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Abstract
Development of non-invasive methods to risk-stratify patients and predict
clinical endpoints have been identified as one of the key research priorities in
primary sclerosing cholangitis (PSC). In addition to serum and histological
biomarkers, there has been much recent interest in developing imaging
biomarkers that can predict disease course and clinical outcomes in PSC.
Magnetic resonance imaging/magnetic resonance cholangiopancreatography
(MRI/MRCP) continue to play a central role in the diagnosis and follow-up of
PSC patients. Magnetic resonance (MR) techniques have undergone significant
advancement over the last three decades both in MR data acquisition and
interpretation. The progression from a qualitative to quantitative approach in MR
acquisition techniques and data interpretation, offers the opportunity for the
development of objective and reproducible imaging biomarkers that can
potentially be incorporated as an additional endpoint in clinical trials. This
review article will discuss how the role of MR techniques have evolved over the
last three decades from emerging as an alternative diagnostic tool to endoscopic
retrograde cholangiopancreatography, to being instrumental in the ongoing
search for imaging biomarker of disease stage, progression and prognosis in PSC.
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Core tip: Magnetic resonance imaging/magnetic resonance cholangiopancreatography
(MRI/MRCP) remains the cornerstone in the diagnosis and follow-up of primary
sclerosing cholangitis (PSC) patients. However, heterogeneity in acquisition, image
processing and interpretation varies significantly. There is ongoing interest in
establishing non-invasive methods to predict clinical endpoints in PSC. A number of
recent publications have focused on objectively quantifying output from various
magnetic resonance (MR) techniques and have suggested MR parameters as potential
prognostic risk-stratification tool in PSC. Our aim is to revisit the historical use of
imaging in PSC and consolidate the evolving role of the different MR techniques to date
in the quest for establishing a validated imaging biomarker for PSC.
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INTRODUCTION
Primary sclerosing cholangitis (PSC) is a rare, chronic, immune-mediated liver
disease, characterised by intrahepatic and extrahepatic bile duct inflammation,
leading to chronic cholestasis, biliary fibrosis and liver cirrhosis with portal
hypertension[1]. It has a male preponderance, with a mean age of diagnosis of 40 years,
and a strong association with concomitant inflammatory bowel disease (IBD)[2]. The
population incidence ranges from 0 to 1.3 per 100000 persons annually, and the
prevalence ranges from 0 to 16.2 per 100000 persons[3]. A clinical definition for PSC
was based upon three landmark papers in the 1980s from the United States, United
Kingdom and Norway [4-6] . Subsequently, four sub-types of PSC were described.
‘Classical’ large-duct PSC (LD-PSC), accounting for 90% of patients, involves either
the intrahepatic bile ducts, extra hepatic bile ducts or both. It is usually diagnosed on
the basis of cholestatic liver biochemistry and characteristic changes in the bile ducts
on cholangiography. Magnetic resonance imaging/magnetic resonance
cholangiopancreatography (MRI/MRCP) is the standard imaging modality to confirm
a diagnosis of LD-PSC[7]. ‘Small duct’ PSC that has normal cholangiography but
affects only the small intrahepatic bile ducts on liver histology, accounts for 5% of
patients[8]. PSC with ‘autoimmune hepatitis (AIH) overlap’, confirmed histologically
in those with elevated transaminases and/or immunoglobulin G levels and an
abnormal cholangiogram, presents in 5% of patients [9] . Lastly, ‘PSC with high
immunoglobulin G subclass 4 (IgG4) levels’ in the serum and/or tissue, is reported in
12%-18% of LD-PSC patients, with a distinct clinical phenotype and natural history of
disease[10,11].
PSC is insidious, with nearly half of patients being asymptomatic at diagnosis,
identified after investigation for abnormal liver biochemistry[12]. PSC is considered a
premalignant condition, associated with the development of hepatobiliary and
colorectal cancers, the most common being cholangiocarcinoma[13]. In the absence of
effective medical therapies to date, liver transplantation is the only proven lifeextending intervention. PSC accounts for 10%-15% of all liver transplant activity in
Europe and the median transplant-free survival of patients with PSC is 14.5 years[13].
There is interest in developing non-invasive clinical risk-stratification methods and
surrogate markers in the disease.
This article will review how the role of magnetic resonance (MR) techniques have
evolved over the last three decades from emerging as an alternative diagnostic tool to
endoscopic retrograde cholangiopancreatography (ERCP), to being instrumental in
the ongoing search for an imaging biomarker of disease stage, progression and
prognosis in PSC. A summary of the MR techniques that will be discussed in this
review is presented in Table 1.
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Table 1 Summary of magnetic resonance techniques used in primary sclerosing cholangitis
MR technique

Description of technique

Role in PSC

Non-contrast sequences that depict fluid-filled
structures such as bile ducts as high-intensity
(white) compared to low-intensity (grey/black) of
adjacent structures.

Visualisation of biliary anatomy.

Three-dimensional MRCP

Respiratory-triggered, single volume thin slab
acquisitions producing isotropic images.

Preferred sequences for optimal multi angle
visualisation of the biliary anatomy.

Two-dimensional MRCP

Specific sequences combining coronal thin-slab
and rotating oblique-coronal thick-slab image
acquisition.

Single shot T2w MRCP sequences are used when
three-dimensional MRCP has artefacts or not
feasible.

T2-weighted liver axial

Measure of T2 relaxation time in liver
parenchyma. Both fat and water appear bright.

Sequence for optimal visualisation of the liver
parenchyma.

T1-weighted liver axial

Measure of T1 relaxation time in liver
parenchyma. Fat appears bright, water appears
dark.

Sequence for optimal visualisation of the liver
parenchyma.

Generates an elastogram map. Specific regions can
be selected to obtain mean liver stiffness
(kilopascals; kPa).

Quantification and distribution of liver fibrosis.

Diffusion-weighted MRI

Captures changes in the diffusion properties of
water protons in tissue represented as the
apparent diffusion coefficient.

Can be used to assess liver parenchymal
morphological changes (e.g., tumours) and as
surrogate for liver fibrosis.

Dynamic contrast-enhanced MRI

Measures T1 changes in liver parenchyma
following bolus administration of gadolinium in
different phases of uptake and elimination.

Delineates flow in vessels, permeability and
enhancement of parenchyma. Can be used to
quantify liver function using flow and
permeability parameters as surrogate for liver
fibrosis.

T2-weighted MRCP

MR elastrography

MR: Magnetic resonance; PSC: Primary sclerosing cholangitis; MRI: Magnetic resonance imaging; MRCP: Magnetic resonance cholangiopancreatography.

EVOLUTION OF PSC DIAGNOSIS
Pathology and cholangiography
The earliest description of PSC was found in a publication by Hofmann 1867[14]. The
German pathologist reported two post-mortem descriptions of obstruction of the
common hepatic duct by thickening of the duct walls with the absence of malignancy
and stones. However, it was not until 1924-1925 that the first well-documented case
was reported by the French surgeons Delbet[15] and Lafourcade[16]. The first in the
English literature was reported by Miller in 1927 [17] . In 1958, Schwarts and Dale
reported 13 cases who they felt were consistent with a diagnosis of PSC on review of
worldwide literature[18].
PSC was historically a condition recognised intra-operatively when the accessible
portion of the extrahepatic biliary system was involved. Subsequently, with the
development of operative cholangiography, surgeons were better able to visualise the
intra- and extrahepatic bile ducts, extent of the disease and plan optimum site for
biliary drainage using T-tube cholangiograms. Reported series of PSC cases were
small prior to 1980[5]. The advent of percutaneous transhepatic cholangiography (PTC)
and ERCP paved the way for non-operative methods of obtaining a cholangiogram.
This led to more detailed description of PSC with a rise in reporting in the medical
literature worldwide. The first classification of intrahepatic and extrahepatic features
of PSC using cholangiograms obtained from T-tube, PTC, or ERCP was reported in
1984 by Chen and Goldberg using a case series of 19 patients[19].

Emergence of MRCP
ERCP had been the standard of reference for obtaining a cholangiogram in diagnosing
PSC until the emergence of MRCP. Whilst MRI of the liver was being performed for
liver disease, it was not until 1991 that the first “MR cholangiography” sequence was
performed by Wallner et al [20] . They developed a T2-weighted rapid sequential
gradient-echo two-dimensional (2D) acquisition and a three-dimensional (3D) postprocessing technique to produce coronal and sagittal images, without the need for
ionising radiation or intravenous biliary contrast. Static fluid-filled structures in the
abdomen have long T2 relaxation time in comparison to adjacent tissue. MRCP
exploits these differences by using heavily T2-weighted sequences that depicts higher
signal intensity (white) of slow-moving or static fluid within the bile and pancreatic
ducts in comparison to lower signal intensity (grey/black) of adjacent solid structures.
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Specific image acquisition sequences ensure that flowing blood has minimal or no
measurable signal in order not to mistake blood vessels for bile or pancreatic ducts.
Acquisition is performed in a fasted state (often for at least 4 h) to reduce signal
overlap from fluid in the surrounding stomach and duodenum, reduce peristalsis and
promote gallbladder distension. Some centres use a negative oral contrast agent, such
as 200-400 mL of pineapple juice, 20-30 min prior to MRCP. The high concentration of
manganese in pineapple juice is thought to have a paramagnetic effect, suppressing
signal from overlapping fluid in the stomach and duodenum[21]. 2D and 3D MRCP has
undergone significant advances since its first description with shorter acquisition
time, better image quality and improved reconstruction algorithms. Optimal imaging
protocol depends on the specific scanner used and parameters including field strength
(e.g., 1.5 or 3T), the manufacturer, institutional preference and experience. Good
quality 3D MRCP acquisition also depends on good navigator-based respiratorytriggering of the diaphragm.

