.4

3.2

2.9

1.3

1.1

0.5

0.4

0.4

0.3

D-Bil (mg/dL)

1.5

0.8

0.5

0.4

0.2

0.3

0.4

0.6

0.9

0.8

0.2

0.1

0.1

0.1

0.1

0.1

TP (g/dL)

4.8

5.8

6.2

6.3

6.1

6.4

6.4

6.7

7

6.9

6.5

6.1

6.8

7.6

7.3

7.6

ALB (g/dL)

1.4

1.6

2.4

2.5

2.4

2.7

2.9

3.1

3.1

3.2

2.8

2.6

3.3

4.3

4.3

4.7

1

26

22

14

12

14

14

15

15

16

14

8

8

2

-4

-5

-9

NWIS

12

9

7

5

7

6

6

6

6

6

5

5

4

2

2

0

The Devarbhavi’s
score

8.11

5.65

2.14

1.82

1.50

1.93

2.14

2.57

3.42

3.10

1.39

1.18

0.54

0.43

0.43

0.32

Hepatic
encephalopathy

I

I

0

0

0

0

0

0

0

0

0

0

0

0

0

0

PELD score

1

PELD score: All the scores were described in the PELD score, though the patient’s age was 12 years at Day 287; Day 371; and Day 441. WBC: White blood
cell count; Hb: Hemoglobin; Plt: Platelets; PT: Prothrombin time; PT-INR: Prothrombin time international normalized ratio; APTT: Activated partial
thromboplastin time; AT III: Antithrombin III; BUN: Blood urea nitrogen; Cre: Creatinine; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; LDH: Lactate dehydrogenase; T-Bil: Total bilirubin; D-Bil: Direct bilirubin; TP: Total protein; Alb: Albumin; NA: Not available.

Figure 2

Figure 2 Magnetic resonance imaging scan of the knee during the hospitalization. T2-weighted image. A: Mildly increased signal intensity in the medial
meniscus of right knee; B: No abnormal signal intensity.
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Figure 3

Figure 3 Blood alkaline phosphatase and bone type alkaline phosphatase levels while receiving Zn and trientine treatment. The blood alkaline phosphatase
(ALP) and bone type ALP levels increased with deterioration in knee pain owing to trientine treatment. However, the blood ALP and bone type ALP levels gradually
decreased with improvement in the clinical status of Wilson disease, and pain was attenuated in both knees. Zn and trientine (15 mg/kg/d) were administered on Day
5, and trientine was increased to 30 mg/kg/d on Day 8 and 40 mg/kg/d on Day 40. Trientine was then decreased to 30 mg/kg/d on Day 70 (one black arrow), 20
mg/kg/d on D 152 (two black arrows), and 10 mg/kg/d on Day 288 (three black arrows).
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Abstract
Porto sinusoidal vascular liver disease (PSVD) and portal vein thrombosis (PVT)
are distinct vascular liver diseases characterized, respectively, by an intrahepatic
and a prehepatic obstacle to the flow in the liver portal system. PVT may also
occur as a complication of the natural history of PSVD, especially if a
prothrombotic condition coexists. In other cases, it is associated to local and
systemic pro-thrombotic conditions, even if its cause remains unknown in up to
25% despite an active search. In our opinion, the presence of PSVD should be
suspected in patients with PVT especially in those with PVT “sine causa” and the
active search of this condition should be included in their diagnostic work-out.
However, sometimes the diagnosis of pre-existing PSVD is very hard. Biopsy
cannot be fully discriminant as similar histological data have been described in
both conditions. Liver stiffness may help as it has been shown to be higher in
PSVD than in “pure” PVT, due to the presence of sclerosis in the portal venous
radicles observable in PSVD patients. Nevertheless, comparing liver stiffness
between PVT and PSVD has until now been restricted to very limited series of
patients. In conclusion, even if it is still totally hypothetical, our point of view
may have clinical consequences, especially when deciding to perform a liver
biopsy in patients with a higher liver stiffness and suspending the
anticoagulation in patients with PVT and no detectable prothrombotic factors.
Key words: Porto sinusoidal vascular liver disease; Obliterative portal venopathy; Portal
vein thrombosis; Anticoagulant therapy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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thrombosis (PVT) are vascular liver diseases. This review aims to discuss the possibility
that (PSVD) should be suspected in patients with PVT and to analyse the possible
diagnostic tools able to differentiate between these two conditions. Moreover, the review
focuses on the possible and relevant clinical consequences of missing a diagnosis of
PSVD in patients with PVT.
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INTRODUCTION
Porto sinusoidal vascular liver disease (PSVD) is a vascular liver disease characterized
by portal hypertension in the absence of cirrhosis and other causes of liver disease[1].
Contrary to the Eastern World and Developing Countries, in the Western World
PSVD is considered infrequent. However, a low grade of suspicion can contribute, at
least partially, to the low frequency of PSVD in Western Countries. Indeed, in the last
years, the deepening of the knowledge on PSVD and its clinical presentation led to the
recognition of an increasing number of cases and to the awareness that, in the past,
some patients affected by PSVD were misdiagnosed and classified as affected by
cryptogenic cirrhosis [2] . Moreover, it has been recently shown that a number of
disorders and drugs (Table 1) are associated with PSVD[1,2], and this observation
suggests that an active search of signs of portal hypertension in patients affected by
those diseases could lead to the identification of PSVD patients.

Patients with portal vein thrombosis (PVT)
This review aims to discuss the possibility that PSVD should be suspected in patients
with PVT. In fact, a particular relationship exists between PSVD and PVT. In a
considerable number of patients[3], about 40%, PSVD is associated to prothrombotic
conditions, including myeloproliferative disorders. The prothrombotic state may
represent a pathogenic factor leading the occlusion of the small branches of the portal
vein, contributing to the so called obliterative portal venopathy (Figure 1A), which is
considered the primary histological lesion of PSVD[4]. In turn, in patients with PSVD,
the prothrombotic state may favour, together with the low portal flow, the
development of an extrahepatic portal vein thrombosis. PVT actually occurs in up to
40% of PSVD patients[5,6], especially if a prothrombotic condition coexists. Whether the
anticoagulant therapy is useful for the prevention of portal vein thrombosis or to
improve the natural history of porto sinusoidal vascular liver disease idiopathic noncirrhotic portal hypertension is still unknown[7].
The strong relationship between PSVD, hypercoagulability and incidence of PVT
led to the hypothesis that a subset of patients with acute or chronic PVT could be
affected by a pre-existing, undiagnosed PSVD. Actually, despite an active search[8] of
local or systemic predisposing conditions (Table 2), the cause of PVT is not
recognizable in up to 25% of the patients. Moreover, in patients in whom a PVT is
diagnosed, the evidence of a prothrombotic state usually leads to the diagnosis of a
PVT secondary to that condition without taking into consideration the possibility of a
pre-existing and undiagnosed PSVD. The possibility of missing a diagnosis of PSVD
in a patient with PVT, especially if acute, may have relevant clinical consequences.
Unfortunately, the distinction between these two conditions is not so easy and well
defined, and the usefulness of liver biopsy to establish a differential diagnosis is
questionable. In fact, while liver biopsy is adequate to exclude the presence of
cirrhosis in patients with portal hypertension, the specific diagnostic features of PSVD
are much more difficult to recognise[2]. More to the point, the histological distinction
between the modification of the liver structure occurring in patients with PSVD (an
intrahepatic cause of low portal perfusion) or PVT (in which the low portal perfusion
is due to extrahepatic obstruction) may be difficult. Studies reporting a direct
comparison of the histology features of PSVD and PVT are rare, mainly because the
patients with PVT are not usually submitted to liver biopsy. Moreover, some
modifications of liver histology, such as nodular regeneration and sinusoidal
dilatation, could be due to compensatory adaptation to the reduction of portal flow
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Table 1 Diseases associated to porto sinusoidal vascular liver disease
Thrombophilia
Myeloproliferative neoplasm
Protein S or C deficiency
Antiphospholipid antibodies
Lupus anticoagulant
Factor V Leiden
Prothrombin mutation
Hematologic disease
Myeloproliferative neoplasm (polycythemia vera, chronic myelogenous leukaemia, essential thrombocythemia)
Myeloid metaplasia
Lymphoproliferative conditions (Hodgkin’s disease, non-Hodgkin’s lymphoma, chronic lymphocytic leukaemia and multiple myeloma)
Spherocytosis
Genetic disorders
Cystic fibrosis
Adams Oliver syndrome
Turner‘s disease
Autoimmune disease
Rheumatoid arthritis
Systemic lupus erythematosus
Systemic sclerosis
Scleroderma
Gut diseases
Celiac disease
Inflammatory bowel disease
Drug and toxics
Oxaliplatin
Azathioprine
6-thioguanine
Arsenic
Busulfan
Cytosine arabinoside
Cyclophosphamide
Bleomycin
Chlorambucil
Doxyrubicin
Carmustine
Acquired and congenital immunodeficiency
Human immunodeficiency virus
Primary antibody-deficiency syndrome

that is common to both conditions. Verheij et al[4] compared liver biopsies from 70
patients with PSVD and 23 patients with PVT and observed that phlebosclerosis (i.e.
obliterative portal venopathy), nodular regeneration and portal tract remnants (Figure
1A-C) were significantly more frequent in patients with PSVD than in those with PVT,
while portal vein dilatation was more frequently observed in patients with PVT.
These results are in line with the hypothesis proposed by Wanless, which considers
PSVD a microvascular disorder resulting from injury to the small portal vein
branches, whereas PVT is, by definition, a macrovascular disorder. However, the
applicability of the above described observations to the distinction of PVT secondary
or not to PSVD in the single patient is arguable. In fact, histological features, such as
sinusoidal dilatation, para-portal shunts and increased portal vessels, although with
different prevalence, are actually observed in both conditions. Moreover, the inclusion
of patients affected by a pre-existing PSVD in the PVT group in the study by Verheji et
al[4] cannot be completely ruled out. Consequently, due to this existing bias, it is hard
to really differentiate the first and the second group on the basis of histology.
Indeed, luminal narrowing and disappearance or sclerosis of the portal venous
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Figure 1

Figure 1 The three histologic features more frequent in porto sinusoidal vascular liver disease. A: Obliterative venopathy with small, rounded and fibrotic portal
tracts, without evidence of the portal vein branch; B: Portal tract remnant; C: Nodular regeneration (parenchymal micronodular transformation is indicated with an
asterisk).

radicles are typical changes observed in the fibrotic portal tract of PSVD patients[9].
Moreover, according to the endothelial-mesenchymal transition theory proposed by
Sato et al[10], which would explain in part the pathogenesis of the obliterative portal
venopathy, an endothelial dysfunction is present in patients with PSVD. The vascular
endothelial cells of portal venules acquire myofibroblastic features and start to
synthesize type I collagen. Thus, as a consequence of the presence of a certain degree
of liver fibrosis in patients with PSVD, it can be hypothesised that the use of liver
stiffness measurement would be helpful to distinguish patients with PSVD and
patients with PVT. The latter patients, at least theoretically, would be characterized by
a lower liver stiffness. A higher liver stiffness was actually observed in a group of 22
patients affected by regenerative nodular hyperplasia in comparison with 13 patients
with PVT[11,12].
In patients with PVT, especially if acute, the correct identification of a pre-existing
PSVD as the condition predisposing to PVT has relevant practical therapeutic
implications. In fact, even in the absence of consistent clinical studies, in patients with
PSVD, a lifelong anticoagulation is strongly suggested in presence of a prothrombotic
condition and/or a portal vein thrombosis[13]. On the contrary, current guidelines on
non-cirrhotic PVT do not suggest prolonging anticoagulation treatment lifelong in the
absence of a prothrombotic state and/or extension of the thrombosis to mesenteric
and splenic veins[13]. Thus, in a patient with PVT and an underlying undiagnosed
PSVD without a prothrombotic state and without extension of the thrombosis to
mesenteric and splenic veins, the anticoagulant therapy could be erroneously stopped
once the PVT is resolved. However, as in PSVD, the slowing down of the portal flow
is probably the principal condition leading to PVT, and as this condition is
irreversible, the stop of anticoagulation may induce the rapid relapse of PVT.
Figure 2 reports the computed tomography scan obtained in a 17-year-old male
patient referred to our ward for acute portal vein thrombosis. Because of the
negativity of any predisposing cause of portal vein thrombosis, including acquired
and congenital prothrombotic states, he was treated with oral anticoagulation for only
1 year, and complete portal vein recanalization was documented at the computed
tomography scan. However, after the withdrawal of anticoagulation, the patient had a
rapid relapse of PVT with the extension of the thrombosis to splenic vein. The patient
was firstly treated with low-molecular-weight-heparin and after with systemic
thrombolysis with alteplase reaching the complete resolution of the thrombosis. With
suspicion of porto sinusoidal vascular liver disease, the patient was submitted to liver
biopsy, and finally the diagnosis of PSVD was made by observing perivenular and
perisinusoidal fibrosis, sinusoidal dilatation, para-portal shunts and nodular
regenerative hyperplasia.
In conclusion, PSVD is probably a not so rare condition that should be actively
searched not only by the hepatologists in the patients with signs of portal
hypertension but also by the specialists who manage the patients affected by diseases
associated with PSVD. Among the conditions associated with PSVD, PVT could be
also included, and the suspicion of a pre-existing and missed PSVD should arise in
any patient with PVT included (and maybe especially) in those affected by a
prothrombotic state. However, more studies are needed to clarify the distinctive
features of PSVD and PVT both histologically and elastographically, and new studies
are needed to clarify the indications and the benefits of anticoagulant therapy in
patients affected by PSVD.
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Table 2 Predisposing causes of portal vein thrombosis
Systemic prothrombotic conditions

Recommended checks

Inherited

Resistance to activated C protein/molecular biology for

Factor V Leiden

G1691A polymorphism

Prothrombin gene mutation

Molecular biology for G20210A polymorphism

Protein C, protein S and antithrombin deficiency

Ratio with F II, V, VII or X after correction for vitamin K deficiency; family survey (recommended)

Acquired
Antiphospholipid syndrome

Anticardiolipin ELISA; LLAC

Myeloproliferative neoplasm (MPN)

JAK2 and CALR mutations; osteomidullary biopsy

Paroxysomal nocturnal hemoglobinuria

Flow cytometry (deficient cells of CD55 and CD59)

Oral contraceptive use

Anamnesis

Obesity

BMI > 30 kg/m2

CMV infection

CMV IgG, CMV IgM

Pregnancy

Beta-HCG, anamnesis

Celiac disease

Anti-transglutaminase IgA/IgG
Anamnesis and radiological examination

Local prothrombotic conditions
Surgery and trauma
Umbilical cannulation
Splenectomy, cholecystectomy
Hepatic resection
Abdominal trauma
Bariatric surgery
Portosystemic shunts including TIPS

Anamnesis and radiological examination

Inflammatory and infectious diseases
Neonatal omphalitis
Appendicitis, diverticulitis, pancreatitis
Inflammatory bowel disease
Cholecystitis, cholangitis
Other
Cirrhosis
Porto sinusoidal vascular liver disease

LLAC: Lupus-like anticoagulant; ELISA: Enzyme-linked immunosorbent assay; BMI: Body mass index; CMV, Cytomegalovirus; HCG: Human chorionic
gonadotropin; Ig: Immunoglobulin; TIPS: Transjugular portosystemic intrahepatic shunt.

Figure 2

Figure 2 Contrast-enhanced computed tomography scan of a 17 year-old patient. A: Occlusive thrombosis of the trunk of portal vein; B: Complete resolution of
the portal vein thrombosis after 1 year of anticoagulant therapy; C: Relapse of the portal vein thrombosis with extension to splenic vein 1 months after the stop of the
anticoagulant therapy.
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) has become an epidemic largely due to
the worldwide increase in obesity. While lifestyle modifications and
pharmacotherapies have been used to alleviate NAFLD, successful treatment
options are limited. One of the main barriers to finding safe and effective drugs
for long-term use in NAFLD is the fast initiation and progression of disease in the
available preclinical models. Therefore, we are in need of preclinical models that
(1) mimic the human manifestation of NAFLD and (2) have a longer progression
time to allow for the design of superior treatments.
AIM
To characterize a model of prolonged high-fat diet (HFD) feeding for
investigation of the long-term progression of NAFLD.
METHODS
In this study, we utilized prolonged HFD feeding to examine NAFLD features in
C57BL/6 male mice. We fed mice with a HFD (60% fat, 20% protein, and 20%
carbohydrate) for 80 wk to promote obesity (Old-HFD group, n = 18). A low-fat
diet (LFD) (14% fat, 32% protein, and 54% carbohydrate) was administered for
the same duration to age-matched mice (Old-LFD group, n = 15). An additional
group of mice was maintained on the LFD (Young-LFD, n = 20) for a shorter
duration (6 wk) to distinguish between age-dependent and age-independent
effects. Liver, colon, adipose tissue, and feces were collected for histological and
molecular assessments.
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RESULTS
Prolonged HFD feeding led to obesity and insulin resistance. Histological
analysis in the liver of HFD mice demonstrated steatosis, cell injury, portal and
lobular inflammation and fibrosis. In addition, molecular analysis for markers of
endoplasmic reticulum stress established that the liver tissue of HFD mice have
increased phosphorylated Jnk and CHOP. Lastly, we evaluated the gut microbial
composition of Old-LFD and Old-HFD. We observed that prolonged HFD
feeding in mice increased the relative abundance of the Firmicutes phylum. At the
genus level, we observed a significant increase in the abundance of Adercreutzia,
Coprococcus, Dorea, and Ruminococcus and decreased relative abundance of
Turicibacter and Anaeroplasma in HFD mice.
CONCLUSION
Overall, these data suggest that chronic HFD consumption in mice can mimic
pathophysiological and some microbial events observed in NAFLD patients.
Key words: High-fat diet; Obesity; Non-alcoholic fatty liver disease; Gut microbiome;
Endoplasmic reticulum stress; Inflammation; Fibrosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This work describes how mice consuming a chronic high-fat diet can mimic the
clinical characteristics of non-alcoholic fatty liver disease. We used histopathological,
metabolic, and molecular approaches to establish that prolonged high-fat-diet feedings in
mice may be used as a pre-clinical model to study long-term interventions involving
steatosis, steatohepatitis, fibrosis, glucose disturbances, endoplasmic reticulum stress,
and gut microbial dysbiosis.
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INTRODUCTION
Advanced stages of non-alcoholic fatty liver disease (NAFLD) can be classified as a
form of chronic hepatitis. An estimated 25% of individuals are affected globally[1]. In
the United States alone, approximately 95 million adults have NAFLD and the
prevalence has continued to rise[2]. In fact, it is now considered the most common
cause of liver disorder in the United States and other Western industrialized
countries. NAFLD exists as a spectrum and is best categorized histologically.
Characteristic features include steatosis, inflammation, hepatocellular ballooning, and
fibrosis[3]. NAFLD can be further classified as non-alcoholic fatty liver (NAFL) and
non-alcoholic steatohepatitis (NASH)[3]. NAFL is a less severe form and is defined as
the presence of steatosis with no evidence of hepatocellular injury in the form of
ballooning of the hepatocytes[3]. NASH, on the other hand, is characterized by the
presence of hepatic steatosis and inflammation with hepatocyte injury (ballooning)
with or without fibrosis[3]. These characteristics of NAFLD can facilitate the risk of
further disease progression[1]. For example, NAFLD has been linked to the progression
and development of hepatocellular carcinoma (HCC), the major histological subtype
of liver cancer[1]. Similarly, it has been associated with metabolic disorders as up to
75% of individuals with NAFLD have been reported to have type II diabetes[1]. Thus,
understanding the risk factors for NAFLD is of critical public health importance.
Obesity is a well-characterized risk factor for the development of NAFLD.
Although it is well known that obesity can be prevented through healthy dietary
habits and physical activity[4,5], interventions in a clinical setting have largely been
unsuccessful, especially in the long-term[6,7]. Thus, recent research has focused on
understanding the pathways driving the pathologic processes associated with obesityinduced NAFLD so that therapeutic targets can be identified. Animal models are
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critical to this mission and have greatly enhanced our understanding of NAFLD
development. Although multiple animal models of NAFLD exist, high-fat-diet (HFD)
administration has been a widely used model [8] . However, a limitation of this
approach is that HFD administration to mice does not appear to induce significant
NAFLD progression (i.e., liver cell death, inflammation, or fibrosis) despite
reproducibly inciting obesity, the metabolic syndrome, and hepatic steatosis[8]. A
potential explanation for this phenomenon is that the duration of HFD feedings is not
long enough to produce significant NASH even when diet treatment is administered
for six months. Therefore, a longer duration of HFD administration may be necessary
to recapitulate the pathology seen in the human condition.
The gut microbiome has recently emerged as a culprit in the development of
chronic diseases, such as, obesity[9,10], diabetes[11,12], liver disease[13,14], and cancer[15]. In
the case of NAFLD, the location of the portal vein allows easy access for bacteria and
microbial-derived products to translocate from the gut to the liver[16]. In support of
this hypothesis, studies conducted in obese humans with NAFLD revealed gut
dysbiosis when compared to healthy humans [17,18] . Raman et al [17] reported an
enrichment of Lactobacillus species and various microbes from the Firmicutes phylum
in obese humans with NAFLD. Meanwhile, Wong et al [18] , observed that NASH
patients had lower fecal abundance of Firmicutes. Although studies examining the link
between human gut microbiota and liver diseases have advanced our understanding
of this relationship, preclinical models mimicking gut dysbiosis in NAFLD are still
lacking[19].
We sought to examine the effects of chronic HFD feeding on NAFLD in mice.
C57BL/6 mice were used given their susceptibility to HFD-induced obesity. We
utilized a diet consisting of 60% fat, 20% protein, and 20% carbohydrate, which was
fed to the mice for a period of 80 wk-a protocol designed to mimic lifetime
consumption of a diet high in fat. Our analysis focused largely on liver pathology,
fibrosis, inflammation, and endoplasmic reticulum (ER) stress. We also measured
metabolic outcomes and characterized fecal microbiota using 16S rRNA sequencing.
Our data indicate that chronic HFD consumption does result in significant NAFLD
and gut-bacterial dysbiosis. Specifically, we report a significant increase in steatosis,
inflammation, cell injury, fibrosis, and ER stress, which was associated with increases
in the Actinobacteria and Firmicutes phylum and decreases in the Bacteriodetes and
Tenericutes phylum.

MATERIALS AND METHODS
Animals and diet
All procedures involving animals were reviewed and approved by the Institutional
Animal Care and Use Committee at the University of South Carolina (animal protocol
number, 2044-100482-093011). A total of 53 C57BL/6 male mice were obtained from
Jackson Laboratories. Mice (3-5 per cage, wood bedding with nesting material) were
kept in a 12:12 h dark/light cycle, in a humidity and temperature control room, and ad
libitum access to food and water. Animal handling and experiments were performed
to minimize pain and discomfort. At 10 wk of age, male mice were randomly assigned
to one of two diets for the duration of 80 wk: Low-fat diet (old-LFD, n = 15) from
Harlan Teklad Rodent Diet, no 8604 (14% Fat, 54% carbohydrate, 32% protein) or
High-Fat Diet (Old-HFD, n = 18) from Research Diets, D12492 (60% Fat, 20%
carbohydrate, 20% protein). An additional group of male mice (10 wk of age) was
maintained on the LFD (Young-LFD, n = 20) but for a shorter duration (6 wk) to
distinguish between age-dependent and age-independent effects of obesity on
metabolic, molecular, and histological measures. All three groups of mice were
euthanized (overdose of isoflurane) the same day, and fat depots (epididymal, retroperitoneal, and mesentery), liver, and spleen were removed and weighed. The livers
were collected and stored at -80 °C or fixed in 4% paraformaldehyde for further
analysis.

Metabolic measurements and assays
A day prior to euthanasia, ten mice per each group were fasted for five hours (light
cycle). Blood collection was carried out in conscious animals, the tip of the tail was cut
with scissors and heparinized capillary tubes (0.12 cm diameter, 7.5 cm length) were
used to collect 70 μL of blood from the tail vein for the measurement of glucose and
insulin. Blood glucose was assessed using a glucometer (Bayer Counter, New Jersey,
United States) and plasma insulin was determined using a mouse ELISA assay from
Mercodia (Uppsala, Sweden). Insulin resistance was calculated by HOMA index using
the following equation IR = (insulin uU/mL) (glucose mmol/L) /22.5.
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Staining
Liver, colon, and adipose tissue were fixed in 4% paraformaldehyde, paraffinembedded, sectioned, and then stained with hematoxylin eosin (HE). Picro-sirius red
stain kit (Cat ab150681, abcam, Cambridge, MA, United States) was used according to
the manufacturer’s instructions to stain the liver for histological evaluation of fibrosis.
For Oil red O staining, frozen liver tissues were cut (10 μm) using a cryostat (Leica
Biosystems, Nussloch, Germany) and staining was performed as previously
described[20].

Histopathology
Histological scoring system for NAFLD was achieved based on HE and picro-sirius
red staining in the liver of Young-LFD (n = 6), Old-LFD (n = 10), and Old-HFD (n =
12) mice as previously described[21]. A certified pathologist (I.C.) blindly evaluated the
histological findings of steatosis (0-3), portal and lobular inflammation (0-3), cell
injury (0-2), and fibrosis (0-4) in the liver sections. NAFLD Activity Score (NAS) was
calculated by adding the unweighted scores for steatosis, lobular inflammation, cell
injury (0-8).

Western blotting
Briefly, liver was homogenized in Mueller Buffer containing a protease inhibitor
cocktail (Sigma Aldrich, St. Louis, MO, United States). Total protein concentrations
were determined by the Bradford method. Equal amounts of crude protein
homogenates (20 μg) were fractioned on hand-casted SDS-polyacrylamide gels and
electrophoretically transferred to a PVDF membrane using a Royal Genie Blotter
(IDEA Scientific, Minneapolis, MN, United States). Membranes were stained with a
Ponceau S solution in order to verify equal protein loading and transfer efficiency.
Western blots were performed using primary antibodies from Cell Signaling
(Danvers, MA, United States) (phosphorylated-IRE1α, IRE1α, XBP1, phosphorylatedEIF2α, EIF2α, phosphorylated-Jnk, Jnk, CHOP, β-actin, phosphorylated-NFκB, NFκB),
AbD Serotec Raleigh, NC (F4/80), and Novus Biologicals Littleton, CO
(phosphorylated-IRE1α).

Quantitative real-time PCR
Gene expression in liver and colon tissue was performed in duplicate after RNA
isolation with trizol reagent. The following Taqman gene expression assays from
Applied Biosystems were used: Monocyte chemoattractant protein-1 (MCP-1),
interleukin 10 (IL-10), interleukin 17-alpha (IL-17α), interleukin 6 (IL-6), forkhead box
P3 (Foxp3), or tumor necrosis factor alpha (TNF-α). All primers were normalized to
18s rRNA.

Microbiome analysis
Before sacrifice, mice were individually placed in autoclaved cages with no bedding
for the collection of three or more fecal pellets per mouse. Fecal pellets were frozen
immediately after collection and stored at -80 ºC. Isolation and concentration of
microbial DNA was achieved using the QIAamp Fast DNA Stool Mini Kit (cat
number: 51604, QIAGEN) and a nanophotometer Pearl, respectively. Characterization
of the fecal microbiota via 16S rRNA sequencing was performed via the amplification
of the 16S rRNA V3 and V4 hypervariable regions. We used 16S V3 314F forward and
V4 805R reverse primers, respectively (5′TCGTCGGCAGCGTCAGATGTGTATA
AGAGACAGCCTACGGGNGGCWGCAG3′&5′GTCTCGTGGGCTCGGAG
ATGTGTATAAGAGACAG GACTACHVGG GTATCTAATCC3′) with added Ilumina
adapter overhang nucleotide sequences[22]. The PCR conditions used were 3 min at 95
°C followed by 25 cycles of 30 s at 95 °C, 30 sat 55 °C, 30 s at 72 °C, and a final
extension at 72°C for 5 min. Each reaction mixture (25 μL) contained 50 ng of genomic
DNA, 0.5 μL of amplicon PCR forward primer (0.2 μmol/L), 0.5 μl of amplicon PCR
reverse primer (0.2 μmol/L) and 12.5 μL of 2× KAPA Hifi Hot Start Ready Mix. Each
reaction was cleaned up using Agencourt AMPure XP beads. Attachment of dual
indices and Illumina sequencing adapters was performed using 5 μL of amplicon PCR
product DNA, 5 μL of Illumina Nextera XT Index Primer 1 (N7xx), 5 μL of Nextera XT
Index Primer 2 (S5xx), 25 μL of 2× KAPA HiFi Hot Start Ready Mix, and 10 μL of
PCR-grade water. Amplification was carried out under the following conditions: 3
min at 95 °C, followed by 8 cycles of 30 s at 95 °C, 30 s at 55 °C, and 30 s at 72 °C, and
a final extension at 72 °C for 5 min. Constructed 16S metagenomic libraries were
purified with Agencourt AM Pure XP beads and quantified with Quant-iTPicoGreen.
Library quality control and average size distribution were determined using an
Agilent Technologies 2100 Bioanalyzer. Libraries were normalized and pooled to 40
nmol/L based on quantified values. Pooled samples were denatured and diluted to a
final concentration of 6 pmol/L with a 30% PhiX (Illumina) control. Amplicons were
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subjected to pyrosequencing using the MiSeq Reagent Kit V3 in the Illumina MiSeq
System. The online 16S analysis software from NIH was used to analyze sequencing
data collected on the Illumina Miseq. FASTQ sequences were uploaded to Nephele
and the 16S metagenomics application was executed. The groups of related DNA
sequences were assigned to operational taxonomic units (OTUs), and output files
were analyzed to determine gut microbial composition.

Statistical analysis
Data from this experiment were analyzed using commercially available statistical
software, Prism 5 (GraphPad Software). The statistician, Dr. Bo Cai, from the
Department Epidemiology and Biostatistics at the University of South Carolina
reviewed the statistical methods of this study. Morphometric measurements,
metabolic assays, western blot analysis, and gene expression results were analyzed
using a one-way ANOVA followed by Newman-Keuls post hoc test. Kruskal-Wallis
test followed by a Dunn’s Post-Hoc was used to assess differences in histopathology.
A two-tailed Student’s t-test and a Mann-Whitney U test were used to determine
differences in microbiota phylum, family, and genus between Old-LFD and Old-HFD
mice. Data that did not pass Barlett’s test for equal variances was log-transformed and
then re-analyzed. Data are presented as the mean ± SE or median with interquartile
range. The level of significance was set at P < 0.05.

RESULTS
Morphometric and metabolic analysis of diet-induced NAFLD
To evaluate whether prolonged HFD feeding leads to morphometric and metabolic
changes, we determined the mass of three visceral fat depots (epididymal, kidney,
and mesentery) and evaluated basal glucose metabolism. As expected, 80 wk of HFD
feedings augmented body weight (Figure 1A) in Old-HFD mice when compared to
Young-LFD and Old-LFD mice (P < 0.05). This increase in body weight was in part
due to the significant expansion of epididymal (Figure 1B), kidney (Figure 1C), and
mesentery (Figure 1D) fat pads (P < 0.05) as well as liver (Figure 1E) and spleen
(Figure 1F) tissues. In addition, Old-LFD mice showed a higher body weight and
epididymal fat accumulation than Young-LFD mice. Figure 1G, shows a representative histological image of epididymal fat tissue stained with HE; we can observe
larger adipocytes surrounded by infiltrated immune cell in Old-HFD mice compared
to Old-LFD and Young-LFD mice.
We next addressed whether Old-HFD mice were insulin resistant. As anticipated,
Old-HFD mice showed significantly elevated fasting blood glucose (Figure 2A) and
insulin (Figure 2B) when compared to Young-LFD and Old-LFD mice (P < 0.05).
These results were consistent with the HOMA index in which Old-HFD mice
exhibited insulin resistance relative to Young-LFD and Old-LFD mice (P < 0.05)
(Figure 2C). No differences in glucose, insulin, and HOMA index were observed
between Old-LFD and Young-LFD mice even though Old-LFD mice displayed an
increase in body weight and epididymal fat mass.

Histopathological assessment of diet-induced NAFLD
In order to evaluate whether prolonged HFD promotes NAFLD, we performed HE,
picro-sirius red, and Oil Red O stains in the liver tissue of Young-LFD, Old-LFD, and
Old-HFD mice (Figure 3A-C). The analysis of the specimens showed that livers of the
Young-LFD mice had minimal focal inflammation, minimal perisinusoidal fibrosis,
and no signs of steatosis (NAS score 0-1) (Figure 3D-J). Old-LFD mice displayed mild
focal inflammation with focal steatosis, and perisinusoidal fibrosis (NAS score 1-2). In
the case of Old-HFD mice, we observed extensive steatosis, portal and lobular
inflammation with cell injury (ballooning degeneration of the hepatocytes), and
evident fibrosis (NAS score 5-6). We next confirmed fat accumulation in the liver with
Oil Red O staining (Figure 3C). Overall, Oil Red O staining provided evidence of
macrovesicular accumulation of triglycerides in the hepatocytes of Old-HFD mice
when compared to Young-LFD and Old-LFD groups.

Examination of inflammatory markers in the liver tissue of mice following
prolonged HFD feedings
Since inflammation is one of the hallmarks of obesity and NAFLD, we next addressed
the question of whether prolonged HFD consumption increases liver inflammation.
To assess this, we examined gene expression of MCP-1, IL-6, and TNF-α and the
protein concentration of F4/80 and p-NFκB (Figure 4A-E). MCP-1 was significantly
elevated in Old-HFD and Old-LFD mice when compared to Young-LFD mice (P <
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Figure 1

Figure 1 Morphometric characterization of mice subjected to prolonged high-fat diet-feeding. A: Average body weight; B: Average mass of epididymal fat pad;
C: Kidney fat pad; D: Mesenteric fat pad; E: Liver tissue; F: Spleen tissue. G: Representative hematoxylin and eosin images of epididymal adipose tissue (200 X).
Data are expressed as mean ± SE. n = 15-20 mice per group. aSignificantly different from Young-LFD (P < 0.05). b Significantly different from Old-LFD
(P < 0.05). HFD: High-fat diet-feeding; LFD: Low-fat diet.

0.05). Interestingly, F4/80 was significantly decreased with age with a further
decrease observed with HFD feeding (P < 0.05). No significant changes were observed
in the gene expression of IL-6 and TNF-α or the protein expression of p-NFκB.
Effects of prolonged HFD feeding on ER stress in the liver
Previous studies have reported that ER stress is involved in the development and
progression of steatosis[23-25]. Therefore, we next investigated the signaling pathways
activated by ER stress, such as, binding immunoglobulin (Bip), inositol-requiring
enzyme-1 (IRE1α), X-box-binding protein-1 (XBP1s), eukaryotic translation initiation
factor 2α (EIF2α), c-Jun-N-terminal kinase (Jnk), and C/EBP-homologous protein
(CHOP). There was no change in Bip across the groups (Figure 5A). However, both of
the aged groups showed a significant reduction in phosphorylated IRE1α (Figure 5B)
and XBP1s (Figure 5C) when compared to the Young-LFD mice (P < 0.05) and there
was a further reduction in pIRE1α with HFD feeding (Old-LFD versus Old-HFD) (P <
0.05). For phosphorylated EIF2α protein expression, there was an elevation in the OldLFD group compared to Young-LFD and Old-HFD (Figure 5D) (P < 0.05).
Phosphorylated Jnk was increased in both of the aged groups and there was a further
increase with HFD feeding (Figure 5E) (P < 0.05). Only the Old-HFD group exhibited
an increase in CHOP when compared to Old-LFD and Young-LFD (Figure 5F) (P <
0.05).

Effects of prolonged HFD feeding on colon inflammation and the gut microbiome
profile
To examine whether prolonged HFD feeding produced an inflammatory environment
in the colon and/or disrupted the gut microbiome, we analyzed gene expression of
inflammatory markers in the colonic tissue and fecal microbial DNA using
pyrosequencing. In this study, we did not assess the bacterial composition of the
Young-LFD mice, because short-term manipulation of diet is transient[26]. A significant
increase in IL-6 was observed with age and there was a further increase with HFD
feedings (Figure 6C) (P < 0.05). Foxp3 was increased in Old-HFD mice when
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Figure 2

Figure 2 Metabolic characterization of mice subjected to prolonged high-fat diet-feeding. A: Five hours fasting blood glucose; B: Five hours fasting plasma
insulin; C: Homeostasis model of assessment-insulin resistance index. Data are expressed as mean ± SE. n = 10 mice per group. aSignificantly different from YoungLFD (P < 0.05). bSignificantly different from Old-LFD (P < 0.05). HOMA-IR: Homeostasis model of assessment-insulin resistance; LFD: Low-fat diet.

compared to Young-LFD and Old-LFD mice (P < 0.05) (Figure 6C and E). However,
we found no changes in MCP-1, IL-10, or IL-17α (Figure 6AB, and D) between any of
the groups. Representative histological images of the colon tissue in Figure 6F shows
similar colonic morphology between groups.
In Figure 7, we observed similar species richness at the taxonomic level (Figure 7A).
However, principal coordinate (PC) analysis based on OTU showed distinct gut
microbiota composition between Old-LFD and Old-HFD mice (Figure 7B). Firmicutes
and Bacteriodetes were the most predominant phyla in both groups, comprising of 61%
and 32% of gut microbiota in Old-LFD mice and 73% and 21% in Old-HFD mice,
respectively (Figure 8A and B). Consistently, the ratio of Firmicutes to Bacteriodetes in
Old-HFD mice was altered to favor Firmicutes when compared with Old-LFD (Figure
8C, P < 0.05). The next two prevalent phylum included Tenericutes and
Verrucumicrobia with 5% and 0.2% of microbiomes in Old-LFD mice and 0.8% and
3.4% in Old-HFD mice, respectively. Prolonged HFD feeding significantly increased
the abundance of Actinobacteria and Firmicutes and decreased the abundance of
Bacteriodetes and Tenericutes when compared to Old-LFD mice (P < 0.05). In figure 8D,
a positive correlation was observed between body weight and Firmicutes abundance
(P < 0.05), while a negative correlation was observed between body weight and
Bacteriodetes abundance (P < 0.05). At the genus level (Figure 9), we observed a
significant increase in the abundance of Adercreutzia (Phylum-Actinobacteria),
Coprococcus (Phylum-Firmicutes), Dorea (Phylum-Firmicutes), and Ruminococcus
(Phylum-Firmicutes) in Old-HFD mice when compared to Old-LFD mice (P < 0.05).
Further, Old-HFD mice showed a decrease in the abundance of Turicibacter (PhylumFirmicutes) and Anaeroplasma (Phylum-Tenericutes) (P < 0.05).

DISCUSSION
In humans, chronic HFD consumption is associated with systemic inflammation,
obesity, metabolic dysfunction, NAFLD, and an altered gut microbial profile[27-29].
However, animal studies using standard HFD paradigms (16 wk feeding) which
mimic obesity, metabolic disorders, and gut microbiota disruption have failed to
produce consistent NAFLD pathology[8,30] limiting our advancement of mechanistic
insights and the development of therapeutic strategies. Therefore, the present study
utilized a prolonged HFD feeding (80 wk) to examine NAFLD evolvement. Given that
the progression of steatosis to NASH has been linked with changes in inflammation,
ER stress[23], and fecal bacterial composition[17], we sought to examine these outcomes
in our pre-clinical diet-induced obesity model. In general, we found that prolonged
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Figure 3

Figure 3 Histological assessment of the liver tissue in mice subjected to prolonged high-fat diet-feeding. A: Hematoxylin and eosin; B: Picrossirious red; C: Oil
red O images of liver tissue (200 X); D: Histological score of microvesicular steatosis; E: Microvesicular steatosis; F: Ballooing degeneration of hepatocytes; G:
Acidophilic bodies; H: Lobular inflammation; I: Fibrosis; J: Non-alcoholic steatohepatitis score. Data are expressed as median with interquartile range. n = 6-11 mice
per group. aSignificantly different from Young-LFD (P < 0.05), bSignificantly different from Old-LFD (P < 0.05). LFD: Low-fat diet.
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Figure 4

Figure 4 Inflammatory signaling in the liver tissue of mice subjected to prolonged high-fat diet-feeding. A: Gene expression of monocyte chemoattractant
protein-1; B: Gene expression of interleukin; C: Gene expression of tumor necrosis factor alpha; D: Protein concentration of epidermal-gowth factor like-like modulecontaining mucin-like hormone receptor-like 1 also known as F4/80; E: Phosphorylated and total nuclear factor kappa-light-chain-enhancer of activated B cells. Data
are expressed as mean ± SEM. n = 8-10 mice per group. a Significantly different from Young-LFD (P < 0.05). b Significantly different from Old-LFD (P < 0.05). MCP-1:
Monocyte chemoattractant protein-1; IL-6: Interleukin 6; TNFα: Tumor necrosis factor alpha; NFκB: Nuclear factor kappa-light-chain-enhancer of activated B cells;
LFD: Low-fat diet.

HFD feeding promotes obesity, insulin resistance, ER stress, alterations in gut
bacterial composition, and NAFLD in male C57BL/6 mice.
In order to determine if lifetime consumption of a HFD can reliably reproduce
NAFLD, we fed mice for a period of 80 wk with a 60% (total kcals) fat diet. NAFLD
with 14% kcal from fat and an equal amount of choline as the HFD was used to
compare disease outcomes independent of choline deficiency. We controlled for
choline given that choline deficient diets have been widely used to induce
NAFLD/NASH in rodents [31,32] , despite the fact that these diets do not show
physiological characteristics involved in the progression of NAFLD/NASH [33] .
Consistent with our previous studies [21,34-36] , we report that HFD consumption
increased morphometric parameters (body weight, liver mass, fat pads, and spleen
mass) and fasting blood glucose and insulin. Histopathological analysis of the liver
indicated that prolonged HFD feeding produced extensive steatosis with portal and
lobular inflammation and parenchymal fibrosis in all mice in the Old-HFD group
(NAS ≥ 5). Similar to our findings, others have reported metabolic disturbances and
NAFLD pathology using an extended period of HFD feedings[37,38]. For example,
VanSaun et al[37] reported pericellular fibrosis, advanced stage of fibrosis, and NASH
after 36, 56, and 80 wk of HFD, respectively. In addition, they observed non-invasive
dysplastic tumors in seven of eight mice fed HFD for 36-80 wk. Interestingly, we also
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Figure 5

Figure 5 Endoplasmic reticulum stress signaling in the liver tissue of mice subjected to prolonged high-fat diet-feeding. A: Western blot densitometry
analysis of binding immunoglobulin; B: Western blot densitometry analysis of phosphorylated inositol-requiring enzyme-1; C: Western blot densitometry analysis of Xbox-binding protein-1; D: Western blot densitometry analysis of phosphorylated eukaryotic translation initiation factor 2α; E: Western blot densitometry analysis of
phosphorylated c-Jun-N-terminal kinase; F: Western blot densitometry analysis of C/EBP-homologous protein. Data are expressed as mean ± SE. n = 9-10 mice per
group. aSignificantly different from Young-LFD (P < 0.05). bSignificantly different from Old-LFD (P < 0.05). Bip: Binding immunoglobulin; IRE1α: Inositol-requiring
enzyme-1; XBP1s: X-box-binding protein-1; EIF2α: Eukaryotic translation initiation factor 2α; Jnk: Jun-N-terminal kinas; CHOP: C/EBP-homologous protein; LFD: Lowfat diet.
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Figure 6

Figure 6 Inflammatory signaling in the colon tissue of mice subjected to prolonged high-fat diet-feeding. Representative histology images of colonic tissue
(200 X) from Young-low-fat diet (LFD), Old-LFD, and Old-HFD mice. A: Gene expression of Monocyte chemoattractant protein-1 (MCP-1); B: Interleukin 10 (IL-10); C:
Interleukin 6 (IL-6); D: Interleukin 17 (IL-17); E: Forkhead box P3 (FoxP3). Data are expressed as mean ± SE. n = 10 mice per group. a Significantly different from
Young-LFD (P < 0.05). b Significantly different from Old-LFD (P < 0.05). HFD: High-fat diet-feeding; LFD: Low-fat diet.

observed non-invasive focal masses in the liver of Old-HFD mice. Young-LFD and
Old-LFD mice had an average NAS score of 1, which is not considered diagnostic of
steatohepatitis.
Other HFD feeding regimes have been used to mimic the NAFLD condition.
However, variability in the degree of NAFLD pathology has been a limitation of these
models. For example, the use of the Amylin liver NASH model (AMLN) diet, which is
based on a high content of fructose, cholesterol, and trans-fat (partially hydrogenated
vegetable oil), has been shown to induce NAFLD stage heterogeneity in mice when
the duration of feeding is between 12-30 wk[39-41]. However, one study reported that
only twenty percent of mice develop liver fibrosis when fed an AMLN diet for a
duration of 12 wk [ 4 0 ] . Another study reported that key hallmarks of NASH
(macrovesicular steatosis and high levels of aspartate aminotransferase) are detected
as early as 26 wk after AMLN diet consumption in Lep ob/ob and C57BL6 mice [41] .
Nonetheless, not all C57BL/6 mice developed NASH when mice were maintained on
an AMLN diet for 30 wk[39]. Thus, prolonging the duration of HFD consumption, as in
the current study, may be enough to promote a more homogeneous pathology of
NAFLD.
The role of pro-inflammatory cytokines in obesity and NAFLD remains unclear.
Human studies investigating the action of plasma TNF-α has shown positive or no
correlation with insulin resistance in NAFLD and obese patients[42,43]. In the case of IL6, a more clear association has been stipulated between elevated plasma IL-6, insulin
resistance, and NAFLD progression[44,45]. However, there is no clinical evidence that
blocking IL-6 may serve as a treatment for NAFLD and/or metabolic diseases.
Additionally, elevated levels of the chemokine MCP-1 also has been observed in
NASH and NAFLD patients, which has been correlated with liver fat content[46-48]. Our
current findings show no differences in the gene expression of TNFα and IL-6 in
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Figure 7

Figure 7 Gut microbial composition of mice subjected to prolonged high-fat diet-feeding. A: Chao1 and sequence per sample; B: Principal coordinates analysis
(PCoA). n = 7 mice per group. Only the feces of Old-high-fat diet-feeding and Old-high-fat diet-feeding mice were analyzed. Data are expressed as mean ± SE. n = 7
per group. HFD: High-fat diet-feeding; LFD: Low-fat diet.

mouse liver with NASH pathology. These data coincide with no changes in protein
expression of NFκB, a transcription factor involved in inflammatory signaling
pathways. Contrary to our hypothesis, a reduction in F4/80 protein expression, a pan
macrophage and Kupffer cells marker, was observed in aged mice. This decrease in
F4/80 may be a result of aging, as macrophage immune function declines in
senescence[49,50]. Old-HFD mice showed an even more significant drop in F4/80 than
Old-LFD mice, which may be an indication of a depressed immune system related to
NAFLD. Interestingly, the gene expression of MCP-1, a major recruiter of
macrophages was increased in the liver of both Old-LFD and Old-HFD mice. Given
that there was no difference between Old-HFD and Old-LFD groups we believe that
this effect is due to aging and not obesity nor NAFLD and likely a compensatory
response to the decrease in F4/80 seen in aged mice. It is important to mention that
even though we did not find significant changes in the gene expression of TNF-α and
IL-6, we did observe significant lobular inflammation in the liver of Old-HFD mice,
histologically.
ER stress is associated with obesity, insulin resistance, and NAFLD[23-25,51]. It is
believed that ER stress can lead to hepatic steatosis by altering lipid metabolism[52].
The ER stress response is regulated by three transmembrane proteins: ATF6, IRE1α,
and PKR-like ER kinase (PERK), the molecular chaperone, BiP, and their downstream
signaling cascades, including EIF2α (PERK pathway) and XBP1 activation (IRE1α
pathway), which attempt to bring homeostasis back to the cell under stressful
conditions. However, if this is not achieved, chronic ER stress ensues eventually
leading to cell death via Jnk and CHOP signaling[53] and downregulation of the IRE1α
-XBP1 axis[54]. A rapid response to acute ER stress is a significant increase in the
production of molecular chaperones, such as BiP[54]. We found no differences in the
protein expression across groups with respect to BiP; however, we did find a
significant decrease in p-IRE1α and XBP1s in both of the Old groups suggesting that
the livers of these mice were experiencing a certain degree of chronic ER stress.
Furthermore, the fact that the Old-HFD mice displayed increases in both p-JNK and
CHOP protein expression compared to all other groups provides evidence that the
chronic consumption of the HFD led to a more advanced stage of chronic ER stress
than the Old LFD-treated mice. This is corroborated by the significant increase in pEIF2α displayed by the Old-LFD mice and not the Old-HFD mice, as activation of
EIF2α, which inhibits protein translation, typically occurs during the earlier stages of
chronic ER stress [55] . In fact, Choi et al [56] demonstrated that inhibition of EIF2α
phosphorylation exacerbates macro-vesicular steatosis, leukocyte infiltration, and
fibrosis in mice. Thus, the increased EIF2α phosphorylation displayed by the Old-LFD
mice may be a protective mechanism against the more advance stages of NAFLD as
displayed by the Old-HFD mice.
We also sought to investigate colonic inflammatory cytokines involved in the
pathology of colitis due to the co-existence of NAFLD with inflammatory bowel
disease (IBD)[57-61]. We observed an increase in IL-6 and FoxP3 in the colon tissue of
Old-HFD mice, but no changes were observed in MCP-1, IL-10, and IL-17α between
groups. Our findings of an increase in IL-6 is consistent with Jiang et al [62] , that
reported an increase in IL-6 mRNA expression in the intestinal mucosa of NAFLD
patients when compared to healthy subjects. Since systemic inflammation including
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Figure 8

Figure 8 Relative abundance of gut microbial at the phylum level of mice subjected to prolonged high-fat diet-feeding. A: Bar chart presenting the relative
abundance of operational taxonomic units in bacterial phyla; B: Mean relative abundance of phyla; C: Mean relative ratio between firmicutes and bacteroidetes in Oldlow-fat diet (LFD) and Old-high-fat diet-feeding (HFD) mice; D: Correlation between mean relative abundance of firmicutes and bacteroidetes and mouse body weight.
Data are expressed as mean ± SE. n = 7 mice per group. bSignificantly different from Old-LFD (P < 0.05). HFD: High-fat diet-feeding; LFD: Low-fat diet.

