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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.

P-Reviewer: Garbuzenko DV
S-Editor: Ma YJ
L-Editor: Filipodia
E-Editor: Ma YJ

Citation: Gioia S, Nardelli S, Ridola L, d’Amati G, Riggio O. Is porto sinusoidal vascular
disease to be actively searched in patients with portal vein thrombosis? World J Hepatol
2019; 11(8): 613-618
URL: https://www.wjgnet.com/1948-5182/full/v11/i8/613.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i8.613

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.

Citation: Velázquez KT, Enos RT, Bader JE, Sougiannis AT, Carson MS, Chatzistamou I,
Carson JA, Nagarkatti PS, Nagarkatti M, Murphy EA. Prolonged high-fat-diet feeding
promotes non-alcoholic fatty liver disease and alters gut microbiota in mice. World J Hepatol
2019; 11(8): 619-637
URL: https://www.wjgnet.com/1948-5182/full/v11/i8/619.htm
DOI: https://dx.doi.org/10.4254/wjh.v11.i8.619

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.
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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.
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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
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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 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.
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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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