MRI/MRCP technical review
The International PSC Study Group has recently published a position statement from
multidisciplinary experts offering recommendations on the minimum standard for
performing MRI/MRCP in PSC as well as a more complete workup[22].
Bile duct imaging: T2-weighted MRCP is preferred to T1-weighted for improved
visualisation of biliary ducts. 3D MRCP is preferred over 2D MRCP as the thinner
1mm sections result in higher spatial resolution with excellent signal-to-noise ratio.
Post-processing 3D reconstruction using isotropic data allows creation of multiple
projections. However, the trade-off for this is longer acquisition time and motion
artefact. If a hepatobiliary contrast agent is used, 3D MRCP sequences should be
acquired first or else the bile signal will be suppressed.
Liver parenchyma imaging: Cross sectional T2 and T1-weighted acquisition is
recommended. T2-weighted coronal plane acquisitions covering most of the liver
from anterior to posterior is important for evaluation of peripheral intrahepatic ducts.
Fat-suppressed T1-weighted image is acquired as it adds information on the liver
parenchyma. Gadolinium-based intravenous contrast agents form part of a more
complete workup of PSC patients to detect and differentiate mass lesions and
inflammation. MR contrast agents can be classified as purely extracellular or
extracellular with a hepatocyte-specific (hepatobiliary) component. Depending on the
contrast agent used, post-contrast images are acquired in different phases including
arterial, portal venous, equilibrium (parenchyma), delayed and hepatobiliary phases.
Some centres perform diffusion-weighted imaging (DWI) routinely for parenchymal
and lesion characterisation.

Diagnosis of PSC
Cholangiography is required to make a diagnosis of LD-PSC. ERCP is invasive with
potential serious complications including pancreatitis, cholangitis, perforation and
bleeding[23]. Over the last twenty years, MRCP has replaced ERCP as the first line
imaging method for the diagnosis of PSC. A large meta-analysis, including 189 PSC
patients, compared the diagnostic accuracy of MRCP against combined clinical,
biochemical, and ERCP or PTC endpoint as the reference standard for diagnosis. The
study concluded that the sensitivity and specificity of MRCP for the diagnosis of PSC
were 0.86 (95%CI: 0.80-0.90) and 0.94 (95%CI: 0.86-0.98) respectively, with an area
under the receiver operating curve of 0.91, supporting a high diagnostic accuracy[24].
Advancement in imaging techniques with higher quality images and spatial
resolution is likely to have increased the diagnostic accuracy further. Both the
European Association for the Study of the Liver (EASL) and American Association for
the Study of Liver Diseases (AASLD) recommend MRCP as the first-choice imaging
modality in PSC [7,25] . Performing MRCP first has been shown to be a more costeffective strategy[26,27]. Moreover, incomplete biliary tract distension mimicking the
ductal irregularities of PSC can give rise to false-positive diagnosis on ERCP
cholangiogram and false-negative diagnosis if a high-grade stricture causes
inadequate opacification of the intrahepatic ducts [28,29] . However, ERCP is still
performed when diagnostic doubt exists after MRCP scanning.

MRI/MRCP features of PSC
Identification of multifocal fibrotic strictures and areas of dilatation and ductal wall
thickening of the intrahepatic or extrahepatic biliary systems, or both, underpins the
diagnosis of LD-PSC. The majority of patients have involvement of both the intra- and
extrahepatic bile ducts, with less than 25% with intrahepatic duct disease only[25].
Exclusive involvement of the extrahepatic duct is uncommon (less than 5%) and
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should prompt a search for an alternative cause[1]. Figure 1 illustrates typical MRCP
features of LD-PSC. The MRI/MRCP features of PSC that have been reported in the
literature are summarised in Table 2[22,30-32].
As for any other imaging modality, MRI/MRCP is subject to inter-observer
variability. The cholangiographic features of PSC on its own do not necessarily
distinguish PSC from secondary sclerosing cholangitis, particularly in the absence of
IBD diagnosis. Immunoglobulin G4-related sclerosing cholangitis (IgG4-SC) can often
mimic PSC on MRCP. Features that support a diagnosis of IgG4-SC over PSC include
dilatation proximal to confluent stricture, symmetrical bile duct wall thickening with
smoother outer and inner margins, presence of continuous as opposed to skip disease
in the bile ducts, common bile duct thickness greater than 2.5 mm, gallbladder and
pancreatic involvement[33,34]. Other mimickers include ischaemic cholangiopathy,
acquired immune deficiency syndrome-related cholangiopathy, secondary sclerosing
cholangitis after repeated ascending cholangitis and portal biliopathy.

STAGING OF LIVER FIBROSIS
Liver biopsy
Liver biopsy, assessed using Ludwig staging system, has been shown to be an
independent predictor of survival in PSC[35,36]. More recently, in a multicentre PSC
cohort, three separate histological scoring systems (Nakanuma, Ishak and Ludwig),
have been shown to have independent prognostic value in monitoring disease
progression[37]. However, liver biopsy is not recommended in the current EASL and
AASLD guidelines for the diagnosis and follow-up of PSC due to its invasive nature
and risk of complications[7,25]. Moreover, distribution of disease in PSC is patchy and
liver biopsy is prone to sampling variability[38]. A liver biopsy is usually performed
when MRCP/ERCP is normal to diagnose small-duct PSC and/or there is suspicion
of an autoimmune overlap syndrome or IgG4-SC.

Serum markers of fibrosis
Several promising serum biomarkers have been studied as surrogate markers for liver
fibrosis. The ELF test is based on three direct markers of fibrogenesis: hyaluronic acid
(HA), tissue inhibitor of metalloproteinases-1 (TIMP-1) and procollagen III amino
terminal peptide (PIIINP). It has been reported in two large, retrospective, cohort
studies to be a strong predictor of clinical outcomes defined as liver-transplant or
death, and independent of other risk factors or prognostic scores that predict
outcomes[39,40]. Fibrosis-4 index (FIB-4) and aspartate aminotransferase to platelet ratio
index (APRI) have been studied in other chronic liver diseases as a marker of liver
fibrosis, but their roles in PSC have not been reported to date.

Liver stiffness measurement
Liver stiffness has also been shown to be a surrogate marker for liver fibrosis. Studies
have shown correlation with stages of liver fibrosis, liver decompensation and
survival[41,42]. Liver stiffness can be measured using shear-wave-based technology such
as vibration controlled transient elastography (VCTE) or magnetic resonance
elastography (MRE). Two retrospective studies have shown good correlation between
baseline VCTE measurements and changes in VCTE measurements with stages of
fibrosis and clinical outcomes[43,44]. Although widely available with relatively low-cost,
false positive elevation of VCTE measurements can be caused by biliary obstruction
and active inflammation such as occurs in PSC patients[45,46]. Technical failures and
unreliable results have been reported to be as high as 10% in PSC patients[43]. There is
limited data reported on the use of other ultrasound-based techniques such as point
shear wave elastography and 2D shear wave elastography in PSC.
MRE has been shown to predict liver decompensation in a large single-centre
retrospective study involving 266 PSC patients with median follow-up of 2 years[47]. In
a small sub analysis of this study, MRE was also shown to correlate with different
stages of liver fibrosis. In comparison to VCTE, it has the added advantage of being
able to visualise the whole liver and identify patchy areas of fibrosis in PSC. MRE is
able to assess more than 1000 times the volume of liver than VCTE[48]. Unlike VCTE,
MRE can be performed regardless of patient’s body habitus or presence of ascites.
However, MRE is not widely available, is more costly and time-consuming[49]. Whilst
MRE was found to have better diagnostic accuracy than VCTE for staging of liver
fibrosis in non-alcoholic fatty liver disease [50] , there has been no head-to-head
comparison performed in a chronic cholestatic disease such as PSC. MRE has also
been shown to correlate better with Mayo PSC risk score than VCTE and liver
stiffness quantified by MRE is an independent predictor of worse score[51].
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Figure 1

Figure 1 Magnetic resonance cholangiopancreatography annotating typical features of large-duct-primary
sclerosing cholangitis. A: Common hepatic duct stricture (arrow) and intrahepatic duct beading (arrowheads); B:
Dominant stricture (arrow) and dilated proximal intrahepatic ducts secondary to distal strictures (arrowheads); C: Area
of non-filling of intrahepatic ducts indicating tight stricture (arrow) and common hepatic duct stricture (arrowhead); D:
Pseudodiverticula.

MONITORING DISEASE PROGRESSION AND CLINICAL
OUTCOMES
Disease progression in PSC can affect the biliary tree and/or the liver. A third domain
of disease complications or progression includes extra-hepatic manifestations and
symptoms, which can be independent of the stage of the biliary or liver disease. The
complications of disease progression in PSC are summarised in Figure 2. Predicting
which patients are at risk of developing these complications is challenging in clinical
practice. Development of non-invasive methods to risk-stratify patients with PSC and
predict clinical events was identified as a research priority in a 2016 survey by PSC
Support, a registered United Kingdom charity [52] . It highlighted that patients
experience significant anxiety due to the uncertainty about the future of their disease;
in particular, the risk of disease progression, malignancy, and liver transplantation. In
addition to the stage of liver fibrosis, a combination of serum biomarkers, clinical risk
prediction model and cholangiographic features can be used to risk-stratify patients.

Serum prognostic markers
Serum alkaline phosphatase (ALP) has been the most widely studied serum
biomarker in PSC. ALP levels can fluctuate throughout the disease course but
persistently low ALP has been shown to correlate with better clinical outcomes. A cutoff value of 1.5 × the upper limit of normal (ULN) has been demonstrated in several
patient cohorts to have prognostic implications[53-57]. However, patients can have
normal serum ALP with advanced liver disease[58]. In one study with 10-year followup, 62% of patients did not experience any liver-related endpoints despite having a
serum ALP that did not improve to levels less than 1.5 × ULN[57].