IL-6 and TNF-α has been involved in both NAFLD and IBS in humans[57-61], we cannot
discard that systemic inflammation and/or gut permeability may play an important
role in the development of these disorders. However, we did not measure systemic
cytokines nor intestinal permeability in our study. Thus, whether prolonged HFD
consumption for 80 wk, as in the current study, exhibits these characteristics remains
to be determined. The increase in FoxP3 expression is likely a consequence of the
chronic low-grade inflammation in the colon and may explain, in part, the absence of
a difference in colon histology.
Studies have reported that the taxonomic composition of gut microbiota in obese
individuals indicates a higher proportion of Firmicutes and a lower amount of
Bacteroidetes [14,19] . Interestingly, these differences in the ratio of Firmicutes and
Bacteroidetes at the phylum level has been not observed in obese NAFLD patients
when compared with age matched healthy control subjects[17,18,62-68]. In fact, most of the
gut microbiota associated changes in NAFLD and NASH occur at the family and the
genus level (Table 1). In general, there is not consistent evidence of a specific family or
genus involved in NAFLD/NASH. This could be due, in part, to discrepancies in
body mass index, stratification of the disease, sex, diet, and the exclusion or inclusion
criteria used across studies. Significant findings in our study include an increase in
the abundance of Firmicutes and Actinobacteria and a decrease in Bacteriodetes and
Tenericutes phylotypes in Old-HFD mice. Consistent with the obesity literature,
changes in the Firmicutes phylum were positively correlated with body weight while
differences in the Bacteriodetes phylum were negatively associated with body weight.
Since changes in Firmicutes, Actinobacteria and Bacteriodetes have been found when
comparing obese NAFLD/NASH and lean healthy children and adolescent patients,
we believe that the changes observed in these phyla may be related to the body
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Figure 9

Figure 9 Relative abundance of gut microbial at the genus level of mice subjected to prolonged high-fat diet-feeding. A: Mean relative abundance of
Adlercreutzia; B: Mean relative abundance of Turicibacter; C: Mean relative abundance of Coprococcus; D: Mean relative abundance of Dorea; E: Mean relative
abundance of Ruminococcus; F: Mean relative abundance of Anaerosplasma. Data are expressed as mean ± SE. n = 7 mice per group. bP < 0.05, vs Old-LFD. HFD:
High-fat diet-feeding; LFD: Low-fat diet.

composition and not to the NAFLD pathology. At the genus level, we report an overrepresentation of Adlercreutzia, Coprococcus, Dorea, and Ruminococcus and underrepresentation of Turicibacter and Anaeroplasma abundance in Old-HFD mice. These
findings are consistent with some, but not all, of the reported human NAFLD/NASH
associated organisms. For example, Raman et al[17] and Del Chierico et al[65] reported
elevated representation of Dorea in NAFLD/NASH children, adolescents, and adult
subjects, but Da Silva et al[63] observed lower abundance of Dorea in NAFLD patients.
In obese post-menopausal women, Dorea genera has been negatively associated with
insulin resistance and positively correlated with markers of inflammation[66]. Taken
together, these studies suggest an association between increased obesity,
inflammation, and elevated Dorea genera – which may or may not be related to
NAFLD. Consistent with our findings, Boursier et al [19] and Del Chierico et al [65]
observed an increase in the abundance of Ruminococcus. Meanwhile, Da Silva et al[63]
observed that NAFLD patients had lower fecal abundance of Ruminococcus. Other
genera that were altered in the Old-HFD group including Adlercreutzia, Turicibacter,
and Anaerosplasma have not been associated with NAFLD or NASH in human
patients. Thus, whether changes in abundance of these microbes is due to diet,
obesity, or other factors independent of NAFLD warrants further investigation.
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Table 1 Gut microbiota associated changes in non-alcoholic fatty liver disease and Non-alcoholic steatohepatitis subjects
Study

Subjects

Family

Genus

Zhu et al[14], 2012

3

↑ Prevotellaceae

↑ Prevotella

↑ Enterobacteriaceae1

↑ Escherichia1

↓ Rikenellaceae

↓ Alistipes

↓ Actinobacteria

↓ Bifidobacterium

↓ Lachnospiraceae

↓ Blautia

↓ Ruminococcaceae

↓ Faecalibacterium

↑ Enterobacteriaceae

↑ Clostridium coccoides2

HC, BMI = 20 kg/m2

3

Obese, BMI > 30 kg/m2

3

NASH, BMI > 30 kg/m2

[64]

Mouzaki et al

, 2013

2

HC, BMI = 26 kg/m
2

2

SS, BMI = 29 kg/m

↓ Lachnospiraceae

NASH, BMI > 30 kg/m2
Raman et al[17], 2013

HC, BMI < 25 kg/m2

NAFLD, BMI > 30 kg/m2

↑ Kiloniellaceae

↑ Lactobacillus

↑ Pasteurellaceae

↑ Robinsoniella

↑ Lactobacillaceae

↑ Roseburia

↑ Lachnospiraceae

↑ Dorea

↑ Veillonellaceae

↓ Oscillibacter

↓ Ruminococcaceae
↓ Porphyromonadaceae

[18]

Wong et al

Clostridiales

↓ Anaerosporobacter

↑ Succinivibronaceae

↑ Parabacteriodes

↑ Porphyromonadaceae

↑ Allisonella

NASH, BMI > 30 kg/m2

↓ Unclassified

↓ Faecalibacterium

HC, BMI = 23 kg/m2

↑ Peptostreptococcaceae

↑ Anaerobacter

↓ Ruminococcaceae

↑ Streptococcus

2

, 2013

HC, BMI = 22 kg/m

Jiang et al[62], 2015

NAFLD, BMI = 26 kg/m2

↑ Lactobacillus
↑Escherichia
↑ Clostridium XI
↓ Oscillibacter
↓ Odoribater
↓ Alistipes
↓ Flavonifractor

Boursier et al[19], 2016

[67]

Mouzaki et al

, 2016

HC, BMI > 30 kg/m2

↑ Bacteroidaceae

↑ Bacteroides

NASH, BMI > 30 kg/m2

↓ Prevotellaceae

↑ Ruminoccocus

↓Erysipelotrichaceae

↓ Prevotella

2

HC, BMI = 27 kg/m

↓ Clostridium leptum

NASH, BMI > 30 kg/m2
Del Chierico et al[65], 2017

3

HC, BMI = 18 kg/m2

↓ Rikenellaceae4

↑ Bradyrhizobium4
↑ Anaerococcus4

3

2

↑ Peptoniphilus4

Obese, BMI = 26 kg/m

3

2

↑ Propionibacterium acnes4

NAFLD, BMI = 26 kg/m

3

NASH, BMI = 27 kg/m2

↑ Dorea4
↑ Ruminococcus4
↓ Oscillospira4

[68]

Nobili et al

3

,

2

↑ Lactobacillus mucosae *12

HC, BMI = 18 kg/m

3

Obese, BMI = 26 kg/m2

2018

3

NAFLD, BMI = 26 kg/m2

3

NASH, BMI = 27 kg/m2

[63]

Da Silva et al

, 2018

HC, BMI = 27 kg/m2

NAFLD, BMI > 30 kg/m2

↓Bacteroidaceae

↓ Alistipes

↓ Lachnospiraceae

↓ Anaerostipes

↓ Lactobacillaceae

↓ Bacteroides

↓ Porphyromonadaceae

↓Blautia

↓ Rikenellaceae

↓ Coprococcus
↓ Dorea
↓ Faecalibacterium
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↓ Lactobacillus
↓Parabacteroides
↓ Roseburia
↓ Ruminococcus

1

Different from Obese;
Different from Steatosis or non-alcoholic fatty liver disease;
3
Children and adolescent;
4
Differences between grouping patients and healthy control. BMI: Body mass index; HC: Healthy control; NAFLD: Non-alcoholic fatty liver disease;
NASH: Non-alcoholic steatohepatitis; SS: Steatosis.
2

A limitation in our study is that we were not able to pinpoint a causal relationship
between NAFLD and specific microbes. This is in part due to an inability to dissect
changes independent of long-term dietary macronutrient manipulation or obesity –
both of which directly impact the composition of gut microbiota[26]. In addition, it is
important to note that our findings did not recapitulate all of the microbial findings
that have been reported in the clinical NAFLD/NASH literature. Therefore,
additional mechanistic studies are necessary to determine if any of the intestinal
bacteria changes that we observed can promote NAFLD pre-clinically. Further, our
study was limited to one-time point; all mice were exposed to chronic HFD feeding
for the duration of 80 wk. However, it is certainly possible that a shorter duration of
HFD feedings (less than 80 wk) may incite NAFLD pathophysiology; although most
likely not to the same degree. It also would have been informative to examine changes
across time to fully evaluate factors involved in progression of the disease. A third
limitation in our study is that we are not able to conclude if the macronutrient
composition of the diet is responsible for NAFLD development or rather the excess
calories that intrinsically promotes NAFLD. Thus, it may be advantageous to study
energy-dense isocaloric diets with high carbohydrate or fat macronutrient content.
In summary, our study examined the effects of prolonged HFD feeding on NAFLD.
In particular, we focused on determining the common features of this animal model
with NAFLD and human manifestation of the disease. Our prolonged HFD feeding
led to the development of obesity, steatosis, non-alcoholic stetohepatitis, insulin
resistance, steatosis, liver ER stress, and gut dysbiosis making it a suitable model for
the study of NAFLD. Our results suggest that chronic HFD can mimic most, but not
all, of the pathophysiological events observed in NAFLD.

ARTICLE HIGHLIGHTS
Research background
Animal models that can exhibit characteristics seen in non-alcoholic fatty liver disease (NAFLD)
have the potential to drive the discovery of new drugs to treat this disease.

Research motivation
Most animal models used to investigate NAFLD misrepresent typical characteristics seen in
human patients with NAFLD. Therefore, any successful treatments documented in these animal
models may not be clinically translatable.

Research objectives
To evaluate if mice consuming a high calorie diet for a prolonged time can mimic clinical
characteristics of NAFLD.

Research methods
Male mice (10 wk old) were assigned to the following groups: Young- low-fat diet (LFD) (n = 20;
low calorie diet for), Old-LFD (n = 15; low calorie diet), and Old-HFD (n = 18; high calorie diet).
Mice in the LFD consumed a diet rich in carbohydrates, meanwhile the HFD was abundant in fat
content. Liver, colon, adipose tissue, and feces were collected at 16 wk of age in Young-LFD mice
and at 90 wk of age in Old-LFD and Old-HFD to evaluate microscopic features, glucose
metabolism, inflammation, endoplasmic reticulum (ER) stress, and microbiome profile seen in
NAFLD.

Research results
Old-HFD mice showed increased body weight, blood glucose, plasma insulin, HOMA index,
steatosis, hepatocellular ballooning, inflammation, fibrosis, NAFLD activity score, ER stress
markers (CHOP and p-Jnk), and abundance of Firmicutes, Adlercreutzia, Turicibacter, Coprococcus,
Dorea, and Ruminococcus.

Research conclusions
Mice fed a high calorie diet for 80-wk (Old-HFD) mimicked microscopic characteristic and
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microbial events that have been previously observed in NAFLD patients.

Research perspectives
It is important to critically select animal models to study any disease including NAFLD. Future
research dedicated to investigation of new treatments for NAFLD should consider prolongedHFD feedings as their animal model.

REFERENCES
1

2

3

4
5
6

7

8

9

10

11

12

13
14

15
16
17

18

19

20

21

WJH

https://www.wjgnet.com

Younossi ZM, Otgonsuren M, Henry L, Venkatesan C, Mishra A, Erario M, Hunt S. Association of
nonalcoholic fatty liver disease (NAFLD) with hepatocellular carcinoma (HCC) in the United States from
2004 to 2009. Hepatology 2015; 62: 1723-1730 [PMID: 26274335 DOI: 10.1002/hep.28123]
Federico A, Zulli C, de Sio I, Del Prete A, Dallio M, Masarone M, Loguercio C. Focus on emerging drugs
for the treatment of patients with non-alcoholic fatty liver disease. World J Gastroenterol 2014; 20: 1684116857 [PMID: 25492998 DOI: 10.3748/wjg.v20.i45.16841]
Chalasani N, Younossi Z, Lavine JE, Diehl AM, Brunt EM, Cusi K, Charlton M, Sanyal AJ; American
Gastroenterological Association; American Association for the Study of Liver Diseases; American College
of Gastroenterologyh. The diagnosis and management of non-alcoholic fatty liver disease: practice
guideline by the American Gastroenterological Association, American Association for the Study of Liver
Diseases, and American College of Gastroenterology. Gastroenterology 2012; 142: 1592-1609 [PMID:
22656328 DOI: 10.1053/j.gastro.2012.04.001]
Fox KR, Hillsdon M. Physical activity and obesity. Obes Rev 2007; 8 Suppl 1: 115-121 [PMID: 17316313
DOI: 10.1111/j.1467-789X.2007.00329.x]
Wareham NJ, van Sluijs EM, Ekelund U. Physical activity and obesity prevention: a review of the current
evidence. Proc Nutr Soc 2005; 64: 229-247 [PMID: 15960868]
Roberts DL, Dive C, Renehan AG. Biological mechanisms linking obesity and cancer risk: new
perspectives. Annu Rev Med 2010; 61: 301-316 [PMID: 19824817 DOI:
10.1146/annurev.med.080708.082713]
Lemmens VE, Oenema A, Klepp KI, Henriksen HB, Brug J. A systematic review of the evidence
regarding efficacy of obesity prevention interventions among adults. Obes Rev 2008; 9: 446-455 [PMID:
18298429 DOI: 10.1111/j.1467-789X.2008.00468.x]
Asai A, Chou PM, Bu HF, Wang X, Rao MS, Jiang A, DiDonato CJ, Tan XD. Dissociation of hepatic
insulin resistance from susceptibility of nonalcoholic fatty liver disease induced by a high-fat and highcarbohydrate diet in mice. Am J Physiol Gastrointest Liver Physiol 2014; 306: G496-G504 [PMID:
24436353 DOI: 10.1152/ajpgi.00291.2013]
Turnbaugh PJ, Hamady M, Yatsunenko T, Cantarel BL, Duncan A, Ley RE, Sogin ML, Jones WJ, Roe
BA, Affourtit JP, Egholm M, Henrissat B, Heath AC, Knight R, Gordon JI. A core gut microbiome in
obese and lean twins. Nature 2009; 457: 480-484 [PMID: 19043404 DOI: 10.1038/nature07540]
Murphy EF, Cotter PD, Hogan A, O'Sullivan O, Joyce A, Fouhy F, Clarke SF, Marques TM, O'Toole
PW, Stanton C, Quigley EM, Daly C, Ross PR, O'Doherty RM, Shanahan F. Divergent metabolic
outcomes arising from targeted manipulation of the gut microbiota in diet-induced obesity. Gut 2013; 62:
220-226 [PMID: 22345653 DOI: 10.1136/gutjnl-2011-300705]
Larsen N, Vogensen FK, van den Berg FW, Nielsen DS, Andreasen AS, Pedersen BK, Al-Soud WA,
Sørensen SJ, Hansen LH, Jakobsen M. Gut microbiota in human adults with type 2 diabetes differs from
non-diabetic adults. PLoS One 2010; 5: e9085 [PMID: 20140211 DOI: 10.1371/journal.pone.0009085]
Qin J, Li Y, Cai Z, Li S, Zhu J, Zhang F, Liang S, Zhang W, Guan Y, Shen D, Peng Y, Zhang D, Jie Z,
Wu W, Qin Y, Xue W, Li J, Han L, Lu D, Wu P, Dai Y, Sun X, Li Z, Tang A, Zhong S, Li X, Chen W, Xu
R, Wang M, Feng Q, Gong M, Yu J, Zhang Y, Zhang M, Hansen T, Sanchez G, Raes J, Falony G, Okuda
S, Almeida M, LeChatelier E, Renault P, Pons N, Batto JM, Zhang Z, Chen H, Yang R, Zheng W, Li S,
Yang H, Wang J, Ehrlich SD, Nielsen R, Pedersen O, Kristiansen K, Wang J. A metagenome-wide
association study of gut microbiota in type 2 diabetes. Nature 2012; 490: 55-60 [PMID: 23023125 DOI:
10.1038/nature11450]
Boursier J, Diehl AM. Implication of gut microbiota in nonalcoholic fatty liver disease. PLoS Pathog
2015; 11: e1004559 [PMID: 25625278 DOI: 10.1371/journal.ppat.1004559]
Zhu L, Baker SS, Gill C, Liu W, Alkhouri R, Baker RD, Gill SR. Characterization of gut microbiomes in
nonalcoholic steatohepatitis (NASH) patients: a connection between endogenous alcohol and NASH.
Hepatology 2013; 57: 601-609 [PMID: 23055155 DOI: 10.1002/hep.26093]
Yu LX, Schwabe RF. The gut microbiome and liver cancer: mechanisms and clinical translation. Nat Rev
Gastroenterol Hepatol 2017; 14: 527-539 [PMID: 28676707 DOI: 10.1038/nrgastro.2017.72]
Tilg H, Cani PD, Mayer EA. Gut microbiome and liver diseases. Gut 2016; 65: 2035-2044 [PMID:
27802157 DOI: 10.1136/gutjnl-2016-312729]
Raman M, Ahmed I, Gillevet PM, Probert CS, Ratcliffe NM, Smith S, Greenwood R, Sikaroodi M, Lam
V, Crotty P, Bailey J, Myers RP, Rioux KP. Fecal microbiome and volatile organic compound metabolome
in obese humans with nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol 2013; 11: 868-875.e1-3
[PMID: 23454028 DOI: 10.1016/j.cgh.2013.02.015]
Wong VW, Tse CH, Lam TT, Wong GL, Chim AM, Chu WC, Yeung DK, Law PT, Kwan HS, Yu J, Sung
JJ, Chan HL. Molecular characterization of the fecal microbiota in patients with nonalcoholic
steatohepatitis--a longitudinal study. PLoS One 2013; 8: e62885 [PMID: 23638162 DOI:
10.1371/journal.pone.0062885]
Boursier J, Mueller O, Barret M, Machado M, Fizanne L, Araujo-Perez F, Guy CD, Seed PC, Rawls JF,
David LA, Hunault G, Oberti F, Calès P, Diehl AM. The severity of nonalcoholic fatty liver disease is
associated with gut dysbiosis and shift in the metabolic function of the gut microbiota. Hepatology 2016;
63: 764-775 [PMID: 26600078 DOI: 10.1002/hep.28356]
Koopman R, Schaart G, Hesselink MK. Optimisation of oil red O staining permits combination with
immunofluorescence and automated quantification of lipids. Histochem Cell Biol 2001; 116: 63-68 [PMID:
11479724]
Velázquez KT, Enos RT, Carson MS, Cranford TL, Bader JE, Chatzistamou I, Singh UP, Nagarkatti PS,
Nagarkatti M, Davis JM, Carson JA, Murphy EA. Weight loss following diet-induced obesity does not

635

August 27, 2019

Volume 11

Issue 8

Velázquez KT et al. High-fat-diet and NAFLD alters gut microbiota

22

23

24

25
26

27
28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

WJH

https://www.wjgnet.com

alter colon tumorigenesis in the AOM mouse model. Am J Physiol Gastrointest Liver Physiol 2016; 311:
G699-G712 [PMID: 27609769 DOI: 10.1152/ajpgi.00207.2016]
Klindworth A, Pruesse E, Schweer T, Peplies J, Quast C, Horn M, Glöckner FO. Evaluation of general
16S ribosomal RNA gene PCR primers for classical and next-generation sequencing-based diversity
studies. Nucleic Acids Res 2013; 41: e1 [PMID: 22933715 DOI: 10.1093/nar/gks808]
Zhang XQ, Xu CF, Yu CH, Chen WX, Li YM. Role of endoplasmic reticulum stress in the pathogenesis
of nonalcoholic fatty liver disease. World J Gastroenterol 2014; 20: 1768-1776 [PMID: 24587654 DOI:
10.3748/wjg.v20.i7.1768]
Chambers JE, Marciniak SJ. Cellular mechanisms of endoplasmic reticulum stress signaling in health and
disease. 2. Protein misfolding and ER stress. Am J Physiol Cell Physiol 2014; 307: C657-C670 [PMID:
24944205 DOI: 10.1152/ajpcell.00183.2014]
Pagliassotti MJ. Endoplasmic reticulum stress in nonalcoholic fatty liver disease. Annu Rev Nutr 2012;
32: 17-33 [PMID: 22809102 DOI: 10.1146/annurev-nutr-071811-150644]
Wu GD, Chen J, Hoffmann C, Bittinger K, Chen YY, Keilbaugh SA, Bewtra M, Knights D, Walters WA,
Knight R, Sinha R, Gilroy E, Gupta K, Baldassano R, Nessel L, Li H, Bushman FD, Lewis JD. Linking
long-term dietary patterns with gut microbial enterotypes. Science 2011; 334: 105-108 [PMID: 21885731
DOI: 10.1126/science.1208344]
Martinez KB, Leone V, Chang EB. Western diets, gut dysbiosis, and metabolic diseases: Are they linked?
Gut Microbes 2017; 8: 130-142 [PMID: 28059614 DOI: 10.1080/19490976.2016.1270811]
Manzel A, Muller DN, Hafler DA, Erdman SE, Linker RA, Kleinewietfeld M. Role of "Western diet" in
inflammatory autoimmune diseases. Curr Allergy Asthma Rep 2014; 14: 404 [PMID: 24338487 DOI:
10.1007/s11882-013-0404-6]
Minihane AM, Vinoy S, Russell WR, Baka A, Roche HM, Tuohy KM, Teeling JL, Blaak EE, Fenech M,
Vauzour D, McArdle HJ, Kremer BH, Sterkman L, Vafeiadou K, Benedetti MM, Williams CM, Calder
PC. Low-grade inflammation, diet composition and health: current research evidence and its translation. Br
J Nutr 2015; 114: 999-1012 [PMID: 26228057 DOI: 10.1017/S0007114515002093]
Le Roy T, Llopis M, Lepage P, Bruneau A, Rabot S, Bevilacqua C, Martin P, Philippe C, Walker F, Bado
A, Perlemuter G, Cassard-Doulcier AM, Gérard P. Intestinal microbiota determines development of nonalcoholic fatty liver disease in mice. Gut 2013; 62: 1787-1794 [PMID: 23197411 DOI:
10.1136/gutjnl-2012-303816]
Nakae D, Mizumoto Y, Andoh N, Tamura K, Horiguchi K, Endoh T, Kobayashi E, Tsujiuchi T, Denda A,
Lombardi B. Comparative changes in the liver of female Fischer-344 rats after short-term feeding of a
semipurified or a semisynthetic L-amino acid-defined choline-deficient diet. Toxicol Pathol 1995; 23: 583590 [PMID: 8578101 DOI: 10.1177/019262339502300504]
Itagaki H, Shimizu K, Morikawa S, Ogawa K, Ezaki T. Morphological and functional characterization of
non-alcoholic fatty liver disease induced by a methionine-choline-deficient diet in C57BL/6 mice. Int J
Clin Exp Pathol 2013; 6: 2683-2696 [PMID: 24294355]
Machado MV, Michelotti GA, Xie G, Almeida Pereira T, Boursier J, Bohnic B, Guy CD, Diehl AM.
Mouse models of diet-induced nonalcoholic steatohepatitis reproduce the heterogeneity of the human
disease. PLoS One 2015; 10: e0127991 [PMID: 26017539 DOI: 10.1371/journal.pone.0127991]
Cranford TL, Velázquez KT, Enos RT, Sougiannis AT, Bader JE, Carson MS, Bellone RR, Chatzistamou
I, Nagarkatti M, Murphy EA. Effects of high fat diet-induced obesity on mammary tumorigenesis in the
PyMT/MMTV murine model. Cancer Biol Ther 2019; 20: 487-496 [PMID: 30388923 DOI:
10.1080/15384047.2018.1537574]
Velázquez KT, Enos RT, Carson MS, Cranford TL, Bader JE, Sougiannis AT, Pritchett C, Fan D, Carson
JA, Murphy EA. miR155 deficiency aggravates high-fat diet-induced adipose tissue fibrosis in male mice.
Physiol Rep 2017; 5 [PMID: 28947593 DOI: 10.14814/phy2.13412]
Enos RT, Davis JM, Velázquez KT, McClellan JL, Day SD, Carnevale KA, Murphy EA. Influence of
dietary saturated fat content on adiposity, macrophage behavior, inflammation, and metabolism:
composition matters. J Lipid Res 2013; 54: 152-163 [PMID: 23103474 DOI: 10.1194/jlr.M030700]
VanSaun MN, Lee IK, Washington MK, Matrisian L, Gorden DL. High fat diet induced hepatic steatosis
establishes a permissive microenvironment for colorectal metastases and promotes primary dysplasia in a
murine model. Am J Pathol 2009; 175: 355-364 [PMID: 19541928 DOI: 10.2353/ajpath.2009.080703]
Hill-Baskin AE, Markiewski MM, Buchner DA, Shao H, DeSantis D, Hsiao G, Subramaniam S, Berger
NA, Croniger C, Lambris JD, Nadeau JH. Diet-induced hepatocellular carcinoma in genetically
predisposed mice. Hum Mol Genet 2009; 18: 2975-2988 [PMID: 19454484 DOI: 10.1093/hmg/ddp236]
Clapper JR, Hendricks MD, Gu G, Wittmer C, Dolman CS, Herich J, Athanacio J, Villescaz C, Ghosh
SS, Heilig JS, Lowe C, Roth JD. Diet-induced mouse model of fatty liver disease and nonalcoholic
steatohepatitis reflecting clinical disease progression and methods of assessment. Am J Physiol
Gastrointest Liver Physiol 2013; 305: G483-G495 [PMID: 23886860 DOI: 10.1152/ajpgi.00079.2013]
Trevaskis JL, Griffin PS, Wittmer C, Neuschwander-Tetri BA, Brunt EM, Dolman CS, Erickson MR,
Napora J, Parkes DG, Roth JD. Glucagon-like peptide-1 receptor agonism improves metabolic,
biochemical, and histopathological indices of nonalcoholic steatohepatitis in mice. Am J Physiol
Gastrointest Liver Physiol 2012; 302: G762-G772 [PMID: 22268099 DOI: 10.1152/ajpgi.00476.2011]
Kristiansen MN, Veidal SS, Rigbolt KT, Tølbøl KS, Roth JD, Jelsing J, Vrang N, Feigh M. Obese dietinduced mouse models of nonalcoholic steatohepatitis-tracking disease by liver biopsy. World J Hepatol
2016; 8: 673-684 [PMID: 27326314 DOI: 10.4254/wjh.v8.i16.673]
Lesmana CR, Hasan I, Budihusodo U, Gani RA, Krisnuhoni E, Akbar N, Lesmana LA. Diagnostic value
of a group of biochemical markers of liver fibrosis in patients with non-alcoholic steatohepatitis. J Dig Dis
2009; 10: 201-206 [PMID: 19659788 DOI: 10.1111/j.1751-2980.2009.00386.x]
Li W, Zheng L, Sheng C, Cheng X, Qing L, Qu S. Systematic review on the treatment of pentoxifylline in
patients with non-alcoholic fatty liver disease. Lipids Health Dis 2011; 10: 49 [PMID: 21477300 DOI:
10.1186/1476-511X-10-49]
Kugelmas M, Hill DB, Vivian B, Marsano L, McClain CJ. Cytokines and NASH: a pilot study of the
effects of lifestyle modification and vitamin E. Hepatology 2003; 38: 413-419 [PMID: 12883485 DOI:
10.1053/jhep.2003.50316]
Wieckowska A, Papouchado BG, Li Z, Lopez R, Zein NN, Feldstein AE. Increased hepatic and
circulating interleukin-6 levels in human nonalcoholic steatohepatitis. Am J Gastroenterol 2008; 103:
1372-1379 [PMID: 18510618 DOI: 10.1111/j.1572-0241.2007.01774.x]
Haukeland JW, Damås JK, Konopski Z, Løberg EM, Haaland T, Goverud I, Torjesen PA, Birkeland K,
Bjøro K, Aukrust P. Systemic inflammation in nonalcoholic fatty liver disease is characterized by elevated

636

August 27, 2019

Volume 11

Issue 8

Velázquez KT et al. High-fat-diet and NAFLD alters gut microbiota

47

48

49
50
51
52

53

54
55

56

57

58

59

60

61

62

63

64

65

66

67

68

WJH

https://www.wjgnet.com

levels of CCL2. J Hepatol 2006; 44: 1167-1174 [PMID: 16618517 DOI: 10.1016/j.jhep.2006.02.011]
Westerbacka J, Kolak M, Kiviluoto T, Arkkila P, Sirén J, Hamsten A, Fisher RM, Yki-Järvinen H. Genes
involved in fatty acid partitioning and binding, lipolysis, monocyte/macrophage recruitment, and
inflammation are overexpressed in the human fatty liver of insulin-resistant subjects. Diabetes 2007; 56:
2759-2765 [PMID: 17704301 DOI: 10.2337/db07-0156]
Greco D, Kotronen A, Westerbacka J, Puig O, Arkkila P, Kiviluoto T, Laitinen S, Kolak M, Fisher RM,
Hamsten A, Auvinen P, Yki-Järvinen H. Gene expression in human NAFLD. Am J Physiol Gastrointest
Liver Physiol 2008; 294: G1281-G1287 [PMID: 18388185 DOI: 10.1152/ajpgi.00074.2008]
Linehan E, Fitzgerald DC. Ageing and the immune system: focus on macrophages. Eur J Microbiol
Immunol (Bp) 2015; 5: 14-24 [PMID: 25883791 DOI: 10.1556/EUJMI-D-14-00035]
Stahl EC, Haschak MJ, Popovic B, Brown BN. Macrophages in the Aging Liver and Age-Related Liver
Disease. Front Immunol 2018; 9: 2795 [PMID: 30555477 DOI: 10.3389/fimmu.2018.02795]
Kim OK, Jun W, Lee J. Mechanism of ER Stress and Inflammation for Hepatic Insulin Resistance in
Obesity. Ann Nutr Metab 2015; 67: 218-227 [PMID: 26452040 DOI: 10.1159/000440905]
Oyadomari S, Harding HP, Zhang Y, Oyadomari M, Ron D. Dephosphorylation of translation initiation
factor 2alpha enhances glucose tolerance and attenuates hepatosteatosis in mice. Cell Metab 2008; 7: 520532 [PMID: 18522833 DOI: 10.1016/j.cmet.2008.04.011]
Schwabe RF, Uchinami H, Qian T, Bennett BL, Lemasters JJ, Brenner DA. Differential requirement for cJun NH2-terminal kinase in TNFalpha- and Fas-mediated apoptosis in hepatocytes. FASEB J 2004; 18:
720-722 [PMID: 14766793 DOI: 10.1096/fj.03-0771fje]
Chen Y, Brandizzi F. IRE1: ER stress sensor and cell fate executor. Trends Cell Biol 2013; 23: 547-555
[PMID: 23880584 DOI: 10.1016/j.tcb.2013.06.005]
Guan BJ, Krokowski D, Majumder M, Schmotzer CL, Kimball SR, Merrick WC, Koromilas AE,
Hatzoglou M. Translational control during endoplasmic reticulum stress beyond phosphorylation of the
translation initiation factor eIF2α. J Biol Chem 2014; 289: 12593-12611 [PMID: 24648524 DOI:
10.1074/jbc.M113.543215]
Choi WG, Han J, Kim JH, Kim MJ, Park JW, Song B, Cha HJ, Choi HS, Chung HT, Lee IK, Park TS,
Hatzoglou M, Choi HS, Yoo HJ, Kaufman RJ, Back SH. eIF2α phosphorylation is required to prevent
hepatocyte death and liver fibrosis in mice challenged with a high fructose diet. Nutr Metab (Lond) 2017;
14: 48 [PMID: 28781602 DOI: 10.1186/s12986-017-0202-6]
Chao CY, Battat R, Al Khoury A, Restellini S, Sebastiani G, Bessissow T. Co-existence of non-alcoholic
fatty liver disease and inflammatory bowel disease: A review article. World J Gastroenterol 2016; 22:
7727-7734 [PMID: 27678354 DOI: 10.3748/wjg.v22.i34.7727]
Gisbert JP, Luna M, González-Lama Y, Pousa ID, Velasco M, Moreno-Otero R, Maté J. Liver injury in
inflammatory bowel disease: long-term follow-up study of 786 patients. Inflamm Bowel Dis 2007; 13:
1106-1114 [PMID: 17455203 DOI: 10.1002/ibd.20160]
Bargiggia S, Maconi G, Elli M, Molteni P, Ardizzone S, Parente F, Todaro I, Greco S, Manzionna G,
Bianchi Porro G. Sonographic prevalence of liver steatosis and biliary tract stones in patients with
inflammatory bowel disease: study of 511 subjects at a single center. J Clin Gastroenterol 2003; 36: 417420 [PMID: 12702985]
Riegler G, D'Incà R, Sturniolo GC, Corrao G, Del Vecchio Blanco C, Di Leo V, Carratù R, Ingrosso M,
Pelli MA, Morini S, Valpiani D, Cantarini D, Usai P, Papi C, Caprilli R. Hepatobiliary alterations in
patients with inflammatory bowel disease: a multicenter study. Caprilli amp; Gruppo Italiano Studio
Colon-Retto. Scand J Gastroenterol 1998; 33: 93-98 [PMID: 9489915]
Bessissow T, Le NH, Rollet K, Afif W, Bitton A, Sebastiani G. Incidence and Predictors of Nonalcoholic
Fatty Liver Disease by Serum Biomarkers in Patients with Inflammatory Bowel Disease. Inflamm Bowel
Dis 2016; 22: 1937-1944 [PMID: 27379445 DOI: 10.1097/MIB.0000000000000832]
Jiang W, Wu N, Wang X, Chi Y, Zhang Y, Qiu X, Hu Y, Li J, Liu Y. Dysbiosis gut microbiota associated
with inflammation and impaired mucosal immune function in intestine of humans with non-alcoholic fatty
liver disease. Sci Rep 2015; 5: 8096 [PMID: 25644696 DOI: 10.1038/srep08096]
Da Silva HE, Teterina A, Comelli EM, Taibi A, Arendt BM, Fischer SE, Lou W, Allard JP. Nonalcoholic
fatty liver disease is associated with dysbiosis independent of body mass index and insulin resistance. Sci
Rep 2018; 8: 1466 [PMID: 29362454 DOI: 10.1038/s41598-018-19753-9]
Mouzaki M, Comelli EM, Arendt BM, Bonengel J, Fung SK, Fischer SE, McGilvray ID, Allard JP.
Intestinal microbiota in patients with nonalcoholic fatty liver disease. Hepatology 2013; 58: 120-127
[PMID: 23401313 DOI: 10.1002/hep.26319]
Del Chierico F, Nobili V, Vernocchi P, Russo A, Stefanis C, Gnani D, Furlanello C, Zandonà A, Paci P,
Capuani G, Dallapiccola B, Miccheli A, Alisi A, Putignani L. Gut microbiota profiling of pediatric
nonalcoholic fatty liver disease and obese patients unveiled by an integrated meta-omics-based approach.
Hepatology 2017; 65: 451-464 [PMID: 27028797 DOI: 10.1002/hep.28572]
Brahe LK, Le Chatelier E, Prifti E, Pons N, Kennedy S, Hansen T, Pedersen O, Astrup A, Ehrlich SD,
Larsen LH. Specific gut microbiota features and metabolic markers in postmenopausal women with
obesity. Nutr Diabetes 2015; 5: e159 [PMID: 26075636 DOI: 10.1038/nutd.2015.9]
Mouzaki M, Wang AY, Bandsma R, Comelli EM, Arendt BM, Zhang L, Fung S, Fischer SE, McGilvray
IG, Allard JP. Bile Acids and Dysbiosis in Non-Alcoholic Fatty Liver Disease. PLoS One 2016; 11:
e0151829 [PMID: 27203081 DOI: 10.1371/journal.pone.0151829]
Nobili V, Putignani L, Mosca A, Chierico FD, Vernocchi P, Alisi A, Stronati L, Cucchiara S, Toscano M,
Drago L. Bifidobacteria and lactobacilli in the gut microbiome of children with non-alcoholic fatty liver
disease: which strains act as health players? Arch Med Sci 2018; 14: 81-87 [PMID: 29379536 DOI:
10.5114/aoms.2016.62150]

637

August 27, 2019

Volume 11

Issue 8

World Journal of
Hepatology

WJ H

Submit a Manuscript: https://www.f6publishing.com

World J Hepatol 2019 August 27; 11(8): 638-645

DOI: 10.4254/wjh.v11.i8.638

ISSN 1948-5182 (online)

ORIGINAL ARTICLE
Retrospective Study

Impact of psychosocial comorbidities on clinical outcomes after
liver transplantation: Stratification of a high-risk population
Neil Bhogal, Amaninder Dhaliwal, Elizabeth Lyden, Fedja Rochling, Marco Olivera-Martinez
ORCID number: Neil Bhogal
(0000-0002-9223-1943); Amaninder
Dhaliwal (0000-0002-9761-437X);
Elizabeth Lyden
(0000-0002-1635-6365); Fedja
Rochling (0000-0002-6668-8982);
Marco Olivera-Martinez
(0000-0003-1376-3739).

Author contributions: Bhogal N
contributed to study formulation,
study design, data compilation,
data analysis, and manuscript
preparation; Dhaliwal A
contributed to study formulation,
study design, data analysis, and
manuscript preparation; Lyden E
contributed to study design and
statistical analysis; Rochling F
contributed to data analysis and
manuscript preparation; OliveraMartinez M contributed to study
formulation, study design, data
analysis, and manuscript
preparation.

Neil Bhogal, Amaninder Dhaliwal, Fedja Rochling, Marco Olivera-Martinez, Department of
Internal Medicine, Division of Gastroenterology and Hepatology, University of Nebraska
Medical Center, Omaha, NE 68198, United States
Elizabeth Lyden, Department of Biostatistics, Division of Public Health, University of
Nebraska Medical Center, Omaha, NE 68198, United States
Corresponding author: Neil Bhogal, Department of Internal Medicine, Division of
Gastroenterology and Hepatology, University of Nebraska Medical Center, 982000 NMC,
Omaha, NE 68198, United States. neil.bhogal@unmc.edu
Telephone: +1-661-4969737

Abstract
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BACKGROUND
Liver transplantation is the accepted standard of care for end-stage liver disease
due to a variety of etiologies including decompensated cirrhosis, fulminant
hepatic failure, and primary hepatic malignancy. There are currently over 13000
candidates on the liver transplant waiting list emphasizing the importance of
rigorous patient selection. There are few studies regarding the impact of
additional psychosocial barriers to liver transplant including financial hardship,
lack of caregiver support, polysubstance abuse, and issues with medical noncompliance. We hypothesized that patients with certain psychosocial
comorbidities experienced worse outcomes after liver transplantation.
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METHODS
A retrospective analysis was performed on all adult patients from 2012-2016.
Psychosocial comorbidities including documented medical non-compliance,
polysubstance abuse, financial issues, and lack of caregiver support were
collected. The primary outcome assessed post-transplantation was survival.
Secondary outcomes measured included graft failure, episodes of acute rejection,
psychiatric decompensation, number of readmissions, presence of infection,
recidivism for alcohol and other substances, and documented caregiver support
failure.
RESULTS
For the primary outcome, there were no differences in survival. Patients with a
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history of psychiatric disease had a higher incidence of psychiatric
decompensation after liver transplantation (19% vs 10%, P = 0.013). Treatment of
psychiatric disorders resulted in a reduction of the incidence of psychiatric
decompensation (21% vs 11%, P = 0.022). Patients with a history of polysubstance
abuse in the transplant evaluation had a higher incidence of substance abuse after
transplantation (5.8% vs 1.2%, P = 0.05). In this cohort, 15 patients (3.8%) were
found to have medical compliance issues in the transplant evaluation. Of these
specific patients, 13.3% were found to have substance abuse after transplantation
as opposed to 1.3% in patients without documented compliance issues (P = 0.03).
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CONCLUSION
Patients with certain psychosocial comorbidities had worse outcomes following
liver transplantation. Further prospective and multi-center studies are warranted
to properly determine guidelines for liver transplantation regarding this highrisk population.
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Core tip: As there is a limited number of organs available for transplantation, a successful
outcome depends upon a complete evaluation. There is a paucity of data regarding the
impact of psychosocial comorbidities and their impact after liver transplantation. Our
study found that patients with certain psychosocial comorbidities had worse outcomes
after liver transplantation. This work adds to the growing literature that this represents a
high-risk population.
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psychosocial comorbidities on clinical outcomes after liver transplantation: Stratification of a
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INTRODUCTION
Liver transplantation is the accepted standard of care for end-stage liver disease due
to a variety of etiologies including decompensated cirrhosis, fulminant hepatic failure,
and primary hepatic malignancy[1]. The number of liver transplantations is increasing
in the United States with over 33000 procedures performed in the last five years[2]. In
addition, more organs are available for transplantation with practice changes such as
human immunodeficiency virus, hepatitis B and C infected donor grafts, and living
donor donations[3-5]. Also, the landscape is changing regarding liver transplantation in
severe alcoholic hepatitis given studies showing favorable outcomes[6,7]. Despite these
advances, as of January 2019 there are currently over 13000 candidates on the liver
transplant waiting list emphasizing the importance of rigorous patient selection[8].
The liver transplantation process requires a multi-disciplinary approach that
facilitates collaboration between different specialties including hepatologists,
transplant surgeons, neuropsychologists, psychiatrists, social workers, and ethics
committees. There are evidence-based criteria involving the degree of end-organ
damage and decompensation required prior to being listed for transplant as organ
allocation is based on the model for end-state liver disease score [9] . However, a
growing emphasis has been placed on the psychosocial status of patients prior to liver
transplantation. The psychosocial assessment of a patient is a critical aspect of the
evaluation process prior to being listed for liver transplantation. There is minimal
data assessing post-transplant outcomes in patients after they have received a liver
transplant that were characterized as having psychosocial problems prior to being
evaluated and listed for transplantation.
Despite the aforementioned practice changes, there are still a limited number of
organs available for transplantation. Thus, a successful outcome depends upon a
complete evaluation[10]. Liver transplant centers have various predefined criteria that
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must be met prior to being listed including minimum time of documented sobriety in
the case of alcoholic liver disease and range of body-mass index for obese patients[11,12].
In contrast, there are no standardized criteria for selection for transplant in respect to
psychosocial comorbidities, and there are no evidence-based guidelines for screening
or treatment prior to listing[13]. Psychiatric disorders and polysubstance abuse are
common amongst transplant candidates [14] . Previous studies have indicated that
several psychosocial morbidities can lead to adverse outcomes after liver transplantation[15]. Not only can there be an impact on morbidity and mortality but also a
decrease in the quality of life [16] . Most of the previous studies have focused on
psychiatric comorbidities, specifically major depressive disorder and generalized
anxiety[17-19]. There are few studies regarding the impact of additional psychosocial
barriers to liver transplant including financial hardship, lack of caregiver support,
polysubstance abuse, and issues with medical non-compliance. The purpose of our
study was to assess the impact of certain pre-transplant psychosocial comorbidities on
outcomes after liver transplantation.

MATERIALS AND METHODS
A retrospective analysis was performed on all patients older than 18 years of age at
our institution who underwent liver transplantation over a five-year span from 20122016. Approval for the project was obtained by The University of Nebraska
institutional review board (protocol 304-17-EP). Demographic data, etiology of liver
disease, psychosocial, and psychiatric history were collected on all patients. Patients
determined to have psychiatric disease were individuals with a known psychiatric
diagnosis who followed with a mental health professional or utilized a psychiatric
medication within 12 mo of organ transplant.
Additional data was gathered regarding specific treatment of psychiatric disorders
prior to organ transplantation including medications and psychotherapy. Finally,
psychosocial comorbidities including documented medical non-compliance,
polysubstance abuse, financial issues, and lack of caregiver support were collected.
These parameters were ascertained by reviewing the pre-transplant evaluation
records including outpatient multi-disciplinary transplant clinic visits, inpatient
hospitalization notes, and documentation from patient selection meetings. Medical
non-compliance was determined by transplant committee review documenting
concerns for adherence to pre-transplant recommendations. For polysubstance abusespecific agents documented included alcohol, marijuana, cocaine, methamphetamines,
heroin, prescription opioids, and prescription benzodiazepines. The methods of
detection were serum for ethanol and urine drug screen for the other substances.
The primary outcome assessed post-transplantation was survival. Secondary
outcomes measured include graft failure, biopsy proven episodes of acute rejection,
psychiatric decompensation defined as the requirement of a psychiatric consultation
or new medication, number of readmissions, presence of infection necessitating
contact with a healthcare professional, recidivism for alcohol and other substances,
and documented caregiver support failure. These outcomes were obtained after
reviewing transplant specific electronic medical documentation in the post-transplant
period including inpatient records, clinic documentation, and telephone encounters.
The databases reviewed that are in use by our institution include Epic electronic
medical record and OTTR transplant management system.

Statistical analysis
Descriptive statistics (counts and percentages, means, standard deviations, medians,
minimums, and maximums) were used to summarize the data. Graft failure,
psychiatric decompensation, presence of infection, and recidivism were measured in a
binary fashion. Acute rejection episodes and readmissions were measured as
continuous variables. Fisher’s exact test was used to look at associations of categorical
variables. The Wilcoxon rank sum test was used to compare the number of
hospitalizations between the groups. This nonparametric equivalent of the twosample t-test was used due to the skewness of the data. A P-value < 0.05 was
considered statistically significant. All statistical analysis was performed by Elizabeth
Lyden, a professional statistician in the department of biostatistics in The College of
Public Health at The University of Nebraska Medical Center.

RESULTS
Our analysis included 391 patients. Demographic data including age, sex, and
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etiology of liver disease are summarized in Table 1. The median age of patients
undergoing liver transplant was 59 years old (standard deviation: 12.44). Our study
included 243 males (62.2%) and 148 females (37.8%). The most common indications
for liver transplantation were decompensated cirrhosis secondary to chronic hepatitis
C virus (n = 48, 12.3%) followed by non-alcoholic fatty liver disease (n = 47, 12.1%)
and alcoholic liver disease (n = 45, 11.6%). There were 141 patients (36.1%) with a
history of psychiatric disease. Data regarding psychiatric history is summarized in
Table 2. The most common psychiatric diagnosis was major depressive disorder (n =
78, 20%) followed by generalized anxiety disorder (n = 12, 3.1%). There were 92
patients (23.5%) who received therapy for their psychiatric disorders prior to
transplant.
There were additional psychosocial comorbidities evaluated in this patient
population. These included documented history of financial hardship in the pretransplant evaluation, history of polysubstance abuse, history of documented noncompliance in the pre-transplant evaluation, and lack of caregiver support. The
primary outcome evaluated was overall, 30-d, and 1-year survival post-liver
transplant. Secondary outcomes evaluated post-transplant included graft failure,
episodes of graft rejection, psychosocial decompensation as previously defined,
caregiver support failure, recidivism of alcohol and drug use, number of
hospitalizations, and infections necessitating medical care.
For the primary outcome, there were no differences in survival found in the
variables compared including history of psychiatric disease, financial hardship,
polysubstance abuse, documented compliance issues, or lack of caregiver support. In
evaluation of the secondary outcomes, patients with a history of psychiatric disease
had a higher incidence of psychiatric decompensation after liver transplantation (19%
vs 10%, P = 0.013). Treatment of psychiatric disorders resulted in a reduction of the
incidence of psychiatric decompensation (21% vs 11%, P = 0.022). These results are
summarized in Table 3.
Patients with a history of polysubstance abuse in the transplant evaluation had a
higher incidence of substance abuse after transplantation (5.8% vs 1.2%, P = 0.05). In
this specific cohort, 15 patients (3.8%) were found to have medical compliance issues
in the transplant evaluation. Of this group, 13.3% were found to have substance abuse
after transplantation as opposed to 1.3% in patients without documented compliance
issues (P = 0.03). These results are summarized in Table 4. Finally, patients with a
history of documented medical non-compliance in the pre-transplantation evaluation
had a higher rate of graft failure as opposed to patients without compliance issues
(60% vs 32%, P = 0.047). There were no other significant differences found in the other
secondary outcomes evaluated. These results are summarized in Table 5.

DISCUSSION
A liver transplantation is a high-risk endeavor and thus requires a thorough medical
and psychosocial evaluation. Although we did not find any difference in regard to the
primary outcome of survival, we believe this study adds to the literature that
psychosocial comorbidities have a significant impact on outcomes in liver
transplantation as certain psychosocial entities were associated with worse outcomes
after liver transplantation. Patients with documented non-compliance in the pretransplant evaluation had worse outcomes after organ transplantation including a
higher incidence of graft failure and recidivism. These findings have been previously
seen in relation to renal transplantation but have not been previously documented in
respect to liver transplantation to our knowledge[20]. This represents a very high-risk
population and further prospective and potentially multi-center work is required to
create compliance guidelines prior to listing for transplantation.
Psychiatric disease commonly coexists with chronic liver disease with some
estimates of up to 50% of patients with cirrhosis suffer from psychiatric disorders[21].
Although previous studies have shown that major depression is associated with a
decreased survival, our study did not corroborate these findings[14,16]. However, our
study did find that patients with psychiatric disorders are at higher risk of psychiatric
decompensation after liver transplant regardless of how compensated their
psychiatric disease status was prior to evaluation. In addition, our findings show that
treatment of psychiatric disease was shown to decrease the incidence of psychiatric
decompensation after transplantation and thus improve outcomes. This study
substantiates several previous studies that psychiatric disorders affect outcomes after
liver transplantation. As psychiatric disorders are commonly encountered in patients
with end-stage liver disease, this represents a high-risk population. Further
prospective studies are required to best optimally manage this group in the pre-
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Table 1 Demographic data
Value

%

Median age

59.30

12.44

Sex: Male (%): Female (%)

243 (62.15)

148 (37.85)

Alcohol

45

11.54

Nonalcoholic steatohepatitis

47

12.05

Hepatitis C

48

12.31

Hepatitis B

1

0.26

Hepatocellular carcinoma

1

0.26

Autoimmune hepatitis

20

5.13

Cryptogenic

1

0.26

Multi-visceral

14

3.59

Primary sclerosing cholangitis

25

6.41

Primary biliary cholangitis

12

3.08

Alpha-1-antitrypsin-Deficiency

5

1.28

Hepatic vein thrombosis

2

0.51

Hemochromatosis

1

0.26

Total parental nutrition related

1

0.26

Polycystic liver disease

1

0.26

Familial intrahepatic cholestasis

1

0.26

Cholangiocarcinoma

2

0.51

Primary oxaluria

3

0.77

Multiple

161

41.0

Etiology of liver disease

transplant setting in order to improve outcomes after liver transplantation.
Our study has limitations associated with any retrospective analysis and is subject
to confounding factors that were unable to be measured. In addition, the majority of
our data was gathered from pre- and post-transplantation documentation thus
imparting a level of provider subjectivity in determining certain variables such as
psychiatric diagnoses, medical non-compliance, and issues with caregiver support.
There is an inherent limitation in ascertaining data retrospectively. However, this is
common practice during the transplantation evaluation thus emulating traditional
practice. Regardless, this analysis adds valuable information to the growing literature
regarding the importance of focusing on psychosocial comorbidities prior to liver
transplantation confirming available data that this represents a high-risk population.
Further prospective and potentially multi-center studies are warranted to properly
determine appropriate guidelines for liver transplantation specifically regarding
psychiatric disease, documented medical non-compliance, financial issues, and
substance abuse.
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Table 2 Psychiatric history
Psychiatric diagnosis

Value

%

None

250

63.94

Major depression

78

19.95

Generalized anxiety

12

3.07

Bipolar disorder

5

1.28

Attention deficit disorder

1

0.26

Panic disorder

1

0.26

Conversion disorder

1

0.26

Multiple

43

10.98

Table 3 Psychiatric decompensation
Psychosocial decompensation
No

Yes

Total

No

225 (90.0)

25 (10.0)

250

Yes

114 (80.85)

27 (19.15)

141

Total

339

52

391

No

266 (88.96)

33 (11.04)

299

Yes

73 (79.35)

19 (20.65)

92

Total

339

52

391

No

Yes

Total

No

334 (98.82)

4 (1.18)

338

Yes

49 (94.23)

3 (5.77)

52

Total

383

7

390

No

371 (98.67)

5 (1.33)

376

13 (86.67)

2 (13.33)

15

384

7

391

Psychiatric history

P = 0.013

Psychiatric treatment

P = 0.022

Table 4 Recidivism
Recidivism

Substance use

P = 0.05

Non-compliance

P = 0.03

Table 5 Graft failure
Graft failure

Non-compliance

No

Yes

Total

No

253 (67.29)

123 (32.71)

376

Yes

6 (40.0)

9 (60.0)

15

Total

259

132

391

P = 0.047
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ARTICLE HIGHLIGHTS
Research background
Liver transplantation is the accepted standard of care for end-stage liver disease due to a variety
of etiologies including decompensated cirrhosis, fulminant hepatic failure, and primary hepatic
malignancy. There are currently over 13000 candidates on the liver transplant waiting list
emphasizing the importance of rigorous patient selection. There are few studies regarding the
impact of additional psychosocial barriers to liver transplant including financial hardship, lack of
caregiver support, polysubstance abuse, and issues with medical non-compliance. We
hypothesized that patients with certain psychosocial comorbidities experienced worse outcomes
after liver transplantation.

Research motivation
There are certain accepted criteria to list patients for liver transplantation such as model for endstate liver disease score, age, and body-mass-index. Many patients with liver disease have
significant psychosocial comorbidities that may impact outcomes after liver transplantation.
There are no evidence-based guidelines regarding psychosocial aspects of the liver transplant
evaluation.

Research objectives
The main objective of this study was to assess the impact of certain pre-transplant psychosocial
comorbidities on outcomes after liver transplantation. We found that certain psychosocial
comorbidities led to worse outcomes after transplantation.

Research results
For the primary outcome, there were no differences in survival. Patients with a history of
psychiatric disease had a higher incidence of psychiatric decompensation after liver
transplantation (19% vs 10%, P = 0.013). Treatment of psychiatric disorders resulted in a
reduction of the incidence of psychiatric decompensation (21% vs 11%, P = 0.022). Patients with a
history of polysubstance abuse in the transplant evaluation had a higher incidence of substance
abuse after transplantation (5.8% vs 1.2%, P = 0.05). In this cohort 15 patients (3.8%) were found
to have medical compliance issues in the transplant evaluation. Of these specific patients, 13.3%
were found to have substance abuse after transplantation as opposed to 1.3% in patients without
documented compliance issues (P = 0.03).

Research conclusions
Patients with a history of psychiatric disease had a higher incidence of psychiatric
decompensation. Treatment of psychiatric disorders led to a reduction of the incidence of
psychiatric decompensation after liver transplantation. Patients with a history of polysubstance
abuse and medical non-compliance had a higher incidence of substance use after liver
transplantation. This study adds to the literature that this represents a high-risk population.
Further multi-center and prospective studies are warranted to formulate evidence-based
guidelines to assist in evaluating patients undergoing evaluation for liver transplantation.

Research perspectives
This study highlights the importance of the psychosocial evaluation in the liver transplantation
process.
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Abstract
BACKGROUND
Intervention to improve outcomes in cirrhotic patients (CP) after hospital
discharge often focus on 30 d readmission rate (RR). However, recent studies
suggest dissociation between RR and survival. At our center, CP are now offered
outpatient telephonic transitional care (OTTC) by a care coordinator for 30 d after
hospital discharge.
AIM
To determine the effect of OTTC on survival in CP.
METHODS
In this cohort study from a tertiary center, CP who received OTTC formed the
intervention group. They were compared with a control group discharged during
the same period. Mortality and RR were compared between the groups.
RESULTS
After OTTC introduction, 194 CP were discharged. After applying exclusion
criteria, 169 CP (51% male, mean age 58 years ± 12 years) were included. OTTC
group comprised 76 patients and was compared with 93 controls. Baseline
disease and index admission related characteristics were not significantly
different between the groups. The intervention group showed significantly
higher 6 mo survival compared to controls (84.2% vs 68.8%; P = 0.03), while RR at
1, 3, and 6 mo were comparable. On multivariable analysis, the intervention
group showed lower odds for mortality compared to the controls (hazard ratio:
0.4; 95% confidence interval: 0.2-0.82; P = 0.012), while higher model for endstage liver disease scores were associated with higher mortality (hazard ratio:
1.05; 95% confidence interval: 1.01-1.1; P = 0.024).
CONCLUSION
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CP provided OTTC had higher 6 mo survival compared to controls without a
difference in RR. Use of RR to gauge quality of care provided during
hospitalization or subsequent transitional care programs should be revisited.
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Core tip: We share results of a novel intervention that provides transitional care via
telephone to cirrhotic patients after hospital discharge. Over a 6 mo follow-up, the
intervention group experienced 60% lower odds for mortality compared to controls with
similar readmission rates. Our manuscript not only describes an effective transitional
care program to improve post-discharge outcomes in cirrhotic patients but also highlights
the need to acknowledge the dissociation between readmissions and survival in this
population.
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INTRODUCTION
Cirrhosis leads to over 150000 hospitalizations at an annual cost of nearly $4 billion in
the United States[1,2]. There is growing awareness and concern regarding the high rates
of readmission, which constitutes a significant medical, psychosocial, and financial
burden[3-5]. A large prospective study involving 14 tertiary-care hepatology centers in
the United States and Canada noted that 53% of cirrhotic patients (CP) experience at
least one readmission within 3 mo of hospital discharge (HD)[6]. Readmission rate (RR)
has been proposed as a national quality indicator and a factor that could gauge
organizational performance and determine rates of reimbursement [3] . However,
limiting readmissions in patients with advanced disease and complex medical
conditions is challenging and not always in their best interest. Indeed, some have
suggested that a reduction in readmissions may prejudice survival[7,8].
A few have tested the utility of adopting specialized interventions for reducing RR
in CP. These include use of electronic checklists for discharge[9], intensive monitoring
by a nurse practitioners after discharge[8], providing early outpatient follow-up[7], or
creation of a dedicated outpatient hepatology caregiver team along with setting up of
an outpatient paracentesis clinic[10]. While all the studies noted an improvement in
adherence to medications and follow-up clinic visits with the interventions, the rate of
readmissions remained unchanged [8] or even increased [7] despite a reduction in
mortality. These findings reflect both efficacy of the intervention and dissociation
between RR and survival.
At our center, outpatient telephonic transitional care (OTTC) was introduced with
the goal of improving post hospitalization outcomes in CP. The primary objective of
this study was to determine the effect of OTTC on survival at 1, 3, and 6 mo after HD
in CP. The secondary objective was to determine the effect of OTTC on RR at 1, 3, and
6 mo after HD and explore the relationship of RR to survival.

MATERIALS AND METHODS
Study design
At our tertiary care center, the OTTC program was introduced on March 1, 2016. It is
delivered by a dedicated nurse care coordinator. The program is offered to CP for a
period of 30 d after HD, provided the patients are not being discharged to hospice
care. The OTTC program involves telephone based follow-up, active monitoring of
diagnostic tests, coordination of outpatient care, and disease and medication related
counseling. In the pilot phase of this program due to limited manpower, the OTTC
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program was only offered to CP who were deemed at high risk for readmission. This
determination was made by the multi-disciplinary inpatient hepatology team prior to
discharge. A registry of all the patients who received OTTC care was maintained.
Standard of care treatment was continued for all study patients during their inpatient
and transitional care period and the OTTC program was offered as an additional
intervention to selected patients.

Patient selection
Hospital administrative data was surveyed to obtain a list of all the CP discharged
from the inpatient hepatology service on our main campus facility between March 1
and December 31, 2016. All patients discharged within 2 mo since OTTC initiation
were excluded from analysis because the tenets of the program were being actively
modified and improved during this preliminary period, after which all the protocols
were finalized. All patients were followed up for a 6 mo period after index
hospitalization. Patients who had readmissions to the hospital for liver
transplantation or readmission for reasons unrelated to underlying liver disease
during the follow-up were excluded. Patients who were lost to all healthcare contact
with any of our facilities in the follow-up period were excluded because no
determination of their readmission or survival status could be reliably made. Among
all the CP, those who received OTTC formed the intervention group and those who
were discharged during the same period without the OTTC intervention formed the
control group.

Data collection
Chart review was done to obtain demographic data (gender, sex, insurance coverage),
details regarding liver disease [etiology, related complications, model for end-stage
liver disease (MELD) score], medications, laboratory, imaging, and endoscopic data
for all study patients. Characteristics of index and subsequent hospitalizations
including reason for admission, medical problems addressed during hospitalization,
length of stay, and destination at discharge were recorded. While the OTTC program
was provided to only the CP being discharged from our main campus, readmissions
were tracked both to our main campus and satellite facilities. Details regarding
scheduling, timing, and adherence to post discharge follow-up appointments in the
hepatology clinic and at the paracentesis procedure unit were obtained.
Rates of actuarial survival at 1, 3, and 6 mo after index HD was compared between
the intervention and control group. In addition, unplanned RR at 1, 3, and 6 mo after
index hospitalization were also compared between the groups.

Statistical analysis
Data are presented as mean ± standard deviation, median (25th, 75th percentiles), or
frequency (percent). A univariable analysis was performed to assess differences
between the two groups. Non-parametric Kruskal-Wallis tests were used to compare
continuous or ordinal variables, and Pearson’s chi-square tests were used for
categorical factors. Follow-up time was defined as months since initial discharge to
the first of readmission or death, and subjects were censored at 6 mo if still alive
without readmission. Readmission and death were treated as competing events and
cumulative incidence of readmission was estimated using the Fine and Gray
competing risks model. In addition, multivariable Cox regression analysis was
performed to assess factors associated with mortality. An automated stepwise
variable selection was used to choose the final models. Survival analysis was done to
assess differences in overall survival between the groups. All analyses were
performed using SAS (version 9.4, The SAS Institute, Cary, NC, United States), and a
P < 0.05 was considered as statistically significant.

RESULTS
Between May 1 and December 31, 2016, 194 CP were discharged from the inpatient
hepatology service. A total of 169 CP (51% male, mean age 58 ± 12 years) formed the
study cohort with the intervention and control groups having 76 (45%) and 93 (55%)
patients, respectively. Flowchart describing study cohort selection is depicted in
Figure 1.
Common etiologies for cirrhosis in the cohort were alcoholic (32.5%) and nonalcoholic fatty liver disease (23.7%) with average MELD score during index
hospitalization being 18. Medical complications including hepatic encephalopathy,
infections, acute kidney injury, and gastrointestinal bleeding were each addressed in
approximately a third of the cohort during index hospitalization, which spanned a
median 5 d. The intervention and control groups showed no significant difference
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Figure 1

Figure 1 Flowchart showing study cohort selection. OTTC: Outpatient telephonic transitional care program.

with regards to baseline disease or index hospitalization related characteristics (Table
1).
A follow-up appointment in the outpatient hepatology clinic was provided prior to
HD to 83% of the cohort. Median duration to appointment was 14 d and adherence
was noted in 59 (35%) patients. The proportion of patients with follow-up scheduled
at discharge and those who showed adherence to it were comparable in the
intervention and control groups.
Unplanned hospital readmissions were noted in 37%, 55%, and 63% of the cohort at
1, 3, and 6 mo after index HD, respectively. The median length of re-hospitalization
was 6 d. Rates of readmission at each of the intervals were comparable between the
intervention and control groups. Median time to readmit was 24 d for the cohort,
which was also similar between the two groups. Kaplan-Meier curves comparing RR
(P = 0.82) between the two groups are depicted in Figure 2A.
Survival at 1, 3, and 6 mo for the cohort was 92%, 81%, and 76%, respectively. The
causes of death in the cohort were septic shock (n = 26), acute renal failure and
dyselectrolytemia (n = 4), acute respiratory failure (n = 4), gastrointestinal bleeding (n
= 2), cardiac arrhythmia (n = 2), intra-cranial hemorrhage (n = 2), and pulmonary
embolism (n = 1). The intervention group showed a tendency towards greater survival
compared to the controls at 1 mo (95% vs 90%; P = 0.39) and 3 mo (87% vs 76%; P =
0.11). This difference met statistical significance at 6 mo (84% vs 69%; P = 0.03).
Kaplan-Meier curves comparing survival (P = 0.03) for the two groups are depicted in
Figure 2B.
On multivariable analysis of demographic, disease, and hospitalization related
characteristics only two factors showed a significant association with mortality (Table
2). Patients in the intervention group showed a hazard ratio of 0.4 (95% confidence
interval: 0.2-0.82) for mortality when compared to the control group (P = 0.012). Also,
with every 1 unit increase in MELD score the hazard for mortality increased 1.05
times (95% confidence interval: 1.01-1.1; P = 0.024). None of the factors showed any
significant association with readmissions on multivariate analysis (Table 3).

DISCUSSION
We demonstrate the value of an outpatient telephone based transitional care program
in improving post HD survival in CP. CP who received the intervention were 60% less
likely to die than patients in the control group during the 6 mo follow-up. This
survival benefit was independent of an effect on RR demonstrating dissociation
between these outcomes and raising awareness on the need to reconsider the
parameters in use for gauging quality of care provided during hospitalization and
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Table 1 Comparison of baseline demographic and disease related characteristics between the groups
Factor

Total, n = 169

Intervention, n = 76

Control, n = 93

P value

Male

86 (50.9)

41 (53.9)

45 (48.4)

0.54

Age

58.2 ± 12.0

58.6 ± 11.4

57.9 ± 12.6

0.75

Alcohol

55 (32.5)

27 (35.5)

28 (30.1)

NAFLD

40 (23.7)

18 (23.7)

22 (23.7)

HCV

27 (16.0)

11 (14.5)

16 (17.2)

HBV

2 (1.2)

0

2 (2.2)

Combination of above

5 (3.0)

1 (1.3)

4 (4.3)

Others

40 (24.9)

19 (25.0)

21 (22.6)

MELD score during index admission

17.7 ± 7.9

17.8 ± 8.6

17.5 ± 7.3

0.88

HE

64 (37.9)

34 (44.7)

30 (32.3)

0.11

Infection

51 (30.2)

23 (30.3)

28 (30.1)

1

AKI

64 (37.9)

30 (39.5)

34 (36.6)

0.75

GIB

57 (33.7)

28 (36.8)

29 (31.2)

0.51

Index admission LOS, d

5 (3.0, 9.0)

6 (3.0, 10.5)

5 (4.0, 9.0)

0.95

Etiology of cirrhosis

0.49

Problems during initial hospitalization

Discharge destination

0.43

Home

100 (59.2)

41 (53.9)

59 (63.4)

Home with care

35 (20.7)

17 (22.4)

18 (19.4)

Skilled nursing facility

34 (20.1)

18 (23.7)

16 (17.2)

Follow up appointment provided prior to discharge

138 (82.9)

63 (82.9)

75 (80.6)

0.53

Yes

59 (34.9)

27 (35.5)

32 (34.4)

0.98

No

63 (37.3)

29 (38.2)

34 (36.6)

No appointment provided

30 (17.8)

13 (17.1)

17 (18.3)

Admitted before appointment

16 (9.5)

7 (9.2)

9 (9.7)

Died before appointment

1 (0.6)

0

1 (1.1)

Duration between discharge and appointment

14 (7, 28)

14 (7, 28)

13 (9, 23)

0.79

1 mo

63 (37.3)

28 (36.8)

35 (37.6)

1

3 mo

93 (55.0)

43 (56.6)

51 (54.8)

0.76

6 mo

107 (63.3)

49 (64.5)

58 (62.4)

0.87

HE

36 (21.3)

21 (42.9)

15 (26.0)

0.11

Infection

28 (16.6)

14 (28.6)

14 (24.1)

1

AKI

47 (27.8)

22 (44.9)

25 (43.1)

1

GIB

17 (10.1)

6 (12.2)

11 (19.0)

0.3

Time between discharge and readmit, d

24 (11, 66)

22 (11, 59)

23.5 (12, 57)

0.63

Readmission LOS, d

6 (3, 10)

5 (3, 8)

6 (4, 12)

0.06

1 mo

156 (92.3)

72 (94.7)

84 (90.3)

0.39

3 mo

137 (81.1)

66 (86.8)

71 (76.3)

0.11

6 mo

128 (75.7)

64 (84.2)

64 (68.8)

0.031

Came for appointment

Readmissions within

Problems during initial readmission

Alive at

Statistics presented as median (P25, P75) or n (column %).
1
P < 0.05 considered significant. HCV: Hepatitis C virus; HBV: Hepatitis B virus; NAFLD: Non-alcoholic fatty liver disease; MELD: Model for end-stage
liver disease; HE: Hepatic encephalopathy; AKI: Acute kidney injury; GIB: Gastrointestinal bleeding; LOS: Length of stay.

subsequent transitional care programs.
Multiple studies demonstrate high RR among CP, which not only levy a financial
burden but also negatively impact patient satisfaction, quality of life, and access to
liver transplantation [5,11-16] . The most frequent reasons for readmissions such as
recurrent hepatic encephalopathy, renal injury, symptomatic ascites, or nosocomial
infections are potentially modifiable [4,6,11,13,15-19] . Data from the North American
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Figure 2

Figure 2 Kaplan-Meier plot comparing (A) readmission rates and (B) survival between the intervention and control group.

Consortium for the Study of End Stage Liver Diseases showed that more than half of
the 1013 study patients were readmitted within 3 mo[6]. Overall 31% had one readmit
while 22% patients had two or more. A model based on MELD score, proton pump
inhibitor used, and length of stay was developed to try to predict the risk of
readmission, but it was not effective in 30% of cases. This suggests that new
unexpected changes that developed in the early post discharge period influence
patient outcomes. These results make a strong argument for close monitoring of
patients in the post discharge period and facilitation of post discharge communication
between the patients and healthcare professionals[6,16,20].
RR has been adopted as a key quality measure and reimbursement determinant in
some chronic medical conditions (e.g., heart failure and chronic obstructive
pulmonary disease) with a suggestion to include cirrhosis as well in this realm[6].
However, in a large nationwide study that assessed the impact of the Hospital
Readmissions Reduction program[21] on outcomes in 115245 patients admitted with
heart failure, the rates of both 30 d and 1 yr risk adjusted mortality were found to be
markedly increased despite a reduction in readmissions[22]. Thus, there is serious
concern over the focus on RR and its reduction and the possible unintended
consequences on patient survival in patients with complex disease states[23,24].
Kanwal et al[5] reported results from 122 Veteran Affairs hospitals where CP were
offered a follow-up appointment in the hepatology clinic within 7 d of HD. In a 30 d
follow-up period, the intervention group was noted to have 1.1 times higher odds for
readmission when compared to controls. However, the intervention group showed
40% lower risk for 30 d mortality. This survival benefit has been hypothesized to be
secondary to improved coordination of care, better communication with patients,
timely adjustment of medications, follow up of outstanding tests, and enabling early
readmission when warranted. These factors and efforts are common to our OTTC
program and may serve as rationale for the survival benefit noted with our
intervention as well.
Tapper et al [9] studied the impact of using checklists at discharge to address
appropriate medication use in CP. They noted a 40% reduction in 30 d readmissions;
however, 90 d mortality rates were unchanged. It is hypothesized that while
improvements in care provided during the hospitalization and at the time of
discharge can reduce short term readmits, a more long lasting favorable impact on
survival cannot be obtained without close outpatient transitional care. Yet other
studies, which focused on setting up robust outpatient caregiver teams for monitoring
CP after discharge showed conflicting outcomes. However, their results may have
been limited by small sample size[8,10]. A comparison of these studies with ours is
offered in Table 4.
At our center, the OTTC was designed to provide individualized, patient specific
care and monitor them closely for an additional 30 d after HD. CP often have complex
medical needs with rapidly fluctuating parameters and are at high risk for developing
multiple complications including infections, renal injury, dyselectroylytemia, or
gastrointestinal bleeding. Recurrent hepatic encephalopathy is easily precipitated by
any of the above complications or non-adherence to lactulose. After discharge,
monitoring these sick patients closely and coordinating their outpatient care,
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Table 2 Multivariate analysis of factors associated with mortality
Multivariate analysis
Factor

HR (95%CI)

P value

Intervention vs controls

0.4 (0.2-0.82)

0.012

Age

1.01 (0.99-1.04)

0.503

Female gender

1.2 (0.6-2.4)

0.605

EtOH vs HCV

0.72 (0.29-1.8)

0.48

NAFLD vs HCV

0.41 (0.24-2.1)

0.088

MELD score (for every 1 unit increment)

1.05 (1.01-1.1)

0.024

Index hospitalization length of stay (for every 1 d increment)

0.99 (0.95-1.02)

0.47

Discharge to home with home care vs home

1.65 (0.75-3.64)

0.212

Discharge to SNF vs home

1.4 (0.56-3.48)

0.47

Etiology of cirrhosis

HR: Hazard ratio; CI: Confidence interval; EtOH: Alcohol; HCV: Hepatitis C virus; NAFLD: Non-alcoholic
fatty liver disease; MELD: Model for end-stage liver disease; SNF: Skilled nursing facility.

especially for patients who live at great distances from our tertiary referral center, can
be challenging for the primary hepatologists. In this regard, having a care coordinator
to actively follow up and order additional outpatient diagnostic tests, arrange followup visits or timely referrals to specialists, facilitate readmissions when complications
arise, and provide medication and disease related counselling to the patients serves as
a great source of support for patients, primary hepatologists, and local physicians
alike. While these interventions are similar to that suggested in the study by Wigg et
al[8], with our larger cohort size and tracking of long term outcomes, a clear survival
benefit could be discerned. We hypothesize that the OTTC has no appreciable effect
on RR because often the medical complications that develop in decompensated CP
cannot be safely managed in an ambulatory setting, and hence readmissions are
unavoidable and even beneficial in the care of these ill patients. Early identification of
development of complications by the care coordinator may have prompted
readmissions, and this in turn may have played a role in mediating the survival
benefit. Hence, we argue that the focus of judging quality of CP care should shift
away from RR.
Despite its several strengths our study is not without its limitations. This is a single
center, retrospective analysis. There is a degree of selection bias because only the CP
deemed high risk for readmission were offered OTTC. This determination may have
been subjective; however, it was made by the multi-disciplinary inpatient care team
after careful consideration of a wide variety of medico-social conditions. One could
argue that despite being a higher risk patient group, the intervention improved
survival. Expanding the OTTC to include all CP would be the ideal next step in
assessing this intervention. Also, because the OTTC interventions were individualized
to each patient’s specific needs, the individual interventions were not quantified and
compared during the analysis.
In conclusion, CP provided OTTC had a higher 6 mo survival compared to controls
despite RR being comparable to controls. Tenets of OTTC that mediate this benefit
should be studied, and the potential expansion of OTTC merits explored. The varied
impact of the different interventions of OTTC would need to be studied further. RR
may not be an appropriate end point to gauge the quality of care provided during
hospitalization or subsequent transitional care programs, and hence a focus on post
discharge survival should be maintained while adopting and gauging transitional
care interventions.

WJH

https://www.wjgnet.com

652

August 27, 2019

Volume 11

Issue 8

Rao BB et al. Improving post discharge outcomes in cirrhotic

Table 3 Multivariate fine and gray competing risk analysis of factors associated with readmission
Multivariate analysis
Factor

HR (95%CI)

P value

Intervention vs controls

0.99 (0.66-1.48)

0.95

Age

0.99 (0.97-1.01)

0.39

Female gender

1.36 (0.87-2.1)

0.18

EtOH vs HCV

0.99 (0.13-7.77)

0.99

NAFLD vs HCV

1.03 (0.51-2.54)

0.93

MELD score (for every 1 unit increment)

1.03 (0.99-1.05)

0.09

Index hospitalization length of stay (for every 1 d increment)

0.99 (0.97-1.02)

0.59

Discharge to home with home care vs home

1.12 (0.69-2.01)

0.55

Discharge to SNF vs home

0.96 (0.51-1.83)

0.91

Etiology of cirrhosis

HR: Hazard ratio; CI: Confidence interval; EtOH: Alcohol; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease; MELD: Model for end-stage
liver disease; SNF: Skilled nursing facility.

Table 4 Comparison of studies describing various interventions targeted to improve outcomes after hospital discharge in cirrhotic
patients

Ref.

Wigg et
al[8], 2013

Interven
-tion type

Timing of
Number of
interven
patients
-tion

Chronic
C:20 T:40
disease
manageme
-nt program

Unplanned readmission rate

Mortality

1 mo

1 mo

6 mo

12 mo after
discharge

C: 0.4/person/yr T: 1/person/yr

12 mo after
discharge

C: 42% T:
15%

3 mo

6 mo

1

C: 15% 1T: 10%

NA

NA

1

C: 38% T: 1st: NA
35% 2nd:
27%

NA

NA

C: 20% T: 1st: NA
15% 2nd:
21%

NA

NA

C: 5% T: 3%

NA

NA

C: 55% T: 57%

C: 62% T:
65%

C: 10% T:
5%

C: 24% T:
13%

C: 31% T:
16%

Morando et Care
al[10], 2013 manageme
-nt checkup
model

C: 60 T: 40

Tapper et
al[9], 2016

Handheld
(1st phase)
and
electronic
(2nd phase)
checklists

C: 626 T: 1st: Inpatient
470 2nd: 624 stay

Kanwal et
al[7], 2016

Early follow C: 17094 T:
up in clinic 8123

At discharge C: 14% T:
15%

Current
study

Outpatient
telephonic
transitional
care

30 d after
discharge

C: 93 T: 76

3 mo

C: 38% T:
37%

C: 46% 1T: 23%

1

Only data on 12 mo mortality rates are available. C: Control arm; T: Intervention arm; NA: Not available.

ARTICLE HIGHLIGHTS
Research background
Given the increasing concern about the high rates of readmission in cirrhotic patients (CP) after
hospital discharge (HD), focus is now being laid on transitional care interventions to try to
mediate a reduction. However, prior studies have also demonstrated a possible adverse impact
on patient survival with reduced readmissions. Hence additional studies to comprehensively
assess post discharge outcomes in CP and to try to improve them are necessary.

Research motivation
It is alarming but true that nearly 53% of CP get readmitted at least once within 3 mo of HD. This
implies a tremendous financial and psychosocial burden to our current healthcare system and
measures to improve the prognosis of patients after HD warrant attention.
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Research objectives
We developed and evaluated a novel strategy for the care of CP at our center called the
outpatient telephonic transitional care program (OTTC). The objectives of this study were to
determine the effect of OTTC on survival and readmission rates (RR) at different intervals up to
6 mo after HD in CP and thus further explore the relationship of RR to survival.

Research methods
In this observational study, CP who were treated in our inpatient hepatology service between
March 1 and December 31, 2016 were retrospectively assessed. Those who had received the
OTTC program formed the intervention arm, and the rest formed concomitant controls. Survival
and RR at 1, 3, and 6 mo after HD were compared between the two groups.

Research results
In our study, an overall RR of 55% was noted within 3 mo of HD, which correlates with the
national average. Interestingly the RR at 1, 3, and 6 mo were comparable between the
intervention and control groups. However, the patients who received the OTTC intervention
showed markedly better 6 mo survival compared to the controls with a hazard ratio of 0.4 (95%
confidence interval: 0.2-0.82; P = 0.012).

Research conclusions
In this study, we demonstrated the beneficial impact of a novel transitional care intervention
program that provided a survival benefit to CP after HD. In addition, we highlighted an
important dissociation between RR and survival, thus shedding further light on the importance
of focusing on survival rather than RR as an outcome while assessing post discharge outcomes in
CP. Given the high burden on hospitalizations for CP, our novel and easy to implement
intervention may now be adopted at multiple centers to further assess its impact and provide
improved care for CP.

Research perspectives
Our results reaffirm that CP remain at significant risk for readmission and mortality after HD. A
focus on providing appropriate transitional care is essential to improve post discharge outcomes.
The OTTC program we describe is minimally resource intensive and can afford a survival benefit
to CP. The tenets of the OTTC program should be further explored and assessed in other
institutions and settings. Continued emphasis on survival rather than RR is warranted because
CP demonstrated a dissociation between these parameters.
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BACKGROUND
Fascioliasis is caused by watercress and similar freshwater plants or drinking
water or beverages contaminated with metacercariae. Fascioliasis can
radiologically mimic many primary or metastatic liver tumors. Herein, we aimed
to present the treatment process of a patient with fascioliasis mimicking colon
cancer liver metastasis.
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CASE SUMMARY
A 35-year-old woman who underwent right hemicolectomy due to cecum cancer
was referred to our clinic for management of colon cancer liver metastasis. Both
computed tomography and 18F-fluorodeoxyglucose positron emission
tomography revealed several tumoral lesions localized in the right lobe of the
liver. After a 6-course FOLFOX (folinic acid, fluorouracil, oxaliplatin) and
bevacizumab regimen, the hypermetabolic state on both liver and abdominal
lymph nodes continued, and chemotherapy was extended to a 12-course
regimen. The patient was referred to our institute when the liver lesions were
detected to be larger on dynamic liver magnetic resonance imaging 6 weeks after
completion of chemotherapy. Right hepatectomy was performed, and
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histopathological examination was compatible with fascioliasis. Fasciola hepatica
IgG enzyme-linked immunosorbent assay was positive. The patient was
administered two doses of triclabendazole (10 mg/kg/dose) 24 h apart. During
the follow-up period, dilatation was detected in the common bile duct, and
Fasciola parasites were extracted from the common bile duct by endoscopic
retrograde cholangiopancreatography (ERCP). Triclabendazole was administered
to the patient after ERCP.
CONCLUSION
Parasitic diseases, such as those caused by Fasciola hepatica, should be kept in
mind in the differential diagnosis of primary or metastatic liver tumors, such as
colorectal cancer liver metastasis, in patients living in endemic areas.
Key words: Colon cancer liver metastasis; Fasciola hepatica; Positron emission
tomography; Misdiagnosis; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Human fascioliasis is caused by drinking water or freshwater plants (watercress,
etc.) contaminated with metacercariae. Fascioliasis may remain asymptomatic for many
years and is usually detected incidentally during radiological examinations for other
reasons. Radiologically, fascioliasis can be confused with many other benign and
malignant hepatobiliary diseases. One of the most common malignant liver diseases
mimicking fascioliasis includes colon cancer liver metastasis. We aimed to present the
diagnosis and treatment process in a patient with fascioliasis radiologically mimicking
colon cancer liver metastasis.

Citation: Akbulut S, Ozdemir E, Samdanci E, Unsal S, Harputluoglu M, Yilmaz S.
Fascioliasis presenting as colon cancer liver metastasis on 18F-fluorodeoxyglucose positron
emission tomography/computed tomography: A case report. World J Hepatol 2019; 11(8):
656-662
URL: https://www.wjgnet.com/1948-5182/full/v11/i8/656.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i8.656

INTRODUCTION
Fascioliasis (liver fluke) is a parasitic disease of the liver caused by a type of trematode of the species Fasciola hepatica and less frequently by F. gigantica. Humans are
infected by ingesting metacercariae-containing watercress and similar freshwater
plants or drinking contaminated water. After ingestion of contaminated water or
beverages, the metacercariae excyst in the duodenum, and the larvae migrate through
the intestinal wall into the peritoneum. After penetrating the liver capsule, the larvae
pass through the liver parenchyma and reach the biliary ducts, where they develop
into adult flukes [1,2] . During this migration, they cause destruction in the liver
parenchyma, which is characterized by necrosis and fibrosis. The larval form matures
to a 3-cm long and 1-cm wide leaf-shaped adult form in approximately 12 wk.
Parasites in the biliary ducts remain asymptomatic for years in most patients and are
usually detected incidentally during radiological examinations for other reasons. The
most important steps in the diagnosis of fascioliasis are clinical suspicion, detection of
eggs in the stool, serological tests, molecular tests, and endoscopic and radiological
examinations. Radiologically, fascioliasis can be confused with many other benign
and malignant diseases of the liver and biliary tract [3] . We aimed to present the
diagnosis and treatment process of a patient with fascioliasis radiologically mimicking
liver metastasis of colon cancer.

CASE REPORT
Chief complaints
A 35-year-old female patient who underwent right hemicolectomy for cecal cancer
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was referred to our Liver Transplant Institute for surgical treatment of colon cancer
liver metastasis.

Personal History
Patient stated that she had been eating watercress for a long time.

History of past illness
The patient stated that she underwent colonoscopy at another clinic because of
exhaustion, fatigue, and anemia, and right hemicolectomy was performed upon
detection of a cecal tumor on colonoscopy. Histopathological examination revealed
cecal adenocarcinoma with subserosal fat tissue invasion and five metastatic lymph
nodes in 32 lymph nodes. Preoperative contrast-enhanced abdominal computed
tomography (CT) revealed hypodense and heterogenous lesions with soft tissue
density that were 40 mm x 33 mm in diameter in the right lobe of the liver (Figure 1).
At the 3rd postoperative week, multiple hypermetabolic lesions with SUVmax of 5.3
in segments V, VII, and VIII of the liver were detected on performing 1 8 Ffluorodeoxyglucose positron emission tomography/CT (18F-FDG-PET/CT) after 5.5
mCi 18F-FDG injection (Figure 2). In addition, hypermetabolic lesions were detected in
the subhepatic (SUVmax: 7.1), superior mesenteric (SUVmax: 7.1), and aortocaval
window (SUVmax: 7.3). Six cycles of adjuvant FOLFOX (folinic acid, fluorouracil,
oxaliplatin) and bevacizumab were administered to the patient. In control 18F-FDGPET/CT, the SUVmax values of liver lesions decreased to 3.8, and the SUVmax values
of the lymph nodes did not regress. Thus, the same chemotherapy regimen was
continued, and control 18 F-FDG-PET/CT was performed at the end of 12th chemotherapy course. In the last 18F-FDG-PET/CT, all previously seen lesions were
stable, whereas they regressed significantly both dimensionally and metabolically.
Subsequently, the patient was referred to our center. Dynamic liver magnetic
resonance imaging (MRI) performed immediately after the 12th chemotherapy course
showed regression of the lesions in the liver. After 6 weeks, dynamic MRI at our
center revealed that the lesions were more prominent than those on previous
magnetic resonance images. Because the patient had colon cancer, the lesions in the
liver were hypermetabolic in 18F-FDG-PET/CT, and the lesions started to regrow after
chemotherapy, and the patient planned to undergo surgery. Right hepatectomy was
performed to include all lesions with intraoperative ultrasonography. In addition, all
lymph nodes in the hepatoduodenal ligament, celiac, and aortocaval window were
resected, and a frozen section was sent for analysis, and no tumor was detected in the
lymph nodes. In the histopathological examination of the hepatectomy specimen, the
lesions had granulomatous foci on a tract, characterized by suppuration enriched with
eosinophils (Figure 3-4), which was noted to be compatible with F. hepatica infection
by a pathologist. Based on this result, preoperative blood tests of the patient were
reexamined, and eosinophil count was 0.78 × 109/L (normal range: 0–0.5). F. hepatica
IgG enzyme-linked immunosorbent assay (ELISA) (Synlab MVZ Leinfelden GmbH,
Leinfelden-Echterdingen, Germany) was positive.

FINAL DIAGNOSIS
The final diagnosis of the presented case is fascioliasis mimicking colon cancer liver
metastasis.

TREATMENT
The patient was administered two doses (10 mg/kg/dose) of triclabendazole (Egaten,
Novartis Pharma, Switzerland) 24 h apart.

OUTCOME AND FOLLOW-UP
At the 4th postoperative month follow-up, the alkaline phosphatase and gammaglutamyl transferase values were elevated, and the common bile duct was
significantly dilated on magnetic resonance cholangiopancreatography (MRCP)
images. Several Fasciola parasites were extracted from the common bile duct with
endoscopic retrograde cholangiopancreatography (ERCP) (Figure 5). Triclabendazole
(10 mg/kg/dose) therapy was administered to the patient after ERCP. The patient is
still followed up without hepatobiliary complications. Although blood alphafetoprotein (AFP) and carcinoembryonic antigen (CEA) levels were normal during the
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Figure 1

Figure 1 Computed tomography image after contrast medium injection. Axial computed tomography image
revealed that hypodense and heterogenous lesions with soft tissue density of maximally 40 mm × 33 mm in diameter
in the right lobe of the liver.

follow-up period, the CA19-9 level showed changes in the postoperative period
(Figure 6). However, the CA19-9 level dramatically decreased after ERCP and
returned to normal limits (normal range: 0–35 U/mL). No findings of dead or living
parasites were detected in the last control ERCP.

DISCUSSION
Two phases in the life cycle of F. hepatica have been defined: acute (hepatic) and
chronic (biliary). The phase where the parasite penetrates through the liver capsule
and invades the liver parenchyma is the hepatic phase. In this phase, parasites digest
hepatocytes, open tunnels in the parenchyma, and remain in the parenchyma for
months[2,4]. Signs and symptoms in the hepatic phase commonly mimic those of liver
abscess[2,5]. Patients in this phase usually experience non-specific symptoms, such as
loss of appetite, weight loss, right upper quadrant pain, fever, sweating, urticaria, and
arthralgia[6]. Hepatomegaly, right upper quadrant pain, and prominent eosinophilia
can be seen[4,5]. The phase where the parasite becomes visible in the bile ducts is the
biliary phase. In this phase, signs and symptoms, such as biliary colic, epigastric pain,
and jaundice, which are related to biliary tract obstruction, develop. The level of
cholestatic enzymes and bilirubin may increase[7]. Symptoms of acute pancreatitis may
develop in patients with distal bile duct obstruction[8].
The following diagnostic modalities are used in the diagnosis of fascioliasis: clinical
suspicion, parasite eggs observed by direct microscopy (stool, bile, or duodenal
aspirate), detection of DNA of the parasite with real-time polymerase chain reaction
(stool, bile or duodenal aspirate), serological tests (immunoelectrophoresis, counterimmunoelectrophoresis, metacercarial precipitin test, indirect hemagglutination),
complement fixation, immunofluorescence assay, radioimmunoassays, enzyme-linked
immunofiltration assay (ELIFA), enzyme-linked immuno-electrotransfer blot (EITB)
or western blot, Falcon assay screening test–ELISA (FAST-ELISA), micro-ELISA, dotELISA], radiological examination of lesions of the liver parenchyma and biliary ducts
(CT, MRI, MRCP, and 18F-FDG-PET/CT), endoscopic examination of parasite directly
(ERCP, endo-ultrasonography) and histopathological examination of the parasite on
tissue biopsy[3,9,10].
Appearance of parasite eggs in the stool has a diagnostic value only in the biliary
phase[5,9]. Eosinophilia and anemia may be seen in biochemical tests[3,11]. ELISA is the
leading serological test with high sensitivity and rapid results[6]. However, it should
be supported by radiological findings due to its high false positive and negative
rates[12]. Appearance of tunnel-like linear and branched hypodense lesions on CT is
characteristic[3]. In most patients, iso-hyperintense (T2) and iso-hypointense (T1)
lesions can be seen on MR and MRCP images, and these lesions can mimic malignant
diseases of the biliary tract. ERCP and endoscopic ultrasonography are very useful in
the biliary phase[9,11]. Similar to this case, ERCP is the most appropriate treatment
modality both to remove parasites from the bile ducts and to decompress the bile
ducts.
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Figure 2 18F-fluorodeoxyglucose positron emission tomography/Computed tomography was performed
using 5.5 mCi of 18F-fluorodeoxyglucose injection. Maximum intensity projection of images shows that high
fluorodeoxyglucose uptakes in different segments of the liver.

Diagnosis, staging, response to treatment, and recurrence of malignant diseases can
be determined successfully by 18F-FDG-PET/CT. However, false-positive results can
be obtained in inflammations due to radiotherapy and surgery or in various chronic
infections. These can sometimes mimic malignancy[13-15]. Similar to this case, carefully
evaluating high FDG uptake in PET/CT is particularly important in a patient with
malignancy. Otherwise, because patients can only be cured with anti-helminthic
treatment, they may undergo unnecessary major surgical procedures or chemotherapy.
The most common diseases confused with fascioliasis are viral hepatitis, liver
abscess, cholecystitis, sclerosing cholangitis, AIDS-associated cholangitis, ruptured
hydatid cyst, and ascariasis, clonorchiasis, and primary and metastatic tumors of the
liver and biliary tract[2,5,9]. Therefore, misinterpretation of these signs and symptoms in
areas where fascioliasis is not endemic is possible, and thus, diagnosis may be
delayed[9]. Similar to this case, in a patient with colon cancer, it is expected that liver
lesions will be interpreted as a tumor by a radiologist or nuclear medicine specialist
without experience in fascioliasis.
The first and best option for the treatment of fascioliasis is triclabendazole, and
another alternative drug is nitazoxanide. Triclabendazole is used in two doses (10
mg/kg/dose) 24 h apart and is effective at all stages regardless of the phase of the
disease. Nitazoxanide is a good alternative to triclabendazole, and it is administered
as 500 mg twice daily for 7 d[16]. Other drugs that were used previously and are no
longer recommended due to drug resistance or toxicity, including bithionol,
praziquantel, emetine, dehydroemetine, metronidazole, albendazole, niclofolan, and
chloroquine. In this case, we had to administer it twice in a few months.

CONCLUSION
Fascioliasis may mimic many benign and malignant diseases of the liver due to its
non-specific signs and symptoms. Differential diagnosis is quite difficult, if there is no
clinical suspicion, especially in patients with simultaneous fascioliasis and
gastrointestinal malignancy. Therefore, careful evaluation of diagnostic imaging tools
in patients living in endemic areas and the use of other diagnostic tools in suspected
cases are vital.

WJH

https://www.wjgnet.com

660

August 27, 2019

Volume 11

Issue 8

Akbulut S et al. Misdiagnosis and overtreatment of hepatic fasciola hepatica
Figure 3

Figure 3 Granuloma with central necrosis (HE ×100).
Figure 4

Figure 4 Charcot–Leyden crystals near granuloma (arrows) (HE ×100).
Figure 5

Figure 5 Endoscopic view of endoscopic retrograde cholangiopancreatography procedure. Extraction of Fasciola hepatica in the common bile duct using a
basket catheter.
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Figure 6

Figure 6 Course of blood CA19-9 levels. Black arrows indicate the days of endoscopic retrograde cholangiopancreatography.
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Core tip: Few large studies have addressed the needs of older cirrhotic patients. The
concept of healthy ageing is increasingly important. Cirrhosis is underdiagnosed in older
patients, and comorbidities, comedications, and frailty impact the prognosis. The
frequency of non-alcoholic fatty liver disease as an aetiology of cirrhosis is increasing,
while that of viral hepatitis is decreasing, and the role of alcohol consumption is
underestimated. The management of complications in older cirrhotic patients is similar to
that in younger patients despite the higher risk of treatment-related adverse events.
Therapeutic indications for a transjugular intrahepatic portosystemic shunt or admission
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to an intensive care unit should be carefully considered. Finally, older patients require
tailored exercise and nutrition programs, and treatment of osteoporosis is crucial.
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INTRODUCTION
The definition of older people varies from ≥ 60 years to ≥ 80 years of age. However,
according to the World Health Organisation, the cut-off is 60 years of age, despite the
increasing focus on the concept of healthy ageing[1,2]. Patients > 80 years of age are
typically defined as being extremely old. Life expectancy has increased recently due
to health, social, and economic development. According to the World Health
Organisation, the number of people ≥ 65 years of age will increase from an estimated
524 million in 2010 to almost 1500 million in 2050, representing 22% of the global
population[3]. Thus, the healthcare of older people is an emerging issue, particularly in
Western countries.
The incidence of liver diseases increases with age[4]. Liver cirrhosis is an important
health problem globally, and the prevalence of its numerous aetiologies varies
geographically. General recommendations for the management of cirrhotic patients
have been published, but these are not specific to older people[5].
This review focuses on problems specific to older cirrhotic patients.

PATHOPHYSIOLOGY OF THE AGEING LIVER
The liver undergoes physiological evolution with age, and this process involves
several mechanisms. First, liver volume and blood flow decrease[6]. The liver decreases
to one-third of its original size, more markedly in women[7], and a one-third decrease
in hepatic blood flow has been reported, particularly in subjects over 75-years-old[8,9].
However, these results are controversial, and more data are needed[10]. Scintigraphy
has shown that compared to the whole body, the size and functionality of the liver
decrease with age[11]. Moreover, endothelial cell fenestration tends to decrease with
age[8], the sinusoid vascular system is damaged, and secretion of bile acids is reduced.
Regarding metabolic parameters, glucogenesis decreases with age but physiological
lipids accumulate, enhancing steatosis[12]. Also, liver fat composition changes with
age [ 1 3 ] ; the level of high-density cholesterol and neutral fat is increased by
neoglucogenesis. Moreover, older people tend to have higher levels of cholestatic
enzymes and bilirubin[14].
Second, the number of hepatocytes and Kupffer cells and sinusoid capillaries
decreases[8], and hepatocytes decrease in size with aging. The frequency of hepatocyte
polyploidy increases with age and is associated with dysfunction or a decreased
number of mitochondria[15]. Autophagy is modulated by accumulation of lipofuscin, a
non-degradable aggregate of proteins impacted by reactive oxidative species [16] .
Kupffer cells are also involved in ageing [17] . Cellular senescence is linked to
chromosome alterations; telomere shortening occurs more frequently in Kupffer cells
than in hepatocytes [18] . Apoptosis occurs more frequently in older patients, and
senescent cells are resistant to apoptosis [19] . Nevertheless, targeting apoptosis of
senescent cells could assist the restoration of liver homeostasis[20].
Third, the risk of fibrosis and steatosis increases with age[21]; for instance, in chronic
hepatitis C virus (HCV) infection [22,23] . Fibrosis is a consequence of altered liver
regeneration in response to injury. Responses to oxidative stress, cell senescence, and
disrupted mitochondrial homeostasis may explain the greater risk of both fibrosis and
steatosis in older patients[24]. In mouse models, mitochondria are damaged and the
risk of DNA damage is increased by oxidative stress[12,25]. Altered liver regeneration
may involve a multiprotein complex comprising CCAAT/enhancer binding protein α.
Accumulation of this complex inhibits E2F-dependent promoters[26]. The somatotropic
axis is also involved in liver regeneration [ 2 7 ] ; however, a full mechanistic
understanding remains elusive.
The immune system changes with age: Regulatory T cells, peripheral B cells,
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monocytes/macrophages, and natural killer cells have reduced functionality, and
dendritic cells have defective Ag presentation and T-cell activation[28,29]. The levels of
markers of oxidation are not different between younger and older mice with CCl4
injury. However, the number of proinflammatory CD4+ cells, the expression level of
T-helper type-2 cytokines by macrophages, and fibrogenesis are greater in older
mice[30,31]. Furthermore, suppression of autophagy favours inflammation[32], and a
high-fat diet increases the risk of liver fibrosis in older mice[33]. These factors also
increase the risk of infection.
The role of ageing in carcinogenesis is debated—both protective and inductive
mechanisms are reported[29,34,35]. The duration of exposure to carcinogens and a history
of cirrhosis may promote hepatocellular carcinoma (HCC). Therefore, the aged liver is
more sensitive to acute and chronic injury and is at greater risk of severe fibrosis or
cirrhosis.

EPIDEMIOLOGY
Cirrhosis may be underdiagnosed in older persons, which is likely to be due to the
presence of fewer clinical signs at presentation and less-frequent use of invasive
diagnostic modalities[36,37].
Older patients with cirrhosis have a reduced life expectancy. Among 135 patients ≥
80 years of age, Hoshida et al[38] showed that HCC, thrombocytopenia, and advanced
fibrosis were associated with a low survival rate and that the alpha-fetoprotein and
bilirubin levels were associated with hepatic carcinogenesis.
Older people also manifest deterioration in their general health[39], and cirrhosis
may contribute to their frailty. Sarcopenia is frequent in older and in cirrhotic patients
and contributes to the frailty of the former[33]. Specific policies to combat this are
needed.
Finally, older patients have a higher incidence of complications, to which changes
in the liver may contribute. Nevertheless, liver status does not impact the mortality
rate of older patients. Effective screening methods and preventive measures are
however essential.

AETIOLOGIES
The risk of transmission of hepatitis B virus increases with age, and the prevalence
varies geographically. Epidemiological studies in the United States reported a higher
prevalence among patients > 50 years of age compared to those 20-49 and 6-19 years
of age (1.5-2 fold and 15-20-fold, respectively), irrespective of ethnicity[40]. Although
vaccination policies have decreased the global prevalence of hepatitis B virus
infection, there is no specific prevention strategy for older patients, in whom
vaccination shows reduced efficacy[41].
In Western countries, the so-called baby-boomer generation is aging. The
prevalence of HCV infection is high in this population: In the United States, > 75% of
patients with HCV belong to this generation, and specific screening policies have been
proposed[42]. HCV-related cirrhosis develops on average > 20 years after contact,
which explains its incidence in this generation[43]. Nevertheless, the efficacy and
tolerability of new direct anti-viral agents (DAA) is likely to decrease the prevalence
of HCV infection in these geographical areas. However, many viraemic patients are
unaware of their status, e.g., > 100,000 patients in France have not been diagnosed or
treated[44-47]. In a large retrospective study conducted in 2006, i.e. prior to the DAA era,
Thabut et al[23] showed that patients > 65 years of age had a high prevalence of chronic
hepatitis C and 14% had liver cirrhosis; interestingly, patients > 80 years of age had a
lower alanine transaminase level than those < 65 years of age. Interferon-based
treatments are typically not tolerated by older patients, but new available treatments
have fewer side effects in polymedicated older patients, provided that the necessary
precautions are taken, particularly in patients with a cardiac history and renal
insufficiency, and that drug interactions are evaluated before starting treatment[48-50].
Older patients have been included in therapeutic studies[51]. The available treatments
are effective in older patients, and no specific recommendations concern this
population, including those with cirrhosis[50]. Decisions regarding the treatment of
extremely old patients must take into account the benefit-risk ratio and the publichealth perspective.
Metabolic syndrome is emerging globally, especially in Western countries, which
have a higher prevalence of metabolic risk factors[52]. However, developing countries,
including those in Asia and the Middle East, are also affected[53]. Metabolic syndrome
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is common in older people[54], who are at risk of evolution towards cirrhosis[55] and
have an increasing prevalence of cirrhosis[56]. Furthermore, > 60-year-old patients with
non-alcoholic fatty liver disease are more susceptible to HCC[52]. Treatment is nonspecific and based on weight loss[57,58], although vitamin E reportedly impacts life
expectancy [59] . However, use of vitamin E in older males is associated with an
increased risk of prostate cancer[60].
The prevalence of cryptogenic cirrhosis is high in some countries. For instance, in
India[61], patients tend to have or have had metabolic risk factors for cirrhosis, in
agreement with Japanese data[62]. Also, older studies indicated an important role for
hepatitis C[63].
Alcohol consumption is frequent and more deleterious in older persons[64,65]; indeed,
its prevalence in the United States increased between 2001-2002 and 2012-2013[66]. The
social problems faced by older persons, such as isolation, widowhood, and chronic
illness, can promote alcohol consumption. Alcohol accumulation in the liver impacts
survival in patients with liver disease, such as hepatitis C[67]. The prognosis is poor;
half of cirrhotic patients die within 1 year of diagnosis[68,69]. Older patients are also
impacted by a variety of other alcohol-related complications[70]. From a public-health
perspective, alcohol consumption should be assessed using the Alcohol Use Disorder
Identification Test-C questionnaire and hepatic risk by performing non-invasive tests
for fibrosis[70]. Alcohol withdrawal should be managed by a healthcare professional
specialised in addiction with an elder-specific focus[71,72]. Short- and intermediateacting benzodiazepines are recommended for older patients with alcohol-withdrawal
syndrome, particularly those with cirrhosis[73].
Autoimmune hepatitis is also frequent in older patients, especially postmenopausal females[74]. These individuals are more likely to have asymptomatic liver
cirrhosis and HLA DR4. Treatment is based on corticosteroids and azathioprine, as in
younger patients; however, the risk of relapse after steroid withdrawal is lower[74].
Nevertheless, in older patients with initial mild fibrosis, the benefit-risk ratio of
steroid treatment must be discussed due to their lower risk of fibrosis progression and
higher risk of side effects, notably osteoporosis, psychiatric conditions, and diabetes,
compared to younger patients[75]. That is why budesonide or a minimal corticosteroid
regimen is preferred [76] . Furthermore, older patients with autoimmune hepatitis
should undergo regular evaluations of bone density.
Primary biliary cholangitis is frequent in older patients, particularly females[77].
Interestingly, ursodeoxycholic acid is more effective in older patients[78]. However,
older patients were not specifically analysed in two recent phase-III studies of
obeticholic acid and bezafibrate[79,80].
Primary sclerosing cholangitis (PSC) is generally diagnosed in the third to fourth
decades of life, but a second peak around 70 years of age was noted in a Japanese
population, with no mention of the fibrosis stage[81]. Eaton et al[82] indicated that older
patients with PSC have a 10% risk of cirrhosis, similar to that in younger patients, but
have a lower prevalence of small-duct PSC. Finally, hepatobiliary malignancy is more
frequent in older patients. There are no specific recommendations concerning the
treatment and management of complications, including the role of therapeutic
endoscopy[83]. McGee et al[84] suggested a link between autoimmune liver disease and
liver cancer, i.e. intrahepatic cholangiocarcinoma, extrahepatic cholangiocarcinoma,
gallbladder cancer, and ampulla of Vater cancer, in older patients, particularly those
with primary biliary cholangitis.
Other causes, such as alpha-1-anti-trypsin, Wilson disease, and haemochromatosis,
particularly haemochromatosis of weak phenotypic penetrance, may be diagnosed
late[69], especially in post-menopausal women. This means that complications, such as
cirrhosis and HCC, are frequently present at the time of diagnosis[85,86]. Alpha-1-antitrypsin deficiency is typically diagnosed at a late stage unless pulmonary symptoms
are evident and early screening for liver disease is performed[87]. Wilson disease is
frequently diagnosed early, although a few advanced cases have been reported[88,89].