Clinical risk score and prognostic model
Several clinical risk scores have been developed to predict disease progression and
clinical outcomes in PSC. The revised Mayo PSC risk score, based on age, bilirubin,
albumin, AST and variceal bleeding, is the most commonly used clinical risk model[59].
The model was developed using multi-centre large cohort data (n = 405) and was
subsequently validated in a separate cohort (n = 105). The risk score provides survival
estimates up to 4-year follow-up but does not include time to liver transplant. Given
that it is made up of markers predictive of advanced disease, it is not surprising that it
has insufficient power and is not clinically useful in discriminating and predicting the
clinical course of early disease.
The Amsterdam-Oxford risk score based on seven variables (PSC subtype, age at
diagnosis, albumin, platelet, AST, ALP and bilirubin) predicted long-term transplantfree survival in a large derivation cohort (n = 692) and external validation cohort (n =
264)[60]. The PSC risk estimate tool (PREsTo) was recently developed using machine
learning techniques. It consists of 9 variables (bilirubin, albumin, ALP times the ULN,
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Table 2 Descriptive features of primary sclerosing cholangitis on magnetic resonance imaging/ magnetic resonance
cholangiopancreatography[22,30-32]
Bile duct changes
Multiple annular or short segmental strictures (1-2 mm) with slightly dilated ducts among them: “beaded” appearance
Obliteration of small peripheral ducts “pruned tree”
Periductal inflammation
Thickening of walls of large ducts
Strictures seen at bile duct bifurcation
Angles between peripheral and central bile ducts become obtuse
Exclusive involvement of extrahepatic bile duct is infrequent
Bile duct dilatations are usually subtle
Retraction of papilla
Webs, diverticula and pigmented stones
Liver parenchymal changes
Segmental or lobular atrophy with compensatory hypertrophy attributed to chronic biliary obstruction
Patchy areas of peripheral parenchymal enhancement
Caudate lobe hypertrophy1
Spherical liver shape2
Peripheral wedge-shaped areas with focal increased signal intensity on T2-weighted images3
T2-weighted hyperintensity around portal vein branches
Regional changes
Gallbladder enlargement
Enlarged regional lymph nodes
Signs of portal hypertension including splenomegaly and collateral vessels

1

Autoimmune process spares bile ducts in caudate lobe that results in compensatory hypertrophy. This feature is also seen in other cirrhotic livers because
the caudate lobe has its own venous, lymphatic and biliary drainage.
2
This is due to atrophy of left lateral segments and posterior segments of the right lobe.
3
It remains unclear if this is caused by inflammatory or fibrotic conditions.

platelet, AST, haemoglobin, sodium, age and number of years since diagnosis)[61]. The
model was derived using 509 patients and validated in an international multicentre
cohort (278 patients) who did not have markers of advanced disease. It accurately
predicted the 5-year risk of liver decompensation. None of the prognostic scores that
have been developed to date has entered radiological features as a variable into their
modelling methods, probably because of the significant inter-observer variability in
radiological interpretation even among experienced experts[62].

Cholangiography
Given that cholangiography is required for the diagnosis of the majority cases of PSC,
it would seem intuitive to use cholangiographic features as predictors of disease stage
and prognosis. Whilst there are limited studies evaluating the use of ERCP
cholangiogram findings, there is an increasing trend of utilising MR techniques to
study both the liver parenchyma and cholangiography of PSC patients
simultaneously to propose imaging biomarkers in PSC. The non-invasive nature of
MR techniques makes this an attractive option as a surrogate marker.
ERCP: Craig et al[63] retrospectively reviewed ERCP cholangiograms of a cohort of 174
PSC patients with relatively advanced disease and found that both high-grade
intrahepatic duct strictures and diffuse intrahepatic duct strictures were associated
with a lower 3-year survival[63]. Similarly, Olsson et al[64] concluded that high-grade
intrahepatic strictures predicted shorter survival in a study involving 94 PSC patients.
The Amsterdam cholangiographic classification system was developed by Ponsioen et
al[65], incorporating the previously reported classifications by Majoie et al[66] and ChenGoldberg [19] . It is based on scoring intrahepatic and extrahepatic stricture and
dilatation severity on ERCP cholangiograms as outlined in Table 3. In a large singlecentre study with a long follow-up period, 133 patients’ cholangiograms were scored.
Cholangiographic scores were inversely correlated to survival, and together with age
at ERCP, a prognostic model was derived[65]. It remains to be externally validated,
perhaps reflecting the shift away from invasive biomarkers of disease.
MRI/MRCP: MRI/MRCP presents a more favourable option than ERCP as a marker
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Figure 2

Figure 2 Summary of complications resulting from disease progression in primary sclerosing cholangitis. PSC: Primary sclerosing cholangitis.

of disease activity and prognosis in PSC as it allows co-assessment of liver
parenchyma and biliary abnormalities. Petrovic et al[67] retrospectively examined the
relationship between MRI/MRCP features and survival as predicted by the Mayo risk
score. The severity of biliary stricture was graded using the Amsterdam
cholangiographic classification. In this study involving 47 patients with PSC, delayed
(3-min post contrast) peribiliary hyperenhancement in the liver parenchyma using
extracellular gadolinium contrast, showed weak correlation with Mayo risk score.
There was no correlation with peribiliary hyperenhancement at 2-min post contrast,
intrahepatic or extrahepatic duct grading of strictures. Extrapolating ERCP-based
cholangiographic findings to MR-based cholangiography cast doubts on the
reproducibility of stricture grading, particularly with variability in contrast injection
technique and volume used during ERCP. Tenca et al[68] reported only moderate
agreement between ERCP and MRCP cholangiograms using a modified Amsterdam
scoring system. Weak correlations were demonstrated between severity of biliary
changes and serum ALP as well as clinical endpoints defined by liver transplantation
or death.
Change in the morphological appearance of the biliary tree and liver on interval
MRI/MRCP is often used to comment on whether the disease is stable or has
progressed. Ruiz et al[69] designed the first MRI-based score to determine radiological
disease progression on follow-up MRI/MRCP of 142 well-characterised PSC patients.
They designed an interpretation standard model that converted radiological
descriptors into categorical variables in this study, which allowed them to
systematically analyse the bile ducts and liver parenchyma. An MRI progression risk
score model was built using factors that predicted radiological progression between
two successive MRIs, as shown in Figure 3.
This study demonstrated radiological progression in 58% of patients (n = 37) over a
4-year follow-up period. Both scores had area under receiver operating characteristic
curve of 80% and 83% respectively for predicting radiological progression. However,
the study did not take into account inter-observer variability, had no correlation with
clinical outcomes and did not have ERCP as the reference standard. The MRI score is
awaiting external validation. Kitzing et al[70] subsequently examined serial MRI/MRCP
images and reported that liver morphological changes on surveillance imaging,
specifically liver atrophy, was associated with adverse clinical outcome and shorter
transplant-free survival over a mean intervening period of 5 years.
Several studies have evaluated the changes seen on contrast-enhanced MRI
sequences in PSC with mixed evidence. Bader et al[71] studied 52 patients with PSC and
reported that there were no correlations between liver parenchymal signal
abnormalities or biliary ductal features and Childs-Pugh or Model for End-stage Liver
Disease (MELD) score in a retrospective single time point analysis of MR images.
Whilst delayed phase peribiliary hyperenhancement showed weak correlation with
Mayo risk score as described earlier, Ni Mhuircheatiagh et al[72] reported that the
presence and extent of arterial phase peribiliary hyperenhancement on MRI was
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Table 3 The Amsterdam classification of endoscopic retrograde cholangiopancreatography cholangiographic changes in primary
sclerosing cholangitis[65]
Type

Intrahepatic

Extrahepatic

0

No visible abnormalities

No visible abnormalities

I

Multiple calibre changes; minimal dilatation

Slight irregularities of duct contour; no stricture

II

Multiple strictures; saccular dilatations, decreased arborisation

Segmental strictures

III

Only central branches filled despite adequate filling pressure; severe pruning

Strictures of almost entire length of duct

IV

-

Extremely irregular margins; diverticulum-like outpouchings

associated with a higher Mayo risk score in a cohort of 60 PSC patients. They
postulated that this is potentially a marker of active biliary inflammation and poorer
prognosis. Bookwalter et al[73] retrospectively reviewed MRI that included dynamic
contrast enhanced sequences, MRCP and MRE of 55 PSC patients to examine the
relationship between liver parenchymal changes, biliary features and liver stiffness at
a segmental, lobar and global level. They found weak correlation at segmental level
between liver stiffness and liver parenchymal signal changes and ductal strictures.
However, they found no significant correlation between the presence and absence of
periductal enhancement in any of the three contrast enhanced phases with Mayo risk
score or MELD score.

Dominant stricture and cholangiocarcinoma
A dominant bile duct stricture in PSC is defined as a stricture less than 1.5 mm
diameter in the common bile duct, or less than 1 mm in the left or right main hepatic
ducts on cholangiography[7]. However, there are currently no validated criteria for MR
definition of a dominant stricture. Deterioration in clinical and biochemical
parameters prompts evaluation for a dominant stricture and/or cholangiocarcinoma
on MRI/MRCP. The presence of a dominant stricture either at diagnosis or follow-up
is associated with an increased risk of developing cholangiocarcinoma and
mortality[74,75].
Over one third of cholangiocarcinoma cases were detected within the first year
following PSC diagnosis in a retrospective, international, observational cohort study
involving 594 PSC patients[13]. This is likely due to length-time bias and detection of
cholangiocarcinoma only when it becomes clinically overt. Serum tumour marker
carbohydrate antigen (CA)19-9 is widely used in surveillance strategy but it lacks both
sensitivity and specificity for the detection of cholangiocarcinoma [76,77] . The
cholangiocarcinoma is usually too advanced for curable treatment by the time CA19-9
becomes persistently elevated[78]. Annual MRI/MRCP as a surveillance strategy is
often performed, but with limited proven benefit. Nevertheless, the current
recommendation for cholangiocarcinoma surveillance is annual CA19-9 and
MRI/MRCP[79]. There is an unmet need for earlier detection of cholangiocarcinoma
and closer monitoring of newly diagnosed patients.