COMPLICATIONS OF CIRRHOSIS
HCC
HCC is the fifth most prevalent cancer worldwide and the third most important cause
of cancer-related mortality[90]. The incidence of HCC increases with age, and the
prognosis is poor. However, aggressive treatment of HCC in older (including
extremely old) patients with good liver function and a good performance status might
improve the survival rate[91]. In an Italian cohort, older patients with HCC had at the
time of diagnosis a higher prevalence of comorbidities that negatively impacted the
prognosis but a lower HCC stage, and better liver function than younger patients[92].
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In another study, survival of elderly HCC patients was associated with liver damage
and stage, but not age, with the exception of patients ≥ 80 years of age with a poor
performance status[93].
Although HCC is more frequent in males, the proportion of females is higher
among extremely old patients. The clinical presentation is typically weakness, nausea,
and abdominal pain[69]. Ascites and hepatomegaly were frequent complications in a
retrospective study[94]. Liver cirrhosis is a risk factor for HCC in younger and older
patients, for whom the HCC screening recommendations are identical[95].
The therapeutic panel is the same in young and old patients, although decisionmaking is hampered by comorbidities, performance status, and life expectancy[92,96,97].
Specific age-linked scales have been developed[98]. The majority of the relevant studies
were conducted in Asia. In large retrospective studies, surgery showed a trend
towards an increase in the mortality rate with age[99-103]. Tumour size may not be a
contraindication [104] , and perioperative management and careful selection are
needed [105] . Radiofrequency ablation can be effective against small tumours, i.e.
radiofrequency ablation was more effective than hepatic resection in older patients
with ≤ 3 cm HCC[106]. In another study, the global survival rate, but not the incidence
of procedure-related adverse events, was comparable in older and younger
patients[107]. Percutaneous injection of ethanol is effective against < 2 cm tumours[108].
The results of palliative transarterial chemoembolisation for older patients with
advanced tumours are heterogeneous[96,109]. In a large retrospective trial, the overall
survival rate of older patients was increased, but they were treated at an early
stage[110]. Conversely, age over 60 years was independently associated with a poor
prognosis. Interestingly, older patients were at greater risk of peptic ulcer (2.5% vs
0.5%)[111]. Although no data are available, radioembolisation is an interesting option
for older patients with HCC[112] and is well tolerated by those with unresectable
metastatic colon cancer[113].
Sorafenib is the most frequently prescribed chemotherapeutic. A French
retrospective study showed that patients > 80 years of age had low tolerance of a fixed
dose, and two thirds of them experienced grade IV adverse events [114] . Several
Japanese studies have reported more hopeful results[115,116]. In one, a half dose of
sorafenib was useful in the presence of adverse events and was better tolerated[116].
Age does not seem to influence the safety and efficacy of levantinib[117]. Phase III
studies of Regorafenib and Ramucirumab have not specifically addressed older
patients[118,119], but second-line cabozantinib increased the overall survival rate of
patients > 65 years of age[120]. Unfortunately, data on immunotherapies, especially
Nivolumab, are sparse.

Portal hypertension
Older people have a lower portal velocity and are not at increased risk of portal
hypertension[121,122]. The treatment strategy is the same globally[5]. Betablockers are
permitted despite various contraindications, and complications, such as
cardiovascular and pulmonary events and an increased frequency of hospital
admission [ 1 2 3 ] . Hyponatremia, hypotension, and renal insufficiency are
contraindications for use of beta-blockers in older patients, as in younger patients[124].
According to the REPOSI Italian register, liver cirrhosis is the major cause of
variceal and non-variceal upper gastrointestinal bleeding in older patients[125].
Proton pump inhibitors are associated with an increased risk of infection and
encephalopathy in cirrhotic patients, irrespective of age[126-128]. In older patients, the
therapeutic recommendations must be respected to prevent inappropriate
prescriptions.
There is no specific recommendation concerning ascites in older patients. Diuretics
should be prescribed with caution because of an increased risk of complications,
particularly hyponatremia [129] . Older patients are at greater risk of acute renal
insufficiency, independently of the aetiology [130] . Age does not affect survival in
patients with refractory ascites, although terlipressin may be associated with vascular
complications[131]. Transjugular intrahepatic portosystemic shunt (TIPS) and liver
transplantation are interesting therapeutic options but have limitations in older
patients, as discussed below.

Encephalopathy
Encephalopathy is a life-threatening complication of cirrhosis to which older people
are particularly susceptible[39], and it may be linked to an altered brain-gut axis[132].
Infection, myocardial infarction, and central nervous system injury can favour this
complication[133]. Minimal hepatic encephalopathy is associated with falls[134]. Older
patients, especially the most fragile, require supervision and care. Their treatment is
not different from that of younger patients[135]. Preventative therapy is essential in
cases of cirrhotic decompensation and constipation must be controlled.
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ACUTE ALCOHOLIC HEPATITIS
Acute alcoholic hepatitis is linked to a history of alcohol consumption and typically
occurs in patients around 50 years of age[136]; however, older patients predominate in
nosocomial studies[136]. Age is predictive of survival and of the presence of liver
cirrhosis and is included in the Age, Serum bilirubin, International Normalised Ratio,
and Serum creatinine score and the Lille model[137,138]. Although older patients were
not included in the largest therapeutic studies, it is a prognostic factor for posttreatment survival [139]. Prednisolone is the only validated medical treatment, but data
on its efficacy in older patients are lacking. Furthermore, recent studies of liver
transplantation did not include patients > 61 years of age[140].

PULMONARY AND CARDIAC COMPLICATIONS
The definition of hepatopulmonary syndrome differs according to age: An alveolararterial gradient of 15 and 20 mmHg in patients < 65 and ≥ 65 years of age,
respectively[5,141]. Long-term oxygen therapy is recommended[5]. Liver transplantation
is curative, and age does not influence the outcome of patients with hepatopulmonary
syndrome[142].
Among other causes of pulmonary hypertension, cirrhosis is one of the most
important in older people[143,144]. The presentation can differ with age; older patients
are more likely to have oedema and a more severe presentation[145]. Their management
does not differ from that of patients in other age groups, and the prognosis is
similar[5,109].
Hydrothorax is also observed in older cirrhotic patients, and its management,
despite the lack of data, is identical to that for younger patients. TIPS is a therapeutic
solution, but, as in ascites, careful selection of patients is mandatory[146].
Old age is associated with an increased risk of cardiac dysfunction and cirrhotic
cardiomyopathy [147] . Because of its frequency and prognostic impact, systematic
screening for these conditions among older patients is justified[5].

PATIENTS IN CRITICAL CONDITION
The survival rate of cirrhotic patients in the intensive care unit is 34% to 69%[148]. Age >
75 years impacts the global, but not the intensive care unit, survival rate[149]. Although
the severity of cirrhosis is more predictive of survival than age, age is an indication for
admission to the intensive care unit[5]. Indeed, age is a parameter of the prognostic
Chronic Liver Failure Consortium acute decompensation score and the Chronic Liver
Failure Consortium acute on chronic liver failure score[150,151]. Hepatorenal syndrome
and spontaneous bacterial peritonitis are associated with a poor prognosis[152].

INFECTIONS
Older cirrhotic patients are at increased risk of infection due to their impaired
immunity defences[153]. Spontaneous bacterial peritonitis has a higher mortality rate in
older than in younger people[154], and, although the data are sparse, older people are
more susceptible to renal failure [155] . In cirrhotic patients, bacterial resistance to
antibiotics is promoted by the high frequency of antibiotic use[156]. Age impacts the
occurrence and mortality rate of infection with multiresistant bacteria, but not the risk
of inappropriate treatment[157].
As mentioned above, the use of proton-pump inhibitors by older patients increases
the risk of infection, and their use should be restricted. Of note, vitamin D deficiency,
which is more frequent in older cirrhotic patients, is also a risk factor for infection[158].
Thus, screening for and correction of this deficiency is essential in older cirrhotic
patients[159].

SPECIFIC MANAGEMENT
Nutrition
Although there are no specific recommendations for older cirrhotic patients, both age
and cirrhosis are associated with frailty and malnutrition[160,161]. Sarcopenia is present
in 1% to 29% of community-dwelling patients and in 14% to 33% of those in long-term
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care [160] . In older cirrhotic patients, assessment and correction of sarcopenia are
crucial—computed tomography, measurement of the muscle area at L3, dual-energy
X-ray absorptiometry, subjective global assessment, and Royal Free Hospital-Global
assessment are useful in this regard [161] . Nutritional support can be helpful,
particularly for critically ill patients. Exercise and physical activity tailored to the
patient’s age and general condition are also required[58]. Furthermore, systematic
screening for osteoporosis is advisable in cirrhotic patients and is vital in older
cirrhotic patients.

TIPS
Age is a limiting factor for TIPS, independently of the model for end-stage liver
disease (MELD) score [162,163] . This is why cardiac function (diastolic function,
pulmonary arterial hypertension) and risk of encephalopathy of older patients must
be evaluated. Altered cardiac pressure in the right atrium and in pulmonary vessels is
associated with mortality[163]. Correction of the natriuresis balance in older patients is
delayed after TIPS insertion [164] . Although they were not included in the largest
study[5], recent retrospective data show that the procedure is beneficial in selected
older patients[146].

LIVER TRANSPLANTATION
Durand et al[29] reviewed liver transplantation in older patients. In practice, liver
transplantation is rarely possible in patients > 70 years of age. However, the
proportion of patients > 65 years of age who are candidates for liver transplantation is
increasing in the United States and in Europe [29,165] . Also, the epidemiology is
changing: In the United States, the frequency of nonalcoholic steatohepatitis and HCC
as indications for liver transplantation is increasing, whereas that of HCV patients is
decreasing[165]. The mortality rate among patients on the waiting list is higher in older
people[165], as is the risk of dropping out; the mortality rate is higher in patients with a
lower MELD score than in those < 64 years of age[165].
The 5-year post-transplantation mortality rate increases linearly with age in older
recipients [166] . The MELD score is associated with mortality early post-liver
transplantation[166], and older patients have a higher incidence of cardiac, pulmonary,
and renal complications as well as of malignancies. Also, post-transplantation renal
function is a key prognostic factor in patients transplanted for cirrhosis. Age impacts
the occurrence of renal insufficiency (relative risk per 10-year increment, 1.36; P <
0.001) [167] as does pre-transplantation acute renal insufficiency, especially when
associated with hepatorenal syndrome. However, older patients are at greater risk of
chronic renal insufficiency before liver transplantation[168]. So, selection of patients is
crucial to prevent post-transplantation complications-such as cancer, metabolic
disease, or renal insufficiency-and to improve overall survival. The recently
developed Liver Frailty Index may be predictive of survival post-transplantation[169].
Notably, donor age impacts survival post liver transplantation. The impact of
donor age begins at 40 years and increases with age, particularly at > 60 years of
age[170]. Moreover, improvements in liver-graft selection have resulted in a 5-year posttransplantation survival rate of > 70%[171]. The Donor Risk Index includes the donor’s
age, which is one of the three important risk factors for graft failure, in addition to
donation after cardiac death and split/partial grafts[170]. Grafts with an increased
Donor Risk Index are preferentially transplanted into older candidates > 50 years of
age with moderate disease severity.
Finally, age matching, although complex, is warranted by a number of policies. A
summed recipient and donor age of > 120 years may be prognostic, independently of
other factors [172] . Other scores, such as the Survival Outcomes Following Liver
Transplantation and Balance of Risk scores, include both donor and recipient
factors[173,174].
In conclusion, few large studies have focused on older cirrhotic patients. The
relevance of recent global recommendations on cirrhosis and transplantation is thus
limited. In older patients, evaluation of comorbidities, comedications, and frailty is
essential.
Relevant scores, such as the Frailty Liver Index, should be considered, and
customised exercise and nutrition programs and osteoporosis therapy should be
proposed to older cirrhotic patients. Moreover, attention should be paid to the choice
of HCC treatment, the indications for TIPS insertion in patients with portal
hypertension, and the indications for admission to the intensive care unit. Prevention
policies are needed, because the causes of cirrhosis generally begin in the first decades
of life. Finally, studies involving older cirrhotic patients, as well as specific
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recommendations, are needed.
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Abstract
BACKGROUND
Despite being the world’s most widely used system for staging and therapeutic
guidance in hepatocellular carcinoma (HCC) treatment, the Barcelona clinic liver
cancer (BCLC) system has limitations, especially regarding intermediate-grade
(BCLC-B) tumors. The recently proposed Hong Kong liver cancer (HKLC) staging
system appears useful but requires validation in Western populations.
AIM
To evaluate the agreement between BCLC and HKLC staging on the
management of HCC in a Western population, estimating the overall patient
survival.
METHODS
This was a retrospective study of HCC patients treated at a university hospital in
southern Brazil between 2011 and 2016. Demographic, clinical, and laboratory
data were collected. HCC staging was carried out according to the HKLC and
BCLC systems to assess treatment agreement. Overall survival was estimated
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based on the treatment proposed in each system.
RESULTS
A total of 519 HCC patients were assessed. Of these, 178 (34.3%) were HKLC-I; 95
(18.3%) HKLC-IIA; 47 (9.1%) HKLC-IIB; 29 (5.6%) HKLC-IIIA; 30 (5.8%) HKLCIIIB; 75 (14.4%) HKLC-IV; and 65 (12.5%) HKLC-V. According to the BCLC, 25
(4.9%) were BCLC-0; 246 (47.4%) BCLC-A; 107 (20.6%) BCLC-B; 76 (14.6%) BCLCC; and 65 (12.5%) BCLC-D. The general agreement between the two systems was
80.0% - BCLC-0 and HKLC-I (100%); BCLC-A and HKLC-I/HKLC-II (96.7%);
BCLC-B and HKLC-III (46.7%); BCLC-C and HKLC-IV (98.7%); BCLC-D and
HKLC-V (41.5%). When sub-classifying BCLC-A, HKLC-IIB, HKLC-IIIA and
HKLC-IIIB stages according to the up-to-7 in/out criterion, 13.4, 66.0, 100 and
36.7%, respectively, of the cases were classified as up-to-7 out.
CONCLUSION
In a Western population, the general agreement between the two systems was
80.0%, although in BCLC-B cases the agreement was low, suggesting that some
individuals could be candidates for the curative treatment recommended by the
HKLC. The authors suggest that the BCLC system should be routinely employed,
although for BCLC-B cases it should be associated with the HKLC system.
Key words: Barcelona clinic liver cancer staging system; Hepatocellular carcinoma; Hong
Kong liver cancer staging system
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Despite being the world’s most widely used system for staging and therapeutic
guidance in hepatocellular carcinoma (HCC) treatment, the Barcelona clinic liver cancer
(BCLC) system has limitation. Proposed Hong Kong liver cancer (HKLC) staging
appears useful but requires validation in Western populations. This study showed that
there is adequate agreement between the HKLC and BCLC systems regarding
therapeutic management of HCC in Western populations, except in cases of intermediate
HCC. Although staging systems should be further refined to cover the full diversity of
HCC cases, these findings suggest that the BCLC system, which is more simple and
intuitive, should be applied in all HCC cases, and that in BCLC-A and, especially,
BCLC-B cases, the HKLC can contribute important information regarding patient
management.

Citation: Freitas LBR, Longo L, Santos D, Grivicich I, Álvares-da-Silva MR. Hepatocellular
carcinoma staging systems: Hong Kong liver cancer vs Barcelona clinic liver cancer in a
Western population. World J Hepatol 2019; 11(9): 678-688
URL: https://www.wjgnet.com/1948-5182/full/v11/i9/678.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i9.678

INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for more than 90% of primary malignant
neoplasms, being the sixth most prevalent type of cancer and the second most
common cause of cancer-related mortality worldwide[1-3]. Although most cases occur
in developing countries, their incidence in developed countries has increased in recent
years due to the high prevalence of chronic hepatitis C, immigration from areas where
hepatitis B and hepatitis C are common, and the increased prevalence of non-alcoholic
fatty liver disease (NAFLD)[2-4]. Heterogeneous data on HCC incidence have been
reported in Latin America[2,5-7]. In Brazil, the HCC incidence varies from 3.3%-6.0% per
100000 per year, and the mortality rates are similar due to high intrahepatic
recurrence, distant metastasis and lack of effective treatment for cases diagnosed at an
advanced stage[8,9]. The prognosis is generally somber and essentially depends on the
tumor stage at diagnosis. In cirrhosis patients, the American Association for the Study
of the Liver Diseases (AASLD) recommends screening for HCC by ultrasound, with
or without an alpha-fetoprotein test, every six months [10,11] . Although HCC is
commonly associated with cirrhosis, approximately one in five cases are unrelated to
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it. In such cases, the tumor is often detected in advanced stages, since non-cirrhotic
patients are usually not screened. Chronic hepatitis B or NAFLD patients may also
develop a tumor without associated cirrhosis[12,13]. In recent years, five-year HCC
survival rates have improved considerably due to early detection and curative
therapies[14]. However, despite efforts to detect the disease in early stages among
patients with risk factors, a substantial number of cases are diagnosed at intermediate
and late stages, when the survival rate is lower[4,15]. In Brazil, recent DATASUS figures
indicate that upon diagnosis, palliative care is the only possible treatment in 62.2% of
the cases[16].
Treating patients with HCC is not simple, since two serious diseases usually
coincide: Cirrhosis and a malignant tumor. A number of staging systems have
proposed treatment guidelines for HCC according to evolutionary stage[17-21]. The
Barcelona Clinic Liver Cancer (BCLC) staging system, which considers tumor
characteristics, liver function and performance status, is the most widely used and
endorsed system in Western HCC management guidelines[4,11,17,22]. Published in 2014,
the Hong Kong liver cancer (HKLC) staging system identifies subsets of patients with
intermediate and advanced HCC and proposes more aggressive treatment to improve
survival rates[18]. However, the HKLC system still requires validation in Western
populations, since it was developed at a single Asian center that principally treats
patients infected with the hepatitis B virus (HBV)[18,23]. Both systems suggest curative,
supportive or palliative care according to the patient’s stage. The objective of this
study was to assess the agreement of BCLC and HKLC therapeutic approaches
according to HCC evolutionary stage in a Western population.

MATERIALS AND METHODS
This retrospective cross-sectional study analyzed data from the medical records of
individuals over 18 years of age diagnosed with HCC and treated at a referral service
in a university hospital in southern Brazil between 2011 and 2016. Upon diagnosis,
demographic and clinical data and laboratory results were collected, as well as
performance status and Child-Pugh (CP) scores. Diagnosis was based on AASLD
criteria[17]. Tumor characteristics (size, number of nodules, intra- and/or extrahepatic
dissemination) were assessed with dynamic imaging (computed tomography or
magnetic resonance imaging) prior to treatment and near the time of diagnosis.
Tumors were considered multifocal when they involved more than three nodules,
regardless of size. The management of each complication presented in decompensated
patients was made accordingly the hospital Liver Unit protocol.
The patients were staged according to BCLC criteria[24,25]. For the purposes of this
study, since the BCLC does not set a tumor size limit for BCLC-A cases, patients thus
staged were classified according to the up-to-7 criterion as either in or out, i.e., when
the sum of the nodules plus the diameter of the largest nodule is ≤ 7, these patients are
most likely candidates for curative treatment, whereas when it is > 7, palliative
treatment is usually recommended. The patients were also staged according to the
HKLC system[18]. According to tumor size in relation to the proposed treatment,
HKLC-IIB, -IIIA and -IIIB patients were subclassified as up-to-7 in/out. The approach
of decompensated patients with BCLC, CP-B patients were managed with curative or
palliative therapies depending on HCC characteristics and the presence of metastasis
and/or vascular invasion, while CP-C ones were candidates for best supportive care.
When applying HKLC scheme, CP-B patients were managed with curative or
palliative therapies depending on HCC characteristics and the presence of metastasis
and/or vascular invasion, while CP-C ones were either candidates for liver
transplantation or best supportive care.
After the patients were staged according to both systems, the systems’ agreement
regarding therapeutic approach for different stages was analyzed (Table 1). Overall
patient survival was estimated from HCC diagnosis until the outcome, i.e., death, loss
of follow-up, or the date of the last appointment at the referral hospital.
This study was approved by the Hospital de Clínicas de Porto Alegre Ethics
Committee (CAAE 57899016.8.0000.5327) and followed recommended guidelines for
studies of human subjects.

Statistical analysis
Quantitative variables were expressed as mean ± SD or median and interquartile
range (25th-75th). Categorical variables were described as frequencies and
percentages. The Kaplan-Meier curve was applied to estimate survival time, and the
log-rank test was used to calculate survival probability. A P ≤ 0.05 was considered
statistically significant. Data were stored and processed using the Statistical Package
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Table 1 Concordance in the treatment of hepatocellular carcinoma proposed by the Hong Kong liver cancer system and Barcelona clinic
liver cancer classification
BCLC-0

BCLC-A

BCLC-B

BCLC-C

BCLC-D

(ablation, LR or LT)

(ablation, LR or LT)

(TACE)

(SOR)

(ST)

HKLC-I (ablation, LR or LT)

√

√

HKLC-IIA (ablation, LR or LT)

√

√

HKLC-IIB (LR)

√

√

HKLC-IIIA (TACE)

√

HKLC-IIIB (TACE)

√

HKLC-IVA (SOR)

√

HKLC-IVB (SOR or ST)

√

HKLC-VA (LT)
HKLC-VB (ST)

√

The tick in the table means that there was agreement in the treatment of HCC proposed by the HKLC system and BCLC classification. BCLC: Barcelona
clinic liver cancer; HCC: Hepatocellular carcinoma; HKLC: Hong Kong liver cancer; LR: Liver resection; LT: Liver transplantation; ST: Symptomatic
treatment; SOR: Sorafenib; TACE: Transarterial chemoembolization.

for the Social Sciences 18.0 (SPSS Inc., Chicago, IL, United States).

RESULTS
General characteristics of patients
A total of 568 patients were diagnosed with HCC according to AASLD criteria
between 2011 and 2016. Of these, 49 (8.6%) were excluded because their medical
records included no CP score report and/or no assessment of performance status.
Thus, the final sample totaled 519 patients.
The patients’ demographic, laboratory and clinical data are described in Table 2.
The median age at diagnosis was 60.9 (56.2-67.7) years; the sample was predominantly
male (64.7%). The most common underlying etiology was hepatitis C virus infection
(HCV – 78.4%), followed by alcohol abuse (37.4%). Most patients were staged as CP-A
(52.6%), followed by CP-B (34.9%). Multifocal tumors were observed in 50.3% of the
cases, and in 86.5% of the cases the size of the largest nodule was less than 10 cm.

HCC staging systems: BCLC vs HKLC
In the BCLC system, curative treatment is recommended for HCC stages BCLC-0 and
A, palliative treatment with transarterial chemoembolization (TACE) is recommended
for stage BCLC-B, systemic treatment is recommended for stage BCLC-C, and
supportive treatment is the only alternative for BCLC-D. The cases, stratified
according to the BCLC and HKLC systems, are shown in Figure 1.
According to the HKLC system, 178 (34.3%) of the 519 patients were HKLC-I and
95 (18.3%) were HKLC-IIA, stages in which curative therapy is recommended,
including resection, liver transplantation or ablation. Another 47 cases (9.1%) were
classified as HKLC-IIB, of which 16 (34.0%) were up-to-7 in and 31 (66.0%) were upto-7 out. The HKLC system recommends resection in these cases. A total of 29 (5.6%)
patients were classified as HKLC-IIIA, all of them up-to-7 out, and 30 (5.8%) were
classified as HKLC-IIIB, for which the HKLC system indicates palliative care, with
TACE as an optional procedure. However, of the 30 HKLC-IIIB cases, only 11 were
up-to-7 out. In addition, 75 cases (14.4%) were classified as HKLC-IV, of which 32
(42.7%) were HKLC-IVA, for which systemic therapy is recommended. The 65 (12.5%)
remaining cases were classified as HKLC-V, with 38 (58.5%) as HKLC-VA, i.e.,
candidates for liver transplant.
According to BCLC staging, 25 (4.9%) of the 519 patients were BCLC-0, 246 (47.4%)
were BCLC-A, 213 (86.6%) of which were up-to-7 in and 33 (13.4%) up-to-7 out, 107
(20.6%) were BCLC-B (intermediate HCC), 76 (14.6%) were BCLC-C (advanced HCC),
and 65 (12.5%) were BCLC-D (terminal HCC).
The treatment agreement between the BCLC and HKLC staging systems is shown
in Table 3. The overall agreement for the two curative and palliative classifications
was 80.0%. The treatment for all BCLC-0 cases was in agreement with that of HKLC-I.
The agreement between BCLC-A cases and HKLC-I, HKLC-IIA and HKLC-IIB stages
was 96.7%. However, the agreement between treatments for BCLC-B and parallel
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Table 2 General data of patients with hepatocellular carcinoma
Variables1

HCC (n = 519)

Race
White

462 (89.0)

Black

35 (6.8)

Others

22 (4.2)

Etiology
HCV

407 (78.4)

Alcohol abuse

194 (37.4)

HBV

31 (6.0)

NAFLD

23 (4.4)

Cryptogenic cirrhosis

9 (1.7)

Alpha-fetoprotein (ng/mL)
< 400

361 (69.6)

≥ 400

109 (21.0)

Data not available

49 (9.4)

Child-Pugh score
A

273 (52.6)

B

181 (34.9)

C

65 (12.5)

Multifocal Tumor
Yes

261 (50.3)

No

258 (49.7)

Tumor size, cm
< 10 cm

449 (86.5)

≥ 10 cm

30 (5.8)

Data not available

40 (7.7)

1

Variables described by frequency (%). HCC: Hepatocellular carcinoma; NAFLD: Non-alcoholic fatty liver
disease; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

HKLC stages was only 46.7%. Agreement between BCLC-C and HKLC was 98.7%,
including stages HKLC-IVA and HKLC-IVB. The agreement between BCLC-D and
HKLC-V was also low (41.5%).

Overall survival analysis
The median overall survival was 32.7 mo (95%CI: 25.1-40.3). A total of 265 patients
(51.1%) had died by the time of data collection. The overall survival probability one
year after diagnosis was 67.6%, which decreased to 35.9% after five years (Figure 2A).
The median overall survival was 75.7 mo (95%CI: 41.2–110.1) for BCLC-0 cases, 60.0
mo (95%CI: 38.0–81.9) for BCLC-A, 19.6 mo (95%CI: 11.5–27.6) for BCLC-B, 3.5 mo
(95%CI: 2.6–4.3) for BCLC-C, and 5.2 mo (95%CI: 2.2–8.3) for BCLC-D (P < 0.001). The
median overall survival rate was 79.2 mo (95%CI: 56.9–101.6) for HKLC-I; 44.7 mo
(95%CI: 18.8–70.7) for HKLC-IIA; 35.5 mo (95%CI: 12.6–58.4) for HKLC-IIB; 13.2
months (95%CI: 8.6–17.7) for HKLC-IIIA, 4.7 mo (95%CI: 1.6–7.9) for HKLC-IIIB, 11.2
mo (95%CI: 2.5–6.2) for HKLC-IVA, 2.3 mo (95%CI: 1.7–3.0) for HKLC-IVB, 21.5 mo
(95%CI: 1.9–41.0) for HKLC-VA, and 1.5 months (95%CI: 0.4–2.5) for HKLC-VB (P <
0.001).
Median overall survival of BCLC-0 and BCLC-A patients was significantly higher
than BCLC-B (P = 0.001 and P < 0.001, respectively), BCLC-C (P < 0.001 and P < 0.001,
respectively), and BCLC-D patients (P < 0.001 and P < 0.001, respectively). Median
overall survival was significantly higher for BCLC-B patients than BCLC-C (P < 0.001)
and BCLC-D (P = 0.011) patients. The overall survival probability of BCLC-0 and
BCLC-A patients 7 years after diagnosis was similar: 46.0% and 44.0%, respectively.
The survival probability of BCLC-B cases two years after diagnosis was 45.6%, which
was significantly higher than BCLC-C (19.4%) and BCLC-D (30.5%) (Figure 2B).
The median overall survival for HKLC-I was significantly higher than HKLC-IIB (P
= 0.015), HKLC-IIIA (P < 0.001), HKLC-IIIB (P < 0.001), HKLC-IVA (P < 0.001), HKLCIVB (P < 0.001), HKLC-VA (P < 0.001), and HKLC-VB (P < 0.001). This significant
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Figure 1

Figure 1 Distribution algorithm of hepatocellular carcinoma patients according to Barcelona clinic liver cancer (A) and Hong Kong liver cancer (B) staging
in the present study. BCLC: Barcelona clinic liver cancer; HCC: Hepatocellular carcinoma; HKLC: Hong Kong liver cancer.

increase in overall survival was also observed for HKLC-IIA and HKLC-IIB cases
compared to HKLC-IIIA (P < 0.001), HKLC-IIIB (P < 0.001), HKLC-IVA (P < 0.001),
HKLC-IVB (P < 0.001 and P = 0.002, respectively) and HKLC-VB (P < 0.001). Median
overall survival for HKLC-IIIA, HKLC-IIIB and HKLC-IVA was significantly higher
than HKLC-IVB (P < 0.001, P = 0.003 and P < 0.001, respectively) or HKLC-VB (P =
0.004, P = 0.023 and P < 0.001, respectively). Median overall survival for HKLC-VA
was higher than HKLC-VB (P <0.001). The overall survival probability of HKLC-I
patients 7 years after diagnosis was 48.7%. The overall survival probability for HKLCIIA and HKLC-IIB cases 2 years after diagnosis was 67.3% and 64.5% respectively.
This probability was lower for HKLC-IIIA (22.3%), HKLC-IIIB (30.7%) and HKLCIVA (34.2%) patients. The overall survival probability of HKLC-VA patients 1 year
after diagnosis was 57.3%, which was higher than that of HKLC-IVB (7.0%) or HKLCVB (7.7%) patients (Figure 2C).

DISCUSSION
Over the last 30 years, a number of staging systems have been developed to address
the interrelationship of prognostic factors in HCC patients and to propose an
adequate course of therapy according to disease stage. However, due to the clinical,
biological and etiological heterogeneity of different populations, there is no flawless
staging system. Despite the fact that the BCLC is the most predominant system
worldwide and is mandatory in HCC management, it involves controversial points,
such as the maximum tumor diameter in BCLC-A and recommending TACE for all
patients with intermediate tumors (BCLC-B). Moreover, especially in the latter case,
the BCLC does not consider moving from palliative to curative therapy in TACE
responders or escalating to systemic therapy for TACE non-responders or those who
have multifocal tumors without metastases.
The objective of this study was to evaluate the agreement between BCLC and
HKLC staging systems regarding therapeutic management of HCC in Western
populations, and the results showed high general agreement between the two
systems. However, agreement was low in intermediate HCC cases, indicating, as the
HKLC suggests, that TACE is not mandatory for all BCLC-B cases. It was not
surprising that agreement was also low for BCLC-D cases, since the BCLC suggests
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Table 3 Concordance in the treatment of hepatocellular carcinoma proposed by the Hong Kong liver cancer system and Barcelona clinic
liver cancer classification in a South American population
Variables1

BCLC-0 (ablation, LR or LT) BCLC-A (ablation, LR or LT) BCLC-B (TACE) BCLC-C (SOR) BCLC-D (ST)

HKLC-I (ablation, LR or LT)

25 (100%)

129 (52.4%)

24 (22.4%)

HKLC-IIA (ablation, LR or
LT)

84 (34.1%)

11 (10.3%)

HKLC-IIB (LR)

25 (10.2%)

22 (20.6%)

HKLC-IIIA (TACE)

8 (3.3%)

20 (18.7%)

HKLC-IIIB (TACE)

1 (1.3%)

30 (28.0%)

HKLC-IVA (SOR)

32 (42.1%)

HKLC-IVB (SOR or ST)

43 (56.6%)

HKLC-VA (LT)

38 (58.5%)

HKLC-VB (ST)

27 (41.5%)

1

Variables described by frequency (%). The highlighted square in the table means that there was agreement in the treatment of HCC proposed by the
HKLC system and BCLC classification. BCLC: Barcelona clinic liver cancer; HCC: Hepatocellular carcinoma; HKLC: Hong Kong liver cancer; LR: Liver
resection; LT: Liver transplantation; ST: Symptomatic treatment; SOR: Sorafenib; TACE: Transarterial chemoembolization.

supportive treatment for CP-C patients, while according to HKLC this population
could, depending on tumor mass, benefit from liver transplant. Because this
discrepancy can be easily dealt with, BCLC-D patients will not be further discussed.
Tumor etiology is among the most significant variables in determining therapy
type, and it involves important regional differences[2,3,26]. HCV infection and NAFLD,
the main causes of HCC in Western populations, are usually associated with
cirrhosis[10,26], while HBV infection is the leading cause of HCC in Asian and African
populations. Many of these patients are not cirrhotic and have preserved liver
function, which facilitates the success of curative treatments[26]. Thus, Asians with
HCC could particularly benefit from HKLC, since it indicates more aggressive
curative treatments than the BCLC. However, like many previous studies, the present
study involved a Western sample[8,23,27,28]. Only 6% of the cases were HBV related, and
most patients had chronic HCV infection. Cirrhosis was present in all cases, especially
CP-A patients, characterizing a population with controlled liver disease, which
facilitates more aggressive HCC treatments.
Although treatment selection is crucial for patient survival, determining the most
appropriate therapy has been controversial[29,30]. A previous study showed that the
HKLC system has greater discriminatory and prognostic power than the BCLC[18].
However, no external validation has been performed. Similar studies to this one have
been conducted in different countries, but with disparate results[23,30-32]. A Korean
study found that the overall survival of intermediate-stage HCC patients (BCLC-B)
was higher for liver resection (which is proposed by HKLC) than TACE[33]. On the
other hand, a multicenter study in France found that the HKLC system is not
associated with better prognostic or therapeutic power than the BCLC [31] . This
divergence is probably due to etiological and pathophysiological differences between
Asian and European populations. The present study, conducted with Latin American
patients, found high agreement between the staging systems, except for certain
niches, especially patients with intermediate HCC. Most of the patients were
candidates for curative treatments, which agrees with other published studies[23,26,31,34].
The fact that these patients were diagnosed with early-stage HCC can probably be
attributed to screening, since these cirrhosis cases were diagnosed and followed up at
a university institution, which contributed to greater overall survival. In addition,
studies show that tumor diagnosis tends to occur at earlier stages in populations in
which HCV and alcohol are the most frequent etiologies[23,31].
The median overall survival in this study was 32.7 mo, which was higher than the
12.7 mo observed by Yau et al[18]. Overall survival was significantly higher in BCLC-0
and BCLC-A than the other stages, as expected. In the HKLC system, the highest
survival rates were in the HKLC-I, HKLC-IIA and HKLC-IIB stages.
Although the BCLC staging system is currently the main tool for determining the
prognosis and treatment of HCC[17], it has been criticized for being too conservative,
especially in therapeutic management of the BCLC-B stage [35-37] . This point was
highlighted in the results of the present study since, according to the HKLC, more
than 50% of these patients could have been candidates for curative treatment rather
than the palliative treatment recommended by BCLC. These findings agree with prior
publications in Asia and Europe[26,30,31,34].
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Figure 2

Figure 2 Kaplan-Meier curve for the overall survival probability of patients with hepatocellular carcinoma, according to the Hong Kong liver cancer and
Barcelona clinic liver cancer staging systems. A: Overall survival; B: Overall survival according to BCLC; C: Overall survival according to Hong Kong liver cancer.
BCLC: Barcelona clinic liver cancer.

Although the HKLC and BCLC staging systems are comprehensive, some patients
do not fit neatly into the pre-specified categories. This could lead to different
therapeutic recommendations for the same patient[37],which reinforces the need to
further explore the issue. In this study, the highest agreement was found between
stages HKLC-I and BCLC-0 (100%) and HKLC-IV and BCLC-C (98.7%). These results
can be explained by the tumor characteristics and liver function common to both
systems. Cases staged as BCLC-A, as well as HKLC-IIB, HKLC-IIIA and HKLC-IIIB,
were subdivided according to the up-to-7 in/out criterion, which demonstrates the
limitations of both systems, since they cannot clearly discriminate between patients
who need curative or palliative care. Although the up-to-7 criterion is an
anatomopathological, rather than radiological, classification, it has been used in a
similar fashion in clinical practice. However, rather than indicating a limitation in
these systems, it shows that therapy should be individualized[38]. We found BCLC-A
and HKLC-IIB, HKLC-IIIA and HKLC-IIIB up-to-7 out patients who would not
qualify as liver transplant candidates due to their tumor volume [39,40] , as well as
HKLC-IIIA and HKLC-IIIB patients who would not qualify as TACE candidates
because they have nodules larger than 10 cm or have decompensated cirrhosis (CP-B
and CP-C)[41].
This study presents some limitations that should be addressed. First, the differences
in overall survival are not exactly real because they were estimated according to the
different therapeutic options suggested by the systems. Some other should be
considered, such as the fact that it is a single center, observational and retrospective
analysis.
In conclusion, this study showed that there is adequate agreement between the
HKLC and BCLC staging systems regarding therapeutic management of HCC in
Western populations, except in cases of intermediate HCC (BCLC-B). However, it is
clear that both systems have limitations, as demonstrated by the need to apply the upto-7 criterion in BCLC-A, HKLC-IIB, HKLC-IIIA and HKLC-IIIB to determine when
curative treatment should be recommended. Although staging systems should be
further refined to cover the full diversity of HCC cases, these findings suggest that the
BCLC system, which is more simple and intuitive, should be applied in all HCC cases,
and that in BCLC-A and, especially, BCLC-B cases, the HKLC can contribute
important information regarding patient management.
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ARTICLE HIGHLIGHTS
Research background
Treating patients with hepatocellular carcinoma (HCC) is not simple, since two serious diseases
usually coincide: Cirrhosis and a malignant tumor. The Barcelona clinic liver cancer (BCLC)
staging system, is the most widely used and endorsed system in Western HCC management
guidelines. The Hong Kong liver cancer (HKLC) staging system identifies subsets of patients
with intermediate and advanced HCC and proposes more aggressive treatment; however, this
system still requires validation in Western populations. This study to assess the agreement of
BCLC and HKLC therapeutic approaches according to HCC evolutionary stage in this
population.

Research motivation
Evaluating the agreement of the treatments proposed by the BCLC and HKLC system according
to HCC evolutionary stage in a Western population, can optimize the therapeutic approaches,
promoting an increase in patient survival time.

Research objectives
This study aimed first to evaluate the agreement between BCLC and HKLC staging on the
management of HCC in a Western population. Secondary aim was estimating the overall patient
survival with HCC.

Research methods
Retrospective cross-sectional study analyzed data from the medical records of individuals over
18 years of age diagnosed with HCC and treated at a referral service in a university hospital in
southern Brazil between 2011 and 2016. Upon diagnosis, demographic and clinical data and
laboratory results were collected, as well as performance status and Child-Pugh (CP) scores.
Diagnosis was based on the American Association for the Study of the Liver Diseases criteria.
The patients were staged according to BCLC criteria and HKLC system. After, the agreement of
the treatment proposed by both systems was performed. Overall patient survival was estimated
from HCC diagnosis until the outcome, i.e., death, loss of follow-up, or the date of the last
appointment at the referral hospital.

Research results
A total of 519 HCC patients were assessed. Of these, 178 (34.3%) were HKLC-I; 95 (18.3%)
HKLC-IIA; 47 (9.1%) HKLC-IIB; 29 (5.6%) HKLC-IIIA; 30 (5.8%) HKLC-IIIB; 75 (14.4%) HKLCIV; and 65 (12.5%) HKLC-V. According to the BCLC, 25 (4.9%) were BCLC-0; 246 (47.4%) BCLCA; 107 (20.6%) BCLC-B; 76 (14.6%) BCLC-C; and 65 (12.5%) BCLC-D. The general agreement
between the two systems was 80.0% - BCLC-0 and HKLC-I (100%); BCLC-A and HKLCI/HKLC-II (96.7%); BCLC-B and HKLC-III (46.7%); BCLC-C and HKLC-IV (98.7%); BCLC-D and
HKLC-V (41.5%). When sub-classifying BCLC-A, HKLC-IIB, HKLC-IIIA and HKLC-IIIB stages
according to the up-to-7 in/out criterion, 13.4, 66.0, 100 and 36.7%, respectively, of the cases were
classified as up-to-7 out.

Research conclusions
This study showed that there is adequate agreement between the BCLC and HKLC staging
systems (80.0%) regarding therapeutic management of HCC in Western populations, although in
BCLC-B cases the agreement was low, suggesting that some individuals could be candidates for
the curative treatment recommended by the HKLC. However, it is clear that both systems have
limitations to determine when curative treatment should be recommended. Although staging
systems should be further refined to cover the full diversity of HCC cases, these findings suggest
that the BCLC system should be routinely employed in Western populations; although for
BCLC-B cases it should be associated with the HKLC system.

Research perspectives
Demonstrated adequate agreement between the BCLC and HKLC systems in relation to the
therapeutic management of HCC in Western population evaluated. However, new multicenter
and prospective studies are needed to assess this issue in the Western population.
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Abstract
BACKGROUND
Early allograft dysfunction (EAD) after liver transplantation (LT) is an important
cause of morbidity and mortality. To ensure adequate graft function, a critical
hepatocellular mass is required in addition to an appropriate blood supply. We
hypothesized that intraoperative measurement of portal venous and hepatic
arterial flow may serve as a predictor in the diagnosis of EAD.
AIM
To study whether hepatic flow is an independent predictor of EAD following LT.
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METHODS
This is an observational cohort study in a single institution. Hepatic arterial blood
flow and portal venous blood flow were measured intraoperatively by transit
flow. EAD was defined using the Olthoff criteria. Univariate and multivariate
analyses were used to determine the intraoperative predictors of EAD. Survival
analysis and prognostic factor analysis were performed using the Kaplan-Meier
and Cox regression models.
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A total of 195 liver transplant procedures were performed between January 2008
and December 2014 in 188 patients. A total of 54 (27.7%) patients developed EAD.
The median follow-up was 39 mo. Portal venous flow, hepatic arterial flow
(HAF) and total hepatic arterial flow were associated with EAD in both the
univariate and multivariate analyses. HAF is an independent prognostic factor
for 30-d patient mortality.
CONCLUSION
Intraoperative measurement of blood flow after reperfusion appears to be a
predictor of EAD; Moreover, HAF should be considered a predictor of 30-d
patient mortality.
Key words: Hepatic flow; Early allograft dysfunction; Liver transplant
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Early allograft dysfunction (EAD) is a problem that can soon occur after liver
implantation. Currently, there are a large number of predictive models for graft failure.
In general, the models try to predict the development of liver dysfunction and aid
clinicians in the decision-making process of selecting the liver graft. These variables do
not need to be modified, so we propose that measurable arterial and venous flow
intraoperatively after implantation may be useful in predicting the development of EAD.
A study of the intraoperative factors that may influence the development of EAD should
be performed to address additional, related problems in the field.
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INTRODUCTION
Early allograft liver dysfunction (EAD) is a condition that prematurely identifies
grafts that are at risk of having marginal function after liver transplantation (LT). The
development of graft dysfunction is multifactorial. The degree of impairment can
range from a very mild and temporary form to a more severe and potentially deadly
form unless the patient receives an early retransplantation. The regenerative capacity
of the hepatic parenchyma conditions most dysfunctions to be transient[1,2].
Currently, there are a large number of predictive models for graft failure, all of
which are heterogeneous because they use different criteria to select the independent
variables. In general, the models have the same goal, which is to predict the
development of liver dysfunction and provide an evidence-based tool that is useful
during the liver graft selection process[3-5]. To ensure proper function of a liver graft,
the hepatocellular critical mass is needed to maintain synthetic function and adequate
blood supply through the vascular tree. Hepatic flow is a determining factor in early
graft function. The hepatic circulation system is highly complex due to its dual
irrigation. The hepatic artery contributes 25% of the hepatic blood flow (30 mL/min
per 100 g of liver mass) and provides 30-50% of the oxygen requirement of the liver.
Moreover, the portal vein provides 75% of the hepatic blood flow (90 mL/min per 100
g of liver mass) and provides 50%-70% of the oxygen requirements of the liver with
partially deoxygenated blood arriving from splanchnic circulation. These two systems
are closely related and conform to what is known as the "hepatic arterial response
buffer"[6]. This mechanism explains the changes in arterial blood flow as compensatory
to the changes in the portal flow so that the arterial system is able to compensate for
changes of up to 25%-60% in portal flow. However, the portal system is unable to
compensate for the changes in arterial blood flow[7]. This buffer system remains active
after LT, as shown by authors such as Cantré et al[8]. The intraoperative reading of
arterial and venous blood flow after LT may be useful in predicting the development
of early graft dysfunction because blood flow values offer an indirect measurement of
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the oxygen and nutrient levels being supplied to the liver parenchyma at a given
point in time.

MATERIALS AND METHODS
This is an observational study based on a single cohort of 195 consecutive patients
who underwent LT with a prospective collection of data and a retrospective analysis.
This study was carried out in the Liver Transplant Unit of Hospital General
Universitario Gregorio Marañón, Madrid, Spain, a tertiary referral centre, during the
study period between January 2008 and December 2014. The study was performed
according to the International Guidelines for Ethical Review of Epidemiological
Studies [Council for the International Organizations of Medical Sciences (CIOMS),
Geneva, 2008] and to the Declaration of Helsinki (Seoul, October, 2008). The study
was reviewed and approved by the Clinical Research Ethics Committee. All patients
gave their written informed consent prior to study enrolment. All recruited
candidates were adult patients who received an orthotopic full cadaveric donor liver
transplant, including an urgent transplant, early retransplantation due to primary
graft dysfunction and late retransplantation. The cases in which the intraoperative
vascular blood flow measurements could not be obtained due to technical problems
or those in which liver graft dysfunction was secondary to acute vascular
complications were excluded.

Surgical technique
All patients underwent deceased donor LT using standard techniques without the use
of venovenous bypass in favour of the piggyback technique. Anastomosis techniques
related to the portal vein and hepatic artery were not modified.
Study variables were collected prospectively and recorded on an electronic case
report.

Donor data
Donor data included age, cause of death, serum sodium level, ALT, AST, GGT, sex,
blood group, weight, height, body mass index (BMI), body surface area (BSA) and
donor risk index (DRI). Donor status was also evaluated by the need for epinephrine,
evidence of shock, or the need for cardiopulmonary resuscitation or intensive care
unit (ICU) stay.

Graft preservation data
Graft preservation data included cold ischaemia time and the graft preservation
solution: The University of Wisconsin (UW) solution, the histidine-tryptophan
ketoglutarate (HTK) solution or Celsior.

Recipient data
Recipient data included age, sex, weight, height, BSA, BMI, indications for LT, the
model for end-stage liver disease (MELD) and Na, creatinine, ALT, AST and
preoperative bilirubin levels. The intraoperative variables registered were surgical
time, the need for red blood, platelet or plasma transfusion, and the need for
cryoprecipitate.
Intraoperative measurements were performed with a flowmeter (Medistin,
Norway) based on the measurement of transit time (MFTT) and Doppler technology.
The Doppler effect uses the transmission of a continuous wave, and MFTT employs
the transmission of pulses. By applying the Doppler concept to the components of the
blood, we can measure the vessel blood flow velocity. If the sound is directed in the
direction of flow, the received signal will be different depending on whether the
blood components are near or far from the transducer. The sensor used by the MFTT
contains two transducers and a reflector. The two transducers are located on one side
of the vessel and the reflector on the opposite side; this arrangement causes a double
ultrasound passage through the vessel. After performing vascular and biliary
anastomoses, at the end of the procedure, the hepatic artery and portal vein flow just
distal to the suture on the graft’s side were sequentially measured. The absence of
intraoperative blood flow or obtaining a very poor flow measurement were
considered to be an indication for reviewing the arterial anastomosis after verifying
the absence of the compensatory effect of the portal flow.
The duration of ICU stay, the need for mechanical ventilation and the length of
hospital stay were also registered.
The modified version of the criteria for EAD into the MELD era by Olthoff et al[9]
was used. EAD was defined as the presence of one or more of the following
previously defined postoperative laboratory findings reflective of liver injury and
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dysfunction: Bilirubin level greater than or equal to 10 mg/dL on day 7, international
normalized ratio greater than or equal to 1.6 on day 7, and AST or ALT level of 2000
IU/L within the first 7 d.

Follow-up
The follow-up started on the day of LT and was routinely performed at outpatient
clinics. Patient follow-up was continued until August 1, 2015.

Study endpoints
The primary endpoint was EAD. The secondary endpoint was postoperative 30-d
mortality.

Statistical analysis
Unless otherwise stated, the data are expressed as the mean ± SD or n (%). When data
were normally distributed (based on the Kolmogorov-Smirnov test), comparisons
were performed using Student’s t-test. The qualitative variables and risk
measurements were analysed using the χ2 test. Univariate and multivariate analyses
of graft dysfunction were performed using a logistic regression test. Predictive
analysis was conducted using receiver operating characteristic (ROC) curves. To
assess the impact of the risk score on survival, Kaplan-Meier survival curve analysis
was performed, and the results were compared with the log-rank test. The collected
data were entered into a database created in SPSS version 20 for Mac (SPSS, Inc.,
Chicago, Illinois, United States).

RESULTS
During the study period from January 2008 to December 2014, 195 cadaveric liver
transplant surgeries were performed in 188 patients (Figure 1). According to the
Olthoff criteria for EAD, 54 patients with EAD (27.70%) were identified, 5 of whom
underwent an urgent retransplant surgery (9.30%). Of the 54 patients who developed
EAD, 68.50% (37) of patients were alive at the end of the study period, while 31.50%
(17) of patients died during the follow-up period. The overall mortality rates for
patients with EAD were 5.60%, 11.10% and 25.90% at 7 d, 30 d and 6 mo, respectively.
The median observation period was 39 mo.

Baseline characteristics
Demographic data and liver disease aetiologies are shown in Table 1. The
characteristics of patients who reached and did not reach the endpoint (EAD) are
shown in Table 2.
Cold ischaemia time was significantly higher in the group with EAD (525.74 ±
153.03 min) when compared to the no-EAD group (464.94 ± 142.52 min), P = 0.01.
However, no significant differences were found in the estimated graft volume and the
estimated volume of the liver receptor. There were also no significant differences in
the ratio of the estimated graft volume to the estimated recipient volume or in relation
to other anthropometric parameters registered, such as weight, height, BMI, or BSA.
Other characteristics of the donor and recipient showed no statistically significant
differences between the groups.
The variables used to study the characteristics of the hospital stay were length of
ICU stay, length of hospital stay and the need for mechanical ventilation. Significant
differences in the time of ICU stay were found between patients who developed EAD
(6.42 ± 6.50 d) and those who did not develop EAD (4.36 ± 5.04 d), P < 0.01. Likewise,
the need for mechanical ventilation in patients with EAD was 7940 ± 14185 h
compared to 4151 ± 11323 h in patients who showed no EAD (P = 0,02). Furthermore,
the length of hospital stay in patients who developed EAD was 3567 ± 2808 d,
compared to no-EAD 2618 ± 1824 d (P < 0.01).

Effect of liver blood flow on early allograft dysfunction
Table 2 shows the relationship between haemodynamic hepatic blood flow and EAD.
Significant differences between arterial, portal and total liver blood flow were
observed.
Hepatic artery flow: HAF was significantly lower in the group with EAD (227.74 ±
134.13 mL/min) than in the no-EAD group (279.67 ± 152.87 mL/min, P = 0.01).
However, no significant differences were found between the groups regarding the
percentage of total blood liver supply carried by HAF. The HAF variable was later
categorized into two groups to label individuals in a clinically relevant manner. The
cutoff value was 180 mL/min such that individuals with an HAF blood flow > 180
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Figure 1

Figure 1 Study flowchart. EAD: Early allograft dysfunction; LT: Liver transplantation.

mL/min were considered to be normal and those with HAF blood flow < 180
mL/min were considered to have insufficient blood flow. The association of HAF
with the endpoint was then analysed (OR = 2.25, 95%CI: 1.16–4.35, P = 0.02, Figure 2).
Portal venous flow: PVF was significantly lower in the group with EAD (1363.84 ±
602.06 mL/min) than in the no-EAD group (1606.73 ± 491.51 mL/min, P = 0.01). There
was no difference between the EAD and no-EAD groups regarding the percentage of
total blood liver supply by the portal venous flow. The PVF variable was categorized
into two groups using the cutoff value of PVF < 1200 to interpret its clinical relevance
with respect to the end point, and its significant relationship with the endpoint was
analysed (OR = 3.36, 95%CI: 1.83–6.16, P < 0.01, Figure 3).
Total hepatic blood flow: THF was significantly lower in the group with EAD (1591.
81 ± 631.07 mL/min) than in the group with no-EAD (1883.28 ± 513.15 mL/min). THF
was categorized into two clinically relevant groups using the cutoff value of 1500
ml/min so that individuals with THF < 1500 mL/min were considered to have an
inadequate THF. Its association with the endpoint was then analysed (OR = 3.05;
95%CI: 1.59–5.88; P < 0.01). The multivariate analysis showed that cold ischaemia time
and HAF< 180 mL/min and PVF < 1200 mL/min were predictors of EAD (Table 2).
Effects of liver blood flow on 30-d patient mortality: We also evaluated the effects of
our categorized blood flow variables on patient mortality at 30 d. In the univariate
Cox regression analysis, only 5 variables were significantly associated with 30-d
survival (HAF, PVF, THF, AST at day 1 and INR at day 1; Table 3). In the multivariate
analysis, HAF < 180 mL/min and AST > 2000 UI/dL were independent prognostic
factors for 30-d patient mortality. In addition to these results, the AUROC of the risk
score developed showed a better diagnostic performance [area under the ROC curve
(AUROC): 0.814; 95%CI: 0.674-0.954; P < 0.01].