Subclinical PSC
A population-based study of long-term IBD patients in Norway reported that 8.1% of
322 patients had MRCP lesions indicating PSC, a 3-fold higher prevalence than
detected clinically before MRCP screening. Nearly two-thirds of these detected cases
had ‘subclinical’ PSC with mild changes on cholangiography and no biochemical
abnormalities[80]. A prospective controlled UK study demonstrated 14% of 51 patients
with extensive ulcerative colitis and normal liver biochemistry had biliary
abnormalities suggestive of PSC on MRCP, and over long-term (10-year) follow-up,
one-third developed abnormal liver biochemistry, one-fifth developed progressive
bile duct disease and over half developed malignancy, including two biliary and one
colorectal carcinoma[81].

QUANTITATIVE LIVER IMAGING
DW-MRI
DW-MRI manipulates the altered diffusion properties of water protons in fibrotic
tissue and allows assessment of liver fibrosis[82]. Addition of the short sequence to
routine MRI/MRCP enables whole liver assessment of fibrosis distribution,
particularly useful in a patchy disease such as PSC[32,83]. Since TE and MRE have
shown better diagnostic accuracy for the staging of liver fibrosis[83,84], DWI has fallen
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Figure 3

Figure 3 Magnetic resonance imaging progression risk score[69]. MRI: Magnetic resonance imaging.

out of favour but is still performed for better characterisation of lesions involving the
liver parenchyma. In a recent prospective study involving 47 PSC patients, DWI-MRI
performed better than dynamic contrast-enhanced MRI (DCE-MRI) in detecting and
staging liver fibrosis using VCTE as the reference standard[85].

DCE-MRI
Administration of hepatocyte-specific contrast agents such as Gd-BOPTA (gadobenate
dimeglumine) and Gd-EOB-DTPA (gadoxetate disodium) allows assessment of liver
function by analysing the liver uptake and elimination of contrast. Several studies
have attempted to quantify liver parenchymal changes with the administration of a
contrast agent.
Ringe et al[86] demonstrated that hepatobiliary excretion of hepatocyte-specific
contrast is significantly reduced in patients with PSC when compared to normal
controls and correlated with bilirubin levels in PSC. Noren et al[87] quantitatively
compared hepatocyte-specific contrast uptake with histopathological stage of fibrosis
in a prospective study involving 38 patients with compensated chronic liver diseases
of varying aetiology. They demonstrated that quantitative measurement of signal
intensities using DCE-MRI was able to distinguish advanced fibrosis (F3-4) from no
and moderate fibrosis (F0-2). Nilsson et al[88] developed a non-invasive imaging-based
method using DCE-MRI to assess liver function at the segmental and global level, and
showed significantly heterogeneity in the liver parenchyma of PSC patients compared
to controls. This small study (involving PSC patients with mild disease) reported
correlation between MRI-derived liver function indices and disease severity using
Mayo risk score. Segmental liver function correlated with level of downstream biliary
obstruction.
Hinrichs et al[89] reported that reduction in T1 relaxation time after hepatocytespecific contrast administration correlated with liver biochemistry tests, MELD and
Mayo risk score. They proposed that global liver function could be non-invasively
assessed using this specific T1 mapping sequence technique in PSC. Nolz et al[90]
performed retrospective quantitative analysis of liver parenchymal enhancement in
T1-weighted MRCP images in a small cohort of PSC patients, and calculated the
difference in signal intensity (SI) ratio between the hepatobiliary phase and
unenhanced parenchyma [termed relative enhancement (RE)]. They demonstrated
significant reduction in RE in localised areas of impaired liver parenchyma in
comparison to normal areas, thus allowing regional functional assessment.
RE = [(hepatobiliary SI - unenhanced SI)/unenhanced SI × 100]
Keller et al [91] adapted the above technique to MRI scans performed with
extracellular gadolinium-based instead of hepatocyte-specific contrast. They
retrospectively reviewed scans and liver biopsies of 40 PSC patients to evaluate the
utility of several quantitative MRI-derived parameters as markers of liver
inflammation and fibrosis (LIF). Relative liver enhancement (RLE) in the delayed
phase of T1-weighted MRI was shown to strongly correlate with stage of liver fibrosis.
The same group also demonstrated an increased RLE within T2 hyperintense areas in
the liver parenchyma on T2-weighted MRI and postulated that this could be early
changes of patchy inflammation[92]. Schulze et al[93] calculated RLE in the hepatobiliary
MRI phase in a prospective study using hepatocyte-specific contrast agent and
evaluated its role as a prognostic marker. Moderate correlation was demonstrated
with serum markers (ALP, albumin, bilirubin, INR) and prognostic scorings systems
(MELD, Mayo risk score, Amsterdam-Oxford). They proposed a cut-off RLE value
that predicted clinical endpoints with low sensitivity (74%) and reasonable specificity
(94%), which remains to be externally validated.

Non-contrast T1 mapping
LiverMultiscan™ (Perspectum Diagnostics, Oxford, United Kingdom) is a software
product that enables post-processing of liver MRI using T1 and T2* maps[94,95]. In a
small proof of principle study, the LIF score derived from the iron corrected T1 (cT1)
measurements, has been shown to strongly correlate with clinical outcomes in
patients with chronic liver disease of mixed aetiologies [96] . This technique looks
promising for the evaluation of patients with non-alcoholic fatty liver disease[97].
More recently, Arndtz et al[98,99] reported the distribution of imaging metrics derived
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from quantitative maps of T1, T2* and cT1 of LiverMultiscan™ in autoimmune
hepatitis (AIH), primary biliary cholangitis (PBC) and PSC. Using a machine-learning
technique to analyse the skewness and kurtosis of the distribution as well as local
regional variance, they demonstrated that addition of imaging metrics to serum ALT
or ALP performed slightly better than serum ALT or ALP alone in disease
differentiation between parenchymal liver disease (62 AIH patients) and biliary liver
disease (124 PSC and PBC patients).

LIMITATIONS OF MRI/MRCP
Acquisition and 3D image reconstruction protocols still vary significantly across
centres and there is no standard model for interpreting MRCP data. Current clinical
utility of MRI/MRCP allows only qualitative assessment of the bile ducts and liver
parenchyma, and is therefore susceptible to subjectivity in interpretation. Assessment
of the distal common bile duct and subtle changes in the smaller peripheral
intrahepatic bile ducts still remains a challenge despite the use of modern 3 Tesla (T)
MRI scanners[22]. The position statement from the International PSC Study Group
outlines areas of unmet need for imaging techniques in PSC, including (1) early
detection of disease; (2) the determination of disease stage, activity and prognosis; (3)
the assessment of treatment response; (4) a clinically meaningful definition of
dominant bile duct stenosis; and (5) the early detection of cholangiocarcinoma.

CONCLUSION
The role of MRI/MRCP in establishing the diagnosis of PSC is well documented and
has long superseded ERCP as the gold standard for obtaining cholangiography.
Disease staging is based on the severity of the liver fibrosis component of PSC, which
has prognostic implications. MRE appears to be a promising technique that generates
a liver stiffness map of the whole liver for assessment of patchy liver fibrosis.
However, there have been no comparative studies between MRE and other surrogate
markers of fibrosis in PSC. Whilst there is some exciting work published on MR
quantitative methods involving the liver parenchyma in PSC, there has been
surprisingly little advancement in the last three decades on quantitative methods
involving the bile ducts. Published studies to date have only proposed
cholangiography-based scoring systems derived from interpretation of qualitative
descriptors by two specialist radiologists assessing the morphological appearance of
bile ducts and liver parenchyma. This method is highly variable even among experts
and therefore limits its inclusion into reliable prognostic models. MRI/MRCP shows
promising potential for prediction of disease course and clinical endpoints in PSC as
MR techniques evolve towards ‘quantifying’ the disease. However, further
development and validation of objective and reproducible MR-based parameters are
needed before it can establish its role as an imaging biomarker in PSC.
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Abstract
Primary sclerosing cholangitis (PSC) is a rare cholestatic liver disease
characterized by progressive fibroinflammatory destruction of the intra- and/or
extrahepatic biliary ducts. While its features and disease course can be variable,
most patients with PSC have concurrent inflammatory bowel disease and will
eventually develop liver cirrhosis and end-stage liver disease, with liver
transplantation representing the only potentially curative option. Importantly,
PSC is associated with a significantly increased risk of malignancy compared to
the general population, mainly cholangiocarcinoma, gallbladder carcinoma,
hepatocellular carcinoma, and colorectal cancer, with nearly 50% of deaths in
patients with PSC being due to cancer. Therefore, robust surveillance strategies
are needed, though uncertainty remains regarding how to best do so. In this
review, we discuss the epidemiology, prevention, and surveillance of cancers in
patients with PSC. Where evidence is limited, we present pragmatic approaches
based on currently available data and expert opinion.
Key words: Bile duct diseases; Cholangiocarcinoma; Gallbladder carcinoma;
Hepatocellular carcinoma; Colorectal cancer; Chemoprotection; Inflammatory bowel
disease
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Primary sclerosing cholangitis is a rare cholestatic liver disease characterized by
progressive fibroinflammatory destruction of the bile ducts. It is associated with a
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significantly increased risk of malignancy over the general population, with nearly 50%
of deaths in patients with primary sclerosing cholangitis caused by cancer, thus
necessitating robust surveillance strategies. In this article, we provide a synopsis of the
epidemiology, prevention, and surveillance of cancers in patients with primary sclerosing
cholangitis.
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INTRODUCTION
Primary sclerosing cholangitis (PSC) is a rare, progressive cholestatic liver disease
characterized by chronic inflammation and fibrosis of the intra- and extrahepatic bile
ducts[1-3]. It is a heterogenous disease often presenting with an insidious onset and
variable disease course, though ultimately leading to cirrhosis and end-stage liver
disease in most cases[4-6]. Its incidence and prevalence appear to vary depending on
geography, with estimated incidence ranging from 0-1.3 per 100000 and prevalence
from 0-16.2 per 100000, both of which appear to be rising for unclear reasons[7]. The
disease has a male predominance, though it can affect men and women of nearly all
ages[8]. It also has a strong association with inflammatory bowel disease (IBD), with a
majority of patients with PSC also having IBD[9]. Associations with other immunemediated diseases such thyroid disease, psoriasis, and sarcoidosis have also been
reported[10-12]. Furthermore, patients with PSC have a significantly increased risk of
developing various abdominal malignancies, which in fact account for 40%-50% of the
mortality in patients with PSC[13-16]. Nevertheless, predictors of cancer in PSC are still
largely unclear, preventive measures are for the most part unproven if not nonexistent, and much is still unknown regarding prevention and surveillance of cancer
in PSC[8]. Furthermore, there is significant ambiguity regarding surveillance strategies,
with limited recommendations provided by society guidelines. In this article, we
discuss the epidemiology, prevention, and surveillance of cancer in patients with PSC.
We review current recommendations and avenues for cancer surveillance based on
currently available evidence and expert opinion.

CANCER EPIDEMIOLOGY IN PRIMARY SCLEROSING
CHOLANGITIS
PSC is associated with a major lifetime risk of gastrointestinal cancers. Compared
with the general population, patients with PSC have double the risk of cancer in
general and 40 times the risk of a primary hepatobiliary cancer[17]. Various studies
have shown that patients with PSC have a significantly increased risk of developing
cholangiocarcinoma (CCA), gallbladder carcinoma (GBC), hepatocellular carcinoma
(HCC), and colorectal carcinoma (CRC) (Figure 1)[15,16,18,19]. We discuss each of these in
forthcoming sections.

Cholangiocarcinoma risk
Patients with PSC are at particularly increased risk for CCA. The annual incidence of
CCA in patients with PSC is estimated to be 0.5%-1.5%, with a reported lifetime
incidence of 20%[5,6,20]. Recently, a large international multi-centered cohort study (n =
7121 patients from 37 countries) estimated the prevalence of hepatobiliary cancer in
PSC to be 10%, with CCA being the most common malignancy[21]. Compared to the
general population, patients with PSC have a 400- to 1500- fold increased lifetime risk
of CCA[5,22]. Though the predictors of CCA in PSC remain somewhat unclear, several
factors seem to be associated with CCA risk. For example, prolonged duration of IBD
in PSC-IBD patients seems to (further) increase the risk of developing CCA, as does a
history of colonic dysplasia[14]. Notably, cirrhosis does not appear to significantly
increase the risk of (or at least is not required for development of) CCA in patients
with PSC, and many patients do not carry a diagnosis of cirrhosis at the time of CCA
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Figure 1 Lifetime incidence of various cancers associated with primary sclerosing cholangitis and their respective risks compared with the general
population. Estimations of lifetime incidence are made from limited available data (predominantly based on 10- to 30-year longitudinal studies), and thus may often
underestimate true lifetime risk. 1The risk in patients with PSC-IBD (not PSC alone) is 4× the risk in patients with UC alone and 10× the risk in the general population.
PSC: Primary sclerosing cholangitis; PSC-IBD: Inflammatory bowel disease co-existing with primary sclerosing cholangitis; UC: Ulcerative colitis.

diagnosis[6,23].
To better characterize and manage CCA, tumors are often classified into one of
three subtypes based on their location: Intrahepatic (located proximal to the
secondary branches of the left and right hepatic ducts), perihilar (between the cystic
duct confluence and the secondary branches of the left and right hepatic ducts), and
distal (between the cystic duct and the hepatopancreatic ampulla)[24]. Based on the
limited number of studies that have evaluated CCA by subtype, it appears that
patients with PSC may have a higher proportion of intrahepatic tumors compared
with patients without PSC[23,25,26]. However, studies are very heterogenous; one study
even reported no cases of intrahepatic tumors[27]. Overall, studies evaluating the
features and outcomes of CCA by location specifically in patients with PSC are very
limited, with various studies using different classification schemes/definitions[27-29] or
including other cancers (e.g., GBC) as CCA[30], thus limiting the ability to compare
studies and draw meaningful conclusions in this regard.
Of note, though the median time between PSC diagnosis and CCA ranges from 4-6
years, as many as 50% of patients are diagnosed with CCA either at presentation or
within 1 year of being diagnosed with PSC[6,20,22]. The presenting features of CCA are
lamentably nonspecific, with extrahepatic CCA presenting with biliary obstruction
symptoms [e.g., abdominal pain, jaundice, dark urine (choluria), pruritis, malaise,
weight loss, pale stools (from acholia), and increases in serum alkaline phosphatase
and bilirubin above PSC baseline] and intrahepatic CCA more frequently presenting
with “cancer” symptoms (e.g., abdominal pain, fatigue, weight loss, diminished
appetite, and night sweats; alkaline phosphatase is typically elevated above baseline,
but bilirubin may remain unchanged) [31-33] . Unfortunately, CCA accounts for
approximately a third of all-cause mortality in PSC[5], and up to 80% of patients who
develop CCA die within 1 year[6]. Liver transplantation (LT) for PSC, though curative
for many, does not preclude recurrence of PSC or PSC-associated CCA (though both
occur in only a minority of patients). Moreover, CCA may develop post-LT, with at
least several cases reporting de novo tumor growth in the remnant bile duct when the
native bile duct was preserved [34-38] . For this reason, some have recommended
avoiding choledochocholedochal anastomosis in patients with PSC[37]. Treatment of
CCA and other PSC-associated malignancies has been recently reviewed and is
discussed elsewhere[39,40].
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Gallbladder carcinoma risk
Patients with PSC have an increased incidence of various gallbladder abnormalities,
including gallstones, cholecystitis, gallbladder polyps, and GBC. It is important to
note that although most gallbladder polyps are benign in the general population,
patients with PSC have a high incidence of dysplastic or malignant polyps[41]. In a
Swedish study of 286 patients with PSC, 6% had gallbladder masses, of which 56%
harbored malignancy[19]. Similarly, in an American study of 102 patients with PSC
undergoing cholecystectomy, 13.7% had a gallbladder mass, of which 57% had
adenocarcinomas[42]. GBC can manifest on imaging as a mass replacing part or all of
the gallbladder (seen in 45%-60%), wall thickening (20%-30%), or intraluminal
polypoid lesion (15%-25%)[43]. Current societal guidelines recommend consideration of
cholecystectomy in all patients with PSC with gallbladder polyps greater than 8 mm
in size as well as gallbladder masses of any size due to the high risk of current or
developing malignancy[19,44-46]. Smaller polyps, on the other hand, should be closely
monitored, as cholecystectomy in patients with PSC may be associated with relatively
high morbidity and should not be performed unless the benefit is believed to
outweigh the potential risks[47]. The lifetime incidence of GBC in patients with PSC is
estimated to be 3%-14%[48].

Hepatocellular carcinoma risk
There is an increased risk of HCC in patients with PSC[49]. Though the incidence of
HCC in PSC has not been well studied, limited data suggest a lifetime incidence of
0.3% to 2.8%[49,50]. In a recent study of 830 patients with PSC, 23 patients had HCC, all
of which had cirrhotic-stage PSC, suggesting the increased risk for HCC in patients
with PSC may be solely in the setting of cirrhosis, as with most other chronic liver
diseases[51].

Colorectal cancer risk
It is well known that patients with IBD are at increased risk for CRC. Although the
exact mechanism is unclear, it is thought that chronic intestinal inflammation
promotes pro-neoplastic changes, thus leading to dysplasia and IBD-associated
cancer[52]. Most patients with PSC also have IBD, with an estimated prevalence of IBD
in patients with PSC ranging from 50% to 80%, the majority of cases being of the
ulcerative colitis (UC) subtype[53,54]. Remarkably, patients with PSC and IBD are at
even higher risk for CRC than those with PSC alone or IBD alone. In one study, the
reported 10-year and 20-year risks for CRC were 14% and 31%, respectively,
compared to 2% and 2%, respectively, in patients with PSC alone[16,55]. Similarly, a
large meta-analysis of 16844 patients revealed a 4-fold increased risk of CRC in
patients with concurrent PSC and UC compared with patients with UC alone[56]. A
more recent meta-analysis of 13379 IBD patients also came to the same conclusions[18].
Of note, although PSC has been found to be an independent risk factor for CRC in
patients with UC, it is unclear whether PSC has the same influence in Crohn’s disease.
The few studies on this topic in the literature have had differing results [57,58] . In
general, however, it is believed that the risk of CRC in extensive Crohn’s colitis is
similar to that of UC.
It should be mentioned that IBD co-existing with PSC (PSC-IBD) may represent a
genetically and clinically distinct entity from IBD alone[59]. Intestinal disease in PSCIBD is typically more quiescent and is often asymptomatic, thus only found on active
screening with colonoscopy with biopsies[54,60]. Furthermore, the progression of colonic
neoplasms from low grade dysplasia to advanced colorectal neoplasia occurs at a
higher rate in patients with PSC-IBD (regardless of the apparent severity of PSC)
compared with patients with IBD alone[61]. Patients with PSC-IBD also appear to have
a younger age at onset of IBD symptoms (19 vs 29 years)[62], younger age at diagnosis
of CRC (38 vs 48 years)[62], more extensive colitis[59], increased frequency of right sided
cancers (67% vs 36%), and overall worse prognosis (5 year survival: 40% vs 75%)[63],
compared to patients with IBD alone. Of note, unlike classical IBD where patients are
considered to be at an increased risk of CRC after having IBD for a decade, patients
with PSC-UC have an increased risk of CRC as soon as the initial diagnosis of both
diseases is made[64,65]. In addition, for unclear reasons, the risk of CRC can increase
after LT, thus routine surveillance for CRC is essential[66].

Pancreatic cancer risk
There is currently little data supporting an increased risk of pancreatic cancer in
patients with PSC. A review of the literature reveals one study of 604 patients with
PSC finding the risk of pancreatic cancer to be 14 times higher than the general
population [15] . Subsequent studies, however, have not found such high rates of
pancreatic cancer in patients with PSC. A study of 211 patients with PSC in the
Netherlands found only 1 case of pancreatic cancer[16], and a study of 200 patients with
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PSC in Belgium found 5 cases of pancreatic cancer, though one of the cases could not
be distinguished from distal CCA [67] . Given the paucity of data to date, specific
surveillance for pancreatic cancer is not recommended at this time but is an area
which merits further investigation.