DISCUSSION
EAD following cadaveric donor LT affects both graft and patient survival[9]. In an
attempt to prevent EAD, many predictive models using donor and receptor variables,
graft characteristics, intraoperative events, and functional tests have been
developed[10-12]. Most of these variables, which influence the risk of developing EAD,
are not treatable. Therefore, the aims of new studies are to identify different treatable
or preventable intraoperative variables that may aid in the decision-making process
during both the surgical act and the immediate postoperative period. In this sense, the
measurement of intraoperative (arterial and venous) hepatic blood flow after
reperfusion as an indirect measurement of the hepatic parenchyma oxygen and
nutrient input could be used as intraoperative parameters to predict EAD[13,14]. These
differences differ from the non-treatable variables in that hepatic inflow has the
potential to be intraoperatively modified in cases in which the measured blood flow
predisposes a patient to EAD and therefore worse overall outcomes of LT.
The exact definition for EAD has not yet been established because there is still
plenty of variability found in the published literature. In this study, we used the
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Table 1 Demographic baseline characteristics
Baseline characteristics
Age (yr)

51.45 (9.92)

Gender (male/female)

152/43

Weight (kg)

76.39 (13.71)

Height (cm)

168.74 (7.77)

MELD score (points)1

15.3 (6.82)

Aetiology of liver diseases [number (%)]
Viral cirrhosis

65 (33.3)

Hepatocellular carcinoma

95 (41.7)

Alcoholic cirrhosis

51 (26.2)

Fulminant hepatic failure

3 (1.3)

Primary biliary cirrhosis

5 (2.2)

Acute retransplantation

5 (2.2)

Chronic rejection

1 (0.4)

Sclerosing cholangitis

6 (2.6)

Cryptogenic cirrhosis

11 (4.8)

Hemochromatosis

1 (0.4)

1

The MELD score does not take into account extra exception points. MELD: Model of end liver disease.

Olthoff criteria to define EAD[9]. Olthoff defined EAD as the presence of at least one
postoperative variable previously associated with liver injury and function, such as
serum levels of transaminases, bilirubin and INR. According to Olthoff et al[9], EAD
increases the risk of death by ten times at 6 mo after an LT. In this study, the incidence
of EAD was 27.7%, out of which 18.8% died, while only 1.8% of patients in the noEAD group died. Graft loss occurred in 26.1% of patients with EAD. Our EAD
incidence was similar to that found in previous studies, with an incidence ranging
between 2%-32%. In our view, efforts should be oriented to employ intraoperative
measurements of graft function, either through the measurement of blood supply or
by directly measuring liver function (e.g., blood supply, LIMAX, or clearance of
indocyanine green)[15-17], to allow an early diagnosis of EAD which, in turn, would aid
the decision-making process.
When we analysed the differences between patients with and without EAD, CIT
was significantly higher in the group with EAD and was also a significant predictive
factor of EAD in the multivariate analysis. The association between CIT and
ischaemia-reperfusion injury has already been described. In particular, a CIT greater
than 12 h is an independent variable of poor prognosis and is, therefore, associated
with worse graft function[18,19]. However, CIT could be considered a confusion factor
due to the established relationship between prolonged CIT and ischaemia-reperfusion
injury that leads to an early endothelial injury and consequently increases vascular
resistance to hepatic artery flow.
The measurement of intraoperative blood flow was performed with a flow metre
VeriQ, based on measuring the transit time (MFTT) and Doppler technology. This
system has been validated in previous studies and generates reproducible
measurements[20-22].
In our group, the mean HAF was 265.15 ± 149.45 mL/min. Vascular patency was
assessed postoperatively with Doppler ultrasound. When we looked at the differences
between the groups according to the presence of EAD or nor, statistically significant
differences were observed. We set the cutoff in HAF < 180 mL/min because it was the
best discriminatory measure between the two EAD groups (Figure 2). We note that
the EAD development risk was doubled, and it became a prognostic factor for 30-d
patient survival in the multivariate analysis. In the intraoperative setting, decreased
HAF may guide the surgical team to undertake intraoperative tests of graft inflow
modulation. First, we evaluated the patency of the anastomosis, as indicated by the
absence of blood flow. Once thrombosis was ruled out, the portal drainage was
occluded with the aim to observe the arterial buffer system response. If there were
modifications in HAF during this response, manoeuvres such as splenectomy or
ligation of the splenic artery if PVF was greater than 1300 mL/min could be
performed in response to these tests[23]. At other times when flow modulation is not a
problem, hypotheses arise as to whether the decreased HAF is a consequence of an
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Table 2 Univariate and multivariate analysis for the development of early allograft dysfunction
Univariate analysis

Multivariate logistic regression

Variables
EAD (n = 54)

Non-EAD (n = 141)

P value

Age

62.30 ± 15.67

58.17 ± 18.10

0.21

Donor AST (IU/L)

50.77 ± 56.65

43.44 ± 43.88

0.71

Donor ALT (IU/L)

48.64 ± 53.36

38.97 ± 51.51

0.04

Donor GGT (IU/L)

70.67 ± 111.53

60.63 ± 116.96

0.59

Epinephrine dose (mg/kg/min)

0.27 ± 0.32

0.30 ± 0.36

0.78

Na levels in donor blood

147.13 ± 8.52

146.94 ± 8.47

0.99

DRI

1.61 ± 0.29

1.57 ± 0.32

0.46

ICU time (d)

4.13 ± 4.83

3.17 ± 3.75

0.64

Age

52.11 ± 9.21

51.89 ± 10.21

0.88

MELD

15.11 ± 6.86

15.37 ± 6.83

0.73

MELD-Na

17.49 ± 7.57

17.71 ± 7.66

0.99

Creatinine (mg/dL)

0.91 ± 0.48

1.08 ± 1.09

0.26

GOT basal (IU/L)

426.88 ± 1168.84

164.58 ± 435.5

0.52

Bilirubin basal (mg/dL)

7.21 ± 8.74

6.23 ± 8.14

0.74

INR basal

1.61 ± 0.69

1.58 ± 1.06

0.53

Cold ischaemia time (min)

525.74 ± 153.03

464.94 ± 142.52

0.01

Hot ischaemia time (min)

57.26 ± 21.08

54.57 ± 22.4

0.20

Total ischaemia time (min)

584.17 ± 154.18

520.53 ± 139.1

0.01

Intraoperative red blood cells (units)

3.00 ± 2.54

3.08 ± 3.18

0.73

Intraoperative platelets (units)

2.00 ± 2.69

2.56 ± 3.76

0.83

Intraoperative plasma (units)

0.91 ± 1.72

0.75 ± 1.74

0.53

Intraoperative cryoprecipitate (g)

1.59 ± 1.57

1.44 ± 1.86

0.22

Hepatic arterial flow (mL/min)

227.74 ± 134.13

279.67 ± 152,8

0.01

Portal venous flow (mL/min)

1363.84 ± 602.06

1606.7 ± 491.5

0.01

Hepatic total flow (mL/min)

1591.81 ± 631.07

1883.2 ± 513.1

0.01

β

Relative risk (95%CI)

P value

Donor

Recipient

Preservation

Intraoperative

HAF < 180 mL/min

2.41

(1.18-4.89)

0.02

PVF < 1200 mL/min

2.89

(1.45-5.73)

0.01

TIT > 610 min

2.31

(1.15-4.65)

0.02

DRI: Donor risk index; HAF: Hepatic artery flow; ICU: Intensive care unit; INR: International normalized ratio; MELD: Model of end liver disease; PVF:
Portal vein flow; THF: Total hepatic flow.

increase in intrahepatic resistance. Marginal graft use is known to have poor tolerance
to I/R injury. Therefore, in recent years, the use of new devices for machine liver
perfusion can be useful in evaluating the increase in intrahepatic resistance that leads
to worse intraoperative liver flow. As previously stated, there currently exists no
agreement on a minimum value of HAF that serves as a predictor of worse
outcomes[24].
With respect to PVF, Lisik et al[25] suggested a link between PVF and EAD; however,
their study only included 15 patients, hence its limited clinical relevance. The
minimum acceptable PVF value for adequate graft function is approximately 1000
mL/min. Gastaca et al[26] showed that PVF is related to anthropometric parameters
and to the patient's clinical conditions and suggests that a PVF of less than 1000
mL/min is more common in women and in patients with less advanced liver disease.
Cirrhosis is associated with portal hypertension, with hyperdynamic syndrome being
one of its late consequences. In our study, we found no differences in these
characteristics between the groups with portal flows < 1200 mL/min and > 1200
mL/min, but there was a significant difference in terms of cardiac output. The authors
note that primary non-function (PNF) is greater in the group with portal flow less
than 1 L/min, but it is not associated with the development of EAD. In their study,

WJH

https://www.wjgnet.com

695

September 27, 2019

Volume 11

Issue 9

Lominchar PL et al. Hepatic flow and early allograft dysfunction
Figure 2

Figure 2 Hepatic artery flow and development of early allograft dysfunction. EAD: Early allograft dysfunction.

after adjusting portal flow by graft weight (measured, not estimated), a portal flow of
< 80 mL/min × 100 g was correlated with an elevated risk of PNF development and
graft loss in the first year after transplantation. Our analysis showed that PVF was
associated with developing EAD, with statistically significant differences when
comparing both groups. A PVF less than 1200 mL/min conferred three times the risk
of developing EAD and was also a prognostic factor for 30-d survival in the univariate
analysis but not in the multivariate analysis.
The study is, however, limited because the degree of steatosis in the grafts was not
measured nor taken into count, which has been shown to behave as a risk factor for
developing EAD. In this study, the information about blood flow within the graft is
limited to macrovascular measurements, without taking into consideration the
potential changes that occur in the microcirculation or the interaction between both
factors. Microcirculatory changes occur during ischaemic phenomena of reperfusion
injury. Puhl et al [14] demonstrated a significant correlation between the initial
microcirculation and early graft function postoperatively. Studies have correlated
measurement and microcirculation through a laser Doppler flowmeter on the liver
surface with the macrovascular total hepatic flow[28].
In conclusion, we have shown that intraoperative measurements of hepatic blood
flow can predict the development of EAD and that hepatic artery flow has an impact
on survival at 30 d. Consequently, future efforts may focus on study strategies
directed at identifying those grafts that are more susceptible to developing alterations
in blood flow and how we can mend these alterations in hepatic blood flow in the
intraoperative setting.
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Table 3 Univariate and multivariate Cox regression models of mortality at 30 d
Univariate Cox regression

Multivariate Cox regression

Variables
β

Relative risk (95%CI)

P value

Age

1.03

(0.97-1.08)

0.28

Donor AST (IU/L)

1

(0.99-1.02)

0.84

Donor ALT (IU/L)

0.99

(0.97–1.02)

0.63

Donor GGT (IU/L)

1

(0.99–1.01)

0.93

Epinephrine dose (mg/kg/min)

0.03

(0.00–5.69)

0.93

Na levels in donor blood

0.93

(0.84–1.03)

0.19

DRI

4.49

(0.26–76.92)

0.3

ICU time (d)

1.04

(0.89–1.22)

0.62

Age

1.04

(0.94-1,14)

0.43

MELD

0.88

(0.72–1.08)

0.22

MELD-Na

0.98

(0.87–1.11)

0.76

Creatinine (mg/dL)

1.08

(0.52–2.26)

0.83

AST basal (IU/L)

1

(1-1)

0.03

Bilirubin basal (mg/dL)

0.98

(0.88–1.09)

0.75

INR basal

1.03

(0.44–2.39)

0.95

Cold ischaemia time (min)

1

(0.99–1.00)

0.31

Hot ischaemia time (min)

1

(0.98–1.04)

0.56

Total ischaemia time (min)

1

(0.99-1)

0.33

Need red blood cells (units)

1.17

(0.91–1.50)

0.37

Need intraoperative platelets (units)

0.92

(0.70–1.20)

0.54

Need intraoperative plasma (units)

0.93

(0.60–1.43)

0.74

Need intraoperative cryoprecipitate (g)

1.1

(0.71–1.70)

0.68

Hepatic arterial flow (mL/min)

0.99

(0.97-1)

0.01

Portal venous flow (mL/min)

0.99

(0.99–1.00)

0.01

Total hepatic flow (mL/min)

0.99

(0.98–1.00)

0.04

HAF < 180 mL/min

5.9

(1.13–30.99)

0.04

PVF < 1200 mL/min

5.31

(1.02–27.70)

0.04

INR day 1 > 2,2

6.07

(1.11–33.22)

0.04

AST day 1 > 2000 UI/dL

10.82

(1.26–92.97)

0.03

β

Relative risk (95%CI)

P value

5.33

(1.01–28.22)

0.04

9.856

(1.15–84.78)

0.04

Donor

Recipient

Preservation

Intraoperative

DRI: Donor risk index; HAF: Hepatic artery flow; ICU: Intensive care unit; INR: International normalized ratio; MELD: Model of end liver disease; PVF:
Portal vein flow; THF: Total hepatic flow.
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Figure 3

Figure 3 Portal vein flow and development of early allograft dysfunction. EAD: Early allograft dysfunction.

ARTICLE HIGHLIGHTS
Research background
Early allograft dysfunction (EAD) after liver transplantation (LT) is an important cause of
morbidity and mortality. To ensure adequate graft function, a critical hepatocellular mass is
required in addition to an appropriate blood supply. We hypothesized that intraoperative
measurement of portal venous and hepatic arterial flow may serve as a predictor in the diagnosis
of EAD.

Research motivation
EAD is a condition that can occur after implantation. The development of graft dysfunction is
multifactorial. The degree of impairment can range from a very mild and temporary form to a
more severe and potentially deadly form unless the patient receives an early retransplantation,
which is determined by initial poor function. The regenerative capacity of the hepatic
parenchyma conditions most dysfunctions to be transient. Currently, there are a large number of
predictive models for graft failure, all of which are heterogeneous because they use different
criteria to select the independent variables. In general, the models try to predict the development
of liver dysfunction and aid clinicians in the liver graft selection process. To ensure proper
function of a liver graft, the hepatocellular critical mass is needed to maintain synthetic function
and adequate blood supply through the vascular tree. Hepatic flow is a determining factor in
early graft function. Intraoperatively, measurable arterial and venous flow after implantation
may be useful in predicting the development of EAD because blood flow values provide an
indirect measurement of the oxygen and nutrient levels. A study of the intraoperative factors
that may influence the development of EAD should be performed to address additional, related
problems in the field.

Research objectives
To study whether hepatic flow is an independent predictor of EAD following LT.

Research methods
This is an observational cohort study performed in a single institution. Hepatic arterial and
portal venous blood flows were measured intraoperatively by transit flow. The measurement of
the intraoperative flows was performed with a VeriQ™ flowmeter (Medistin, Norway). VeriQ™
offers both proven transit time flow measurement and Doppler velocity measurements that are
specifically designed for intraoperative blood flow and graft patency verification. The Doppler
effect uses the transmission of a continuous wave, and MFTT employs the transmission of
pulses. By applying the Doppler concept to the blood components, we can measure the vessel
blood flow velocity. If the sound is directed in the direction of flow, the received signal will be
different depending on whether the blood components are near or far from the transducer. The
sensor used by the MFTT contains two transducers and a reflector. The two transducers are
located on one side of the vessel and the reflector on the opposite side; this arrangement causes a
double ultrasound passage through the vessel. The crystal located in the direction of flow
generates a pulse of ultrasound that is captured by the glass oriented in the opposite direction.
The difference in transit time depends on the volume of blood flow. Measurement probes of 5-7
mm calibre are used for the hepatic artery and 8-12 mm for the portal vein. Once the vascular
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anastomoses have been performed, a brief period of approximately 5 min is allowed for the
intrahepatic flow to stabilize, and then the arterial and portal flows are measured sequentially at
one centimetre distal to the suture on the side of the graft. In cases where the arterial
intraoperative flow measured is absent or very poor, revision of the arterial anastomosis is
indicated, once the absence of the portal flow compensatory effect (“hepatic arterial buffer
effect”) has been proven. EAD was defined using the Olthoff criteria. Univariate and
multivariate analyses were used to determine intraoperative predictors of EAD. Survival
analysis and prognostic factor analysis were performed using the Kaplan-Meier and Cox
regression models.

Research results
A total of 195 liver transplants were performed between January 2008 and December 2014 in 188
patients. A total of 54 (27.7%) patients developed EAD. The median follow-up was 39 mo. Portal
venous flow, hepatic arterial flow (HAF) and total hepatic arterial flow were associated with
EAD in both univariate and multivariate analyses. HAF is an independent prognostic factor for
30-d patient mortality. This is the first study that relies on current EAD criteria and 30-d patient
survival data based on hepatic flow measured intraoperatively.

Research conclusions
In conclusion, we have shown that intraoperative measurements of hepatic blood flow can
predict the development of EAD and that hepatic artery flow has an impact on survival at 30 d.

Research perspectives
Future efforts may focus on study strategies directed at identifying those grafts that are more
susceptible to developing alterations in blood flow and how we can mend these alterations in
hepatic blood flow in the intraoperative setting.
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Abstract
BACKGROUND
A low proportion of patients admitted to hospital with cirrhosis receive quality
care with timely paracentesis an important target for improvement. We
hypothesized that a medical educational intervention, delivered to medical
residents caring for patients with cirrhosis, would improve quality of care.
AIM
To determine if an educational intervention can improve quality of care in
cirrhotic patients admitted to hospital with ascites.
METHODS
We performed a pilot prospective cohort study with time-based randomization
over six months at a large teaching hospital. Residents rotating on hospital
medicine teams received an educational intervention while residents rotating on
hospital medicine teams on alternate months comprised the control group. The
primary outcome was provision of quality care- defined as adherence to all
quality-based indicators derived from evidence-based practice guidelines- in
admissions for patients with cirrhosis and ascites. Patient clinical outcomesincluding length of hospital stay (LOS); 30-d readmission; in-hospital mortality
and overall mortality- and resident educational outcomes were also evaluated.
RESULTS
Eighty-five admissions (60 unique patients) met inclusion criteria over the study
period-46 admissions in the intervention group and 39 admissions in the control
group. Thirty-seven admissions were female patients, and 44 admissions were for
alcoholic liver disease. Mean model for end-stage liver disease (MELD)-Na score
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at admission was 25.8. Forty-seven (55.3%) admissions received quality care.
There was no difference in the provision of quality care (56.41% vs 54.35%, P =
0.9) between the two groups. 30-d readmission was lower in the intervention
group (35% vs 52.78%, P = 0.1) and after correction for age, gender and MELD-Na
score [RR = 0.62 (0.39, 1.00), P = 0.05]. No significant differences were seen for
LOS, complications, in-hospital mortality or overall mortality between the two
groups. Resident medical knowledge and self-efficacy with paracentesis
improved after the educational intervention.
CONCLUSION
Medical education has the potential to improve clinical outcomes in patients
admitted to hospital with cirrhosis and ascites.
Key words: Cirrhosis; Education; Paracentesis; Quality
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Core tip: Quality care remains relatively low in patients admitted to hospital with
cirrhosis. Diagnostic paracentesis in patients with ascites has been identified as a target
to improve quality in these patients. We developed and administered an educational
intervention focused on paracentesis to medical residents caring for patients with
cirrhosis using time-based randomization. After adjustment for model for end-stage liver
disease-Na score, age and gender, patients in the intervention group had reduced 30-d
readmissions. As health care costs rise, our results justify further study into the use of
medical education to improve the delivery of quality care in patients with cirrhosis.
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INTRODUCTION
The prevalence of cirrhosis is increasing annually and chronic liver disease is
currently the twelfth leading cause of death in the United States[1-3]. As expected, this
has led to an increase in hospitalizations in cirrhotic patients for all diagnoses,
including hepatic encephalopathy, sepsis and renal failure[4,5].
There is an increasing focus on the delivery of quality care in medicine, and
hepatology in particular, due to rising health care costs and the use of alternative
payment models in health care[6]. In 2010, a set of quality indicators for patients with
cirrhosis were identified by an expert panel with the intention of setting a platform for
the delivery of quality care [7] . Recent studies have examined the quality of care
provided to hospitalized cirrhotic patients and concluded that the minority of patients
receive high quality care[8-11].
It is therefore important to develop processes that can improve the quality of care
delivered to cirrhotic patients admitted to the hospital. One recent study showed that
co-management between hepatologists and hospitalists increased the quality of care
for patients admitted with spontaneous bacterial peritonitis (SBP) when compared to
a standard generalist-consultant model[12]. Another study looked at the development
of an order set in the electronic health record to improve clinical outcomes in the care
of patients hospitalized with variceal bleeding and demonstrated improvements in
the use and time to administration of antibiotics, a key quality indicator[13].
In a previous study, we identified timely paracentesis as an area for improvement
for physicians admitting cirrhotic patients with ascites to the hospital[11]. A multihospital discharge database study showed that early paracentesis has been shown to
be associated with improved mortality in patients admitted to the hospital with
ascites[14,15].
The objective of this study was to evaluate how the use of medical education
impacts on the provision of quality of care in cirrhotic patients admitted to hospital
with ascites.
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MATERIALS AND METHODS
The University of Minnesota Medical Center (UMMC) is a tertiary care medical center
with a high-volume liver transplant program. Similar to other high-volume transplant
centers in the United States, patients with cirrhosis are admitted to either a hospital
medicine team, staffed by a hospitalist with or without internal medicine residents, or
the intensive care unit. This study was conducted with approval of the institutional
review board at University of Minnesota. All authors had access to the study data and
have reviewed and approved the final manuscript.
The University of Minnesota internal medicine and internal medicine-pediatrics
residency programs comprise 42 residents per year. Residents alternate between
inpatient and outpatient/elective rotations every 4 wk at three different teaching
hospitals.
We performed a pilot prospective cohort study with time-based randomization
over six months at one of the teaching hospitals (UMMC). Residents rotating on
hospital medicine teams received an educational intervention (see below) while
residents rotating on hospital medicine teams on alternate months comprised the
control group.
The intervention was an educational session occurring at the beginning of the 4-wk
rotation. The educational session comprised a 15-min tutorial and a 45-min practical
training session. The didactic tutorial was delivered by an attending hepatologist
and/or hospitalist and described indications, contraindications, and mechanics of
paracentesis in addition to other aspects of care for patients with ascites. The practical
training session involved hands-on teaching of ultrasound-guided paracentesis using
a paracentesis training model. Residents in the intervention group also received a
pocket-sized card with information on paracentesis and care for patients with ascites
at the end of the educational session.
Residents in both groups completed a vignette-based medical knowledge
assessment about caring for patients with ascites, as well as a survey regarding selfefficacy in paracentesis and caring for patients with ascites at the beginning of each
rotation (Supplement 1). Residents in the intervention group completed another
medical knowledge assessment and self-efficacy survey at the end of the educational
session. A final self-efficacy survey was completed by residents in the intervention
group 6 months after delivery of the educational intervention.
Patient data was then retrospectively collected on admissions for patients cared for
by internal medicine residents on hospital medicine teams during the study period.
Patients were included for analysis if they were admitted to the UMMC with cirrhosis
and ascites to the hospitalist service via the UMMC emergency room. Patients were
allocated to the intervention group if the residents caring for them had received the
educational intervention at the beginning of their hospital medicine rotation. The
control group comprised all other patients eligible for analysis.
Patients were excluded from analysis if they were not cared for by residents; if they
were younger than 18 years old; had been transferred from another institution; if they
were not admitted to the hospitalist service; if there was a concurrent diagnosis of
hepatocellular carcinoma and/or if they had a “do not resuscitate” or “do not
intubate” order that may have reduced the likelihood of invasive care measures.

Outcomes
The primary outcome was delivery of quality care. Quality care was defined as
adherence to all quality indicators for ascites derived from society-based clinical
practice guidelines[11] (Table 1).
Secondary outcomes included length of hospital stay; complications; 30-d
readmission; in-hospital mortality; 30-d mortality and overall mortality.
A complication was defined as a new, distinct clinical problem contributing
towards length of stay. Complications included, but were not limited to,
gastrointestinal bleeding; hepatic encephalopathy; acute kidney injury and sepsis.
Complications were designated as “mild” i.e., not life-threatening, “moderate” i.e.,
possibly life-threatening or “severe” i.e., life-threatening.
Educational outcomes were resident knowledge on paracentesis and care of
patients with ascites, and resident self-efficacy in paracentesis and caring for patients
with ascites. Data on resident medical knowledge and self-efficacy were obtained
before, after and 6-mo after the intervention as appropriate. Data on resident medical
knowledge and paracentesis self-efficacy were obtained at the beginning of each 4-wk
rotation in the control group.

Statistical analysis
Continuous variables are presented as mean (SD) and categorical variables as
percentages as appropriate. Differences between groups were assessed using
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Table 1 Quality indicators for ascites
Refractory ascites
Diagnostic paracentesis in a timely manner
Aspirated fluid sent for cell count, differential and culture
Management with diuretics and sodium restriction in patients with
normal renal function

independent student’s t-test and Chi-square tests for continuous and categorical
variables, respectively. Relative risks (RR) for clinical outcomes were adjusted for age,
sex and the presence at admission of coronary artery disease (CAD), model for endstage liver disease score (MELD score) and if hepatology consult was requested or
not. Statistical significance was set at a P value of 0.05. SAS version 9.3 (SAS Institute
Inc., Cary, NC) was used for all statistical analysis.

RESULTS
Demographics
Over the six-month study period, there were 85 admissions (60 individual patients)
satisfying the inclusion criteria: 46 admissions in the intervention group and 39
admissions in the control group. 37 admissions (43.5%) were female. The mean (SD)
age of the cohort was 53.5 (11.2) years. With regard to etiology of liver disease, 44
admissions (51.8%) were for alcoholic cirrhosis. Mean (SD) MELD-Na score of the
cohort was 25.8 (7.04). There were no differences observed between the intervention
and control groups for gender, age, MELD-Na score at admission, etiology of liver
disease or the presence of coronary artery disease (CAD), diabetes, HIV or portal vein
thrombosis. There was a significantly higher proportion of admissions with chronic
kidney disease (CKD) in the intervention arm compared to the control arm (39 vs 25
admissions, P = 0.03). A hepatology consult was obtained in 30 admissions in the
intervention group compared to 22 admissions in the control group (65.2% vs 56.4%, P
= 0.4) (Table 2). No significant differences were observed between the two groups
with regard to laboratory values at the time of admission (Supplement 2).

Primary outcome
Forty-seven (52.3%) admissions met criteria (adherence to 3/3 quality indicators) for
the primary outcome of quality care. For the primary outcome, no significant
difference was observed between the intervention group and the control group (25/46
admissions (54.4%) vs 22/39 admissions (56.4%), P = 0.9). Of the 38 admissions not
meeting criteria for quality care, 16 (18.8%) admissions adhered to 0/3 quality
indicators; 12 (14.1%) admissions adhered to 1/3 quality indicators, and 10 (11.8%)
admissions adhered to 2/3 quality indicators (Table 3).
With regard to adherence to specific quality indicators, timely paracentesis was
performed in 49/85 (57.6%) admissions; appropriate testing was sent on ascitic fluid
in 66/85 (77.6%) admissions, and management with sodium restriction and diuretics
(when appropriate) occurred in 57/85 (67%) admissions.
In the intervention group, timely diagnostic paracentesis was performed in 24/46
(52%) admissions; appropriate studies were ordered on ascitic fluid in 31/46 (67%)
admissions and appropriate management of ascites occurred in 26/46 (56.5%)
admissions. In the control group, timely diagnostic paracentesis was performed in
25/39 (64%) admission; appropriate ascitic fluid studies ordered in 35/39 (90%)
admissions and appropriate management of ascites in 31/39 (79%) admissions.

Secondary outcomes
Length of stay: The mean (SD) length of stay did not differ between the intervention
and control groups [8.95 (12.8) vs 11.1 (10.9) d, P = 0.4] (Table 3). However, on multivariate analysis-after adjustment for age, gender, presence of CKD, MELD-Na score at
admission and hepatology consult- the relative risk for a length of hospital stay of > 6
d was 10% higher in the intervention group (RR = 1.10, 95%CI: 0.69-1.74, P = 0.1)
(Table 4).
Complications: Twenty-one (45.7%) admissions in the intervention group
encountered complications: 5 admissions with mild/non-life-threatening complications; 5 admissions with moderate/possibly life-threatening complications and 7
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Table 2 Baseline characteristics, n (%)
Groups

Control (n = 39)

Intervention (n = 46)

P value

Female

18 (46.2)

19 (41.3)

0.7

Age, yr

51.9 (11.4)

54.9 (10.9)

0.2

Hepatology consult

22 (56.41)

30 (65.22)

0.4

MELD-Na score

25.5 (6.2)

26.1 (7.7)

0.7

CAD

3 (7.69)

4 (8.7)

0.9

CKD

25 (64.1)

39 (84.78)

0.03

DM

11 (28.21)

17 (36.96)

0.4

HD

11 (28.21)

16 (34.78)

0.5

HIV

3 (7.69)

0 (0)

0.06

PVT

5 (12.82)

6 (13.04)

1

ETOH

23 (58.97)

21 (45.65)

Hepatitis C

1 (2.56)

5 (10.87)

ETOH/Hep C

3 (7.69)

2 (4.35)

Hepatitis B

3 (7.69)

1 (2.17)

NASH

4 (10.26)

8 (17.39)

Other

5 (12.82)

9 (19.57)

Comorbidities

Etiology of cirrhosis

0.3

MELD-Na: Model of end-stage liver disease-sodium; CAD: Coronary artery disease; CKD: Chronic kidney
disease; DM: Diabetes mellitus; HD: Hemodialysis; HIV: Human immunodeficiency virus; PVT: Portal vein
thrombosis; ETOH: Alcohol; NASH: Non-alcoholic steatohepatitis.

admissions with severe/life-threatening complications. 17 (43.6%) admissions in the
control group had complications: 3 admissions with mild complications; 8 admissions
with moderate complications and 10 admissions with severe complications. No
difference was observed in the proportion of complications seen in the intervention
group compared to the control group (45.7% vs 43.6%, P = 0.9) (Table 3).
30-d readmissions: Re-admission to hospital within 30 days of discharge was seen in
14 admissions in the intervention group compared to 19 admissions in the control
group (35% vs 52.8%, P = 0.1) (Table 3). The relative risk of 30-day admissions was
38% lower in the intervention group after adjustment for age, gender, CKD, MELDNa score and hepatology consult (RR = 0.62, 95%CI: 0.39-1.00, P = 0.05) (Table 4).
Mortality: Three admissions in the intervention group concluded with in-hospital
death compared to 3 admissions in the control group (13% vs 7.7%, P = 0.4). 3
admissions in the intervention group died within 30 d of admission to hospital
compared to 4 admissions in the control group (7.5% vs 11.1%, P = 0.6). With regard to
overall mortality, there were 15 deaths at the end of follow-up in the intervention
group compared to 12 deaths in the control group (32.6% vs 30.8%, P = 0.9) (Table 3).

Educational outcomes
Overall, 46 residents participated in the study. The composition of resident teams
caring for patients was identical between groups. Educational outcomes have been
reported in full elsewhere.
Overall mean resident score in the medical knowledge assessment on paracentesis
and care of patients with ascites increased from 50% pre-intervention to 59.2% postintervention (P = 0.07). Satisfaction with paracentesis training improved from 19.4%
pre-intervention to 28.6% immediately post-intervention and 66.7% six-months postintervention (P < 0.05). Mean self-efficacy score in performing paracentesis with
indirect supervision increased from 2.5/4 (on a 4-point Likert scale) pre-intervention
to 2.9/4 immediately post-intervention and 3.4/4 six-months post-intervention (P =
0.08).

DISCUSSION
Quality care remains suboptimal for patients admitted to hospital with cirrhosis and
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Table 3 Adherence to quality care and clinical outcomes, n (%)
Groups

Control (n = 39)

Intervention (n = 46)

P value

Quality care

22 (56.41)

25 (54.35)

0.9

Length of stay, d

8.95 (12.8)

11.1 (10.9)

0.4

Complications

17 (43.59)

21 (45.65)

0.9

30-d readmission

19 (52.78)

14 (35)

0.1

In-hospital mortality

3 (7.69)

6 (13.04)

0.4

30-d mortality

4 (11.11)

3 (7.5)

0.6

Total mortality

12 (30.77)

15 (32.61)

0.9

ascites. In our study, 52.3% of admissions received quality care, which is consistent
with figures reported in other studies[8-11]. In our cohort, only 61.2% of admissions
received a hepatology consult which may explain the relatively low proportion of
patients receiving quality care. One study showed reduced inpatient mortality,
hospital length of stay and readmission rates in patients with cirrhosis who received
gastroenterology consult when admitted to hospital in VA system[16].
We did not find any significant difference between the intervention and control
groups with regard to the primary outcome of quality care. The lack of a significant
difference in the primary outcome may be related to the content of the educational
intervention, which focused largely on the practical aspects of paracentesis. Analysis
of adherence to individual quality indicators showed that diagnostic paracentesis was
performed in a timely manner in only 57.6% of admissions. Whilst medical
knowledge improved after the educational intervention, this difference was not
statistically significant, and increased focus on the pedagogical aspect of the
intervention could improve this figure. This quality indicator remains an ideal target
for improvement as two recent studies have demonstrated a relationship between
inpatient mortality and timely paracentesis[14,15].
It is also possible that the lack of involvement of the night float admitting residents
contributed to the negative primary outcome. Our center uses a night float system
when admitting patients to the hospitalist service after hours, a system that is
commonplace in hospital medicine nowadays. The rotating night float resident was
not captured in the educational intervention but the patients they admitted during
intervention months would have been counted towards the intervention group. On
review, 15 admissions in the intervention group were admitted by the night float
resident. This issue may be addressed in the future with the use of online learning
modules accessible to all at any time of day. Similar initiatives have been used to
deliver educational material in laparoscopic cholecystectomy techniques to surgical
trainees and in the education of all trainees in chronic kidney disease[17,18].
We did find a trend towards reduced 30-d readmission rates in the intervention
group before and after adjustment for differences in age, gender, MELD-Na score and
CKD with the control group. Whilst quality of care would not explain this finding, it
is possible that our educational intervention altered behavior in another way or
engendered a heightened awareness of the complexity of patients with cirrhosis. It is
also worth noting that the rate of 30-d readmissions in the control group was
relatively high compared to previous studies, likely reflecting our sicker study
population[19,20]. Reducing 30-d readmissions has significant financial implications for
hospitals and payers as admissions to hospital for cirrhosis-related complications
increase, and as health care costs in the United States continue to rise: chronic liver
disease accounted for over $3.3 billion in health care expenditure in 2012[5,21].
Our study is the first to evaluate if medical education can improve quality care in
patients admitted to hospital with cirrhosis and ascites. Previous studies have used
checklists and order sets to improve quality in patients with cirrhosis[13,19,22]. Medical
education has been shown to reduce surgical complications by orthopedics residents;
increase screening rates for hepatitis C by primary care residents and reduce
inappropriate ordering of echocardiograms by internal medicine residents[23-25]. We
noted improved self-efficacy with regard to paracentesis in residents after the
educational intervention. Self-efficacy with paracentesis also persisted over time
demonstrating the durability of our educational intervention.
Previous studies have measured the proportion of adherence to quality indicators
when evaluating delivery of care in patients with cirrhosis and have failed to
demonstrate an improvement in mortality[8-10]. Our study differs from previous work
by using an all-or-nothing definition of quality care with regard to adherence to
quality indicators. Furthermore, we evaluated patient admissions, as opposed to
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Table 4 Adjusted relative risk for clinical outcomes related to intervention group
Intervention [RR (95%CI)]

P value

Length of stay > 6 d

1.10 (0.69, 1.74)

0.1

Complications

0.93 (0.58, 1.50)

0.8

30-d readmission

0.62 (0.39, 1.00)

0.05

30-d mortality

0.95 (0.30, 2.99)

0.7

Total mortality

1.07 (0.54, 2.13)

0.8

individual patients, as admissions were viewed as opportunities for quality care.
A disconnect currently exists between medical education and clinical outcomes.
Educational research has traditionally focused purely on learner outcomes but should
be focusing on the synchronization of learning and clinical outcomes. Patients with
cirrhosis are an ideal population to expand this research due to their limited
heterogeneity. Furthermore, SBP could be a key disease for study due to its clear
diagnostic criteria and well-validated quality measures[26]. This would promote study
in residency programs across institutions allowing mutual learning and
improvements in clinical care. One study has shown that maternal complications in
obstetrics patients were associated with the obstetrician’s residency program [27] .
Improving residency education therefore has the potential to affect quality of care and
patient outcomes on thousands of patients in the future.
Our study has several limitations. First, this is a single center study so certain
practices and culture at our institution, e.g., hospital-based model of inpatient care,
may not be generalizable to other medical centers. The pilot nature of our study
meant that it was underpowered to fully evaluate differences in readmissions,
mortality, complications and transfer to the ICU. A multi-center study would address
both issues. Third, our intervention was directed at medical residents. The
applicability of our medical educational intervention to medical students, advanced
practice providers and staff physicians is unknown. Fourth, it is not possible to
capture true readmission rates as patients may re-present to different hospitals. To
mitigate this, we only included admissions presenting via UMMC ER, and excluded
those transferred from other institutions. Finally, the nature of residency training
made it impossible to prevent cross-fertilization of knowledge between the
intervention and control groups despite best efforts. The impact of this however
would have been softened by the rotation of residents between the three teaching
hospitals affiliated with the University of Minnesota for their inpatient rotations.
In summary, a gap remains in the provision of quality care for patients admitted to
hospital with decompensated cirrhosis. The use of medical education to improve
quality care in this population remains a novel and relatively unproven idea with the
potential to improve clinical outcomes particularly hospital readmission rates. Given
the low cost and reproducible nature of our intervention, a larger scale study is
justified particularly as medical education research transitions towards evaluating
patient-oriented outcomes.

ARTICLE HIGHLIGHTS
Research background
The prevalence of cirrhosis in the United States is increasing with an increasing burden placed
on the health care system. In 2010, a set of quality indicators were developed to provide a
framework for the delivery of quality care in patients with cirrhosis. Despite this, the proportion
of patients with cirrhosis receiving quality care remains relatively modest. Timely diagnostic
paracentesis has been shown to be a quality indicator that is repeatedly missed in patients with
cirrhosis admitted to hospital. Previous studies have shown that mandatory gastroenterology
consultation, the use of standardized order sets and utilization of the electronic health record can
improve quality care in patients with cirrhosis. To date, no studies have looked at the use of
medical education to improve the quality of care provided to patients with cirrhosis.

Research motivation
Medical education has traditionally focused on learner outcomes. We developed an educational
intervention delivered to medical residents with the intention of demonstrating that medical
education could improve clinical outcomes. If proven, medical education could be a cheap and
easily reproducible tool to improve quality care and other clinical outcomes in patients with
cirrhosis. This is particularly relevant at a time when health care costs are rising in the United
States.
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Research objectives
Our main objective was to determine if an educational intervention can improve quality of care
in cirrhotic patients admitted to hospital with ascites. Achieving this objective would provide
one tool in addressing the deficit in quality care provided to patients with cirrhosis and stimulate
further study into the use of medical education to do so.

Research methods
We conducted a pilot prospective cohort study using time-based randomization. An educational
intervention was delivered to medical residents caring for patients with cirrhosis in the hospital.
The control group comprised medical residents on alternate months who did not receive the
educational intervention. Quality care- defined as complete adherence to all evidence-based
quality indicators- was compared between the two groups. Clinical outcomes including
complications, transfer to the intensive care unit, length of hospital stay, 30-d readmission and
inpatient mortality were also compared.

Research results
We found that there remains a deficit in the provision of quality care in patients admitted to the
cirrhosis with ascites. We found no difference in quality care between the two groups. We did
find a lower rate of 30-d readmission in the intervention group that persisted after adjustment
for age, gender and MELD-Na score.

Research conclusions
In this pilot study, although provision of quality care was not different between the intervention
and control group, there was a reduction in 30-d readmission seen in the intervention group.
There remains a deficit in quality care provided to patients with cirrhosis but the use of medical
education shows potential as a cheap, effective tool to improve clinical outcomes in this
population.

Research perspectives
Medical education has the potential to improve clinical outcomes in patients admitted to hospital
with cirrhosis and ascites. Further refinement of our educational intervention implemented over
a longer period of time may demonstrate sustained improvements in clinical outcomes in this
population. Future research should look at the use of medical education to improve clinical
outcomes in other patient populations such as heart failure and chronic kidney disease.

ACKNOWLEDGEMENTS
We would like to thank Gretchen Sieger of the Clinical and Translational Science
Institute at the University of Minnesota for her invaluable help with data collection
and organization.

REFERENCES
1
2

3

4

5

6
7

8

9

10

11

WJH

https://www.wjgnet.com

Xu J, Kochanek KD, Murphy SL, Tejada-Vera B. Deaths: final data for 2007. Natl Vital Stat Rep 2010;
58: 1-19 [PMID: 25075874]
Udompap P, Mannalithara A, Heo NY, Kim D, Kim WR. Increasing prevalence of cirrhosis among U.S.
adults aware or unaware of their chronic hepatitis C virus infection. J Hepatol 2016; 64: 1027-1032
[PMID: 26809112 DOI: 10.1016/j.jhep.2016.01.009]
Beste LA, Leipertz SL, Green PK, Dominitz JA, Ross D, Ioannou GN. Trends in burden of cirrhosis and
hepatocellular carcinoma by underlying liver disease in US veterans, 2001-2013. Gastroenterology 2015;
149: 1471-1482.e5; quiz e17-8 [PMID: 26255044 DOI: 10.1053/j.gastro.2015.07.056]
Volk ML, Tocco RS, Bazick J, Rakoski MO, Lok AS. Hospital readmissions among patients with
decompensated cirrhosis. Am J Gastroenterol 2012; 107: 247-252 [PMID: 21931378 DOI:
10.1038/ajg.2011.314]
Asrani SK, Kouznetsova M, Ogola G, Taylor T, Masica A, Pope B, Trotter J, Kamath P, Kanwal F.
Increasing Health Care Burden of Chronic Liver Disease Compared With Other Chronic Diseases, 20042013. Gastroenterology 2018; 155: 719-729.e4 [PMID: 29802851 DOI: 10.1053/j.gastro.2018.05.032]
Panzer RJ, Gitomer RS, Greene WH, Webster PR, Landry KR, Riccobono CA. Increasing demands for
quality measurement. JAMA 2013; 310: 1971-1980 [PMID: 24219953 DOI: 10.1001/jama.2013.282047]
Kanwal F, Kramer J, Asch SM, El-Serag H, Spiegel BM, Edmundowicz S, Sanyal AJ, Dominitz JA,
McQuaid KR, Martin P, Keeffe EB, Friedman LS, Ho SB, Durazo F, Bacon BR. An explicit quality
indicator set for measurement of quality of care in patients with cirrhosis. Clin Gastroenterol Hepatol
2010; 8: 709-717 [PMID: 20385251 DOI: 10.1016/j.cgh.2010.03.028]
Ghaoui R, Friderici J, Visintainer P, Lindenauer PK, Lagu T, Desilets D. Measurement of the quality of
care of patients admitted with decompensated cirrhosis. Liver Int 2014; 34: 204-210 [PMID: 23763303
DOI: 10.1111/liv.12225]
Kanwal F, Kramer JR, Buchanan P, Asch SM, Assioun Y, Bacon BR, Li J, El-Serag HB. The quality of
care provided to patients with cirrhosis and ascites in the Department of Veterans Affairs.
Gastroenterology 2012; 143: 70-77 [PMID: 22465432 DOI: 10.1053/j.gastro.2012.03.038]
Buchanan PM, Kramer JR, El-Serag HB, Asch SM, Assioun Y, Bacon BR, Kanwal F. The quality of care
provided to patients with varices in the department of Veterans Affairs. Am J Gastroenterol 2014; 109:
934-940 [PMID: 24989087 DOI: 10.1038/ajg.2013.487]
Lim N, Lidofsky SD. Impact of physician specialty on quality care for patients hospitalized with

708

October 27, 2019

Volume 11

Issue 10

Lim N et al. Medical education and readmissions in cirrhosis

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

WJH

https://www.wjgnet.com

decompensated cirrhosis. PLoS One 2015; 10: e0123490 [PMID: 25837700 DOI:
10.1371/journal.pone.0123490]
Desai AP, Satoskar R, Appannagari A, Reddy KG, Te HS, Reau N, Meltzer DO, Jensen D. Comanagement between hospitalist and hepatologist improves the quality of care of inpatients with chronic
liver disease. J Clin Gastroenterol 2014; 48: e30-e36 [PMID: 24100752 DOI:
10.1097/MCG.0b013e3182a87f70]
Mayorga CA, Rockey DC. Clinical utility of a standardized electronic order set for the management of
acute upper gastrointestinal hemorrhage in patients with cirrhosis. Clin Gastroenterol Hepatol 2013; 11:
1342-1348 [PMID: 23639605 DOI: 10.1016/j.cgh.2013.04.021]
Kim JJ, Tsukamoto MM, Mathur AK, Ghomri YM, Hou LA, Sheibani S, Runyon BA. Delayed
paracentesis is associated with increased in-hospital mortality in patients with spontaneous bacterial
peritonitis. Am J Gastroenterol 2014; 109: 1436-1442 [PMID: 25091061 DOI: 10.1038/ajg.2014.212]
Orman ES, Hayashi PH, Bataller R, Barritt AS 4th. Paracentesis is associated with reduced mortality in
patients hospitalized with cirrhosis and ascites. Clin Gastroenterol Hepatol 2014; 12: 496-503.e1 [PMID:
23978348 DOI: 10.1016/j.cgh.2013.08.025]
Bini EJ, Weinshel EH, Generoso R, Salman L, Dahr G, Pena-Sing I, Komorowski T. Impact of
gastroenterology consultation on the outcomes of patients admitted to the hospital with decompensated
cirrhosis. Hepatology 2001; 34: 1089-1095 [PMID: 11731996 DOI: 10.1053/jhep.2001.29204]
Pape-Koehler C, Immenroth M, Sauerland S, Lefering R, Lindlohr C, Toaspern J, Heiss M. Multimediabased training on Internet platforms improves surgical performance: a randomized controlled trial. Surg
Endosc 2013; 27: 1737-1747 [PMID: 23475016 DOI: 10.1007/s00464-012-2672-y]
Bhasin B, Estrella MM, Choi MJ. Online CKD education for medical students, residents, and fellows:
training in a new era. Adv Chronic Kidney Dis 2013; 20: 347-356 [PMID: 23809287 DOI:
10.1053/j.ackd.2013.04.003]
Tapper EB, Finkelstein D, Mittleman MA, Piatkowski G, Chang M, Lai M. A Quality Improvement
Initiative Reduces 30-Day Rate of Readmission for Patients With Cirrhosis. Clin Gastroenterol Hepatol
2016; 14: 753-759 [PMID: 26407750 DOI: 10.1016/j.cgh.2015.08.041]
Morando F, Maresio G, Piano S, Fasolato S, Cavallin M, Romano A, Rosi S, Gola E, Frigo AC, Stanco
M, Destro C, Rupolo G, Mantoan D, Gatta A, Angeli P. How to improve care in outpatients with cirrhosis
and ascites: a new model of care coordination by consultant hepatologists. J Hepatol 2013; 59: 257-264
[PMID: 23523582 DOI: 10.1016/j.jhep.2013.03.010]
Peery AF, Crockett SD, Barritt AS, Dellon ES, Eluri S, Gangarosa LM, Jensen ET, Lund JL, Pasricha S,
Runge T, Schmidt M, Shaheen NJ, Sandler RS. Burden of Gastrointestinal, Liver, and Pancreatic Diseases
in the United States. Gastroenterology 2015; 149: 1731-1741.e3 [PMID: 26327134 DOI:
10.1053/j.gastro.2015.08.045]
Johnson EA, Spier BJ, Leff JA, Lucey MR, Said A. Optimising the care of patients with cirrhosis and
gastrointestinal haemorrhage: a quality improvement study. Aliment Pharmacol Ther 2011; 34: 76-82
[PMID: 21585407 DOI: 10.1111/j.1365-2036.2011.04692.x]
Bae DS, Lynch H, Jamieson K, Yu-Moe CW, Roussin C. Improved Safety and Cost Savings from
Reductions in Cast-Saw Burns After Simulation-Based Education for Orthopaedic Surgery Residents. J
Bone Joint Surg Am 2017; 99: e94 [PMID: 28872536 DOI: 10.2106/JBJS.17.00199]
Wong K, Abdelqader A, Camire L, Farshidpour M, Singh S, Abuwalla Z, Weisman D. A Resident
Initiative Improves Hepatitis C Screening Rates in Primary Care Clinics. J Grad Med Educ 2017; 9: 768770 [PMID: 29270270 DOI: 10.4300/JGME-D-17-00199.1]
Bhatia RS, Milford CE, Picard MH, Weiner RB. An educational intervention reduces the rate of
inappropriate echocardiograms on an inpatient medical service. JACC Cardiovasc Imaging 2013; 6: 545555 [PMID: 23582360 DOI: 10.1016/j.jcmg.2013.01.010]
Olson APJ, Graber ML, Singh H. Tracking Progress in Improving Diagnosis: A Framework for Defining
Undesirable Diagnostic Events. J Gen Intern Med 2018; 33: 1187-1191 [PMID: 29380218 DOI:
10.1007/s11606-018-4304-2]
Asch DA, Nicholson S, Srinivas S, Herrin J, Epstein AJ. Evaluating obstetrical residency programs using
patient outcomes. JAMA 2009; 302: 1277-1283 [PMID: 19773562 DOI: 10.1001/jama.2009.1356]

709

October 27, 2019

Volume 11

Issue 10

World Journal of
Hepatology

WJ H

Submit a Manuscript: https://www.f6publishing.com

World J Hepatol 2019 October 27; 11(10): 710-718

DOI: 10.4254/wjh.v11.i10.710

ISSN 1948-5182 (online)

ORIGINAL ARTICLE
Observational Study

Characterization of patients with both alcoholic and nonalcoholic
fatty liver disease in a large United States cohort
George Khoudari, Amandeep Singh, Mazen Noureddin, Danielle Fritze, Rocio Lopez, Imad Asaad, Eric Lawitz,
Fred Poordad, Kris V Kowdley, Naim Alkhouri
ORCID number: George Khoudari
(0000-0002-9570-4937); Amandeep
Singh (0000-0001-8581-1408); Mazen
Noureddin (0000-0003-2127-2040);
Danielle Fritze
(0000-0002-1950-2196); Rocio Lopez
(0000-0002-4319-420X); Imad Asaad
(0000-0002-0648-6625); Eric Lawitz
(0000-0002-4234-224X); Fred
Poordad (0000-0002-1503-1569);
Naim Alkhouri
(0000-0001-9872-2391).

Author contributions: All authors
have contributed to this
manuscript and have agreed on the
content; Alkhoury N, Fritze D, and
Noureddin M were involved in the
study design; Khoudari G,
Alkhoury N, and Singh A were
involved with data analysis; Lopez
R provided statistical support;
Khoudari G, Kowdley K V, Singh
A, Poordad F, Lawitz E, and Asaad
I were involved with data
interpretation, drafting and
revising the work; All authors
provided approval for the final
version to be published.

Institutional review board
statement: NHANES was
approved by the Institutional
Review Board at the Center for
Disease Control and Prevention.
This study does not require IRB
approval.

Informed consent statement:
Informed consent was obtained
from all participants.

Conflict-of-interest statement: All
authors have no conflict of interest
and nothing to disclose.