CANCER PREVENTION IN PRIMARY SCLEROSING
CHOLANGITIS
Data regarding the prevention of cancer in PSC are scarce, largely due to the rarity of
PSC and difficulty in amassing sufficient patient-years to power chemopreventive
studies. There are currently no pharmacological agents that are routinely
recommended for cancer prevention in patients with PSC. Multiple potential disease
modifying agents and pharmacotherapeutics have been studied, including
atorvastatin, azathioprine, colchicine, budesonide, docosahexaenoic acid, Dpenicillamine, malotilate, methotrexate, metronidazole, minocycline, mycophenolate
mofetil, nicotine, pentoxifylline, pirfenodone, prednisolone, tacrolimus, thalidomide,
and silymarin, all without clear clinical benefit [46] . However, there are several
pharmacological agents that may have potential benefit, thus necessitating further
investigation.
Ursodeoxycholic acid (UDCA), a hydrophilic bile acid, has been one of the most
studied pharmacological agents for PSC to date, with trials showing varying results.
Although its mechanism for chemoprevention is still unclear, it is thought to act
through alterations in colonic bile acid milieu (among other mechanisms), possibly
lowering levels of carcinogenic compounds[68]. Several trials have shown that the use
of UDCA reduces the risk of developing dysplasia or cancer in patients with PSCIBD[68,69], while others show no benefit[70] or even deleterious effects when taken in high
doses (28-30 mg/kg/day)[71]. In general, low- to intermediate-dose UDCA appears to
have some chemopreventive benefit[69] while high-dose UDCA has been associated
with an increased risk of adverse effects[72], including an increased risk of CRC[71], and
thus should be avoided. The role of intermediate-dose UDCA in patients with PSC for
chemopreventive purposes remains unclear at this time. The American Association
for the Study of Liver Diseases (AASLD) and American College of Gastroenterology
(ACG) both strongly recommend against the routine use of UDCA as
chemoprevention for CRC in patients with PSC-IBD [44,46] , while the European
Association for Study of the Liver (EASL) does not provide specific recommendations
for the general use of UDCA, but acknowledges consideration of UDCA in high-risk
groups (e.g., those with strong family history of CRC, previous history of colorectal
dysplasia and cancer, or longstanding extensive colitis)[45].
Oral vancomycin, an immunomodulating bacterial glycopeptide antibiotic, has
been used to treat PSC and found to result in significant improvement in clinical
symptoms and liver biochemistries in some PSC-IBD patients[73-75]. However, data
regarding the impact of vancomycin on cancer prevention (or prevention of recurrent
PSC post-LT) are not yet available. The use of oral vancomycin in PSC remains an
area of active and exciting research[76].
Curcumin, a naturally-occurring phytoextract from the turmeric (Curcuma longa)
rhizome is another compound of interest. Preclinical studies have suggested that
curcumin has anti-inflammatory, anti-fibrotic, and anti-neoplastic effects, primarily
with regard to HCC and CCA[77]. Although there are no published clinical trials to
date on the effects of curcumin on hepatobiliary malignancies, a phase 1/2 study for
the use of curcumin in the treatment of PSC is currently underway [78] , and if
therapeutic effects are found, would support further studies to investigate its
chemopreventive potential.
In addition to pharmacological agents, prevention can involve minimizing
modifiable risk factors for hepatobiliary malignancies. Several studies have found
smoking and alcohol consumption to be associated with an increased risk of
CCA[22,25,79]. However, there have not been any published studies evaluating whether
cessation of smoking or alcohol consumption can reduce the risk of hepatobiliary
malignancies or survival in patients with PSC.

CANCER SURVEILLANCE IN PRIMARY SCLEROSING
CHOLANGITIS
In the health sciences, surveillance refers to the observation and monitoring of
asymptomatic, but at-risk populations for the occurrence of an outcome of interest.
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When the outcome of interest is cancer, surveillance is performed to detect lesions
before they become cancer and/or to detect cancers at an earlier stage, thereby
increasing the chance of cure. For surveillance to be effective, the at-risk population
must be identifiable, and tests used in the identification of patients with disease must
be accurate, accessible, cost-effective, and with acceptable risks. Furthermore, the
disease should be treatable with evidence-based modalities and should increase
survival of the population under surveillance[48]. Strategies and recommendations for
cancer surveillance in patients with PSC are discussed in the following sections.

Surveillance for cholangiocarcinoma
The development of surveillance guidelines for CCA has been challenging albeit an
area of great interest. Patients with PSC are at risk for developing CCA, thus, a clear
at-risk population can be identified for the purposes of developing an effective
surveillance program. In addition, surveillance modalities are, for the most part,
available and with acceptable risks to patients. However, early detection and tissue
diagnosis of CCA have historically been challenging, limited treatment options are
available if CCA is detected, and consequently, survival benefit of surveillance (until
recently) has largely been unknown. Due to these limitations and others, unlike for
GBC and CRC (Figure 2), there is currently no consensus, evidence-based societal
guideline for CCA surveillance in PSC[32].
Despite the aforementioned shortcomings, many experts suggest the usage of
regular imaging and measurement of the serum tumor marker carbohydrate antigen
19-9 (CA 19-9) for surveillance of CCA[13,46]. Indeed, the majority of large-volume
centers perform yearly or biennial magnetic resonance imaging/magnetic resonance
cholangiopancreatography (MRI/MRCP) for patients with PSC [80] , which has a
reported sensitivity and specificity of 89% and 75%, respectively[81]. Transabdominal
ultrasound is another modality often considered given its lower cost, increased
availability, and greater patient acceptability compared with MRI/MRCP; however,
sensitivity is seemingly lower at 57% (while specificity is higher, 94%)[81]. Computed
tomography has similar sensitivity and specificity to MRI/MRCP at 75% and 80%,
respectively, but is not recommended due to the long-term risk of radiation and
iodinated contrast and somewhat inferior diagnostic performance in some studies[13,51].
CA 19-9 is a serum biomarker that has been extensively studied for its role in the
diagnosis of pancreatobiliary malignancy, including CCA. However, there is no
agreement on cutoff for diagnosis, and its sensitivity and specificity is relatively low
when used by itself without other diagnostic modalities (78% and 67%, respectively,
when using a cutoff of 20 IU/mL)[81]. False positive results for CA 19-9 are frequently
encountered, with one study finding approximately one third of patients with an
increased CA 19-9 over 129 IU/mL not having CCA[82]. Nevertheless, CA 19-9 is still
often used in clinical practice, and the combination of CA 19-9 levels greater than 20
IU/mL and suspicious findings on MRI/MRCP has been found to increase sensitivity
of detecting CCA to near 100% (at the expense of decreased specificity of 38%)[81]. The
use of CA 19-9 also increases the sensitivity of ultrasound to 91% (with specificity of
67%)[81]. Thus, we propose the use of annual abdominal imaging [ultrasound (US) or
MRI/MRCP] combined with CA 19-9 for CCA surveillance (Figure 3). Of note, recent
studies have explored other serum biomarkers (and even bile biomarkers) that may
aid in the diagnosis of CCA, though more research is needed prior to their use in the
clinical setting[82-84].
Endoscopic retrograde cholangiopancreatography (ERCP) with biliary sampling
may be another surveillance strategy. When all definite, probable, and possible
findings of CCA are included, the sensitivity of an abnormal ERCP is high (91%)[81].
However, the sensitivity of cytology for malignant lesions is low, with a systematic
review and meta-analysis reporting a sensitivity of 43% [85] . Fluorescence in situ
hybridization analysis has been found to improve this sensitivity[86,87], but the risks of
post-ERCP complications, especially pancreatitis, cholangitis, and hospitalization rate
of over 10% of patients with PSC make this an undesirable surveillance modality[88].
Thus, ERCP should be resorted to only when imaging and/or serum CA 19-9 are
positive or indeterminate/insufficient.
New research has shown that surveillance for hepatobiliary cancers is associated
with improved outcomes, including survival, in patients with PSC. A retrospective
study of 830 patients with PSC found an association between hepatobiliary cancer
surveillance and (1) earlier stage of cancer at diagnosis, (2) significantly lower 5-year
risk of a cancer-related adverse event (32% vs 75%), and (3) significantly higher
overall survival at 5 years (68% vs 20%) compared to patients that were not in a
surveillance program[86]. Despite these promising results, care should still be exercised
when implementing surveillance strategies, as diagnostic tools are still limited, and
false positives are not uncommon. Furthermore, treatment options are limited, with
curative surgical resection being appropriate in only a subset of patients and LT being
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Figure 2

Figure 2 Overview of cancer surveillance in patients with primary sclerosing cholangitis, beginning at time of primary sclerosing cholangitis diagnosis.
This overview is based on recommendations from the American Association for the Study of Liver Disease practice guidelines[44]. CCA: Cholangiocarcinoma; GBC:
Gallbladder carcinoma; HCC: Hepatocellular carcinoma; IBD: Inflammatory bowel disease; US: Ultrasound; PSC: Primary sclerosing cholangitis.

offered only to selected patients with hilar CCA at highly specialized centers[89-92].

Surveillance for gallbladder carcinoma
In the general population, GBC is often diagnosed at late stages because of the paucity
of symptoms at early stages. By the time a diagnosis is made, patients often have
metastatic cancer and a 5-year survival rate of less than 5%[93]. However, if detected
incidentally or at an early stage (T1), 5-year survival after simple cholecystectomy is
near 100%[94]. The same analogy can be made for patients with PSC; however, patients
with PSC are much more likely to have gallbladder neoplasms (polyps, masses) than
the general population, as mentioned earlier, and a high proportion of such lesions
harbor malignancy in PSC[41]. Given these considerations, both the AASLD and EASL
recommend yearly abdominal ultrasound in patients with PSC [44,45] . Although
ultrasound is the preferred modality due to its high accuracy, availability, and costeffectiveness, GBC surveillance can also be performed with MRI/MRCP (e.g., if used
to concurrently surveil for CCA)[48]. As discussed earlier in this review, all patients
with PSC with gallbladder polyps greater than 8 mm in size or gallbladder masses of
any size should be evaluated for cholecystectomy[19,44-46]; while smaller lesions may be
observed[47].