WJH

George Khoudari, Department of Hospital Medicine, Cleveland Clinic Foundation, Cleveland,
OH 44195, United States
Amandeep Singh, Department of Gastroenterology and Hepatology, Cleveland Clinic,
Cleveland, OH 44195, United States
Mazen Noureddin, Department of Gastroenterology and Hepatology, Cedars Sinai Medical
Center, Los Angeles, CA 90048, United States
Danielle Fritze, Department of General Surgery, Texas Liver Institute and University of Texas
Health, San Antonio, TX 78215, United States
Rocio Lopez, Department of Quantitative Health Sciences, Cleveland Clinic, Cleveland, OH
44195, United States
Imad Asaad, Department of Gastroenterology, Metro Health System, Cleveland, OH 44109,
United States
Eric Lawitz, Fred Poordad, Naim Alkhouri, Texas Liver Institute and University of Texas Health,
San Antonio, TX 78215, United States
Kris V Kowdley, Swedish Liver Care Network, Swedish Medical Center, Seattle, WA 98122,
United States
Corresponding author: George Khoudari, MD, Associate Professor, Department of Hospital
Medicine, Cleveland Clinic Foundation, 29401 Hummingbird Cir, Westlake, Cleveland, OH
44195, United States. gkhoudary@gmail.com
Telephone: +1-909-5382118

Abstract
BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) is the hepatic manifestation of the
metabolic syndrome (MetS) and is characterized by steatosis in the absence of
significant alcohol consumption. However, MetS and significant alcohol intake
coexist in certain individuals which may lead to the development of BAFLD.
AIM
To assess the clinical characteristics of patients with both alcoholic and NAFLD
(BAFLD) in a large cohort in the United States.
METHODS
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Adults from the National Health and Nutrition Examination Survey between
2003-2014 were included. NAFLD was diagnosed based on elevated alanine
aminotransferase (ALT) and being overweight or obese in the absence of other
liver diseases. BAFLD patients met the criteria for NAFLD but also had either
MetS or type 2 diabetes and consumed excessive amounts of alcohol. Univariable
and multivariable analysis were performed to assess differences between NAFLD
and BAFLD and to compare severity based on a validated fibrosis score (FIB4
index).
RESULTS
The prevalence of NAFLD was at 25.9% (95%CI; 25.1-26.8) and that of BAFLD
was 0.84% (0.67, 1.02) which corresponds to an estimated 1.24 million Americans
affected by BAFLD. Compared to NAFLD, patients with BAFLD were more
likely to be male, smokers, have higher ALT, aspartate aminotransferase,
triglycerides, and lower platelets; P < 0.01 for all. More importantly, after
adjusting for MetS components, BAFLD patients were significantly more likely to
have advanced fibrosis [adjusted OR (95%CI) based on FIB4 index > 2.67 was 3.2
(1.4, 7.0), P = 0.004].
CONCLUSION
A significant percentage of the American general population is afflicted by
BAFLD and these patients tend to have more advanced liver fibrosis.
Key words: Non-alcoholic fatty liver disease; Alcoholic liver disease; Fatty liver disease
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Core tip: Using the National Health and Nutrition Examination Survey dataset, we
studied a new classification of fatty liver disease that we believe is due to risk factors for
both non-alcoholic fatty liver disease (NAFLD) and alcoholic liver disease occurring in
the same individual. We propose to call this entity Both Alcoholic and NAFLD
(BAFLD). As most of the risk factors that lead to BAFLD are potentially modifiable,
understanding their reciprocal association and combined effect on the liver may aid in
understanding, treating, and preventing BAFLD.
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F, Kowdley KV, Alkhouri N. Characterization of patients with both alcoholic and
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INTRODUCTION
Fat accumulation in the liver, known as fatty liver disease, is a major cause of chronic
liver disease worldwide[1]. There are two main classifications of fatty liver disease:
alcoholic liver disease (ALD) and non-alcoholic fatty liver disease (NAFLD). The wellaccepted threshold values of alcohol consumption thought to contribute to ALD are
30 g/d for men and 20 g/d for women[2,3]. NAFLD, on the other hand, is considered as
the hepatic manifestation of the metabolic syndrome (MetS)[4] and is characterized by
the presence of liver steatosis in the absence of other causes of fatty liver disease,
particularly significant alcohol consumption. Recently, in the general population, the
prevalence of obesity and MetS has been rising[5]; this increase presumably positively
correlates with cases of NAFLD. Globally, NAFLD is estimated to afflict
approximately 25.24% (95%CI: 22.10-28.65) of the population[6], and is on track to
becoming the leading cause of liver transplantation in the near future. Similarly, the
prevalence of ALD is on the rise. Currently, it affects nearly 8% of the general
population in the United States. Alcohol appears to differentially induce toxic effects
on the liver based on sex: It takes approximately twice the volume of alcohol and a
longer duration of alcohol consumption for men to develop ALD compared to
women[7]. In men, ethnicity appears to affect rates and outcomes of alcoholic cirrhosis:
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Incidence is highest in African-Americans followed by Hispanics then Caucasians;
however, Hispanic males have the highest mortality rates from alcoholic cirrhosis[8,9].
In a substantial proportion of the population, the risk factors that contribute to each
of the two main types of fatty liver disease coexist within a given individual. Alcohol
consumption sensitizes the liver to damage induced by MetS and vice versa; this
could result in concurrent ALD and NAFLD in the same liver. We propose to call this
scenario both alcoholic and NAFLD (BAFLD). We also believe that due to the
presence of risk factors for both ALD and NAFLD, patients with BAFLD are at higher
risk of advanced fibrosis (AF) and complications related to end-stage liver disease.
Studies describing the combined effect of alcohol consumption and MetS on hepatic
steatosis are scarce. MetS and excess alcohol consumption are likely responsive to
modifiable dietary and lifestyle factors; therefore, understanding their reciprocal
interaction and combined effect on the liver might lead to a better understanding of
BAFLD pathogenesis as well as strategies for treatment and prevention[10]. The aim of
this study was to determine and compare the prevalence and clinical characteristics of
BAFLD to NAFLD in a large cohort of subjects in the United States.

MATERIALS AND METHODS
Subjects
All adult (18+ years) subjects who participated in the National Health and Nutrition
Examination Survey (NHANES) during 2003-2014 cycles were identified and
assessed. The NHANES is a survey program conducted by the National Center for
Health Statistics (NCHS), which is part of the Centers for Disease Control and
Prevention (CDC). The program is designed to assess the health and nutritional status
of adults and children in the United States. It began in the early 1960s and became a
continuous program in 1999. It examines a sample of 5000 persons a year from
different counties across the United States representing the United States population
of all ages. The survey includes interview questionnaires, standardized physical
examination, and laboratory tests from blood samples collected at examination
centers and analyzed at a central laboratory. The survey was approved by the
Institutional Review Board at the Center for Disease Control and Prevention, and
informed consent was obtained from all participants.
Diagnosis of NAFLD was made based on elevated alanine aminotransferase (ALT)
(> 30 U/L in males and > 19 in females) and being overweight or obese [body mass
index (BMI) ≥ 25 kg/m2) in the absence of other causes of chronic liver disease (viral
hepatitis, autoimmune liver disease, metabolic liver disease, total parenteral nutrition
and medications etc.) Patients with BAFLD met the criteria for NAFLD but also had
either MetS or type 2 diabetes and consumed excessive amounts of alcohol defined as
≥ 3 drinks/d for men and ≥ 2 drinks/d for women. The following patients were
excluded; reported use of hepatotoxic medications, hepatitis viral infection, missing
ALT, missing BMI, no alcohol intake information, missing diabetes status, and
missing information on MetS components. MetS was defined as central Obesity plus
at least 2 of the following: diabetes, hypertension, hypertriglyceridemia or low highdensity lipoprotein cholesterol (HDL).
Demographic variables including age, gender, ethnicity, waist circumference,
average drinks a day, smoking status, BMI, central obesity, hypertension, diabetes,
triglyceride (TG), HDL, MetS, and other variables were also collected. Laboratory
parameters including aspartate aminotransferase (AST), ALT, alkaline phosphatase,
platelets, albumin, bilirubin, lipid profile including TG and hemoglobin A1c (HbA1C)
were also measured.
To assess for the presence of AF in NAFLD and BAFLD, a non-invasive liver
fibrosis score, Fibrosis-4 (FIB-4) index, was calculated using age, AST, ALT and
platelet count.

Outcomes
The primary outcome was to assess the prevalence and clinical characteristics of
NAFLD and BAFLD. The secondary outcome was to evaluate the prevalence of AF in
patients with NAFLD and BAFLD.

Statistical analysis
Data is presented as the mean ± SE or un-weighted frequency (%). The prevalence of
NAFLD and BAFLD was assessed by calculating the percent of participants meeting
the definitions of each; the corresponding 95%CIs are reported. A subgroup analysis
was performed in subjects with either of the two liver diseases. The unadjusted
analysis was implemented to evaluate differences between NAFLD and BAFLD;
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continuous variables were compared using t-tests, and categorical variables were
compared using Rao-Scott chi-square tests. A multivariable regression analysis was
performed to compare disease severity between the BAFLD and NAFLD groups, after
adjusting for diabetes and other components of the metabolic syndrome. Linear
regression was used to model FIB-4 score while logistic regression was used to model
the presence of suspected AF based on these scores.
All analyses were performed using SAS survey procedures (version 9.4, The SAS
Institute, Cary, NC, United States), which account for the complex sampling design of
NHANES and appropriately weight participants in statistical models. The full sample
MEC exam weights were used in all analyses; weights for combined cycles were
constructed following the guidelines provided in the NHANES analytic guidelines.

RESULTS
Prevalence of BAFLD in United States adult population
A total of 20939 subjects met the inclusion criteria during the 2003-2014 cycles.
Overall, the prevalence of NAFLD was 25.9% (95%CI: 25.1-26.8), and that of BAFLD
was 0.84% (95%CI: 0.67-1.02), which corresponds to an estimated 1.24 million
Americans affected by BAFLD as shown in Table 1.
Patient characteristics: The descriptive characteristics of the study participants are
shown in Table 2. Compared to patients with NAFLD, patients with BAFLD were
more likely to be males, but there were no significant differences in the mean age
between the two groups (43.8 vs 44.5 years; P = 0.34). The BAFLD population had
approximately 2.5 times more current smokers than NAFLD group and they also had
approximately 16 times a greater number of drinks/d. Given the fact that we used
MetS and diabetes mellitus type 2 (DM2) as part of the definition of BAFLD,
components of the MetS were more common in the BAFLD cohort. For example,
central obesity was also more prevalent in BAFLD patients. In addition, we found
significantly higher percentage of MetS in BAFLD group compared to NAFLD
population, with high prevalence of HTN, DM, hypertriglyceridemia and low HDL, P
< 0.001 for all. Patients with BAFLD were more likely to have significantly higher
ALT, AST, gamma glutamyl transferase (GGT). Patients with BAFLD also had
significantly higher cholesterol and HbA1C than NAFLD patients. Interestingly,
compared to NAFLD patients, those with BAFLD had lower platelet counts.

Prevalence of AF in patients with NAFLD and BAFLD
Based on FIB-4 index of 2.67 or higher, patients with BAFLD were found to have
significantly higher prevalence of AF compared to the NAFLD group, (7.1% ± 2.5 in
the BAFLD group vs 1.7% ± 0.22 in the NAFLD group, P = 0.045) as seen in Figure 1.
Even after adjusting for all the components of MetS, subjects with BAFLD had 3.2
times higher odds of having AF than those with NAFLD [OR (95%CI) for FIB-4 > 2.67
= 3.2 (1.4, 7.0, P = 0.004)].

DISCUSSION
To the best of our knowledge, the current study provides novel data on the
prevalence and clinical characteristics of BAFLD in the United States adult
population. The main findings of our study are the following: (1) BAFLD is common
in the United States with an estimated 1.24 million Americans being affected; (2)
Compared to NAFLD, patients with BAFLD were more likely to be male and active
smokers; (3) They also have higher ALT (53.1 vs 38.2 U/L), AST (43.3 vs 31.2 U/L),
and lower platelet counts (243 vs 261 K/uL) (P < 0.05 for all); and (4) The prevalence
of AF was also significantly higher in patients with BAFLD than subjects with NAFLD
with an adjusted OR of having AF being 3.2 (1.4, 7.0) based on the FIB-4 index.
Several studies have highlighted the strong bidirectional association between MetS
components and NAFLD[4,11,12]. Obesity is a principle risk factor for both NAFLD and
MetS. NAFLD was reported to occur in > 95% of patients with severe obesity
undergoing bariatric surgery [13,14] . Between 1980 and 2014, the World Health
Organization (WHO) reported a doubling of obesity, with 39% of adults being
considered overweight in 2014. In light of this, it is unsurprising that the prevalence of
NAFLD is estimated to be close to 25% of the adult population[4,15], which is consistent
with our results.
Nearly 70% of the adult population worldwide is estimated to consume alcohol; the
highest consumption levels are found in the developed world, particularly Europe
and North America[16]. This suggests that the prevalence of ALD in the United States
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Table 1 Prevalence of non-alcoholic fatty liver disease, alcoholic liver disease and both
alcoholic and non-alcoholic fatty liver disease
Liver disease

Unweighted frequency

Weighted frequency

Prevalence (95%CI)

NAFLD

5351

38151562

25.9 (25.1, 26.8)

BAFLD

170

1243289

0.84 (0.67, 1.02)

ALD

81

590979

0.40 (0.28, 0.52)

Unweighted population total: 20939; Weighted population total: 147169551. NAFLD: Non-alcoholic fatty liver
disease; BAFLD: Both alcoholic and non-alcoholic fatty liver disease; ALD: Alcoholic liver disease.

would likely be high as well. Diseases of excess alcohol largely affect men, which
could be explained by the fact that men drink more frequently, in larger quantities,
and have fewer abstainers than women [16] . However, females are more prone to
alcohol-related liver injury upon consuming lesser quantities of alcohol for shorter
durations. Determining the relative clinical contributions of alcohol consumption and
MetS to fatty liver disease is difficult, especially when both risk factors are present in
the same patient. Indeed, it is well known that patients with NAFLD can consume
higher amounts of alcohol than previously thought[17]. Obesity/MetS and excessive
alcohol consumption may coexist in a significant proportion, affecting the liver in
ways that may lead to the development of BAFLD.
Although, there are data addressing the effect of alcohol or obesity on liver[18-21], the
interaction between alcohol consumption and obesity/MetS and their effect on liver
biochemical variables are not well characterized. Age, sex, and ethnicity affect
NAFLD prevalence; the likelihood of men having NAFLD is two times higher than
women[6]. In the present study, patients with BAFLD were more likely to be males
(75.8% ± 3.9% vs 46.9% ± 0.87%) and smokers (45.3% vs 17.6%) than patients with
NAFLD alone. This is likely due to the larger number of males with alcoholic liver
disease and high percentage of male smokers.
Furthermore, our data demonstrate that patients with BAFLD, when compared to
the NAFLD group, had higher liver enzymes and lower platelets counts, suggesting
more advanced liver disease in these patients. Our results are in concordance with
previous studies that implied that the effect of alcohol consumption on hepatic
steatosis, as measured by the examination of serum liver enzymes, increased with
increasing BMI[22-25]. Hepatic steatosis was only found in 16% of lean controls in the
Dionysos study in Northern Italy; however, this prevalence was increased to 46% in
subjects with an alcohol intake > 60 g/d and to 76% in the obese participants[26].
Notably, in our study, BAFLD patients had three-times the risk of AF than the
NAFLD group. This likely suggests that the combined effect of ALD and NAFLD
have a synergistic unfavorable impact on hepatic fibrosis. The mechanism underlying
this interaction is not known. Few small studies have assessed the effect of alcohol
consumption on the underlying hepatic histopathology in subjects diagnosed with
NAFLD. In a cohort of 112 patients with liver biopsies, Petersen et al[27] found that the
only positive association between weight and fatty liver wass in patients who were
overweight and had moderate alcohol consumption. Ekstedt et al[28] found faster
fibrosis progression in NAFLD patients who consumed alcohol in moderate amounts.
Binge drinking and insulin resistance have been reported to be independent risk
factors associated with the progression of fibrosis over a mean of 13.8-year interval. In
1997, Naveau et al[29] and Raynard et al[30] showed that BMI is positively associated
with AF in ALD. Obesity may sensitize an individual to alcohol-induced liver injury
at a much lower dose. We estimated 1.24 million Americans might be affected by
BAFLD with the concomitant three-fold increase in AF; therefore, this is a significant
public health issue with important policy implications.
Our results showed significantly higher blood TG (268 mg/dL vs 186 mg/dL) in
patients with BAFLD compare to patients with NAFLD. We propose that there may
be a combined additive or synergistic effect of alcohol and NAFLD on triglycerides.
NAFLD is characterized by increases in TG, very-low-density lipoprotein (LDL),
apolipoprotein B to apolipoprotein A1 ratio, and small dense LDL in conjunction with
low HDL[31]. Similarly, alcohol consumption is a well-known cause of secondary
hypertriglyceridemia and it may exaggerate hypertriglyceridemia in primary lipid
disorders[32,33]. Therefore, BAFLD patients may have increased cardio vascular disease
(CVD) risk and mortality compared to patients with NAFLD. However, these findings
should be interpreted with caution given the fact that MetS and DM2 were included
in the definition of BAFLD.
Our study has several limitations. It was a cross-sectional study using a large
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Table 2 Demographics and clinical variables
Factor (unit)

NAFLD

BAFLD

P value

Male

46.9 ± 0.872

75.8 ± 3.91

Current smoker, % ± SE

17.6 ± 0.662

45.3 ± 5.21

< 0.001

BMI, mean ± SE

32.4 ± 0.13

33.1 ± 0.56

< 0.001

Overweight (BMI 25+), % ± SE

100.0 ± 0.00

100.0 ± 0.00

Obese (BMI 30+), % ± SE

57.6 ± 1.04

64.4 ± 4.7

Severely obese (BMI 40+), % ± SE

11.1 ± 0.63

12.3 ± 3.2

0.7

Waist circumference (cm), mean ± SE

106.5 ± 0.322

111.9 ± 1.31

< 0.001

Average number of drinks/d, mean ± SE

0.26 ± 0.012

4.3 ± 0.221

< 0.001

Central obesity, % ± SE

79.2 ± 0.862

92.3 ± 2.51

< 0.001

2

1

Gender, % ± SE

< 0.001

0.18

HTN (MS), % ± SE

43.5 ± 1.03

74.7 ± 3.8

< 0.001

Diabetes (MS), % ± SE

20.5 ± 0.682

38.1 ± 5.01

< 0.001

Low HDL, % ± SE

47.2 ± 1.05

49.5 ± 4.7

< 0.001

Hypertriglyceridemia, % ± SE

48.5 ± 1.022

82.3 ± 2.91

< 0.001

Metabolic Syndrome, % ± SE

42.6 ± 1.042

91.4 ± 2.61

< 0.001

2

Platelet count (1000 cells/uL), mean ± SE

261.4 ± 1.2

243.1 ± 5.71

0.007

ALT (U/L), mean ± SE

38.2 ± 0.322

53.1 ± 3.61

< 0.001

AST (U/L), mean ± SE

31.2 ± 0.34

2

43.3 ± 3.3

1

< 0.001

Alkaline phosphatase (U/L), mean ± SE

71.4 ± 0.51

76.7 ± 3.4

0.01

Total bilirubin (mg/dL), mean ± SE

0.72 ± 0.01

0.77 ± 0.02

0.007

Creatinine (mg/dL), mean ± SE

0.86 ± 0.00

0.86 ± 0.01

0.15

2

1

Cholesterol (mg/dL), mean ± SE

206.8 ± 0.79

224.7 ± 4.3

< 0.001

Triglycerides (mg/dL), mean ± SE

186.6 ± 2.82

268.0 ± 17.21

< 0.001

HDL (mg/dL), mean ± SE

48.3 ± 0.30

48.3 ± 1.7

< 0.001

LDL (mg/dL), mean ± SE

121.2 ± 0.71

122.8 ± 4.8

2

< 0.001
1

Gamma glutamyl transferase (U/L), mean ± SE

36.6 ± 0.62

94.6 ± 16.4

Glycohemoglobin (%), mean ± SE

5.6 ± 0.02

5.7 ± 0.09

0.002
< 0.001

FIB-4, mean ± SE

0.94 ± 0.012

1.2 ± 0.091

0.001

FIB-4 > 2.67, % ± SE

1.7 ± 0.22

7.1 ± 2.5

0.045

Population weighted means or percentages are presented with corresponding SE.
1
Significantly different from NAFLD;
2
Significantly different from BAFLD. Post-hoc comparisons were done using Bonferroni correction. NAFLD:
Non-alcoholic fatty liver disease; BAFLD: Both alcoholic and non-alcoholic fatty liver disease; BMI: body
mass index; HTN: Hypertension; HDL: High density lipoprotein; LDL: Low density lipoprotein; ALT:
Alanine aminotransferase; AST: Aspartate aminotransferase; FIB-4: Fibrosis-4.

national database; thus, chronological relationships could not be established. The use
of elevated ALT and BMI to define patients with NAFLD is imperfect and may have
included patients who do not actually have NAFLD and excluded lean subjects that
have non-obese NAFLD. However, given the large population-based study sample,
we considered this definition to be the most suitable for this study. We used the noninvasive fibrosis score to predict AF which has been previously used in NHANES
studies, as it was impossible to perform liver biopsies or even fibro-scans in such a
large cohort[34]; however, it is not the gold-standard. We did not use the AST/ ALT
ratio or aspartate aminotransferase to platelet ratio index (APRI) to diagnose AF given
their heavy reliance on AST values, which are known to be affected by alcohol
consumption. Similarly, we did not use the NAFLD fibrosis score because diabetes is
one of its components and this may have biased our estimates of AF. Using a large,
national, population-based sample allows for the ability to generalize our results to
the United States population and offsets these limitations.
In conclusion, a substantial percentage of the general American population may
have BAFLD. Patients with BAFLD tend to have more advanced disease and may
have a higher risk of progression to cirrhosis or end-stage liver disease. Therefore,
future research should aim to identify the burden of liver disease in this population
and intervene in a timely fashion. The risk of the combined effects of MetS and
alcohol consumption should be taken seriously in all patients with suspected NAFLD.
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Figure 1

Figure 1 The prevalence of advanced fibrosis in patients with non-alcoholic fatty liver disease (1.7%) and
both alcoholic and non-alcoholic fatty liver disease (7.1%). Patients with BAFLD have 3-fold increase in the
prevalence of advanced fibrosis. NAFLD: Non-alcoholic fatty liver disease; BAFLD: Both alcoholic and non-alcoholic
fatty liver disease; AF: Advanced fibrosis.

Importantly, screening for risky, often under-reported, alcohol consumption should
be considered. Data on safe alcohol consumption in NAFLD is conflicting and needs
further assessment in future prospective studies.

ARTICLE HIGHLIGHTS
Research background
Fatty liver disease caused by excess alcohol consumption is called alcoholic liver disease (ALD)
whereas fatty liver disease caused by metabolic disease is called non-alcoholic fatty liver disease
(NAFLD). Often, risk factors for both types of fatty liver diseases occur in the same individual,
especially as the prevalence of both of these diseases is on the rise. The presence of both types of
fatty liver disease in one individual may lead to the development of a new condition we call both
alcoholic and NAFLD (BAFLD). We believe that patients with BAFLD are at a higher risk of
advanced fibrosis and complications related to end-stage liver disease. Studying and
understanding BAFLD has important public health and policy implications.

Research motivation
A new fatty liver entity, we call BAFLD, occurs when both ALD and NAFLD risk factors are
present in the same individual. We reported on the clinical characteristics and degree of liver
fibrosis in BAFLD patients compared to NAFLD patients. As most of the risk factors that lead to
BAFLD are modifiable dietary and lifestyle choices, understanding their reciprocal interaction
and combined effect on the liver might lead to a better understanding of BAFLD pathogenesis,
treatment, and prevention. This has important public health and policy implications.

Research objectives
This study aimed to identify the prevalence of NAFLD and BAFLD and to assess the clinical
characteristics of patients with BAFLD in comparison to those with NAFLD in a large cohort of
subjects in the United States.

Research methods
This is a cross-sectional study that was done using National Health and Nutrition Examination
Survey between 2003-2014. NAFLD and BAFLD patients were identified. Univariable and
multivariable analysis were performed to assess differences between NAFLD and BAFLD and to
compare severity based on a validated fibrosis score (FIB4 index).

Research results
The prevalence of NAFLD was at 25.9% and that of BAFLD was 0.84% which corresponds to an
estimated 1.24 million Americans affected by BAFLD. Compared to NAFLD, patients with
BAFLD were more likely to be male, smokers, have higher ALT, AST, triglycerides, and lower
platelets; P < 0.01 for all. More importantly, after adjusting for MetS components, BAFLD
patients were significantly about three times more likely to have advanced fibrosis based on FIB4
index > 2.67, P = 0.004].

Research conclusions
In conclusion, a substantial percentage of the general American population may have BAFLD.
Patients with BAFLD tend to have more advanced disease and may have a higher risk of
progression to cirrhosis and end-stage liver disease. Therefore, special attention should be paid
to this population to identify the burden of liver disease and intervene in a timely fashion.

Research perspectives
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The possibility of the combined effects of MetS and alcohol consumption should be considered in
all patients with suspected NAFLD. Vitally, consideration should be given to the role of
screening for identification of risky, often under-reported, alcohol consumption. Data on safe
alcohol consumption in NAFLD is conflicting and needs further assessment in future prospective
studies.
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Abstract
BACKGROUND
Depression is a growing public health problem that affects over 350 million
people globally and accounts for approximately 7.5% of healthy years lost due to
disability. Escitalopram, one of the first-line medications for the treatment of
depression, is a selective serotonin reuptake inhibitor and one of the most
commonly prescribed antidepressant medications worldwide. Although thought
to be generally safe and with minimal drug-drug interactions, we herein present
an unusual case of cholestatic liver injury, likely secondary to escitalopram
initiation.
CASE SUMMARY
A 56-year-old Chinese lady presented with fever and cholestatic liver injury two
weeks after initiation of escitalopram for the treatment of psychotic depression.
Physical examination was unremarkable. Further investigations, including a
computed tomography scan of the abdomen and pelvis and tests for hepatitis A,
B and C and for autoimmune liver disease were unyielding. Hence, a diagnosis of
escitalopram-induced liver injury was made. Upon stopping escitalopram, repeat
liver function tests showed downtrending liver enzymes with eventual
normalization of serum aspartate aminotransferase and alanine aminotransferase
one-week post-discharge.
CONCLUSION
Clinicians should be aware of the possibility of escitalopram-induced liver injury
when initiating depressed patients on antidepressant treatment. This requires
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extra vigilance as most patients may remain asymptomatic. Measurement of liver
function tests could be considered after initiation of antidepressant treatment,
especially in patients with pre-existing liver disease.
Key words: Depression; Antidepressant; Escitalopram; Liver injury; Drug-induced; Druginduced liver injury
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INTRODUCTION
Depression is a growing public health problem that affects over 350 million people
globally and accounts for approximately 7.5% of healthy years lost due to disability[1].
Escitalopram is a selective serotonin reuptake inhibitor (SSRI) and one of the most
commonly prescribed antidepressant medications worldwide[2]. Although thought to
be generally safe and with minimal drug-drug interactions[3], we herein present an
unusual case of cholestatic liver injury, likely secondary to escitalopram initiation.

CASE PRESENTATION
This patient was a 56-year-old Chinese lady transferred to our hospital for fever and
deranged liver enzymes for investigation. She was receiving treatment at a psychiatric
hospital for psychotic depression prior. At presentation, she was asymptomatic and
did not have any localizing signs of infection. She had no cough, sore throat,
rhinorrhea, diarrhea or dysuria. There was no change in the colour of her urine or
stools. She had no constitutional symptoms or significant weight loss over the past 6
mo, and no chills, rigors or night sweats throughout. She did not consume any raw
foods or herbal supplements and had not travelled outside of Singapore in the recent
years. Her past medical history was significant for psychotic depression, for which
she was being managed with escitalopram 5 mg once daily and olanzapine 7.5 mg
twice daily. She had started escitalopram and olanzapine two weeks prior to
presentation. She had no known drug allergies.
On physical examination, she had an average build (body mass index 22.8 kg/m2),
was not jaundiced, had no rash present, and did not have any tattoos or needle track
marks. On palpation, her abdomen was soft and non-tender, and there were no
palpable masses or organomegaly. Physical examination was unremarkable. There
was no palpable cervical, axillary, supraclavicular, or inguinal lymph nodes.
Laboratory studies revealed a normochromic, normocytic anemia (as confirmed on
a peripheral blood film) with a haemoglobin level of 10.1 g/dL. Lactate
dehydrogenase (LDH) and haptoglobin were within normal limits. Total whites were
not raised at 5.4 × 109 cells/L and eosinophils count were within normal limits as well
(0.33 × 109 cells/L). The C-reactive protein was elevated at 67.5 mg/L, erythrocyte
sedimentation rate was 10 mm/h and two sets of peripheral aerobic and anaerobic
blood cultures showed no bacterial growth after 72 h. Her thyroid function test (TSH
and free T4), serum electrolytes, urea and creatinine were all within normal limits,
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while her liver panel showed raised alanine aminotransferase (ALT, 183 U/L),
aspartate aminotransferase (AST, 99 U/L), alkaline phosphatase (ALP, 552 U/L) and
GGT (510 U/L).
A hepatitis screen was done, which found that antibodies against hepatitis C virus
were non-reactive, the surface antigen of the hepatitis B virus was non-reactive as well
and anti-HBs was >1000 IU/L. This indicated recovery from (and immunity to) the
hepatitis B virus (HBV) or successful immunization with HBV vaccine. She had
received Hepatitis A and B vaccinations as a young adult.
Serum autoantibodies were performed and included antinuclear antibody of
<1:640, speckled pattern, negative anti-smooth muscle antibody titre, and negative
antimitochondrial M2 antibody.
In terms of imaging, a computed tomography of the abdomen and pelvis found no
pancreatic or other mass. Hepatic parenchymal attenuation was normal, with no focal
lesions noted. There were no radio-opaque gallstones or biliary dilatation.

FINAL DIAGNOSIS
Given the history, examination and investigation findings, a diagnosis of druginduced liver injury (DILI) was made.
Although olanzapine has also been linked to reports of DILI[4], it was precluded as a
culprit drug in this case because the patient had previously taken it with no issues.
She was treated with oral olanzapine 10 mg nightly and oral fluoxetine 20 mg every
morning in February 2018 for psychotic depression, with good resolution of
symptoms and the drugs were subsequently tapered and stopped by December 2018.
The Roussel Uclaf Causality Assessment Method (RUCAM) scoring[5] also helps
clinicians determine how likely the diagnosis of DILI is. The components considered
are: (1) time to onset (+1 or +2); (2) course (-2, 0, +1, +2 or +3); (3) risk factors (2 scores:
0 or +1 each); (4) concomitant drugs (0, -1, -2 or -3); (5) nondrug causes of liver injury
(-3, -2, 0, +1, or +2); (6) previous information on the hepatotoxicity of the drug (0, +1,
or +2); and (7) response to rechallenge (-2, 0, +1, or +3)[5]. Applying the RUCAM
scoring to our patient, escitalopram yielded a total score of at least 5, suggesting that it
was a ‘probable’ cause of DILI.

TREATMENT
Escitalopram, which was newly initiated, was suspected to be the culprit drug based
on the temporal sequence (Figure 1), the fact that it undergoes extensive hepatic
metabolism[6] and its overall likelihood of DILI based on RUCAM scoring. Treatment
was thus withdrawal of escitalopram.

OUTCOME AND FOLLOW-UP
Our patient had no further temperature spikes while inpatient. Upon stopping
escitalopram, repeat liver function tests showed downtrending liver enzymes with
eventual normalization of serum AST and ALT one week post-discharge (Table 1).
Patient remained well and asymptomatic.

DISCUSSION
Drug-induced liver injury (DILI) is one of the leading causes of hepatic failure in the
Western world[7]. It is often a difficult diagnosis to make as it relies largely on the
exclusion of other potential causes[8]. A detailed drug chart in relation to the timing of
onset of liver injury and recovery after the implicated agent is stopped can help clinch
the diagnosis. In this patient, as she presented with fever and deranged liver enzymes,
it was vital to consider gallstone disease, viral hepatitis, or autoimmune liver disease.
CT scan of the abdomen and pelvis and tests for hepatitis A, B and C and for
autoimmune liver disease were negative.
While a liver biopsy is not always indicated, in DILI, liver biopsy shows only nonspecific findings, none of the features are pathognomonic. However, liver biopsy may
help in cases where there is ambiguity and other causes (e.g., autoimmune liver
disease or hepatitis flare) are possible differentials. RUCAM scoring also helps
clinicians determine how likely the diagnosis of DILI is.
Depending on the pattern of hepatic injury, DILI can be classified as hepatocellular,
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Figure 1

Figure 1 A detailed drug chart in relation to the timing of onset of liver injury. BD: Twice daily; OM: Every morning; LFT: Liver function test; ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; T: Temperature.

cholestatic, or mixed[9]. Hepatocellular injury is marked by elevated serum ALT with a
small or no increase in ALP levels; an associated high serum bilirubin level, found in
cases of severe hepatocellular damage, connotes poor prognosis[9]. While cholestatic
liver injury, as in the case of our patient, is characterized by markedly elevated serum
ALP and only slightly higher than normal ALT levels. In cases of mixed injury, both
ALT and ALP levels are elevated.
With regard to the pathophysiology of DILI, it is thought to be due to direct,
indirect or idiosyncratic hepatotoxicity[8]. In the case of escitalopram, it is extensively
metabolized by the liver, mainly via the cytochrome P450 system (CYP3A4, CYP2C19
and, to a lesser extent, CYP2D6) [ 3 ] and hepatotoxicity may be due to toxic
intermediates (Figure 2). In literature, there is only one published case report of a 30
year-old woman who developed cholestatic liver injury[10], marked by jaundice and
pruritus 2 mo after starting citalopram (citalopram is a racemic mixture, while
escitalopram is the therapeutically active S-enantiomer). Citalopram was dosed at 10
mg daily for 1 month, followed by 20 mg daily. Similar to our patient, she had
previously tried fluoxetine (another SSRI antidepressant) with no issues.
In the case of our patient, we are unable to entirely exclude the fact that olanzapine
may have also contributed to her liver injury as olanzapine also undergoes extensive
hepatic metabolism by CYP1A2 and to a lesser extent by CYP2D6[11]. Olanzapine has
also been reported to cause transient serum liver enzyme elevations[4].
According to the results of a multicenter drug surveillance program of 184234
psychiatric inpatients treated with antidepressants between 1993 and 2011 in 80
psychiatric hospitals, 149 cases of DILI (0.08%) were reported[12]. However, the risk of
antidepressant-induced liver injury is likely underestimated as most patients are
asymptomatic, especially during early stages of DILI.
DILI is thought to be dose-independent, albeit there could be some dose-dependent
aspects as DILI tended to occur at high median dosages[12]. In terms of choice of
psychotropic medication, theoretically speaking, drugs that are not metabolized
extensively and primarily renally excreted are probably the safest in patients with
pre-existing liver disease. These drugs include paliperidone [13] , sulpiride [14] and
amisulpride[15].

CONCLUSION
Although thought to be generally safe and with minimal drug-drug interactions,
clinicians should be aware of the possibility of escitalopram-induced liver injury
when initiating depressed patients on antidepressant treatment. This requires extra
vigilance as most patients may remain asymptomatic. It is still controversial whether
routine monitoring is recommended, especially in patients with pre-existing liver
disease. Fortunately, DILI is typically reversible after withdrawal of the implicated
drug and patients should have a favourable outcome.
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Table 1 Liver function test trend (with abnormal values highlighted in bold)
Test

4 June 2019

26 June 2019

27 June 2019

10 July 2019

24 July 2019

Albumin (g/L)

35

35

34

39

36

AST (U/L)

28

99

67

27

22

ALT (U/L)

32

183

150

30

22

GGT (U/L)

25

510

495

275

144

ALP (U/L)

102

552

585

237

123

Bilirubin, total (µmol/L)

17

24

11

12

7

Protein, total (g/L)

69

72

74

78

69

Globulin (g/L)

35

38

40

39

33

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.

Figure 2

Figure 2 Hepatic metabolism of escitalopram; S-demethylcitalopram, the principal metabolite, is present at one-third the level of escitalopram and the
didemethyl metabolite of escitalopram is typically present at or below quantifiable concentrations.
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Abstract
BACKGROUND
Gastrointestinal symptoms are prevalent in patients with cirrhosis. Cirrhotic
patients have a known predilection to delayed gastric emptying compared to
those without cirrhosis. However, the contributing factors have not been fully
elucidated. Retained gastric food on esophagogastroduodenoscopy (EGD) has
been used as a surrogate marker for delayed gastric emptying with reasonably
high specificity. Therefore, we hypothesize that the frequency of retained gastric
food contents at EGD will be higher in a cirrhotic population compared to a
control population without liver disease. Additionally, we hypothesize that
increased frequency of gastric food contents will be associated with increased
severity of cirrhosis.
AIM
To determine the relative frequency of delayed gastric emptying among cirrhotics
as compared to non-cirrhotics and to identify associated factors.
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METHODS
We performed a retrospective case-control study of cirrhotic subjects who
underwent EGD at an academic medical center between 2000 and 2015. Three
hundred sixty-four patients with confirmed cirrhosis, who underwent a total of
1044 EGDs for the indication of esophageal variceal screening or surveillance,
were identified. During the same period, 519 control patients without liver
disease, who underwent a total of 881 EGDs for the indication of anemia, were
identified. The presence of retained food on EGD was used as a surrogate for
delayed gastric emptying. The relative frequency of delayed gastric emptying
among cirrhotics was compared to non-cirrhotics. Characteristics of patients with
and without retained food on EGD were compared using univariable and
multivariable logistic regression analysis to identify associated factors.
RESULTS
Overall, 40 (4.5%) patients had evidence of retained food on EGD. Cirrhotics were
more likely to have retained food on EGD than non-cirrhotics (9.1% vs 1.4%, P <
0.001). Characteristics associated with retained food on univariable analysis
included age less than 60 years (12.6% vs 5.2%, P = 0.015), opioid use (P = 0.004),
Child-Pugh class C (24.1% Child-Pugh class C vs 6.4% Child-Pugh class A, P =
0.007), and lower platelet count (P = 0.027). On multivariate logistic regression
analysis, in addition to the presence of cirrhosis (adjusted OR = 5.83; 95%CI: 2.3214.7, P < 0.001), diabetes mellitus (types 1 and 2 combined) (OR = 2.34; 95%CI:
1.08-5.06, P = 0.031), opioid use (OR = 3.08; 95%CI: 1.29-7.34, P = 0.011), and
Child-Pugh class C (OR = 4.29; 95%CI: 1.43-12.9, P = 0.01) were also associated
with a higher likelihood of food retention on EGD.
CONCLUSION
Cirrhotics have a higher frequency of retained food at EGD than non-cirrhotics.
Decompensated cirrhosis, defined by Child-Pugh class C, is associated with a
higher likelihood of delayed gastric emptying.
Key words: Child-Pugh; Cirrhosis; Endoscopy; Gastric emptying; Motility
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Core tip: This is the first study to describe the frequency of retained gastric food contents
on esophagogastroduodenoscopy (EGD) in a cirrhotic population. Our study reveals that
cirrhotic patients are five times more likely to have retained food on EGD than controls.
Additionally, this study investigates risk factors for gastric food retention in cirrhosis.
Associated factors include age younger than 60, diabetes mellitus, opioid use,
thrombocytopenia, and higher Child-Pugh class. A novel finding is the fact that gastric
retention is associated with decompensated cirrhosis, as can be elucidated from the
association with thrombocytopenia and higher Child-Pugh class.
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INTRODUCTION
Many patients with cirrhosis report gastrointestinal (GI) symptoms such as abdominal
bloating, pain, and belching[1-6]. The prevalence of these symptoms has prompted
investigation into abnormalities in GI function in cirrhosis. As suspected, cirrhotic
patients have higher rates of gastrointestinal dysmotility, characterized by delayed
gastric emptying and prolonged small bowel transit time, compared to those without
cirrhosis[1,2,7-19]. While severity of cirrhosis has been associated with worsened small
bowel motility, the relationship between gastric emptying and severity of liver disease
has not been well established. Although some studies have correlated markers of
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portal hypertension with delayed gastric emptying[7,9,14,20], those examining the size of
esophageal varices[11], variceal pressure[16], and hepatic venous pressure gradient[21],
have failed to demonstrate an association with impaired gastric motility.
The presence of retained gastric food on esophagogastroduodenoscopy (EGD) can
be used as a surrogate for delayed gastric emptying with a reasonably high
specificity[22]. Furthermore, the risk of retained gastric food contents at EGD is higher
among patients with severe emptying delays compared to mild or moderate delays[22].
Using this method of evaluating for retained food at EGD, the prevalence of delayed
gastric emptying is less than 1% in the general population[23].
Since patients with cirrhosis frequently require EGD for surveillance and treatment
of esophageal varices, evaluation for retained gastric food contents at EGD could
provide important clinical information in this population. Therefore, we conducted
this study to characterize the frequency of retained gastric food contents at EGD in a
cirrhotic population compared to a control population without liver disease and to
elucidate factors predictive of retained food.

MATERIALS AND METHODS
We performed a retrospective case-control study of patients with cirrhosis who had
an EGD for screening or surveillance of esophageal varices between 2000 and 2015.
Cirrhotic patients who underwent EGD for an indication of screening or surveillance
of varices were identified using the endoscopy electronic health record system,
ProVation®, and the ICD-9-CM diagnosis codes 571.2, 571.5, or 571.6. A subsequent
chart review confirmed a diagnosis of cirrhosis based on physician assessment.
Patients younger than 18 years, those with intra-luminal tumor or mechanical bowel
obstruction, those with a prior diagnosis of gastroparesis or prior esophageal, gastric
or thoracic surgery, and those who had an EGD indication which could confound
gastric emptying (food impaction, foreign body, active gastrointestinal bleed,
abdominal pain, nausea, vomiting, dyspepsia, bloating, weight loss, early satiety, or
post-prandial fullness) were excluded. Retained gastric food was defined as any EGD
with retained food documented in the procedure note for a unique patient. A control
group who underwent EGD for an indication of anemia was identified using
ProVation® and the ICD-9-CM Diagnosis Codes 280.*, 281.*, or 285.9. Subsequent chart
review excluded those with any known liver disease based on physician assessment.
Anemia was chosen as the indication for EGD in the control group as it is unrelated to
gastroparesis or its symptoms.
Demographic, clinical, laboratory, and endoscopic data were collected and
managed using Research Electronic Data Capture tools hosted at Weill Cornell
Medicine[24]. Demographic information included age, sex, ethnicity, and body mass
index. Clinical data included documented symptoms of delayed gastric emptying in
the six months preceding EGD (i.e., bloating, nausea/vomiting, early satiety/postprandial fullness, upper abdominal pain, or weight loss); current or past history of
diabetes mellitus type 1, diabetes mellitus type 2, human immunodeficiency virus,
neurological disorders (such as parkinsonism, multiple sclerosis, stroke, primary
dysautonomias), infiltrative diseases (such as scleroderma or amyloidosis); causes of
drug-induced gastroparesis (α-2 adrenergic agonists, tricyclic antidepressants,
calcium channel blockers, dopamine agonists, muscarinic cholinergic receptor
antagonists, octreotide, glucagon-like peptide-1 agonists, phenothiazines,
cyclosporine, and any opioid); and use of prokinetic medications (metoclopramide,
domperidone, erythromycin, or cisapride). Cirrhosis-specific details included model
for end-stage liver disease score, Child-Pugh score, transient elastography results,
liver biopsy results, hepatic venous pressure gradient, history of spontaneous
bacterial peritonitis, history of hepatic encephalopathy (along with highest grade
noted), history of esophageal varices (along with highest grade noted), history of
ascites, history or development of hepatocellular carcinoma, and liver transplantation.
Routine blood testing within 3 months of EGD was also obtained, including
hemoglobin, platelets, sodium, blood urea nitrogen, creatinine, prothrombin
time/international normalized ratio, total bilirubin, albumin, total protein, aspartate
aminotransferase, alanine aminotransferase, alkaline phosphatase, hemoglobin A1C,
thyroid stimulating hormone, and anti-nuclear antibodies. Endoscopic information
included total number of endoscopies completed per patient over the study period,
maximal point of EGD insertion, endoscopic findings, presence of pyloric stenosis or
other evidence of gastric outlet obstruction, interventions performed, presence of
solid gastric food contents, qualitative amount of retained gastric contents,
visualization during EGD and whether lavage was required, and endoscopic findings
on subsequent EGD within one year.
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The primary outcome of the study was the frequency of retained gastric solid food
contents, as documented in the procedural report by the endoscopist, in patients with
cirrhosis undergoing EGD as compared to patients without liver disease undergoing
EGD for anemia. Secondary outcomes included the relationship between retained
gastric food contents with severity of cirrhosis by Child-Pugh score; and the
association between retained gastric food contents with complications of
decompensated cirrhosis as defined by presence of esophageal varices, ascites, or
hepatic encephalopathy.
Categorical variables were described as frequencies (percentages) and continuous
variables as (mean ± SD). Characteristics of patients with and without retained food
on EGD were compared using the Kruskall-Wallis test for non-parametric continuous
variables and χ2 or Fisher’s exact test for categorical variables, as appropriate. A
multivariable logistic regression analysis was performed including co-variates
statistically significant on univariable analysis. Statistical significance was defined by
a two-tailed P value of less than 0.05. The statistical methods of this study were
reviewed by biostatisticians in the Biostatistics, Epidemiology and Research Design
Core within the Weill Cornell Clinical and Translational Science Center. Statistical
analysis was performed using SAS statistical software version 9.4 (SAS Institute Inc.,
Cary, NC).

RESULTS
Between 2000 and 2015, 364 patients with confirmed cirrhosis, who underwent a total
of 1044 EGDs for the indication of variceal screening or surveillance, were identified.
During the same period, 519 control patients without liver disease, who underwent a
total of 881 EGDs for the indication of anemia, were identified. Figure 1 shows the
subject screening process and application of exclusion criteria.
Table 1 shows the baseline characteristics of these two groups. Cirrhotic patients
had a mean age of 56 years as compared to 66 years in non-cirrhotic patients. Patients
with cirrhosis were predominantly male (63%) compared to those without known
liver disease who were predominantly female (55%). The vast majority of patients in
both groups reported at least one upper gastrointestinal symptom within the six
months prior to EGD. No patients had evidence of pyloric stenosis or other causes of
gastric outlet obstruction on endoscopy. Well-established predisposing factors to
gastroparesis, such as diabetes mellitus and opioid use, were similarly present in the
two groups. Laboratory values demonstrated expected differences between the
cirrhotic group and the non-cirrhotic, anemic group. Overall, 40 (4.5%) patients had
evidence of retained food on EGD. Cirrhotics were more likely to have retained food
on EGD than non-cirrhotics (9.1% vs 1.4%, adjusted OR = 5.83; 95%CI: 2.32-14.7, P <
0.001).
Table 2 demonstrates the results of univariate analysis of the relationship between
patient characteristics and the presence or absence of gastric food retention. Age
younger than 60 years was associated with retained food (12.6% vs 5.2%, P = 0.015).
Diabetes mellitus types 1 and 2 showed a trend towards a significant association with
retained food (P = 0.066). Opioid use was associated with retained food on EGD (P =
0.004). More severe thrombocytopenia, a marker of worse portal hypertension, was
also associated with the presence of retained food (P = 0.027). Although no
complications of decompensated cirrhosis were shown to be significantly associated,
the presence of esophageal varices did show a trend towards significance (P = 0.084).
On the other hand, severity of Child-Pugh class was associated with retained food on
EGD (P = 0.007).
On multivariate logistic regression analysis, in addition to the presence of cirrhosis
(adjusted OR = 5.83; 95%CI: 2.32-14.7, P < 0.001), diabetes mellitus (types 1 and 2
combined) (OR = 2.34; 95%CI: 1.08-5.06, P = 0.031), opioid use (OR = 3.08; 95%CI: 1.297.34, P = 0.011), and Child-Pugh class C (OR = 4.29; 95%CI: 1.43-12.9, P = 0.01) were
also associated with a higher likelihood of food retention on EGD (Table 3).

DISCUSSION
This study is the first to describe the frequency of retained gastric food contents
visualized on EGD in a cirrhotic population. Our study reveals that cirrhotic patients
are five times more likely to have retained food on EGD than controls. In addition,
more decompensated cirrhosis was associated with a higher likelihood of gastric food
contents at EGD.
Cirrhosis has been associated with increased nitric oxide (NO) production, gut
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Figure 1

Figure 1 Flow chart of patient inclusion for cases (A) and controls (B).1Wrong indication for EGD includes food
impaction, foreign body, melena, hematochezia, hematemesis, abdominal pain, nausea, vomiting, dyspepsia,
bloating, weight loss, early satiety or post-prandial fullness. EGD: Esophagogastroduodenoscopy.

hormonal alterations, and autonomic neuropathy that can impact gastrointestinal
motility [3] . Gut hormonal alterations related to insulin resistance, including
hyperglycemia, hyperinsulinemia, and hypoghrelinemia can play a prominent role in
the pathophysiology of delayed gastric emptying in patients with cirrhosis[17]. Portal
hypertension has also been implicated as a potential mechanism given decreased
postprandial portal blood flow resulting in congestion of the gastric wall as well as
impaired antral compliance and motility[3]. Prolonged gastric emptying has been
demonstrated in 24%-95% of patients with cirrhosis and upper gastrointestinal
symptoms not attributable to other causes[1,2,4,5]. These often vague upper GI symptoms
have been shown to contribute significant morbidity in the cirrhotic population
through malnutrition [4] , small intestinal bacterial overgrowth [4] , psychological
distress[6], and reduced health related quality of life measures[6].
The factors associated with gastric retention in the study population include age
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Table 1 Baseline characteristics of patients with cirrhosis and without known liver disease
Mean ± SD or %

Cirrhosis (n = 364)

No known
P value1
liver disease
(n = 519)

56 ± 11

66 ± 18

Male

227 (63)

232 (45)

Female

133 (37)

287 (55)

Presence of an upper Gastrointestinal symptom

357 (98)

505 (97)

0.457

Diabetes mellitus type I

2 (0.6)

1 (0.2)

0.572

Diabetes mellitus type II

112 (31)

142 (27)

0.271

HIV

22 (6)

17 (3)

0.049

Neurological disorders

7 (2)

59 (11)

0.001

Infiltrative diseases (scleroderma or amyloidosis)

7 (2)

9 (2)

0.836

Opioid use

46 (13)

52 (10)

0.223

Calcium channel blocker use

30 (8)

110 (21)

0.001

Other gastric anti-kinetic medications

19 (5)

58 (11)

0.002

Prokinetic medications

1 (0.3)

3 (0.6)

0.647

Hemoglobin (g/L)

129 ± 22

106 ± 22

< 0.001

Platelets (x 10 /L)

97 ± 50

230 ± 87

< 0.001

Creatinine (µmol/L)

76 ± 21

83 ± 29

< 0.001

PT/INR

1.2 ± 0.1

1.1 ± 0.1

< 0.001

Total Bilirubin (µmol/L)

20.5 ± 13.7

10.3 ± 3.4

< 0.001

Albumin (g/L)

34 ± 7

37 ± 6

< 0.001

AST (IU/L)

58 ± 36

23 ± 7

< 0.001

ALT (IU/L)

39 ± 31

18 ± 8

< 0.001

Hemoglobin A1C

6.0 ± 1.3

6.2 ± 0.8

0.006

TSH (mU/L)

2.30 ± 0.40

3.47 ± 1.67

0.304

Variables

Age (yr)

< 0.001

Sex

< 0.001

9

1 2

χ test or Fisher exact test for categorical variables and t-test/Wilcoxon rank sum test for continuous variables. HIV: Human immunodeficiency virus;
PT/INR: Prothrombin time/international normalized ratio; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TSH: Thyroid stimulating
hormone.

younger than 60, diabetes mellitus, opioid use, thrombocytopenia, and higher ChildPugh class. Opioid use and diabetes mellitus are well described risk factors for
gastroparesis. The association of diabetes with delayed gastric emptying lends further
support to the role of insulin resistance in the pathogenesis of gastroparesis in
cirrhotic patients, as previously described in Kalaitzakis et al [17] . Regarding the
association of age and gastroparesis, it is unclear why gastric food retention was
associated with younger age. Given that young age was associated with delayed
gastric emptying on univariate analysis but not multivariate analysis, there are likely
confounding factors at play. A novel finding is the fact that gastric retention is
associated with decompensated cirrhosis as can be elucidated from the association
with thrombocytopenia and higher Child-Pugh class. Additionally, there was a trend
towards significance with the presence of esophageal varices that further supports an
association between severity of cirrhosis, portal hypertension, and gastroparesis. Prior
studies evaluating the association between severity of cirrhosis and gastroparesis
have shown mixed results. The majority of studies have shown no association
between severity of cirrhosis and gastroparesis[2,5,12,13,16,25]. However, the correlation
between severity of cirrhosis and delayed gastric emptying seen in this study is
similar to two previous studies[1,14]. Gumurdulu et al[1] demonstrated that Child-Pugh
class correlated with delayed gastric emptying, as measured by scintigraphy, and
Miyajima et al[14] concluded a similar association using measurements of autonomic
function and portal blood flow via MRI. Despite the different methodologies used in
those studies and the present study, the similar conclusions lend further credence to
the results of the current study.
This study has several limitations. Given its retrospective non-interventional
nature, no conclusions can be drawn regarding causality. Future studies should
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Table 2 Relationship between patient characteristics and retained food in cirrhotics
Retained food (n = 33)

No retained food (n = 331)

< 60 yr

12.6%

87.4%

≥ 60 yr

5.2%

94.8%

Male

9.3%

90.7%

Female

9.0%

91.0%

Diabetes Mellitus type I or II

13.2%

86.8%

0.066

Opioid use

21.7%

78.3%

0.004

Calcium channel blocker use

16.7%

83.3%

0.173

Age group

P value1
0.015

Sex

0.942

Child-Pugh class

0.007

A

6.4%

93.6%

B

10.3%

89.7%

C

24.1%

75.9%

Alcoholic cirrhosis

13.0%

87.0%

0.201

Nonalcoholic steatohepatitis with cirrhosis

4.3%

95.7%

0.406

Portal hypertensive gastropathy

10.9%

89.1%

0.292

Gastric varices

5.6%

94.4%

0.758

Esophageal varices

11.0%

89.0%

0.084

Hepatic encephalopathy

13.6%

86.4%

0.118

Ascites

10.6%

89.4%

0.471

SBP

13.3%

86.7%

0.640

Presence of an upper gastrointestinal symptom

12.9%

87.1%

0.248

Lower platelet count (continuous)

0.027

1 2

χ test or Fisher exact test for categorical variables and t-test/Wilcoxon rank sum test for continuous variables. SBP: Spontaneous bacterial peritonitis.

consider prospectively recruiting patients to confirm these results, though time
constraints might make prospective recruitment and longitudinal follow-up difficult.
Since this is a single center study at an academic center, the results may also lack
generalizability. Additionally, the presence of retained food on EGD is not the gold
standard method for diagnosing gastroparesis; but, there exists strong evidence for
correlation[22].
In conclusion, we demonstrate that cirrhotic subjects have a higher likelihood of
delayed gastric emptying than non-cirrhotics, particularly in those with
decompensation of their liver disease. Providers who care for cirrhotic patients should
have a high index of suspicion for symptoms related to delayed gastric emptying, a
condition which is vastly underrecognized in this patient group. Ultimately, a
prospectively validated prediction tool would be useful for the detection of impaired
gastric motility in cirrhotic patients. Future studies should evaluate the effect of
delayed gastric emptying on patient reported outcomes, quality of life and health care
utilization.
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Table 3 Multivariate analysis for retained food in cirrhotic patients
Adjusted odds ratio (95%CI)

P value1

Age
< 60 yr

ref

≥ 60 yr

0.49 (0.21-1.14)

0.098

Diabetes

2.34 (1.08-5.06)

0.031

Opioid use

3.08 (1.29-7.34)

0.011

Child-Pugh class
A

ref

B

1.43 (0.62-3.28)

0.403

C

4.29 (1.43-12.9)

0.010

Platelet count

0.99 (0.99-1.00)

0.117

1 2

χ test or Fisher exact test for categorical variables and t-test/Wilcoxon rank sum test for continuous variables.