Surveillance for hepatocellular carcinoma
Historically, patients with PSC have been considered to have a relatively low risk for
developing HCC, with an estimated lifetime incidence below 1.5%, a cut off
established to justify regular HCC surveillance strategies based on cost-benefit
analysis[95]. However, reports on the incidence of PSC have been limited and vary
considerably. In a retrospective study of 119 patients with PSC and cirrhosis, no
patients developed HCC[96]. Conversely, in a more recent study of 830 patients with
PSC, 2.8% (n = 23) were found to have HCC, all of whom had underlying cirrhosis[51].
Therefore, it is unclear whether HCC surveillance is indicated for all patients with
PSC [ 9 7 ] . At this time, the AASLD, EASL, and ACG do not provide specific
recommendations on screening for HCC in patients with PSC, in part due to the fact
that many patients with PSC do not (yet) have cirrhosis. Our practice is to conduct
HCC surveillance with imaging every 6 mo for all patients with PSC-related cirrhosis,
as is done for patients with cirrhosis due to other diseases[98,99]. For patients without
cirrhosis, surveillance for HCC is effectively a byproduct of routine CCA surveillance.

Surveillance for colorectal cancer
Patients with PSC are at increased risk for CRC[16,18,55,57], and the risk is considered to be
increased at time of initial PSC diagnosis[64]. Furthermore, the risk of CRC does not
decrease after LT and can even increase further compared to pre-transplantation
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Figure 3 Suggested cholangiocarcinoma surveillance in patients with primary sclerosing cholangitis. Adapted from Tabibian et al[103], with permission. Red
arrows represent assumes stable findings; CA 19-9: Carbohydrate antigen 19-9; CCA: Cholangiocarcinoma; ERC: Endoscopic retrograde cholangiography; GB:
Gallbladder; GBC: Gallbladder cancer; FISH: Fluorescence in situ hybridization; HCC: Hepatocellular carcinoma; MRCP: Magnetic resonance
cholangiopancreatography; US: Ultrasound; ERCP: Endoscopic retrograde cholangiopancreatography; MRI: Magnetic resonance imaging.

risk[66]. Thus, surveillance for CRC in patients with PSC pre- and post-transplantation
is extremely important, with proven CRC-related survival benefit [5] . All leading
societies recommend a full colonoscopy with biopsies in patients with a new
diagnosis of PSC[44-46]. In patients with PSC and IBD, surveillance colonoscopy with
biopsies should be performed at 1-2 year intervals from the time of diagnosis of PSC
due to the high risk of CRC in patients with PSC-IBD[16,44,45] as well as the frequent lack
of symptoms at diagnosis [54,60] . For patients without IBD, some experts advocate
repeating a colonoscopy at 3-5 year intervals[46]. Of note, the use of chromoendoscopy
with targeted biopsies has been recommended for surveillance of patients with IBD,
though its value in unselected patients over high-definition colonoscopy is debatable,
particularly considering the increased time and resources required for
chromoendoscopy. Most providers thus tend to rely on high-definition colonoscopy
with random colonic biopsies as first-line surveillance and reserve chromoendoscopy
for patients known or believed to be at particularly increased risk for CRC (e.g., those
with longstanding extensive colitis, family history of colon cancer, and concomitant
PSC)[100-102].

Surveillance in children
PSC appears relatively infrequently in children compared to adults[17]. Pediatric PSC
also presents differently than PSC in adults and has a variable natural history[44,46].
Given the rarity of CCA and GBC in children and the differences in pediatric
compared to adult PSC, routine surveillance for these malignancies is not
recommended[44,46]. However, similar to PSC in adults, IBD is frequently identified in
pediatric PSC; therefore, it may be reasonable to consider colonoscopy with biopsies
in children who are newly diagnosed with PSC[44].

CONCLUSION
Patients with PSC have a significantly increased risk of developing hepatobiliary and
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colorectal cancers, particularly the subset of patients with PSC-IBD. Currently, no
proven pharmacological agents for prevention of carcinogenesis in patients with PSC
exist. Leading national and international societies have published guidelines for CRC
and GBC surveillance in patients with PSC, but surveillance strategies for CCA and
HCC have not been well studied or data-proven. On the basis of a recent large study
of patients with PSC, CCA surveillance appears to be associated with improved
outcomes and should be performed once PSC has been diagnosed. The risk of HCC
appears to be comparably lower and only present once PSC has progressed to
cirrhosis. One common and (recent) evidence-based CCA surveillance strategy in
patients with PSC is yearly cross-sectional imaging (US or MRI/MRCP) combined
with serum tumor marker CA 19-9. Additional longitudinal, multicenter studies are
needed to better evaluate the role, techniques, and impact of surveillance for CCA and
other malignancies in patients with PSC.
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Abstract
Artificial intelligence (AI), particularly deep learning algorithms, is gaining
extensive attention for its excellent performance in image-recognition tasks. They
can automatically make a quantitative assessment of complex medical image
characteristics and achieve an increased accuracy for diagnosis with higher
efficiency. AI is widely used and getting increasingly popular in the medical
imaging of the liver, including radiology, ultrasound, and nuclear medicine. AI
can assist physicians to make more accurate and reproductive imaging diagnosis
and also reduce the physicians’ workload. This article illustrates basic technical
knowledge about AI, including traditional machine learning and deep learning
algorithms, especially convolutional neural networks, and their clinical
application in the medical imaging of liver diseases, such as detecting and
evaluating focal liver lesions, facilitating treatment, and predicting liver
treatment response. We conclude that machine-assisted medical services will be a
promising solution for future liver medical care. Lastly, we discuss the challenges
and future directions of clinical application of deep learning techniques.
Key words: Liver; Imaging; Ultrasound; Artificial intelligence; Machine learning; Deep
learning
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Core tip: Artificial intelligence (AI) is widely used and gaining in popularity in the
medical imaging of the liver. AI can achieve an increased accuracy for diagnosis with
higher efficiency and greatly reduce the physicians’ workload. This article illustrates
basic technical knowledge about AI, including traditional machine learning algorithms
and deep learning algorithms, especially convolutional neural networks, and their clinical
application in the medical imaging of liver diseases. Lastly, we discuss the challenges
and future directions of clinical application of deep learning techniques.
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INTRODUCTION
In the past few decades, many medical imaging techniques have played a pivotal role
in the early detection, diagnosis, and treatment of diseases, such as computed
tomography (CT), magnetic resonance imaging (MRI), ultrasound, positron emission
tomography ( PET), mammography, and X-ray[1]. In clinical work, the interpretation
and analysis of medical images are mainly done by human experts. Recently, medical
doctors have begun to benefit from the help of computer-aided diagnosis. Artificial
intelligence (AI) is intelligence applied by machines, in contrast to the natural
intelligence displayed by humans. In computer science, AI research is defined as the
study of "intelligent agents": any device that perceives its environment and takes
actions that maximize its chance of successfully achieving its goals[2], which provides
the version that is used in this article. Note that they use the term "computational
intelligence" as a synonym for artificial intelligence. Russell & Norvig who prefer the
term "rational agent" write "The whole-agent view is now widely accepted in the
field"[3]. AI has made significant progress which allows machines to automatically
represent and explain complicated data[4]. It is widely applied in the medical field,
especially some domains that need imaging data analysis, such as radiology [5] ,
ultrasound[6], pathology[7], dermatology[8], and ophthalmology[9]. The emergence of AI
can meet the desire of healthcare professionals for better efficacy and higher efficiency
in clinical work.
In liver medical imaging, physicians usually detect, characterize, and monitor
diseases by assessing liver medical images visually. Sometimes, such visual
assessment, which is based on expertise and experience, may be personal and
inaccurate. AI can make a quantitative assessment by recognizing imaging
information automatically instead of such qualitative reasoning[10]. Therefore, AI can
assist physicians to make more accurate and reproductive imaging diagnosis and
greatly reduce the physicians’ workload. There are two kinds of AI methods widely
used in medical imaging currently, one is traditional machine learning algorithms,
and the other one is deep learning algorithms.
In the present paper, we discuss the basic principle of AI and current AI
technologies about liver diseases in medical imaging domain for improved accurate
diagnosis and evaluation (Table 1). In addition, we discuss the challenges and
directions of clinical application of deep learning techniques in the future.

TRADITIONAL MACHINE LEARNING ALGORITHMS
Traditional machine learning algorithms rely mainly on the predefined engineered
features that well describe the regular patterns inherent in data extracted from regions
of interest (ROI) with explicit parameters on the basis of expert knowledge. The
meaningful or task-related features are defined in line with mathematical equations so
as to be quantified by computer programs[11]. These features can then be used to
further quantify other medical imaging characteristics, such as different lesion
density, shape, and echo. Statistical machine learning models, like support vector
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Table 1 Clinical application of artificial intelligence
n

Task

Type

Accuracy Sensitivity Specificity Ref.

1

Detecting fatty liver disease and making risk
stratification

Deep learning based on US

100%

100%

100%

2

Detecting and distinguishing different focal liver lesions

Deep learning based on US

97.2%

98%

95.7%

3

Evaluating liver steatosis

Deep learning based on US

96.3%

100%

88.2%

4

Evaluating chronic liver disease

Machine learning algorithm based on
SWE

87.3%

93.5%

81.2%

5

Discriminating liver tumors

DCCA-MKL framework based on US

90.41%

93.56%

86.89%

6

Predicting treatment response

Machine learning algorithm based on MRI

78%

62.5%

82.1%

[42]

[43]
[49]
[12]

[50]
[58]

DCCA-MKL: Deep canonical correlation analysis-multiple kernel learning; MRI: Magnetic resonance imaging; US: Ultrasound.

machines (SVM) or random forests, are fit to the most typical features to identify
relevant imaging-based biomarkers. Gatos et al [12] have attempted to employ
traditional machine learning algorithms to support the liver fibrosis diagnosis by
ultrasound image. However, the predefined features usually do not have the ability to
adapt to the imaging modality changes and their associated signal-to-noise ratio.