ARTICLE HIGHLIGHTS
Research background
Many patients with cirrhosis report gastrointestinal (GI) symptoms such as abdominal bloating,
pain, and belching. Cirrhosis has been associated with increased nitric oxide (NO) production,
gut hormonal alterations, and autonomic neuropathy that can impact gastrointestinal motility.
Portal hypertension has also been implicated as a potential mechanism given decreased
postprandial portal blood flow resulting in congestion of the gastric wall as well as impaired
antral compliance and motility. Prolonged gastric emptying has been demonstrated in 24%-95%
of patients with cirrhosis and upper gastrointestinal symptoms not attributable to other causes.
These usual vague upper GI symptoms have been shown to contribute significant morbidity in
the cirrhotic population through malnutrition, small intestinal bacterial overgrowth,
psychological distress, and reduced health related quality of life measures.

Research motivation
The prevalence of GI symptoms has prompted investigation into abnormalities in GI function in
cirrhosis. Cirrhotic patients have higher rates of gastrointestinal dysmotility, characterized by
delayed gastric emptying and prolonged small bowel transit time, compared to those without
cirrhosis. While severity of cirrhosis has been associated with worsened small bowel motility, the
relationship between gastric emptying and severity of liver disease has not been well
established. The mechanisms for gastrointestinal dysmotility in cirrhosis are also not fully
understood. Although some studies have correlated markers of portal hypertension with
delayed gastric emptying, those examining the size of esophageal varices, variceal pressure, and
hepatic venous pressure gradient, have failed to demonstrate an association with impaired
gastric motility. Examination of the risk factors for delayed gastric emptying in patients with
cirrhosis could provide further insight into the underlying pathophysiology and could help
identify patients who may benefit from therapeutic interventions aimed at improving gastric
motility.

Research objectives
The presence of retained gastric food on esophagogastroduodenoscopy (EGD) can be used as a
surrogate for delayed gastric emptying with a reasonably high specificity. Since patients with
cirrhosis frequently require EGD for surveillance and treatment of esophageal varices,
evaluation for retained gastric food contents at EGD could provide important clinical
information in this population. Therefore, we conducted this study to characterize the frequency
of retained gastric food contents at EGD in a cirrhotic population compared to a control
population without liver disease and to elucidate factors predictive of retained food. Specifically,
we examined the relationship between retained gastric food contents with severity of cirrhosis
by Child-Pugh score; and the association between retained gastric food contents with
complications of decompensated cirrhosis as defined by the presence of esophageal varices,
ascites, or hepatic encephalopathy.

Research methods
We performed a retrospective case-control study of patients with cirrhosis who had an EGD for
screening or surveillance of esophageal varices between 2000 and 2015 at an academic medical
center. Patients younger than 18 years, those with intra-luminal tumor or mechanical bowel
obstruction, those with a prior diagnosis of gastroparesis or prior esophageal, gastric or thoracic
surgery, and those who had an EGD indication which could confound gastric emptying (food
impaction, foreign body, active gastrointestinal bleed, abdominal pain, nausea, vomiting,
dyspepsia, bloating, weight loss, early satiety, or post-prandial fullness) were excluded. A
control group who underwent EGD for an indication of anemia was identified as anemia is
unrelated to gastroparesis or its symptoms. Three hundred sixty-four patients with confirmed
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cirrhosis, who underwent a total of 1044 EGDs for the indication of esophageal variceal
screening or surveillance, were identified. During the same period, 519 control patients without
liver disease, who underwent a total of 881 EGDs for the indication of anemia, were identified.
The presence of retained food on EGD was used as a surrogate for delayed gastric emptying. The
relative frequency of delayed gastric emptying among cirrhotics was compared to non-cirrhotics.
Characteristics of patients with and without retained food on EGD were compared using the
Kruskall-Wallis test for non-parametric continuous variables and χ2 or Fisher’s exact test for
categorical variables, as appropriate. A multivariable logistic regression analysis was performed
including co-variates statistically significant on univariable analysis. Statistical significance was
defined by a two-tailed P value of less than 0.05.

Research results
Overall, 40 (4.5%) patients had evidence of retained food on EGD. Cirrhotics were more likely to
have retained food on EGD than non-cirrhotics (9.1% vs 1.4%, OR = 5.83; 95%CI: 2.32-14.7, P <
0.001). Characteristics associated with retained food on univariable analysis included age less
than 60 years (12.6% vs 5.2%, P = 0.015), opioid use (P = 0.004), Child-Pugh class C (24.1% ChildPugh class C vs 6.4% Child-Pugh class A, P = 0.007), and lower platelet count (P = 0.027).
Diabetes mellitus showed a trend towards a significant association with retained food (P =
0.066). Although no complications of decompensated cirrhosis were shown to be significantly
associated, the presence of esophageal varices did show a trend towards significance (P = 0.084).
On multivariate logistic regression analysis, in addition to the presence of cirrhosis, diabetes
mellitus (types 1 and 2 combined) (OR = 2.34; 95%CI: 1.08-5.06, P = 0.031), opioid use (OR = 3.08;
95%CI: 1.29-7.34, P = 0.011), and Child-Pugh class C (OR = 4.29; 95%CI: 1.43-12.9, P = 0.01) were
also associated with a higher likelihood of food retention on EGD.

Research conclusions
This study is the first to describe the frequency of retained gastric food contents visualized on
EGD in a cirrhotic population. Our study reveals that cirrhotic patients are five times more likely
to have retained food on EGD than controls. In addition, more decompensated cirrhosis was
associated with a higher likelihood of gastric food contents at EGD. The factors associated with
gastric retention in the study population include age younger than 60, diabetes mellitus, opioid
use, thrombocytopenia, and higher Child-Pugh class. Opioid use and diabetes mellitus are well
described risk factors for gastroparesis. A novel finding is the fact that gastric retention is
associated with decompensated cirrhosis as can be elucidated from the association with
thrombocytopenia and higher Child-Pugh class. Additionally, there was a trend towards
significance with the presence of esophageal varices that further supports an association between
severity of cirrhosis, portal hypertension, and gastroparesis. Prior studies evaluating the
association between severity of cirrhosis and gastroparesis have shown mixed results. However,
the correlation between severity of cirrhosis and delayed gastric emptying seen in this study is
similar to two previous studies. Gumurdulu et al demonstrated that Child-Pugh class correlated
with delayed gastric emptying, as measured by scintigraphy, and Miyajima et al concluded a
similar association using measurements of autonomic function and portal blood flow via MRI.
Despite the different methodologies used in those studies and the present study, the similar
conclusions lend further credence to the results of the current study. Clinicians should have a
higher index of suspicion for upper GI symptoms related to dysmotility in those with more
decompensated cirrhosis, so that these patients can undergo timely diagnosis and treatment.

Research perspectives
We demonstrate that cirrhotic subjects have a higher likelihood of delayed gastric emptying than
non-cirrhotics, particularly in those with decompensation of their liver disease. Future studies
should consider prospectively recruiting patients in multiple centers to confirm these results,
though time constraints might make prospective recruitment and longitudinal follow-up
difficult. Additionally, since the presence of retained food on EGD is not the gold standard
method for diagnosing gastroparesis, prospective studies could utilize gastric scintigraphy,
which remains the gold standard for diagnosis. Providers who care for cirrhotic patients should
have a high index of suspicion for symptoms related to delayed gastric emptying, a condition
which is vastly underrecognized in this patient group. Ultimately, a prospectively validated
prediction tool would be useful for the detection of impaired gastric motility in cirrhotic patients.
Future studies should evaluate the effect of delayed gastric emptying on patient reported
outcomes, quality of life and health care utilization.
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Abstract
BACKGROUND
Herbal supplements (HS) for weight loss are perceived to be “safe” and
“natural”, as advertised in ads, however, hepatotoxicity can be associated with
consumption of some HS. Use of HS may be missed, as the patient may not
report these unless specifically asked about these products, since they are often
not thought of as medications with potential side effects or interaction potential.
CASE SUMMARY
We reported a case of a 21-year-old female with morbid obesity who presented
with abdominal pain for 1 wk associated with nausea, vomiting, anorexia and
myalgias. She denied smoking tobacco, drinking alcohol, usage of illicit drugs,
hormonal contraceptives, or energy drinks. There was no significant past medical
or family illnesses. Her laboratory workup revealed acute liver failure. The
workup for possible etiologies of acute liver failure was unremarkable. She was
using a weight loss herbal supplement “Garcinia cambogia” for 4 wks. This case
demonstrates the association of acute liver failure with Garcinia cambogia.
CONCLUSION
Medical reconciliation of HS should be performed in patients with suspected
acute liver failure and early discontinuation of HS can prevent further
progression of drug induced hepatoxicity.
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Core tip: Drug induced liver injury is a diagnosis of exclusion of possible etiologies of
liver failure. Medical reconciliation of herbal supplements is important in these patients.
The Council of International Organizations of Medical Sciences and Roussel Uclaf
Causality Assessment Method “CIOMS/RUCAM” scale is a useful tool for the
assessment of drug induced liver injury. A high index of suspicion is required for
identification of patients with drug induced liver failure. Early discontinuation of
offending agent may prevent progression of disease and results in rapid recovery.
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INTRODUCTION
In the United States, the prevalence of obesity is 39.8%, which is even higher among
individuals aged 40 to 59 years old (42.8%)[1]. Individuals are using various modalities
for weight loss including lifestyle modifications, pharmacologic, and surgical
approaches. Herbal supplements (HS) have become a common method for weight loss
due to accessibility without prescriptions, relatively low cost, and false perception of
safety as widely advertised in the ads. Currently, there is lack of tight regulation of
HS by the United States Food and Drug Administration (FDA) which raises a concern
for safety. Every year millions of American use over-the-counter herbal products and
most of them are unaware of the potential harmful effects of these products. Among
these individuals, 58% failed to report use of HS to their primary care providers[2].
Since they are often not viewed as medications with potential side effects, usage of
these HS may be missed because patients may not report their use unless specifically
asked about these products. The United States Drug Induced Liver Injury Network
(DILIN) noted increasing rates of hepatotoxicity due to HS in the past 10 years,
ranging from 2%-16% of all reported liver injuries[3,4].
Garcinia cambogia (GC), a widely available “natural” HS, is found within a tropical
fruit, commonly found in South Asia. Its extract is frequently used for weight loss and
has been extensively marketed as such for the past decade. Herein we report a case of
hepatotoxicity associated with use of the extract of GC.

CASE PRESENTATION
Chief complaints
A 21-year-old African American female with noted obesity (basic metabolic index
40.34 kg/m2), without significant past medical history, presented with abdominal
pain for 1 wk.

History of present illness
Her abdominal pain was described as 7 out of 10 on a pain scale, diffuse, and nonradiating. It was associated with nausea, multiple episodes of non-biliary and nonbloody vomiting, anorexia, and myalgias. She denied any jaundice, pruritis, change in
bowel habits, urinary symptoms, or extremity swelling. There was no history of fever,
sick contacts, or recent blood transfusions.

History of past illness
There was no significant past medical illness.

Personal and family history
She denied smoking tobacco, drinking alcohol, usage of illicit drugs, hormonal
contraceptives, or energy drinks. She mentioned that she was taking a HS, GC (1400
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mg daily), for weight loss since 4 wks. Family history was unremarkable.

Physical examination upon admission
Vital signs were notable for tachycardia (133 bpm). On examination, she had
epigastric and right upper quadrant tenderness, without jaundice or
hepatosplenomegaly.

Laboratory workup
Laboratory workup (Table 1) revealed elevated alanine aminotransferase (ALT) 981
U/L, aspartate aminotransferase (AST) 1062 U/L, alkaline phosphate 248 U/L,
international normalized ratio (INR) 1.6, prothrombin time 19 s, and ammonia level 44
μmol/L. Acetaminophen and alcohol levels were negative, as was her urine
toxicology. Testing for hepatitis A, hepatitis B, hepatitis C, human immunodeficiency
virus, herpes simplex virus, cytomegalovirus, Epstein Barr virus, parvovirus, and
rapid plasma regain were negative. Autoimmune work-up including antinuclear
antibody, antimitochondrial antibody, and anti-smooth muscle antibody were also
negative. Serologies for alpha-1 antitrypsin, ceruloplasmin, iron studies, alpha
fetoprotein, and carcinoembryonic antigen were unremarkable.

Imaging examination
Abdominal ultrasound showed hepatosplenomegaly with heterogenous increased
echogenicity compatible with fatty liver. Abdominal computer tomography (CT) scan
showed hepatosplenomegaly with heterogeneous-appearing liver.

FINAL DIAGNOSIS
The final diagnosis of presented case is acute liver failure associated with GC.

TREATMENT
GC was stopped, and she was provided supportive care at the liver transplant center.

OUTCOME AND FOLLOW-UP
Patient’s symptoms resolved, and liver enzymes improved gradually (Figure 1) by
day 7 (ALT 125 U/L, AST 46 U/L, alkaline phosphate 248 U/L). Her liver function
test returned to her baseline at 42 days follow-up from discharge.

DISCUSSION
Herbal and dietary supplements are the second most common cause of drug-induced
liver injury (DILI), after antibiotic therapy, in the United States[5]. Americans spend an
estimated $66 billion annually on weight loss products[6]. Approximately 10% of obese
population are using over-the-counter weight loss products in the Unites States[7]. HS
are increasingly used for weight loss in the past decade, as these products are easily
available over the counter and considered natural supplements without potential side
effects. GC is one of the HS which is increasingly being used in the United States for
weight loss. It contains hydroxycitric acid which is considered to be a “magical
ingredient” responsible for weight loss. It affects the metabolism of citric acid cycle
and inhibits the de novo synthesis of fatty acid[8].
“Hydroxycut” is a weight loss supplement which was commonly used for weight
loss about a decade ago. GC was one of the active ingredients in Hydroxycut
supplement. In April 2009, the FDA reported 23 cases of severe hepatotoxicity
attributed to Hydroxycut [9] and issued a public warning in May 2009 causing
Hydroxycut product to be recalled by its manufacturer. A reformulated form of
Hydroxycut without GC extract was manufactured and reissued within the market
for weight loss. Since May 2009, multiple case reports have identified the causal
relationship of GC with severe hepatotoxicity (Table 2) [7,10-16] . These case reports
reinforce the potential toxic effects of GC contributing to hepatotoxicity.
Due to multitude of ingredients in the supplement formulations, it is difficult to
establish correlation of hepatotoxicity with GC. The exact mechanism by which it
causes liver failure is unclear. A rodent study revealed that GC may exacerbate
steatohepatitis by increasing hepatic collagen accumulation, lipid peroxidation,
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Table 1 Laboratory testing done to investigate acute liver failure etiology
Laboratory test

Reference range

Results

Alanine aminotransferase

15-41 U/L

981 (H)

Aspartate aminotransferase

3-34 U/L

1062 (H)

Alkaline phosphate

45-117 U/L

248 (H)

Total bilirubin

0.2-1.3 mg/dL

1.3 (N)

Conjugated bilirubin

0.0-0.30 mg/dL

0.73 (H)

Total Protein

6.3-8.2 g/dL

6.8 (N)

Albumin

3.5-5.0 g/dL

2.8 (L)

Ammonia level

0-32 μmol/L

44 (H)

Prothrombin time

10-13.5 s

19.0 (H)

International normalized ration

0.8-1.2

1.6 (H)

Hepatitis A, IgM

Nonreactive

Nonreactive

Hepatitis A, IgG

Nonreactive

Reactive

Hepatitis B, core IgM

Nonreactive

Nonreactive

Hepatitis B, surface antigen

Nonreactive

Nonreactive

Hepatitis C antibody

Nonreactive

Nonreactive

Human immunodeficiency virus 1 and 2 antibody/antigen

Nonreactive

Nonreactive

Herpes simplex virus 1 and 2 IgM

Negative

Negative

Cytomegalovirus, IgM

Negative

Negative

Cytomegalovirus, IgG

Negative

Negative

Epstein Barr virus, IgM

Negative

Negative

Parvovirus B19, IgM/IgG

Negative

Negative

Rapid plasma regain (RPR)

Nonreactive

Nonreactive

Influenza A, antigen

Negative

Negative

Influenza B, antigen

Negative

Positive

Antinuclear antibody

Negative

Negative

Antinuclear antibody titer

< 1.0 U

0.6 (N)

Antismooth muscle antibody

Negative

Negative

Antimitochondrial antibody, M2

< 0.1 U

< 0.1 (N)

Acetaminophen level

10-30 mcg/ml

<2

Ethanol level

0-3 mg/dL

<3

Urine toxicology screen

Negative

Negative

Liver function tests

Coagulation Studies

Viral serologies

Autoimmune liver disease panel

Toxicology studies

H: High; N: Normal; L: Low.

oxygen free radical injury, and levels of proinflammatory cytokines like tumor
necrosis factor-alpha and monocyte chemoattractant protein-1[17]. The pattern of liver
injury caused by GC was noted to be hepatocellular and cholestatic in most of the case
reports (Table 2). The most common symptoms of presentation are nausea, vomiting,
abdominal pain, anorexia, jaundice, fatigue and generalized myalgias. The duration of
GC use before onset of symptoms was ranged from 7 to 28 days however, it was
found to be 2 days and 150 days in two case reports, respectively. In most patients,
there was an improvement of symptoms and liver function with stopping GC and
providing supportive care. Liver transplantation was required in 3 patients. In our
case, the patient developed acute liver failure within 4 wks after starting GC. DILI is
diagnosis of exclusion of other possible etiologies of acute liver failure, as was
investigated in this patient.
To reduce the chances of overdiagnosis or misdiagnosis related to GC, The Council
of International Organizations of Medical Sciences (CIOMS) and Roussel Uclaf
Causality Assessment Method (RUCAM) scale is the “most commonly used scoring
system to establish the etiology of DILI” (Table 3)[18]. The “CIOMS/RUCAM scale”
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Figure 1

Figure 1 Trends of liver function test, prothrombin and international normalized ratio from day 0 to day 42.

grades DILI into definitive (score > 8), probable (score 6-8), possible (score 3-5),
unlikely (score 1-2), or excluded (scores < 0). In this patient, a score of 9 was found
and indicated acute liver failure secondary to use of herbal supplements. We excluded
other possible etiologies of acute liver failure. Improvement in the patient’s symptoms
and liver function with discontinuation of GC also indicated correlation of
hepatotoxicity with GC.

CONCLUSION
Early recognition and discontinuation of GC can prevent progression of drug-induced
liver failure to fulminant hepatic failure and the potential need for liver
transplantation if not investigated and stopped rather quickly. Therefore, a
medication reconciliation of both prescribed and over-the-counter supplements are
prudent on an ongoing basis. Ingredients of herbal and dietary supplements should
be regulated by FDA for adverse health consequences and safety profile; however,
this may prove to be a daunting task given the number of HS that are on the market
and continue to be developed. Further clinical trials are needed to recognize the
association between GC and hepatotoxicity and whether this ingredient needs to be
closely regulated, given its high propensity for detrimental and potentially fatal
complications.
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Table 2 Case reports of hepatotoxicity related to non-Hydroxycut formulation of Garcinia cambogia since 2009
Case report

Year

Age

Sex

Duration of GC Clinical
use
presentation

CIOSM/RUCAM Liver
score
transplantation

Present case

2019

26

Female

28 d

Nausea,
vomiting,
abdominal pain,
anorexia and
myalgia

9

No

Sharma et al[15]

2018

57

Female

28 d

Vomiting and
abdominal pain

11

No

Kothadia et al[14] 2018

36

Female

28 d

Fever, nausea,
vomiting,
abdominal pain,
fatigue and
jaundice

8

No

Lunsford et al[7]

2016

34

Male

150 d

Nausea,
vomiting,
abdominal pain
and dark urine

NA

Yes

Smith et al[13]

2016

26

Male

7d

Fatigue, icteric
sclera and skin

6

Yes

Corey et al[12]

2016

52

Female

25 d

Fatigue,
intermittent
confusion and
jaundice

7

Yes

MelendezRosado et al[11]

2015

42

Female

7d

Nausea,
abdominal pain,
clamminess

NA

No

Lee et al[16]

2014

39

Female

2d

Nausea,
9
abdominal pain,
anorexia,
dyspepsia, fatigue
and jaundice

No

Sharma et al[10]

2010

19

Male

NA

Fever, fatigue,
myalgia,
arthralgia,
Nausea,
Vomiting,
abdominal pain
and jaundice,
erythematous
skin rash lower
extremities

No

7

GC: Garcinia cambogia; CIOMS: Council of International Organizations of Medical Sciences; RUCAM: Roussel Uclaf Causality Assessment Method; NA:
Not-available.

WJH

https://www.wjgnet.com

740

November 27, 2019

Volume 11

Issue 11

Yousaf MN et al. Hepatotoxicity associated with Garcinia cambogia

Table 3 The Council of International Organizations of Medical Sciences and Roussel Uclaf Causality Assessment Method Scale
Criteria

Score

Time from drug intake until reaction onset
5-90 d

+2

< 5 or > 90 d

+1

Time from drug withdrawal until reaction onset
< 15 d

+1

> 15 d

0

Alcohol risk
Present

+1

Absent

0

Age
> 55 yr

+1

< 55 yr

0

Course of reaction
> 50% improvement within 8 d

+3

> 50% improvement within 30 d

+2

Worsening or < 50% improvement in 30 d

-1

Concomitant therapy
Time to onset incompatible

0

Time to onset compatible but with unknown reaction

-1

Time to onset compatible but known reaction Role proved in the case

-2 -3

None or information not available

0

Exclusion of non-drug related causes
Ruled out

+2

Possible or not investigated

0

Probable

-3

Previous information on hepatotoxicity
Reaction unknown

0

Reaction published but unlabeled

+1

Reaction labeled in the product’s characteristics

+2

Response to re-administration
Positive

+3

Compatible

+2

Negative

-2

Not available or not interpretable

0

Plasma concentration of drug known as toxic

+3

Validated laboratory test with high specificity, sensitivity, and predictive values positive

+3

Validated laboratory test with high specificity, sensitivity, and predictive values negative

-3

Interpretation of score for drug induced liver injury:
> 8 definite drug induced liver injury
6-8 probable drug induced liver injury
3-5 Possible drug induced liver injury
1-2 Unlikely drug induced liver injury
< 0 drug induced liver injury excluded
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Abstract
BACKGROUND
Pancreaticobiliary maljunction (PBM) can be classified into two categories, PBM
with congenital biliary dilatation (CBD) or PBM without biliary dilatation, and
the management of PBM is often controversial. The treatment for PBM with CBD
is prophylactic flow diversion surgery, and some authors have reported that the
incidence of cancer after extrahepatic bile duct excision is less than 1%. A very
rare case of intrahepatic cholangiocarcinoma 6 years after flow diversion surgery
for PBM with CBD is reported.
CASE SUMMARY
A 30-year-old man was diagnosed as having PBM with CBD, Todani
classification type IVA, because of abnormal liver enzyme profiles. He underwent
flow diversion surgery and cholecystectomy, and the specimen showed
adenocarcinoma foci, pT1, pStage IA. Five and a half years passed without any
recurrence of bile duct cancer. However, 6 years after his operation, computed
tomography showed a gradually growing nodule in the bile duct.
Fluorodeoxyglucose positron emission tomography showed high uptake, and
magnetic resonance imaging showed restricted diffusion signals. On double
balloon enteroscopy, the nodule at the posterior bile duct-jejunum anastomosis
was directly visualized, and its biopsy specimen showed adenocarcinoma. The
patient underwent right lobectomy and biliary reconstruction. The pathological
diagnosis was intraductal papillary neoplasm with high-grade intraepithelial
neoplasia, pTis, pN0, pStage 0. The patient’s postoperative course was
uneventful, and he has had no recurrence up to the present time.
CONCLUSION
This case suggests the necessity of careful observation after flow diversion
surgery, especially when PBM with CBD is detected in adulthood.
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Core tip: Pancreaticobiliary maljunction (PBM) is one of the risk factors for biliary tract
cancer. A rare case of intrahepatic cholangiocarcinoma 6 years after flow diversion
surgery for PBM with congenital biliary dilatation (CBD) is presented. Careful followup after flow diversion surgery is important to detect cholangiocarcinoma in its early
stage, especially when PBM with CBD is detected in adulthood, and when cancer has
already developed in the bile duct.
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INTRODUCTION
Pancreaticobiliary maljunction (PBM) is an uncommon congenital anomaly defined as
junction of the pancreatic and bile ducts outside the duodenal wall, allowing
reciprocal reflux of pancreatic juice and bile, which is carcinogenic. Thus, PBM is a
high-risk factor for biliary tract cancer, and preventive surgery is necessary.
Congenital biliary dilatation (CBD), one type of PBM, is usually treated with
prophylactic flow diversion surgery, and the extent of intrahepatic and extrahepatic
bile duct resection is often controversial [1,2] . A rare case of a young man who
developed cholangiocarcinoma 6 years after flow diversion surgery for PBM with
CBD is described.

CASE PRESENTATION
A 30-year-old Japanese man was found to have liver dysfunction at a medical
examination. He had no remarkable medical history, was not on any medications, and
had no allergies to any food or drug. He visited a nearby hospital and was diagnosed
as having PBM with CBD. His common bile duct showed cystic dilatation
accompanied by intrahepatic bile duct dilatation, which was classified as Todani type
IVA (Figure 1). In the same year, he underwent cholecystectomy and a flow diversion
operation that consisted of excision of the extrahepatic bile duct, and biliary and
Roux-en-Y reconstruction. According to the Union for International Cancer Control
(UICC) 7th edition, the histopathological specimen showed adenocarcinoma foci, pT1,
pNx, pStage IA. He did not have any adjuvant chemotherapy and five and a half
years passed without any recurrence of biliary tract cancer.

MULTIDISCIPLINARY EXPERT CONSULTATION
However, six years after his operation, follow-up computed tomography (CT) showed
a gradually growing nodule, about 10 mm in diameter, at the bile duct-jejunum
anastomosis (Figure 2). Physical examination showed no abnormalities except for his
previous operative scar. Laboratory tests were unremarkable, including liver and
biliary enzyme profiles. Tumor markers were normal (carcinoembryonic antigen 0.8
ng/mL and carbohydrate 19-9 6.4 U/mL). Fluorodeoxyglucose positron emission
tomography (FDG-PET) showed high FDG uptake, and magnetic resonance imaging
showed restricted diffusion signals at the same nodular lesion. Double balloon
enteroscopy showed the lesion directly. There were four holes anastomoses at the
cholangiojejunostomy. A reddish and hemorrhagic tumor protruded from the
posterior hole, and the other three holes were intact; the biopsy specimen showed
adenocarcinoma (Figure 3).
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Figure 1

Figure 1 3D-reconstruction of magnetic resonance cholangiopancreatography shows an abnormally dilated
common bile duct (white star). Both right and left hepatic ducts also show intrahepatic dilatations (white arrows).

FINAL DIAGNSIS AND TREATMENT
One month after percutaneous transhepatic portal embolization to prevent
postoperative liver failure due to small remnant liver volume less than 30%, he
underwent right lobectomy, biliary reconstruction, and regional lymph node
dissection. At laparotomy, there were severe adhesions due to his previous operation.
Right lobectomy was performed with dissection of the right hepatic artery, right
portal vein, right hepatic vein, hilar bile ducts, and Roux-en-Y jejunum with
cholangiojejunostomy. The remaining bile ducts in the hilar plate were three holes of
B1, B2 plus B3, and B4. The biliary reconstruction was performed by new
cholangiojejunostomy with a one-hole anastomosis. The Roux-en-Y reconstruction
was also performed by a new jejunojejunostomy. The histopathological diagnosis was
intraductal papillary neoplasm of the bile duct with high-grade intraepithelial
neoplasia. There were no other abnormal findings in other intrahepatic bile ducts,
including the anterior and posterior branches, with a negative bile duct margin. The
dissected lymph nodes showed no evidence of malignancy. According to the UICC 8th
edition, the pTNM classification was pTis, pN0, pStage 0 (Figure 4).

OUTCOME AND FOLLOW-UP
The patient’s postoperative course was uneventful, and he was discharged on the 24th
postoperative day. There has been no evidence of re-recurrence up to the present
time.

DISCUSSION
PBM is a congenital anomaly defined as junction of the pancreatic and bile ducts
outside the duodenal wall. Because of the abnormally located junction, the sphincter
of Oddi does not work effectively. Reciprocal reflux of pancreatic juice and bile
occurs, which introduces carcinogenic chemicals such as activated phospholipase A2
and secondary bile acids. These chemicals usually flow into the biliary tract because
the hydropressure in the pancreatic duct is greater than that in the bile duct. The
anomaly can also cause chronic cholangitis and chronic bacterbilia. As a result,
patients with PBM have a higher risk of biliary tract cancer[3].
PBM can be divided into two categories: PBM with congenital biliary dilatation
(CBD), which was previously called congenital choledochal cyst; or PBM without
biliary dilatation (BD)[4]. Todani et al[5,6] classified this disease into five categories, and
the Todani classification is now commonly used worldwide.
The essential management of PBM is prophylactic surgery to avoid carcinogenesis,
and it should be performed immediately after the diagnosis of PBM[1]. Since bile stasis
in the dilated biliary tract is the most important factor for the development of
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Figure 2

Figure 2 Abdominal CT images with contrast. A: Five and a half years after his first operation; B: Six years after his first operation. The images show a gradually
growing nodule with contrast over a half a year (yellow arrow).

malignant changes in biliary epithelial cells[7], the treatment for PBM with CBD is
prophylactic flow diversion surgery, and that for PBM without BD is prophylactic
cholecystectomy. However, there is no consensus of opinion on whether intrahepatic
dilated bile ducts should be resected for PBM with CBD, or whether extrahepatic nondilated bile ducts should be resected for PBM without BD[1,8].
The present case showed a rare clinical course of PBM with CBD. Watanabe et al[9]
reported that the incidence of cancer after extrahepatic bile duct excision is less than
1%. There seem to be two reasons for the carcinogenesis in this case. The first reason is
that the flow diversion surgery left the dilated right hepatic duct in the hilar plate. In
the first operation, the dilated left hepatic duct was removed, but the dilated right
hepatic duct was used for cholangiojejunostomy. Since 30 years had passed before his
diagnosis of CBD, there must have been some histological changes in the biliary
epithelial cells, such as hyperplasia, metaplasia, and dysplasia. Damage and repair of
the dilated biliary mucosa were likely to occur even after the first operation, resulting
in carcinogenesis at the site of the cholangiojejunostomy. The second reason is that the
reflux of intestinal juice at the cholangiojejunostomy probably played an important
role in carcinogenesis. The stasis of bile and intestinal juice in the dilated biliary tract
induces bacterial overgrowth and generation of unconjugated secondary bile acids[10].
The carcinogenic toxicity of secondary bile acids still remains unclear, but some
authors report the following mechanism in mice and its relationship to humans.
Secondary bile acids suppress the expression of chemokine ligand 16 (CXCL16),
which recruits natural killer T cells, by liver sinusoidal endothelial cells. Then, the
suppressed expression of CXCL16 weakens immunological defenses and leads to the
development of malignancy and progression[11,12].
There have been 41 reported cases of biliary tract cancer after flow diversion
surgery for PBM with CBD in the English literature from 1967 to 2016[7,13-41]. The
characteristics of these patients are shown below (Table 1). Of the 41 cases reported,
35 reported details of the interval between age at flow diversion surgery and age at
detection of biliary tract cancer. These 35 cases were divided into three groups by age
(A, child group, 0-15; B, adolescent/young adult group, 16-30; and C, adult group, >
30 years old), and the interval times are shown in the figure (Figure 5). There were
significant differences between Group A and Group B (median 26.5 vs 4.0 years, P <
0.0001), and between Group A and Group C (median 26.5 vs 8.5 years, P < 0.0001),
with no difference between Group B and Group C. These data mean that patients who
undergo flow diversion surgery in adulthood can develop biliary tract cancer earlier
than patients who undergo it in childhood. In adulthood, furthermore, interval time
does not always depend on age at flow diversion surgery, and it is short, most often
less than 10 years. This fact suggests that the damage to the remaining biliary
epithelial cells due to carcinogenic chemicals is greater in adulthood than in
childhood. In adulthood, the interval time may depend on the size of the dilated bile
duct, on the extent of reflux, on the flow diversion procedures, or on lifestyle. The
details remain unknown, and further similar cases need to be studied.
In the future, the current patient has a high probability of re-recurrence of
cholangiocarcinoma. Although Tsuchida et al[42] reported that chemoprevention can be
effective for PBM to prevent postoperative carcinogenesis, this is still controversial.
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Figure 3 Double balloon enteroscopy shows the cholangiojejunostomy directly. A: There are four-hole anastomoses: Anterior hole, posterior hole, B2 plus B3
hole, and B4 hole, from right to left. A reddish and hemorrhagic tumor protrudes from the posterior hole; B: The tumor extends inside the posterior branch.

CONCLUSION
Follow-up throughout the life of a patient after flow diversion surgery is
recommended[4], but this is difficult in some cases. This case suggests the necessity of
careful observation after flow diversion surgery, especially when PBM with CBD is
detected in adulthood, and when cancer has already developed in the bile duct.
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Table 1 Characteristics of the patients with biliary tract cancer after flow diversion surgery
Variables

Number of Cases/years

Sex

Todani classification

Male

8

Female

24

NA

9

I

16

IVA

16

NA

9

1

Age at flow diversion surgery

28.3 (0-68)
NA

Age at detection of biliary tract cancer1

8
42.3 (20-70)

NA
Interval time1

8
12.6 (1-35)

NA

3

1

Values are medians (range). NA: Not available.

Figure 4

Figure 4 Histological analysis of the tumor. A: Macroscopic findings; B: Hematoxylin and eosin (HE) staining, × 20; C: HE staining, ×400. Histological studies show
papillary growth and fibrovascular cores in the macroscopically nodular area (yellow arrow), comprising high-grade atypical epithelial cells. There is no invasive
carcinoma associated with the intraductal neoplasm.
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Figure 5

Figure 5 The graph shows the relationship between age at diversion surgery and interval time. Data represent means and standard deviation. P < 0.0001, oneway analysis of variance and Bonferroni’s multiple comparison test.
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Abstract
BACKGROUND
Giant cell hepatitis in the adult population remains very poorly defined with only
100 case reports published in the literature over the last three decades.
AIM
To present our center’s experience in an attempt to learn about the predisposing
factors, outcomes and efficacy of proposed therapeutic interventions for giant cell
hepatitis.
METHODS
A retrospective chart review was conducted through the electronic records of the
University of Pittsburgh Medical Center. We queried 36726 liver biopsy reports
from January 1, 1991 to December 6, 2016. Our search yielded 50 patients who
were identified as carrying a definite diagnosis of post-infantile giant cell
hepatitis (PIGCH) by pathology. The data collected included demographic
information, laboratory data (liver function tests, autoimmune markers) and
transplant status. In order to better analyze patient characteristics and outcomes,
subjects were separated into a non-transplant (native) liver group and a post-liver
transplant (allograft) group.
RESULTS
The incidence of PIGCH was approximately 0.14% of all biopsies queried in the
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25-year period. The mean age was 48 years with 66% females. Liver function tests
were classified as 38.2% cholestatic, 35.3% hepatocellular and 26.5% mixed.
Autoimmune hepatitis was found to be the most prevalent predisposing factor
leading to PIGCH constituting 32% of cases. Management consisted mainly of
immunosuppression, viral targeted therapy, supportive care and in six cases liver
transplantations.
CONCLUSION
The diagnosis of PIGCH remains clinically challenging and requires a high index
of suspicion as well as a thorough history, physical examination, serological
workup and liver biopsy. Treatment of the underlying cause can result in clinical
stability in a large number of cases.
Key words: Post-infantile giant cell hepatitis; Liver transplantation; Autoimmune hepatitis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Post-infantile giant cell hepatitis is a rare disorder and very poorly defined in
the literature. Our study aimed to present our center’s experience in an attempt to shed
more light about the predisposing factors, outcomes and efficacy of proposed therapeutic
interventions for post-infantile giant cell hepatitis.
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INTRODUCTION
Giant cell hepatitis (GCH) is a relatively common histologic finding in neonates. It is
believed to occur secondary to insults to immature hepatocytes. In children, it
typically presents with cholestasis, conjugated hyperbilirubinemia and variable
degrees of inflammation[1]. Idiopathic GCH refers to these histologic findings with a
structurally intact biliary system as opposed to conditions where biliary abnormalities
are present, such as biliary atresia [1] . The most commonly proposed pathophysiological hypothesis to account for the presence of giant cells includes an
ineffective cytoplasmic division in the setting of cellular fission (endomitosis) in
contrast to cellular hepatocyte fusion secondary to hepatic injury[2].
As common as GCH is in children, it is exceedingly rare in adults. GCH in the adult
population remains very poorly defined with only 100 case reports published in the
literature over the last three decades[3]. In adults the entity is referred to as postinfantile giant cell hepatitis (PIGCH), also known as syncytial or adult onset GCH.
PIGCH represents a histologic diagnosis that has been associated with a myriad of
medical conditions including infectious, hematologic, autoimmune disorders and
drug reactions (Table 1)[3-13]. Pathological analysis is characterized by the presence of
giant multinucleated syncytial hepatocytes. In particular, more than four to five nuclei
in hepatocytes should be seen in a single lobule combined with other features of
hepatitis such as lobular disarray, inflammation, Kupffer cell hypertrophy and spotty
hepatocytes necrosis (Figure 1).
The clinical course of patients with giant cells on histology is widely variable,
ranging from minimal symptoms without major clinical implications to acute liver
failure that is often times fatal despite standard clinical care. In the current study, we
aimed to present our center’s experience with this very rare disease entity in an
attempt to shed more light about its predisposing factors, outcomes and efficacy of
proposed therapeutic interventions.

MATERIALS AND METHODS
After obtaining local institutional review board approval, we queried liver biopsy
reports (36726) at the University of Pittsburgh Medical Center electronic records using
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Table 1 Reported causes of post-infantile giant cell hepatitis
Infectious

Hepatitis A, B, C
Epstein-Barr virus (EBV)
Cytomegalovirus (CMV)
Paramyxo-like virus
Human immunodeficiency virus (HIV)
Herpesvirus 6A
Human papillomavirus (HPV)

Autoimmune

Autoimmune hepatitis (AIH)
Ulcerative colitis (UC)
Primary sclerosing cholangitis (PSC)
Primary biliary cholangitis (PBC)
Systemic lupus erythematosus (SLE)
Rheumatoid arthritis (RA)
Polyarteritis nodosa (PAN)

Drugs

Methotrexate
6 mercaptopurine
Amytriptyline
P-aminosalicylic acid
Vinyl chloride
Chropromazine
Methotrexate

Hematologic

Chronic lymphocytic leukemia (CLL)
Lymphoma
Sickle cell disease (SCC)
Hypereosinophilia
Autoimmune hemolytic anemia

Endocrine

Hypoparathyroidism

Infiltrative

Sarcoidosis

Post-transplant

-

Idiopathic

-

the keywords “giant cell hepatitis” from January 1, 1991 to December 6, 2016. Our
search yielded 127 individual patient records, of which 45 were diagnosed prior to 18
years of age. The remaining 82 records were evaluated by three physicians (BM, SM,
MM) after which 50 patients were identified as carrying a definite diagnosis of PIGCH
based on liver biopsy. In order to better analyze patient characteristics and outcomes,
subjects were separated into a non-transplant (native) liver group and a post-liver
transplant (allograft) group.

RESULTS
The incidence of PIGCH was approximately 0.14% of all biopsies queried in the 25year period. The mean age of the studied patient sample was 48 years with 66%
females. Liver function tests were classified as follows: 38.2% cholestatic, 35.3%
hepatocellular and 26.5% mixed; 73.5% of patients had bilirubin values exceeding 1.5
mg/dL at the time of diagnosis and 42% of patients had bilirubin values exceeding 5
mg/dL. Mean follow up of the entire cohort was over six years (79 mo; SD = 76.1).
Patient demographics and liver function tests for patients are outlined in Table 2.
Patients with GCH found in the native liver group were older, had higher aspartate
aminotransferase, alanine aminotransferase and total bilirubin when compared to the
allograft group.
Autoimmune hepatitis (AIH) was found to be the most prevalent predisposing
factor leading to PIGCH constituting 32% of cases, while drugs accounted for 12% of
cases. Other etiological associations included viral infections [hepatitis A, B, C (HCV),
cytomegalovirus (CMV), Epstein-Barr virus], systemic autoimmune conditions (but
not enough to give a diagnosis of AIH) and hematologic conditions. In nearly 1/3 of
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Figure 1

Figure 1 Liver biopsy of 44-year-old female with autoimmune hepatitis (hematoxylin and eosin stain 40 ×).
Biopsy revealed chronic hepatitis with prominent giant multinucleated hepatocytes.

cases, no predisposing factor for PIGCH was found (idiopathic). In the post-transplant
population, the most prevalent predisposing factor leading to PIGCH was AIH as
well, accounting for 30% of cases.
Autoimmune markers related to liver disease were common: Anti-nuclear antibody
in 34% of cases, elevated immunoglobulin G in 22% of cases, anti-smooth muscle
antibody in 10% of cases, anti-mitochondrial antibody in 8% of cases and anti-liver
kidney microsomal antibody in 2% of cases.
Drugs which were identified as the possible culprit for GCH development
consisted of microdantin, ranitidine, omeprazole, moxifloxacin, ranitidine, plaquenil
as well as chromium picolinate.
Notable pathological findings included diffuse necrosis in 24% of the patients,
inflammation and acute hepatitis in 56% of patients and overt cirrhosis in 12% of
patients. Of the ten patients with GCH post-liver transplant, five had concomitant
features of acute cellular rejection.
Management of PIGCH consisted mainly of immunosuppression, viral targeted
therapy, supportive care and in six cases liver transplantation. Management and
outcomes are outlined in Table 3. Among the patients who were treated with
immunosuppression, eight patients (53%) had improvement in their liver function
tests. Of the patients treated with ganciclovir, two patients (100%) had improvement
in their liver function tests.
Among the native group, five patients (13%) required liver transplantation, and one
patient developed graft failure from post-transplant GCH and required a second
transplant. Five (13%) patients died from liver-related complications in the native
liver group compared to two (20%) in the allograft group. Among these seven
patients, five died with acute liver failure. Patient #1 had received two liver
transplants. The first transplant was for HCV cirrhosis and subsequently developed
PIGCH in the allograft despite achieving a sustained virologic response after antiviral therapy. This patient eventually developed allograft cirrhosis attributed to
PIGCH and required a second transplant for this reason. The patient died of a
spontaneous intracranial hemorrhage. Patient #2 had developed cirrhosis attributed
to PIGCH and died of pneumonia and sepsis. The five remaining patients presented
with acute liver failure. Patient #3 was urgently transplanted but developed infected
necrotizing pancreatitis to which he succumbed. Patient #4 was found to develop a
pneumothorax and died from hemothorax after placement of a thoracotomy tube.
Patient #5 died after developing subcapsular hepatic bleeding following a liver
biopsy. Patients #6 and #7 developed a massive variceal bleed and lower
gastrointestinal bleeding (exact cause unknown), respectively, that led to their demise.
Of the 50 patients with GCH, 12 (6 native and 6 allograft) underwent a repeat liver
biopsy of which 66% still had evidence of GCH despite treatment. Half of these
patients had undergone liver transplantation (AIH, primary sclerosing
cholangitis/AIH overlap, HCV, GCH, alcoholic and cryptogenic cirrhosis). These
patients had persistent GCH on repeat biopsies despite immunosuppression. The
patient with primary sclerosing cholangitis/AIH overlap had improvement of GCH
findings on subsequent biopsy. One subject had evidence of acute cellular then
chronic rejection on subsequent biopsies. Cirrhosis developed in a patient
transplanted for alcoholic cirrhosis and GCH. Among the native liver group, six
patients had recurrent GCH on biopsy. One had acute hepatitis B, while the rest did
not have a specific predisposing factor.
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Table 2 Patient characteristics and liver function tests
GCH on native liver, n = 40

GCH on allograft, n = 10

50.4

43.4

Male

14 (35%)

4 (40%)

Female

26 (65%)

6 (60%)

AST

433 ± 486

175 ± 158

ALT

488 ± 537

232 ± 206

Alkaline phosphatase

197 ± 151

296 ± 197

GGT

287 ± 582

246 ± 182

Bilirubin

10.9 ± 10.4

3.1 ± 3.8

Mean age in yr
Gender

GCH: Giant cell hepatitis; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: γGlutamyl transpeptidase.

DISCUSSION
With only 100 cases reported in the adult literature, PIGCH remains poorly
understood. The prevalence of this disease has been reported at 0.1% to 0.25%[3],
which is consistent with the incidence in our cohort (0.14%). Given the rarity of this
entity, outcomes and management are largely based on anecdotal evidence. There are
no approved therapies and no consensus on management strategies[13].
The histological finding of giant cells in adults seems to be a manifestation of
hepatic stress as opposed to a primary hepatic injury[3,10]. The diagnosis is made based
on the presence of multinucleated giant cells usually evident in zones 1 and 3 of the
Rappaport acinus. More than four to five nuclei in hepatocytes should be seen in a
single lobule combined with other features of hepatitis such as lobular disarray, acinar
inflammation, Kupffer cell hypertrophy and spotty hepatocytes necrosis. Other
common features may include non-suppurative cholangitis, ductopenia and different
stages of periportal fibrosis leading to cirrhosis[6,14]. Similar histological findings were
observed among our patient cohort: The majority had notable inflammation on
pathology, while a quarter of them exhibited evidence of hepatic necrosis (28% spotty
necrosis, 48% bridging/confluent necrosis, 19% sub-massive necrosis and 5% massive
necrosis), with 12% demonstrating overt cirrhosis, which is comparable to previous
reported rates in the literature of about 13%[3].
Out of the six liver transplant recipients for PICGH, two died with recurrent
disease. The first patient died in the early post-transplant period, and the second
patient died 11 years later. Two patients required two more liver transplants each for
recurrent decompensated cirrhosis despite being on standard immunosuppression.
One patient developed cirrhosis with features of chronic rejection, which was thought
to be related to recurrent hepatitis C, and another was related to CMV hepatitis.
Scant data exists on PIGCH in the post-transplant setting with prior observations
indicating the need for re-transplantation in the majority of recipients due to recurrent
disease. Pappo et al[15] examined the clinical and pathologic course of seven patients
who developed GCH after liver transplantation. Five of these patients had GCH as
their native liver disease. Two patients died. Two patients required re-transplantation
because of recurrent GCH. One patient with recurrent GCH was still alive six years
after transplantation. Similarly, in our study, ten patients developed GCH after liver
transplantation. Two patients had GCH as their native liver disease. One patient died
due to sepsis related to a second liver transplantation. Two patients developed
recurrent GCH on the allograft; one of those patients had their immunosuppression
increased and had survived at two years and the other patient required retransplantation. Two patients developed de novo GCH that required an increase in
immunosuppression; one patient eventually needed liver transplantation and the
other one improved with medical management. One patient developed de novo GCH
and CMV hepatitis and was treated with ganciclovir. The remaining four patients
were lost to follow up.
Management strategies to treat recurrence mainly consisted of increasing
immunosuppression and in rare cases the institution of ribavirin with variable
success[16,17].
Our results were consistent with prior reports indicating a potential autoimmune
link to the findings of PIGCH. We concluded that an autoimmune type hepatitis was
seen in 1/3 of our patients; 34% of the patients had a positive anti-nuclear antibody,
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Table 3 Predisposing factors, n (%)
Predisposing factors

GCH on native liver

GCH on allograft

AIH

13 (32)

3 (30)

Drug induced

6 (15)

0

No factor identified

12 (30)

3 (30)

UC

2 (5)

3 (30)

PSC

3 (7)

1 (10)

HCV

2 (5)

1 (10)

CMV

1 (2)

1 (10)

SLE

2 (5)

0

Lymphoma

2 (5)

0

HAV

1 (2)

0

HBV

1 (2)

0

EBV

1 (2)

0

Sjogren

1 (2)

0

Autoimmune hemolytic anemia

1 (2)

0

CLL

1 (2)

0

Peripheral eosinophilia

1 (2)

0

SCC

1 (2)

0

Celiac disease

1 (2)

0

GCH: Giant cell hepatitis; AIH: Autoimmune hepatitis; UC: Ulcerative colitis; PSC: Primary sclerosing
cholangitis; HCV: Hepatitis C virus; CMV: Cytomegalovirus; SLE: Systemic lupus erythematosus; HAV:
Hepatitis A virus; HBV: Hepatitis B virus; EBV: Epstein-Barr virus; CLL: Chronic lymphocytic leukemia;
SCC: Sickle cell disease.

22% had an elevated immunoglobulin G, while 12 patients would fulfill at least a
probable diagnosis of AIH based on the AIH scoring system[18] (Table 4).
The majority of our patients were female (66%), which is somewhat different to
previous reports with approximately equal numbers between genders[3]. Idiopathic
PIGCH was present in 30% of our cohort, which is much higher than prior published
studies. A higher incidence of idiopathic PIGCH in our cohort compared to the
published literature is likely a manifestation of publication bias, i.e. cases of PICGH
where there is no clear link may be less apt to be reported[3]. Drug induced liver injury
was the culprit in 12% of cases with all of the reported drugs being novel associations
with PIGCH (Table 4).
Viral causes amongst our cohort seem to have been less frequent than previously
reported. Outcomes of those with a viral cause was variable, although the cases where
CMV infection was felt to be the culprit did respond well to ganciclovir, similar to
cases reported in the literature[7,19].
The majority of deaths were in the group labeled idiopathic PIGCH, while only two
out of sixteen patients with autoimmune like features died. Notably, all of the
idiopathic patients were managed supportively while most of the autoimmune cases
were managed with immunosuppression. One patient who died had chronic HCV in
addition to AIH. HCV therapy (standard of therapy at the time was interferon-based
treatment) was not offered given the patient’s decompensated state. PIGCH has been
described in both acute and chronically infected HCV patients (or co-infected with
HIV) with a relatively good prognosis after treatment with interferon and ribavirin or
immunosuppressive therapy when autoimmune features are present[19-22]. No studies
have been published to date using the highly potent direct acting antivirals that might
potentially prove to have even better outcomes with higher rates of viral
eradication[23].
The presentations and outcomes of our patients coincide with previously reported
observations in the literature of being highly variable. Some patients only manifested
in mild elevations in liver function tests while others developed acute liver failure
resulting in death or the need for liver transplantation (Table 2). Most patients
responded well to immunosuppressive therapy that mainly consisted of intravenous
hydrocortisone, prednisone, azathioprine and tacrolimus, especially with the presence
of autoimmune features. One case (previously published) with PIGCH secondary to
AIH complicating ulcerative colitis responded to prednisone with improved liver
functions despite worsening ulcerative colitis (the patient ultimately required a
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Table 4 Management and outcomes, n (%)
GCH on native liver, n = 40

GCH on allograft, n = 10

Immunosuppression

11 (28)

4 (40)

Supportive care

10 (25)

0 (0)

Liver transplantation

5 (13)

1 (10)

Ganciclovir

1 (3)

1 (10)

Unknown

13 (33)

4 (40)

Survived

25 (63)

4 (40)

Died

5 (13)

2 (20)

Unknown

10 (25)

4 (40)

Management

Outcomes

GCH: Giant cell hepatitis.

colectomy)[12]. Several cases of PIGCH associated with chronic lymphocytic leukemia
have been reported with largely favorable outcomes after being managed with
intravenous immunoglobulins (in the events where immunoglobulins are low),
rituximab or steroids[8,13]. This is similar to our patient with chronic lymphocytic
leukemia who was managed successfully with prednisone but ultimately developed
cirrhosis[24].
Our study has several limitations. It is based on retrospective chart review and is
mainly descriptive. That being said, it includes the largest number of unique cases of
PIGCH from a single institution included in a single manuscript.
The exact etiology of PIGCH and mechanism of injury remains unknown, and the
histological findings are likely related to an idiosyncratic or cytopathic response to
various hepatocyte stimuli. Our series suggested an autoimmune cause as the most
common association. The diagnosis of PIGCH remains clinically challenging and
requires a high index of suspicion as well as a thorough history, physical examination
and serological workup, which should include viral, hematologic and autoimmune
causes. Ultimately a liver biopsy is required as PICGH remains a purely
histomorphological diagnosis. Treatment of the underlying cause (especially if it is
autoimmune or viral) can result in clinical stability in a large number of cases.
Treatment and monitoring should be done in close association with specialty centers
including those capable of liver transplantation.

ARTICLE HIGHLIGHTS
Research background
Giant cell hepatitis in the adult population remains very poorly defined with only 100 case
reports published in the literature over the last three decades. Pathological analysis is
characterized by the presence of giant multinucleated syncytial hepatocytes. The clinical course
of patients with giant cells on histology is widely variable, ranging from minimal symptoms
without major clinical implications to acute liver failure that is often times fatal despite standard
clinical care.

Research objectives
Our primary objective was to present our center’s experience in an attempt to learn about the
predisposing factors, outcomes and efficacy of proposed therapeutic interventions for giant cell
hepatitis.

Research methods
A retrospective chart review was conducted through the electronic records of the University of
Pittsburgh Medical Center. We queried 36726 liver biopsy reports from January 1, 1991 to
December 6, 2016. Our search yielded 50 patients who were identified as carrying a definite
diagnosis of post-infantile giant cell hepatitis (PIGCH) by pathology. The data collected included
demographic information, laboratory data (liver function tests, autoimmune markers) and
transplant status. In order to better analyze patient characteristics and outcomes, subjects were
separated into a non-transplant (native) liver group and a post-liver transplant (allograft) group.

Research results
The incidence of PIGCH was approximately 0.14% of all biopsies queried in the 25-year period.
The mean age was 48 years with 66% females. Liver function tests were classified as 38.2%
cholestatic, 35.3% hepatocellular and 26.5% mixed. Autoimmune hepatitis was found to be the
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most prevalent predisposing factor leading to PIGCH constituting 32% of cases. Management
consisted mainly of immunosuppression, viral targeted therapy, supportive care and in six cases
liver transplantation.

Research conclusions
The diagnosis of PIGCH remains clinically challenging and requires a high index of suspicion as
well as a thorough history, physical examination, serological workup and liver biopsy.
Treatment of the underlying cause can result in clinical stability in a large number of cases.

Research perspectives
This study reports our center’s experience with PIGCH and the importance of thorough history,
physical examination, serologic work up and liver biopsy in its diagnosis. Further research
should aim at recognizing risk factors for progression from PIGCH to liver failure and further
evaluation of therapeutic interventions (immunosuppression vs viral targeted therapy vs liver
transplantation).
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Abstract
BACKGROUND
Hepatic steatosis is a common form of cystic fibrosis associated liver disease
(CFLD) seen in an estimated 15%-60% of patients with cystic fibrosis (CF). The
pathophysiology and health implications of hepatic steatosis in cystic fibrosis
remain largely unknown. In the general population, hepatic steatosis is strongly
associated with insulin resistance and type 2 diabetes. Cystic fibrosis related
diabetes (CFRD) impacts 40%-50% of CF adults and is characterized by both
insulin insufficiency and insulin resistance. We hypothesized that patients with
CFRD would have higher levels of hepatic steatosis than cystic fibrosis patients
without diabetes.
AIM
To determine whether CFRD is associated with hepatic steatosis and to explore
the impact of lumacaftor/ivacaftor therapy on hepatic steatosis in CF.
METHODS
Thirty patients with CF were recruited from a tertiary care medical center for this
cross-sectional study. Only pancreatic insufficient patients with CFRD or normal
glucose tolerance (NGT) were included. Patients with established CFLD, end
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stage lung disease, or persistently elevated liver enzymes were excluded. Mean
magnetic resonance imaging (MRI) proton density fat fraction (PDFF) was
obtained for all participants. Clinical characteristics [age, sex, body mass index,
percent predicted forced expiratory volume at 1 s (FEV1), lumacaftor/ivacaftor
use] and blood chemistries were assessed for possible association with hepatic
steatosis. Hepatic steatosis was defined as a mean MRI PDFF > 5%. Patients were
grouped by diabetes status (CFRD, NGT) and cystic fibrosis transmembrane
conductance regulator (CFTR) modulator use (lumacaftor/ivacaftor, no
lumacaftor/ivacaftor) to determine between group differences. Continuous
variables were analyzed with a Wilcoxon rank sum test and discrete variables
with a Chi square test or Fisher’s exact test.
RESULTS
Twenty subjects were included in the final analysis. The median age was 22.3
years (11.3-39.0) and median FEV1 was 77% (33%-105%). Twelve subjects had
CFRD and 8 had NGT. Nine subjects were receiving lumacaftor/ivacaftor. The
median PDFF was 3.0% (0.0%-21.0%). Six subjects (30%) had hepatic steatosis
defined as PDFF > 5%. Hepatic fat fraction was significantly lower in patients
receiving lumacaftor/ivacaftor (median, range) (2.0%, 0.0%-6.4%) than in patients
not receiving lumacaftor/ivacaftor (4.1%, 2.7-21.0%), P = 0.002. Though patients
with CFRD had lower PDFF (2.2%, 0.0%-14.5%) than patients with NGT (4.9%,
2.4-21.0%) this did not reach statistical significance, P = 0.06. No other clinical
characteristic was strongly associated with hepatic steatosis.
CONCLUSION
Use of the CFTR modulator lumacaftor/ivacaftor was associated with
significantly lower hepatic steatosis. No association between CFRD and hepatic
steatosis was found in this cohort.
Key words: Cystic fibrosis; Liver disease; Non-alcoholic fatty liver disease; Cystic fibrosis
transmembrane conductance regulator; Lumacaftor/ivacaftor; Cystic fibrosis
transmembrane conductance regulator modulator; Diabetes mellitus
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Hepatic steatosis is a common manifestation of liver disease in cystic fibrosis
(CF). It remains unknown whether hepatic steatosis contributes to the development of
cirrhosis in patients with CF. Lumacaftor/ivacaftor is a cystic fibrosis transmembrane
conductance regulator (CFTR) modulator drug targeting the defective chloride channel
that causes CF. In this cross-sectional study, CF patients receiving lumacaftor/ivacaftor
had significantly lower magnetic resonance imaging proton density fat fractions than CF
patients not receiving the CFTR modulator. CFTR modulator use should be included in
future studies of CF liver disease.

Citation: Kutney K, Donnola SB, Flask CA, Gubitosi-Klug R, O’Riordan M, McBennett K,
Sferra TJ, Kaminski B. Lumacaftor/ivacaftor therapy is associated with reduced hepatic
steatosis in cystic fibrosis patients. World J Hepatol 2019; 11(12): 761-772
URL: https://www.wjgnet.com/1948-5182/full/v11/i12/761.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i12.761

INTRODUCTION
The life expectancy for cystic fibrosis (CF) patients has improved dramatically over
the past several decades, and continued improvement is expected with the
widespread use of cystic fibrosis transmembrane conductance regulator (CFTR)
modulator therapies [1] . While pulmonary disease remains the leading cause of
mortality in CF, extra pulmonary complications such as cystic fibrosis related diabetes
(CFRD) and cystic fibrosis associated liver disease (CFLD) have emerged as important
sources of morbidity in this population[2-4]. As the life expectancy for CF patients
improves, determining the impact of CFTR modulator therapy on extra-pulmonary
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disease is of critical importance.
Hepatic manifestations of CF are broad, including: Neonatal cholestasis,
transaminase elevation, hepatic steatosis, focal biliary cirrhosis, multilobular cirrhosis
and portal hypertension[3,5]. Cirrhosis with portal hypertension is the primary cause of
morbidity and mortality from CFLD [6] . Debate regarding the optimal diagnostic
criteria for CFLD is ongoing[6-9]. While older studies describe CFLD as a childhoodonset disease, recent data demonstrates that adult-onset CFLD is relatively
common [8,10,11] . Multilobular cirrhosis with portal hypertension is the end stage
manifestation of CFLD and is the third leading cause of death in CF patients[1,6].
Perhaps the most common manifestation of CFLD is hepatic steatosis, with
prevalence estimates ranging from 15%-60%[7,12,13]. Historically, hepatic steatosis in CF
patients was attributed to malnutrition and considered a benign finding that did not
increase risk for hepatic cirrhosis [14] . Outside of CF, hepatic steatosis is strongly
associated with obesity and type 2 diabetes[15]. Hepatic steatosis can progress to nonalcoholic steatohepatitis and cirrhosis, which is now a common indication for liver
transplantation among the general population in the United States[16]. Little is known
about the clinical implications of hepatic steatosis in CF and its relationship to other
forms of CFLD[12,17,18].
CFRD is another common extrapulmonary manifestation of CF, with a prevalence
of approximately 20% in adolescents and 40%-50% in adults[19]. CFRD is distinct from
type 1 diabetes, which is characterized by absolute insulin deficiency, and type 2
diabetes in which peripheral insulin resistance predominates. CFRD is primarily a
disease of insulin insufficiency, though insulin resistance occurs during illness and
with increasing age[20,21]. Patients with CFRD typically have lower body mass index
(BMI), reduced pulmonary function and higher mortality rates. These effects are at
least partially mitigated by insulin therapy[22]. The prevalence of CFRD is also higher
in CF patients with liver disease[23].
Both CFRD and CFLD are almost exclusively seen in patients carrying two
pathogenic CFTR variants that severely limit the chloride channel function[24,25]. CFTR
variants are generally categorized into five (or six) groups according to the underlying
cause of channel malfunction. Class 1-3 variants result in little or no CFTR function
while class 4-6 variants are characterized by residual CFTR function[26]. Individualized
CF therapy relies on understanding the functional defect causing CFTR
malfunction[27]. CFTR modulator therapies are a revolutionary class of small molecules
targeting the underlying defect in CF[26]. Ivacaftor is a CFTR potentiator that increases
chloride conductance only if CFTR is present in the cell membrane[28]. Lumacaftor and
tezacaftor are correctors which redirect misfolded CFTR protein to the cell surface[29,30].
Lumacaftor/ivacaftor combination therapy was approved in 2015 for patients
carrying two copies of the F508del (p.Phe508del, c.1521_1523delCTT) pathogenic
variant.
While pulmonary effects of CFTR modulators have been meticulously examined,
the extrapulmonary effects are not well characterized [28,30-33] . Two small studies
demonstrated improved insulin secretion after modulator therapy; while two other
studies failed to show improvement[34-37]. No studies have systematically examined the
impact of CFTR modulator therapy on hepatic steatosis or other liver disease in
patients with CF. Thus, we sought to determine the impact of CFRD on hepatic
steatosis in CF patients and explore other factors associated with elevated hepatic fat,
including CFTR modulator use.

MATERIALS AND METHODS
Patient characteristics
All studies were conducted according to the approved Institutional Review Board
protocols at University Hospitals Cleveland Medical Center between January 1 and
December 31, 2017. Thirty subjects with CF were recruited from the LeRoy W.
Matthews Cystic Fibrosis Center at University Hospitals Cleveland Medical Center/
Rainbow Babies and Children’s Hospital in Cleveland, OH, United States (Table 1 and
(Supplemental Table 1). Eligible subjects were identified using the local CF database
and were approached for study involvement during routine clinic visits or during
hospitalization for a CF pulmonary exacerbation. All subjects were diagnosed with
cystic fibrosis based on sweat chloride and genetic testing according to established
guidelines [38] . Electronic medical records were reviewed to confirm eligibility.
Inclusion criteria were age 10-40 years, pancreatic insufficiency and either normal
glucose tolerance (NGT) or CFRD[39]. Pancreatic insufficiency was defined by a clinical
need for pancreatic enzyme replacement. No fecal elastase testing was performed as
part of this study. Subjects with established CFLD, persistent transaminase elevation
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for greater than one year, low baseline lung function (i.e., FEV1 < 30% predicted) or an
ongoing pulmonary exacerbation were excluded. Only subjects with two copies of a
class 1-3 pathogenic CFTR variant were included in the final analysis. CFTR variants
were classified into classes 1-5 using the CFTR 2 database and existing guidelines for
functional classification[40,41]. Subjects with contraindications to MRI scanning (i.e.,
metal implants, pregnancy) were also excluded. Informed consent was obtained in
person prior to commencing study activities.

Clinical and laboratory evaluation
Clinical characteristics including BMI, percent predicted FEV1, diabetes status, insulin
use and CFTR modulator use were collected from the electronic medical record.
Fasting blood chemistries including lipids, hepatic function tests and hemoglobin
A1C were assessed during a period of baseline health in ambulatory subjects or after
completing treatment for a pulmonary exacerbation in hospitalized subjects. An oral
glucose tolerance test (OGTT) was performed in NGT subjects who had not had an
OGTT in the past six months. Glucose tolerance testing was performed according to
standard guidelines. After an eight hour fast, subjects ingested 1.75 g/kg (maximum
75 g) of glucose dissolved in water. Plasma glucose was evaluated at baseline and 2 h
post glucose ingestion[39]. Subjects whose study OGTT demonstrated impaired fasting
glucose or impaired glucose tolerance as defined by standard criteria were
excluded[42].
All serum chemistries were collected from peripheral venous samples according to
standard technique[43]. Glucose, triglycerides, high density lipoprotein (HDL), low
density lipoprotein (LDL), aspartate transaminase (AST), alanine transaminase (ALT),
gamma-glutamyltransferase (GGT), alkaline phosphatase, and total bilirubin were
analyzed using a Beckman AU 5800® analyzer. Hemoglobin A1C was analyzed using
a BioRad-D-100® analyzer (University Hospitals Core Lab, Cleveland, OH, United
States).

Hepatic fat fraction measurement
Proton density fat fraction (PDFF) was measured on a Siemens Skyra 3T magnetic
resonance imaging (MRI) in the Imaging Research Core at Case Western Reserve
University. Briefly, each subject was positioned supine within the MRI scanner. Spine
and body array coils were used to obtain uniform images over the entire liver. A
single-breathhold VIBE MRI acquisition was used to obtain axial liver PDFF maps for
each subject (spatial resolution = 2 mm × 2 mm × 5 mm, 6 echoes). This MRI method
also incorporates T2* correction to limit the effects of iron deposition and hepatic
fibrosis[44]. All images were exported for offline analysis in Matlab (The Mathworks,
Natick, MA, United States). Mean liver PDFF was determined for the central 6-8
imaging slices in each subject using a region of interest (ROI) analysis. The mean liver
PDFF in each slice was then averaged over all slices to calculate the overall mean liver
PDFF for each subject.

Data and statistical considerations
For this study, we considered a PDFF > 5% to be consistent with clinical hepatic
steatosis[45]. We grouped subjects by the presence of hepatic steatosis > 5%, diabetes
status, and CFTR modulator use to evaluate for significant associations. BMI
percentiles were calculated for all subjects to account for age-related variation in BMI.
Alkaline phosphatase measurements were standardized by subtracting the age and
sex specific mean and dividing by the respective standard deviation. The resulting
values were in units of standard deviation. Continuous variables were described with
medians and ranges and nominal variables with frequencies and percent. Continuous
variables were analyzed with a Wilcoxon rank sum test and nominal variables were
analyzed using Chi square test or Fisher’s exact test. Statistical analysis was
performed using SAS software version 9.4 (SAS Institute, Cary, NC, United States).
The level of significance was set at 0.05. The statistical analyses were performed by
MaryAnn O’Riordan PhD, biomedical statistician.

RESULTS
Participant characteristics
We recruited 30 participants of whom 20 completed the study (Figure 1). Exclusions
related to progression to impaired glucose tolerance on OGTT (n = 3), inability to
perform breath hold for MRI (n = 2), failure to schedule or complete the MRI (n = 4)
and presence of a class 4 CFTR pathogenic variant (n = 1). Participant characteristics
are summarized in Table 1. The study population was primarily Caucasian, which is
consistent with the demographic of the CF population overall. Eighty percent of the
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Table 1 Demographics for all subjects and stratified by modulator (lumacaftor/ivacaftor) use
All subjects (n = 20)

CFTR modulator (n = 9)

No CFTR modulator (n = 11)

P value

22.3 (11.3-39.0)

26.4 (16.3-39.0)

21.9 (11.3-36.1)

0.29

F508del/F508del

10

9

1

< 0.01

F508del/other

9

0

9

< 0.01

Other/other

1

0

1

< 0.01

Male sex

16 (80%)

7 (78%)

9 (82%)

1.00

BMI percentile

39 (2-96)

51 (3-77)

23 (2-96)

0.21

% predicted FEV1

77 (33-105)

73 (33-89)

77 (48-105)

0.24

CFRD

12 (60%)

7 (78%)

5 (45%)

0.20

Insulin therapy

10 (50%)

6 (67%)

4 (36%)

0.37

Age at MRI (yr)
Genotype

Data presented as median (range) or frequency (percent) as appropriate. BMI (percentile): body mass index percentile adjusted for age; FEV1: forced
expiratory volume at 1 s; CFRD: cystic fibrosis related diabetes.

study subjects were male. Median subject age at the time of MRI was 22.3 years with a
range from 11.3 to 39.0 years. All participants had two severe class 1-3 CFTR
pathogenic variants. Twelve subjects (60%) had CFRD and 8 subjects (40%) had NGT.
Ten CFRD subjects (83%) were prescribed insulin therapy. Nine subjects (45%) had
received the CFTR modulator lumacaftor/ivacaftor (Orkambi®) for more than 12 mo
at the time of MRI. No subject received lumacaftor/ivacaftor for fewer than 12 mo.

Hepatic steatosis
The median hepatic fat fraction for all subjects was 3.0% with a range from 0.0%21.0%. Six subjects (30%) had hepatic steatosis, defined as PDFF > 5%. Subjects with
hepatic steatosis showed a trend toward younger age that did not reach statistical
significance. Alkaline phosphatase and age-adjusted alkaline phosphatase (z-score)
were higher in subjects with hepatic steatosis, P = 0.01 and P = 0.03. LDL and HDL
were both higher in patients with hepatic steatosis, P = 0.05 and P = 0.02. Total
bilirubin, AST, ALT and GGT did not differ significantly between subjects with and
without hepatic steatosis (Table 2). Missing data for alkaline phosphatase, AST, ALT,
total bilirubin (1 missing), LDL, HDL, triglyceride (4 missing), and GGT (3 missing)
were excluded from all analyses.

CFTR modulator
Hepatic fat fraction was significantly lower in the 9 subjects receiving CFTR
modulator therapy (2.0%, 0.0%-6.4%) than in the 11 subjects not receiving CFTR
modulators (4.1%, 2.7%-21.0%), P = 0.002 (Figure 2). Two CFRD subjects receiving
CFTR modulators had exceptionally low hepatic fat fractions of 0.0%. Subjects
receiving CFTR modulator therapy were not significantly different in terms of age,
BMI percentile or diabetes status from subjects not receiving modulators. Absolute
BMI was higher in the CFTR modulator group, which likely reflects expected agerelated change in BMI, P = 0.05 (Table 3).
CFTR modulator use was associated with lower total bilirubin than no CFTR
modulator use, P = 0.003. Alkaline phosphatase levels were also lower in the CFTR
modulator group, but this difference may relate to younger age in the no CFTR
modulator group, P = 0.01. Although age-adjusted alkaline phosphatase (z scores)
were numerically lower in the CFTR modulator group than the no CFTR modulator
group, this did not reach statistical significance, P = 0.07 (Table 3).

Diabetes
The median hepatic fat fraction was not statistically different between subjects with
CFRD (median, range) (2.2%, 0.0-14.5%) and NGT (4.9%, 2.4-21.0%), P = 0.06. Subjects
with CFRD were older (28.2 years, 17.0-39.0) than NGT subjects (18.0 years, 11.3-30.6),
P = 0.04. As expected, the older CFRD cohort demonstrated a higher BMI, P = 0.05,
but not BMI percentile, than NGT subjects. Patients with CFRD demonstrated lower
percent predicted FEV1, which is known to be associated with CFRD, P = 0.001.
Subjects with CFRD also demonstrated higher hemoglobin A1C levels, P = 0.002.
Alkaline Phosphatase was lower in the CFRD group compared to the NGT group, P =
0.04; however, age adjusted alkaline phosphatase (z-score) was not different between
groups (Table 2).
Importantly, CFTR modulator use was more common among patients with CFRD
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Figure 1

Figure 1 Consort diagram. Consort diagram for the study. Modulator refers to lumacaftor/ivacaftor use. CF: Cystic fibrosis, MRI: Magnetic resonance imaging;
CFTR: Cystic fibrosis transmembrane conductance regulator.

(7 of 12, 58%) than patients with NGT (2 of 8, 22%). Because we demonstrated that
CFTR modulator use is associated with lower hepatic fat, we repeated the fat fraction
analysis by diabetes status after excluding subjects receiving CFTR modulator
therapy. The median hepatic fat fraction for the 5 CFRD subjects not receiving CFTR
modulator was 4.1% (range 2.8%-14.5%) and for the 6 NGT subject not receiving
CFTR modulators was 4.9% (range 2.7%-21.0%), which were not significantly
different, P = 0.92.

DISCUSSION
In this cross-sectional study of 20 CF patients aged 11-39 years with either NGT or
CFRD, we demonstrate a statistically significant association between use of the CFTR
modulator lumacaftor/ivacaftor and reduced hepatic fat. CFTR modulator use was
also associated with lower total bilirubin and a trend toward lower age-adjusted
alkaline phosphatase levels (z-score). Interestingly, CFRD patients on
lumacaftor/ivacaftor demonstrated particularly low hepatic fat fractions (0.0% in two
cases), suggesting a particular sensitivity to modulator effects in patients with CFRD
(Supplemental Table 1). CFRD was not found to be associated with increased hepatic
steatosis as was originally hypothesized. In contrast, patients with CFRD showed a
trend toward lower PDFF, which most likely reflects higher rates of CFTR modulator
use in the CFRD group. Given the small number of subjects not receiving
lumacaftor/ivacaftor, we cannot exclude a relationship between CFRD and hepatic
steatosis in CF based on this study.
The multifactorial pathogenesis of hepatic steatosis has not been fully elucidated.
While strongly associated with obesity and insulin resistance in the general
population, hepatic steatosis has historically been attributed to nutritional deficiencies
in CF patients. In 1999, Lindblad reported an association between hepatic steatosis
and linoleic acid deficiency in a cohort of 41 CF patients[14]. Others have proposed that
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Table 2 Summary of data stratified by presence of steatosis, use of modulator (lumacaftor/ivacaftor), and diabetes status
Normal
Range

All
subjects
(n = 20)

No
Steatosis
Steatosis P value
(n = 6)
(n = 14)

CFTR
No CFTR
modulator modulator P value
(n = 9)
(n = 11)

CFRD (n = NGT (n =
12)
8)

P value

Hepatic
Fat
Fraction

--

3.0

9.5

2.4

2.0

4.1

2.2

4.9

0.06

0.0-21.0

6.0-21.0

0-4.1

0.0-6.4

2.7-21

0.0-14.5

2.4-21

Age

--

22.3

16.7

26.0

26.4

21.9

28.2

18.0

11.3-39.0

13.4-36.1

11.3-39.0

16.3-39.0

11.3-36.1

17.0-39.0

11.3-30.6

16

5

11

7

9

8

8

80%

83%

78%

78%

82%

67%

100%

21.0

20.5

21.0

0.6

18.8-25.7

20.0 16.932.4

21.0 18.832.4

19.6 16.922.4

0.05

16.9-32.4

22.4 18.825.7

0.05

16.9-32.4
BMI
-percentile

39

50

30

0.77

51

23

0.21

39

37.5

0.62

2-96

2-96

3-77

3-77

2-96

3-96

2-73

FEV1 %

77

86

74.5

73

77

63.5

88

33-105

62-105

33-97

33-89

48-105

33-105

65-97

9

1

8

9

11

7

2

45%

17%

57%

100%

100%

58%

25%

Hemog< 5.8
lobin A1C
(%)

5.8

5.7

6.3

6.3

5.7

6.4

5.6

5.2-8.2

5.4-6.4

5.2-8.2

5.3-8.2

5.2-7.4

5.4-8.2

5.2-5.7

AST
(U/L)

9-39

23

27

23

20

27

20

26

11-45

11-45

11-42

11-42

11-45

11-42

11-45

ALT
(U/L)

10-52

22

24.5

22

18

29

18

26

10-58

12-58

10-45

10-45

12-58

10-58

14-47

GGT
(U/L)

5-64

14

19

13.5

12

19

13.5

19

9-29

14-25

9-29

9-24

10-29

9-29

11-24

Alk Phos
(U/L)

33-120

110

172

90

66

155

90

157

44-310

146-310

44-234

44-178

103-310

44-178

71-310

Alk Phos
SD

-2-2

1.2

3.1

-0.3

-0.3

1.8

0.6

1.4

-1.5-4.8

-0.6-4.8

-1.5-4.7

-1.5-4.7

-0.6-4.8

-1.5-4.8

-0.6-3.2

Total Bili
(µmol/L)

0-20.5

6.8

8.5

5.1

5.1

8.6

5.1

8.6

3.4-20.5

3.4-15.4

3.4-20.5

3.4-6.8

3.4-20.5

3.4-18.8

5.1-20.5

Triglyce- < 1.7
ride
(mmol/L)

1.02

1.25

0.68

0.9

1.25

0.68

1.28

0.36-2.55

0.69-2.55

0.36-1.54

0.64-2.55

0.36-2.35

0.64-2.35

0.36-2.55

LDL
< 3.4
(mmol/L)

1.7

1.4

1.7

1.6

1.7

1.7

1.6

0.8-2.4

0.9-1.6

0.8-2.4

0.8-2.2

0.9-2.4

0.9-2.4

0.8-2.0

HDL
> 1.0
(mmol/L)

1.03

0.84

1.09

1.04

0.98

1.01

1.05

0.53-2.03

0.53-1.41

0.91-2.03

0.86-2.03

0.53-1.54

0.53-2.03

0.84-1.53

Sex (male) --

BMI

CFTR
modulator

--

--

--

0.01

0.08

1.00

0.22

0.16

0.30

0.93

0.57

0.10

0.01

0.03

0.47

0.07

0.05

0.02

0.002

0.29

1.00

0.24

--

0.21

0.39

0.19

0.07

0.01

0.07

0.003

0.79

0.53

0.31

0.04

0.12

0.001

0.20

0.002

0.87

0.46

0.30

0.04

0.65

0.06

0.15

0.71

0.73

Data is stratified by steatosis (MRI proton density fat fraction >5%) or no steatosis (MRI proton density fat fraction <5%), use of CFTR modulator
lumacaftor/ivacaftor, and diabetes status. Data are presented as median and range. To convert total bilirubin from μmol/L to mg/dL multiply by
0.0585.To convert triglycerides from mmol/L to mg/dL multiply by 88.5. To convert LDL from mmol/L to mg/dL multiply by 38.7. To convert HDL from
mmol/L to mg/dL multiply by 38.7. CFRD: cystic fibrosis related diabetes. NGT: normal glucose tolerance; AST: Aspartate transaminase; ALT: Alanine
transaminase; GGT: Gamma-glutamyltransferase; LDL: Low density lipoprotein; HDL: High density lipoprotein; BMI: Body mass index.

carnitine and choline deficiency cause hepatic steatosis in CF[5,46]. In contrast, more
recent data suggests that hepatic steatosis in CF is associated with higher BMI and
better lung function[13]. Importantly, one case report suggests that CFTR dysfunction
may be responsible for hepatic steatosis in CF. Hayes et al[47] reported rapid resolution
of severe hepatic steatosis in a 17 year old female (F508del/G511D genotype) after
initiation of ivacaftor therapy. Our results further support a role for CFTR dysfunction
in the pathogenesis of hepatic steatosis in CF.
We have considered possible explanations for our findings. As CFTR is not
expressed in hepatocytes, improvements in hepatic steatosis with CFTR modulators
must be mediated by CFTR expression in other tissues[48]. In CF, biliary stasis and
impaired enterocyte function contribute to persistent fat malabsorption, even with
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Figure 2

Figure 2 Hepatic steatosis (proton density fat fraction) stratified by lumacaftor/ivacaftor use. Subjects receiving cystic fibrosis transmembrane conductance
regulator (CFTR) modulator (lumacaftor/ivacaftor) had a median proton density fat fraction of 2.1%. Subjects not receiving CFTR modulator had a median proton
density fat fraction of 4.1%. Each dot represents one subject. Horizontal lines indicate the minimum, median and maximum for each group. P = 0.002. CFTR: Cystic
fibrosis transmembrane conductance regulator.

adequate pancreatic enzyme replacement[49,50]. Chronic fat malabsorption can lead to
deficiencies in fat soluble nutrients including linoleic acid and choline-which have
previously been associated with hepatic steatosis[46]. Therefore, we theorize that CFTR
modulator therapy may lead to resolution of hepatic steatosis by reversing nutritional
deficiencies. Further mechanistic studies are needed to test this theory.
It is also possible that lumacaftor/ivacaftor therapy reduces hepatic steatosis
through an off target, non-CFTR mediated, mechanism. Additionally, the extremely
low hepatic fat seen in subjects receiving lumacaftor/ivacaftor may be secondary to
the F508del/F508del genotype itself, rather than the modulator. Although the single
F508del/F508del homozygous subject not on lumacaftor/ivacaftor had significant
hepatic steatosis, a single observation cannot exclude a genotype effect. Ultimately,
longitudinal study is needed to demonstrate that CFTR modulator therapy causes
reduced hepatic steatosis and elucidate the mechanism behind this observation.
Prior studies of hepatic steatosis in CF patients have compared varied, qualitative
measures of hepatic fat [13,14] . Ours is the first study to utilize a single, precise,
quantitative measure of hepatic fat, the MRI PDFF. Other strengths of our study
include the collection of detailed biochemical and clinical information. We
acknowledge important limitations. As this study utilized a cross sectional design, we
can only demonstrate an association between lumacaftor/ivacaftor therapy and
reduced hepatic fat. Moreover, we are unable to exclude the possibility that the
F508del/F508del genotype, rather than CFTR modulator use, is associated with
reduced hepatic steatosis. Prospective, longitudinal study of modulator therapy in
patients expressing different pathogenic CFTR variants will help clarify this question.
The relatively small sample size limited our power to detect differences in hepatic fat
between CFRD and NGT subjects. This study does not eliminate a possible association
between CFRD and hepatic steatosis in CF. Further longitudinal study is needed to
understand how hepatic steatosis influences insulin sensitivity and risk for
progression to CFRD.
In conclusion, we found no evidence that CFRD is associated with increased
hepatic steatosis. We provide strong preliminary data suggesting that
lumacaftor/ivacaftor is associated with reduced hepatic steatosis in CF patients. This
finding raises many questions about the impact of CFTR modulator therapy on
nutrient absorption and on the mechanisms of hepatic steatosis in CF patients. Our
study raises the possibility that CFTR modulator therapy may impact other forms of
CFLD and adds to the small but growing literature on the extrapulmonary impact of
CFTR modulator therapy. CFTR modulator status should be included in future
studies of hepatic steatosis or CFLD.

WJH

https://www.wjgnet.com

768

December 27, 2019

Volume 11

Issue 12

Kutney K et al. Hepatic steatosis in cystic fibrosis

Table 3 Magnetic resonance imaging proton density fat fraction and biochemistry for all subjects and stratified by modulator
(lumacaftor/ivacaftor) status
Reference range

All subjects, n = 20

CFTR modulator, n = 9

No CFTR modulator, n = 11

P value

PDFF (%)

< 5%

3.0 (0.0-21.0)

2.0 (0.0-6.4)

4.1 (2.7-21.0)

0.002

HbA1C (%)

< 5.8%

5.8 (5.2-8.2)

6.3 (5.3-8.2)

5.7 (5.2-7.4)

0.21

110 (44-310)

66 (44-178)

155 (103-310)

0.01

1

Alk Phos (U/L)
Alk Phos (SD)

-2.0-2.0

1.2 (-1.5-4.8)

-0.3 (-1.5-4.7)

1.8 (-0.6-4.8)

0.07

Total bilirubin (µmol/L)2

0-20.5

6.8 (3.4-20.5)

5.1 (3.4-6.8)

8.6 (3.4-20.5)

0.003

AST (U/L)

9-39

23 (11-45)

20 (11-42)

27 (11-45)

0.39

ALT (U/L)

10-52

22 (10-58)

18 (10-45)

29 (12-58)

0.19

GGT (U/L)

5-64

14 (9-29)

12 (9-24)

19 (10-29)

0.07

Triglyceride (mmol/L)3

< 1.7

1.02 (0.36-2.55)

0.9 (0.64-2.55)

1.25 (0.36-2.35)

0.79

1

Reference range is age dependent;
To convert from μmol/L to mg/dL multiply by 0.0585;
3
To convert to mg/dL multiply by 88.5. Results of magnetic resonance imaging proton density fat fraction and key laboratory parameters for all subjects
and stratified by cystic fibrosis transmembrane conductance regulator modulator (lumacaftor/ivacaftor) use. Data presented as median (range) or number
(percent) as appropriate. CFTR: Cystic fibrosis transmembrane conductance regulator; PDFF: Proton density fat fraction; AST: Aspartate transaminase;
ALT: Alanine transaminase; GGT: Gamma-glutamyltransferase.
2

ARTICLE HIGHLIGHTS
Research background
Hepatic steatosis is a common form of cystic fibrosis associated liver disease (CFLD). The journal
has published previous manuscripts regarding CFLD.

Research motivation
Cystic fibrosis (CF) transmembrane conductance regulator (CFTR) modulators are a
revolutionary therapy which target the underlying cause of CF for the first time. Currently, very
little is known about the impact of CFTR modulator therapy on hepatic disease in CF, despite
liver failure being the third leading cause of death in CF patients.

Research objectives
The objectives of this study were therefore to determine whether CF related diabetes (CFRD) is
associated with hepatic steatosis and to identify predictors of hepatic steatosis in CF.

Research methods
Patients with established CFLD, end stage lung disease, or persistently elevated liver enzymes
were excluded. Mean magnetic resonance imaging (MRI) proton density fat fraction (PDFF) was
obtained for all participants. Clinical characteristics and blood chemistries were assessed for
possible association with hepatic steatosis. Hepatic steatosis was defined as a mean MRI PDFF >
5%. Patients were grouped by diabetes status and CFTR modulator use (lumacaftor/ivacaftor, no
lumacaftor/ivacaftor) to determine between group differences. Continuous variables were
analyzed with a Wilcoxon rank sum test and discrete variables with a Chi square test or Fisher’s
exact test.

Research results
Twelve subjects (60%) had CFRD and 8 subjects (40%) had normal glucose tolerance (NGT). The
median hepatic fat fraction for all subjects was 3.0% with a range from 0.0%-21.0%. Six subjects
(30%) had hepatic steatosis, defined as PDFF > 5%. Hepatic fat fraction was significantly lower in
the 9 subjects receiving CFTR modulator therapy (2.0%, 0.0%-6.4%) than in the 11 subjects not
receiving CFTR modulators (4.1%, 2.7%-21.0%), P = 0.002. The median hepatic fat fraction was
not statistically different between subjects with CFRD (median, range) (2.2%, 0.0-14.5%) and
NGT (4.9%, 2.4-21.0%), P = 0.06.

Research conclusions
In the enclosed manuscript, we demonstrate that lumacaftor/ivacaftor therapy is associated with
reduced hepatic fat in CF patients. While hepatic steatosis has historically been considered a
benign finding in CF, the spreading epidemic of liver failure from non-alcoholic steatohepatitis
makes this doubtful.

Research perspectives
It suggests a previously unrecognized effect of CFTR modulators of CFLD. CFTR modulator
status should be included in future studies of hepatic steatosis or CFLD.
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Abstract
BACKGROUND
Splenosis is defined as the process by which tissue from the spleen disseminates
through the body and grows in an ectopic location following trauma or a
splenectomy. Visceral sites of splenosis are rare.
CASE SUMMARY
We report a case of intrahepatic splenosis in a 57-year-old man with a history of
trauma over 40 years ago who initially presented with chest pain. Findings
initially mimicked malignancy but a diagnosis of intrahepatic splenosis was
confirmed using computed tomography and scintigraphy with technetium-99m
heat-denatured red blood cells (Tc-99 DRBC).
CONCLUSION
Scintigraphy with Tc-99 DRBC is a reliable technique to diagnose splenosis and
should be performed before using more invasive procedures are carried out.
Splenosis should be considered as a possible differential diagnosis for a hepatic
nodule in any patient with a history of abdominal trauma, previous splenectomy
or atypical radiological features on imaging.
Key words: Intrahepatic splenosis; Abdominal splenosis; Computed tomography;
Scintigraphy; Hepatocellular carcinoma; Case report
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Core tip: Intrahepatic splenosis is rare. On imaging it is difficult to distinguish splenosis
from hepatic malignancy, particularly hepatocellular carcinoma. We report a case of a
patient with intrahepatic and intra-abdominal splenosis diagnosed using scintigraphy
with technetium-99m heat-denatured red blood cells. To the author’s knowledge, this is
the first case where hepatic splenosis was confirmed without using invasive procedures
such as biopsy or surgery. Splenosis should be considered as an important differential for
a hepatic lesion in a patient with a history of trauma or splenectomy, particularly if the
lesion is located near the capsule and associated with multiple abdominal deposits.
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INTRODUCTION
Splenosis is a benign acquired condition. Following trauma or a splenectomy, splenic
tissue may autotransplant in an ectopic location. Common sites include the serosal
surface of the small or large intestine, greater omentum or the peritoneum[1]. Less
frequently, splenic nodules may be found in the liver[2], stomach[3], pancreas[4] and
following rupture of the diaphragm in the thorax[5]. The kidneys[6], ovaries[7] and
subcutaneous tissue [8] are even rarer sites of splenosis. Splenosis is usually
asymptomatic and when incidentally discovered can be difficult to distinguish from
malignancy using computed tomography (CT) or magnetic resonance imaging (MRI).

CASE PRESENTATION
Chief complaints
A 57-year-old male presented to the Emergency Department with severe right-sided
pleuritic chest pain radiating to his back. There was no associated breathlessness,
fever, cough, haemoptysis, dizziness, syncope, numbness, paraesthesia or weakness.

History of present illness
The patient reported that the symptoms began abruptly two days ago and
progressively worsened, without any triggers. The pain settled following the
administration of morphine after admission to hospital.

History of past illness
In 2015 he was diagnosed with benign prostatic hypertrophy and had suffered
traumatic injury following a road traffic accident over 40 years ago. Of note, he had no
history of hepatic disease.

Physical examination
There was marked tenderness on inspiration on the right side of the chest, but
otherwise physical examination was unremarkable. The patient’s vital signs were
normal with a temperature of 37.0 °C, heart rate of 74 bpm, blood pressure of 125/75
mmHg, respiratory rate of 15 breaths/min and oxygen saturations of 98% in room air.

Laboratory testing
Routine blood tests were within normal ranges including liver function tests, alphafetoprotein, prothrombin time and a normal D-Dimer.

Imaging examinations
A CT angiogram was performed to rule out aortic dissection due to his acute
presentation. No evidence of the latter was seen but there was a 3-cm large arterially
enhancing lesion in segment IV of the liver (Figure 1A). The lesion was arterialised
with faint hypoenhancement in the portal venous phase (Figure 1B and C). Multiple
arterially enhancing peritoneal, lesser sac and retroperitoneal nodules were
additionally seen following the same enhancement pattern. The patient’s spleen was
observed to be lobulated and the right inferior ribs and right iliac crest had an
abnormal appearance suggestive of previous trauma.
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Figure 1 Computed tomography axial images from a patient with intrahepatic splenosis. A: arterial phase; a
heterogenously enhancing left lobe liver lesion is present 3 cm in diameter (thick arrow). Similar heterogeneously
enhancing peritoneal and lesser sac nodules are seen (arrowhead). The deformed spleen shows typical
heterogenous “zebra stripe” arterial enhancement; B and C: portal venous phase; the liver lesion (thick arrow) and the
peritoneal and retroperitoneal nodules (arrowhead) are isodense and the same density as the spleen (thin arrow).

FINAL DIAGNOSIS
Following discussion of these imaging findings and the patient’s history in a specialist
multidisciplinary team meeting, the possibility of intrahepatic splenosis with
additional intra-abdominal splenosis was considered. This diagnosis was confirmed
using scintigraphy with technetium-99m heat-denatured red blood cells (Tc-99
DRBC), which demonstrated uptake of the radiolabelled red blood cells by the
multiple peritoneal nodules, as well as the lesion within the liver and the anterior
abdominal wall (Figure 2).

OUTCOME AND FOLLOW UP
Due to the extensively reported benign nature of this condition, treatment was not
required. The patient was informed of the incidental imaging finding and reassured.
He was also informed that his chest pain was likely to be musculoskeletal in nature.

DISCUSSION
We describe a case of intrahepatic splenosis diagnosed radiologically, in a patient
with a history of trauma. To the authors’ knowledge, this is the first case of
intrahepatic splenosis diagnosed without the need for histological analysis, thereby
avoiding the potential risk of complications secondary to invasive investigations such
as a liver biopsy or laparoscopic surgery.
To date, 21 case reports of intrahepatic splenosis have been described in the
literature. We specifically review 13 cases which include CT and MRI (Table 1). Nine
cases describe solitary lesions[9-17], whilst four cases involved multiple lesions[18-21]. The
nodules ranged in size from 1.5-5.0 cm and were primarily found in the left lobe of the
liver. Additional abdominal splenic nodules were reported in four cases to be located
in close proximity to the upper pole of the left kidney[19], pancreatic tail[19], mesentery
of the colon[20], paravesical space[21], caecum[21] and abdominal wall[15].
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Figure 2

Figure 2 Denatured red cell scan with fused computed tomography images. The liver lesion (thick arrow),
peritoneal and retroperitoneal nodules (arrowheads) and spleen (thin arrow) show uptake in keeping with multiple
areas of splenic tissue.

All patients except one[14] had undergone a splenectomy in the past. Notably, a
wrong diagnosis was made in all but one case [21] , primarily of hepatocellular
carcinoma (HCC)[9,13-18,20], leading to unnecessary surgery with the correct diagnosis
only being made following post-operative histological analysis. This is partly due to
the fact that splenosis is rare and hence is often not considered amongst the
differential diagnosis. Additionally, six of the patients included in the literature
review had chronic liver disease[9,13-16,18] including hepatitis B; a major risk factor for the
development of HCC and four patients had raised tumour markers[9,14,15,18]. In such
cases, HCC presents a more likely diagnosis rather than hepatic splenosis. In the
isolated case where splenosis was correctly suspected, percutaneous biopsy was still
carried out for confirmation[21].
Imaging is a useful diagnostic tool to distinguish splenosis from other lesions such
as HCC, hepatic metastasis, haemangioma and focal nodular hyperplasia (FNH). CT
and MRI provide panoramic imaging of the abdomen and can identify the size,
location and enhancement characteristics of all lesions. Critically, all the splenic
deposits exhibit an enhancement pattern identical to the native spleen on all imaging,
with a heterogenous classical striped arterial hyperenhancement. However, this may
be difficult to characterise if the native spleen is small or has been removed.
Classically, on unenhanced CT splenic tissue appears hypointense relative to the
liver, whilst on MRI it appears hypodense on T1 and hyperintense on T2-weighted
images. Five and six cases in the literature review exhibited these CT [14-17,19] and
MRI[10,11,16,18,19,21] findings respectively (Table 1). On administration of contrast, splenic
nodules are hyperintense in the arterial phase[9,10,13-20] often with a striated appearance
as seen in our patient. They vary in appearance in the portal venous phase and may
be hypointense[10,14,15,17,20], isointense[19] or hyperintense[9,13,16,18].
HCC has a variable appearance on both CT and MRI depending on biological
characteristics including their degree of differentiation[22]. Since their blood supply is
derived from the neoangiogenesis of non-triadal arteries, HCC, like splenosis
typically appear hyperenhancing in the arterial phase with portal venous washout[22]
(Table 2).
Hepatic metastasis also varies widely in appearance depending on the location of
the primary tumour. They may appear hypo or hypervascular but typically show
portal venous washout[23]. Haemangioma, FNH and adenoma are benign lesions
which typically show arterial hyperenhancement[24-26] and hence may be mimicked by
splenosis.
Of note, MRI using superparamagnetic iron oxide contrast instead of gadopentetate
dimeglumine has been used to distinguish hepatic splenosis from malignancy[27].
Following intravenous administration, these particles are removed from the
circulation specifically by the reticuloendothelial cells of the liver and spleen, leading
to a reduction in signal intensity of the hepatic and splenic parenchyma on T2weighted MRI. Such a reduction in signal intensity is however not seen in malignant
lesions except some well differentiated HCCs[[18,28]. Splenic nodules still have a higher
intensity than the hypointense liver as they take up more contrast. Nonetheless,
uptake of contrast still occurs in FNH and so the specificity of this technique is limited
in isolation[29].
Scintigraphy using Tc-99 DRBC is the current diagnostic tool of choice. This is due
to its high specificity in identifying splenic tissue. It involves intravenous injection of
heat denatured erythrocytes labelled with Tc-99. The majority, as many as 90% of the
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Table 1 Characteristics of previous cases of intrahepatic splenosis identified in our literature review

Ref.
[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Existing
malignancy

Initial
diagnosis

CT

MRI-T1

MRI-T2

Chronic
HepC

None

HCC

NA

NA

NA

A: Hyper V: LaparoscoHyper
pic surgery

Normal

None

None

NA

NA

Hypo

Slightly
hyper

A: Hyper V: Laparotomy
Hypo

54/M

Normal

None

Gastric
cancer

Liver
metastasis

ND

Hypo

Slightly
hyper

NA

Laparotomy

52/M

Normal

None

None

Neurendocrine
tumour

NA

NA

NA

Hypervascular

Surgery

53/M

↑γGT

NASH

None

HCC/
hepatic
adenoma

NA

NA

NA

A: Hyper V: LaparoscoHyper
pic surgery

58/M

↑AST, ↑ALT Chronic
↑AFP, ↓PT, HepC
+HepC

None

HCC

Hypo

NA

Hyper

A: Hyper V: Surgery
Hypo

67/F

Slightly
abnormal
LFTs, ↑AFP

Chronic
HepC

None

HCC

Hypo

Slightly
hyper

Slightly
hyper

A: Hyper V: Surgery
Hypo

42/M

+HepB
+HepC

NASH

None

HCC

Hypo

Hypo

Hyper

A: Hyper V: Laparotomy
Hyper

54/M

Normal

None

None

HCC

Slightly
hypo

Slightly
hypo

Slightly
hypo

A: Hyper V: Surgery
Hypo

32/M

↑AFP, ↑AST, Chronic
+HepB
HepB

None

HCC

NA

Hypo

Hyper

A: Hyper V: Laparotomy
Slightly
hyper

39/M

Normal

NA

None

Renal
malignancy

Hypo

Hypo

Slightly
hyper

A: Hyper V: Surgery
Iso

49/F

Normal

None

None

Hepatic
malignancy

NA

NA

NA

A: Hyper V: Laparotomy
Hypo

69/M

Normal

None

None

Intrahepatic, NA
abdominal
splenosis

Hypo

Slightly
hyper

Hypovascular

Blood
results

Liver
disease

60/M

Abnormal
LFTs, ↑AFP

54/M

Age/sex

Enhancement

Technique
for
diagnosis

Percutaneousbiopsy

M: Male; F: Female; AFP: Alpha-fetoprotein; AST: Aspartate transaminase; ALT: Alanine transaminase; γGT: Gamma-glutamyltransferase; PT:
Prothrombin time; LFTs: Liver function tests; Hep B+: Hepatitis B positive; Hep C+: Hepatitis C positive; NASH: Non-alcoholic steatohepatitis; HCC:
Hepatocellular carcinoma; A: Arterial phase; V: Portal venous phase; Iso: Isointense; Hypo: Hypointense; Hyper: Hyperintense (relative to the liver
parenchyma); ND: Lesion not detected; NA: Not available.

erythrocytes are sequestered in splenic tissue, whilst normal liver tissue or malignant
lesions have relatively modest uptake of the radioactive isotope[30]. This technique is
therefore a reliable means of distinguishing splenic tissue from other hepatic lesions
and avoids subjecting a patient to invasive procedures such as biopsy or surgery
which are associated with their own risks.
Patients with splenosis are typically asymptomatic. Hence, surgery is only
indicated if rare complications such as infarction[31], bleeding[32] or adhesions resulting
in bowel obstruction occur[33]. It is suggested that splenosis may even be beneficial,
providing some degree of immunological protection[13]. As it is a benign condition, it
is often only diagnosed incidentally decades after the initial trauma following
imaging for an unrelated condition. It is therefore difficult to ascertain the time taken
for splenosis to occur. However, the process of splenic cells seeding in and growing
on the serosal surface of the liver after recruiting nearby hepatic vasculature is likely
to take several years. In the literature cases of intra-hepatic splenosis were diagnosed
from a range of 5 to 46 years after trauma or splenectomy[17].

CONCLUSION
In conclusion, splenosis should be considered as a possible differential diagnosis for a
hepatic nodule in any patients with a history of abdominal trauma or previous
splenectomy, especially when the nodules are located near the capsule of the liver and
are associated with multiple intra-abdominal deposits. Scintigraphy using Tc-99
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Table 2 Typical enhancement characteristics of ectopic splenic tissue and other hepatic lesions
Enhancement pattern
Splenosis

Arterially hyperenchancing; variable venous enhancement

HCC

Arterially hyperenhancing; venous hypoenhancement

Hepatic metastasis

Arterially variable enhancement; venous hypoenhancement

Haemangioma

Arterially peripheral nodular enhancement; venous infilling

FNH

Arterially hyperenhancing; venous iso/hyperenhancing with late enhancement of scar on MRI

Hepatic adenoma

Arterially hyperenhancing; variable venous enhancement

HCC: Hepatocellular carcinoma; FNH: Focal nodular hyperplasia; MRI: Magnetic resonance imaging.

DRBC is a reliable technique to diagnose splenosis and should be carried out in all
patients suspected of the condition before more invasive diagnostic procedures are
considered. Greater awareness of this condition could reduce the high incidence of
unnecessary invasive interventions in these patients.
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