DEEP LEARNING ALGORITHMS
As a subset of machine learning, deep learning is based on a neural network structure
inspired by the human brain. In terms of feature selection and extraction, deep
learning algorithms do not have to pre-define features[13,14] and do not necessarily
require placing complexly shaped ROI on images. They can directly learn feature
representations by navigating the data space, and carry out image classification and
task procession. This data-driven mode makes it more informative and practical.
Today, convolutional neural networks (CNNs) are the most popular type of deep
learning architecture in the medical image analysis field[15]. CNNs usually perform
end-to-end supervised learning through tagging data, while other architectures
conduct unsupervised learning tasks through untagged data. CNNs consist of quite a
few layers and the ‘hidden layer’ among them can complete feature extraction and
aggregation by convolution and pooling operations. The fully connected layers can
perform high-level reasoning before the final output outcomes. Some studies have
found that deep learning methods have excellent performance on staging tasks in
computed tomography (CT)[16], segmentation tasks in MRI[17], and detection tasks in
ultrasound[18].

INPUT DATA AND TEACHING DATA
The input data and teaching date need to be prepared before the deep learning
process. Collecting as many training data as possible can help reduce the risk of
overfitting. For gray-scale ultrasound images and red-green-blue (RGB) color
ultrasound images, such as color Doppler and shear wave elastography images
(SWE), the channel of input data is one and three, respectively. Some researchers
concatenated several types of images as one image and used the concatenated images
as input data[12,19]. The data volume of input images is associated with the number of
CNN parameters. More calculations and longer time are needed to train the large
CNNs. Cropped images or resized images can be used to solve this problem. It is
necessary for training data to perform image augmentation (such as mirrored images
and rotated images) so as to reduce the risk of the overfitting problem, because a
slight difference in position may lead to the inconsistency between examinations. For
supervised learning, teaching data need to be prepared. The data which researchers
want to predict from the input data can be used as teaching data, such as clinical
diagnosis data and pathological diagnosis data. The form of output layer should be in
the same form as the teaching data. The type of teaching data includes nominal
variables, ordinal variables, continuous variables, and images.

CNN
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In 2006, Hinton et al[20] published a paper on "Science" that proposed an artificial
neural network (ANN) with multiple hidden layers with excellent feature learning
ability, which led to the study of deep learning. In 2012, Săftoiu et al[21] performed a
study of the diagnosis of focal pancreatic lesions using ANN-assisted real-time
endoscopic ultrasound (EUS) elastography and acquired ideal results. ANN is the
main algorithm for driving deep learning and CNN is the most commonly used ANN
for deep learning. In fact, as early as in the 1980s and 1990s, CNN performed with
excellent results in several pattern recognition areas, especially handwritten digit
recognition[22,23]. However, it is only suitable for the recognition of small pictures. Since
the extended CNN achieved the best classification effect in ImageNet Large Scale
Visual Recognition Challenge (LSVRC) in 2012, more researchers have begun to pay
attention to it. CNN consists of input layer, hidden layer, and output layer. The
hidden layer includes convolutional layers, pooling layers, and fully connected layers.
Generally, a CNN model has many convolutional layers and pooling layers. The
convolutional layer and the pooling layer are alternately set.
The convolution layer is composed of a plurality of feature maps, each feature map
consists of many neurons, and each neuron is connected to a local region of the upper
feature map through the convolution kernel which is a weight matrix[4]. The local
weighted sum is then passed to a nonlinear function to obtain the output value of
each neuron in the convolutional layer. The convolutional layers in CNN implement
weight sharing in the same input and output feature map. This method can reduce the
number of trainable parameters in the network and the complexity of the network
model and make the network easier to train. The convolutional layer extracts various
local features of its previous layer through the convolution operation. The first layer
of convolution layer extracts low-level features and higher layers of convolutional
layers extract more sophisticated features[24]. Increasing the depth of the network and
the number of feature faces can improve the ability of deep learning, but it can easily
lead to overfitting.
The pooled layer follows the convolutional layer and performs feature extraction
again. Its role is mainly to semantically combine similar features and make the
features robust to noise and deformation through pooling operations[4]. It is also
composed of several feature maps. A feature map of the convolutional layer uniquely
corresponds to a feature map of the pooled layer. The neurons in the pooled layer are
connected to the local accepted domain of the convolutional layer, and the local
accepted domains of different neurons do not overlap. The pooling layer obtains
spatially invariant features by reducing the resolution of the feature map[25]. Common
pooling methods include maximum pooling, mean pooling, and random pooling[26].
Maximum pooling methods are commonly used in recent studies. When the
classification layer adopts linear classifiers, the maximum pooling method can achieve
a better classification performance than the mean pooling[27]. Random pooling has the
advantage of maximum pooling, and it avoids overfitting due to randomness.
The fully connected layer follows the pooled layer and the convolutional layer.
Each neuron in the fully connected layer is fully connected to all neurons in the
previous layer. The fully connected layer can integrate local information with class
discrimination from the convolutional layer or the pooled layer[28]. The activation
function of each neuron generally uses the rectified linear unit (ReLU) function[29,30].
The output value of the fully connected layer is passed to the output layer. The output
layer performs regression tasks and multiple classification tasks by a softmax
function. In order to reduce the risk of over-fitting of training, the dropout technique
is often used in the fully connected layer [31] . Nodes within the CNNs which are
dropped out with a certain probability at the training phase can prevent units from
adopting too much. At present, the classification research on CNN mostly adopts
ReLU function and dropout technique, and has obtained a good classification
ability[28,31].
A prospective multicentre study aimed to evaluate liver fibrosis stages based on
2D-SWE images adopted a CNN model[32]. All the 2D-SWE images with the size of 250
× 250 pixels were used as the input data and then the CNN model was triggered. This
CNN model had four hidden layers and each convolutional layer followed with a
max pooling layer. The first hidden layer contained 16 feature maps, and the
remaining three hiden layers each contained 32 feature maps. These feature maps
were obtained by applying 16 or 32 convolution filters (3 × 3 pixels) to the previous
layer. A fully connected layer with 32 nodes was used to connect every neuron in the
last fourth pooling layer so as to output the result of binary classification in the form
of probabilities.

TRAINING AND TESTING WITH CNN
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During the training phase, output data from CNNs and teaching data are fed to an
error function. The errors are backpropagated to CNNs and force CNNs to adjust
inner parameters to make the errors smaller. For multiple classification tasks, softmax
cross entropy is commonly used as the error function. Different kinds of optimizers
are used to adjust parameters within CNNs, such as stochastic gradient descent,
AdaGrad[33], and Adam[34]. The learning processes are iterated with units of single
input data, groups of input data, or all the input data. At present, minibatch learning
is more popular than batch learning for the reason that the amount of calculations for
batch learning process is very large. With minibatch learning, data are usually
shuffled and assigned to different groups for each epoch. Repeating epochs result in
decreased errors for the training phase and the testing phase. Sometimes, repeat of
epochs would not necessarily result in a decrease of errors, due to the overfitting
problem. In such a situation, early stopping technique might be useful to mitigate this
problem. During the testing phase, output values from the trained CNN are
compared with teaching data. Methods for evaluating the performance of model
include sensitivity, specificity, area under the receiver operating characteristic curve
(AUC), and other parameters.

CLINICAL APPLICATIONS
Focal liver lesion detection
Deep learning algorithms combined with multiple image modalities have been widely
used in the detection of focal liver lesions (Table 2). The combination of deep learning
methods with CNNs and CT for liver disease diagnosis has gained wide attention[35].
Compared with the visual assessment, this strategy may capture more detailed lesion
features and make more accurate diagnosis. According to Vivantil et al by using deep
learning models based on longitudinal liver CT studies, new liver tumors could be
detected automatically with a true positive rate of 86%, while the stand-alone
detection rate was only 72% and this method achieved a precision of 87% and an
improvement of 39% over the traditional SVM mode[36]. Some studies[37-39] have also
used CNNs based on CT to detect liver tumors automatically, but these machine
learning methods may not reliably detect new tumors because of the insufficient
representativeness of small new tumors in the training data. Ben-Cohen et al
developed a CNN model predicting the primary origin of liver metastasis among four
sites (melanoma, colorectal cancer, pancreatic cancer, and breast cancer) with CT
images[40]. In the task of automatic multiclass categorization of liver metastatic lesions,
the automated system was able to achieve a 56% accuracy for the primary sites. If the
prediction was made as top-2 and top-3 classification tasks, the accuracy could be up
to 0.83 and 0.99, respectively. These automated systems may provide favorable
decision support for physicians to achieve more efficient treatment.
CNN models which use ultrasound images to detect liver lesions were also
developed. According to Liu et al by using a CNN model based on liver ultrasound
images, the proposed method can effectively extract the liver capsules and accurately
diagnose liver cirrhosis, with the diagnostic AUC being able to reach 0.968. Compared
with two kinds of low level feature extraction method histogram of oriented gradients
(HOG) and local binary pattern (LBP), whose mean accuracy rates were 83.6% and
81.4%, respectively, the deep learning method achieved a better classification accuracy
of 86.9%[41]. It was reported that deep learning system using CNN showed a superior
performance for fatty liver disease detection and risk stratification compared to
conventional machine learning systems with the detection and risk stratification
accuracy of 100% [42] . Hassan et al used the sparse auto encoder to access the
representation of the liver ultrasound image and utilized the softmax layer to detect
and distinguish different focal liver diseases. They found that the deep learning
method achieved an overall accuracy of 97.2% compared with the accuracy rates of
multi-SVM, KNN(K-Nearest Neighbor), and naive Bayes, which were 96.5, 93.6, and
95.2%, respectively[43].
An ANN based on 18 F-FDG PET/CT scan, demographic, and laboratory data
showed a high sensitivity and specificity to detect liver malignancy and had a highly
significant correlation with MR imaging findings which served as the reference
standard[44]. The AUCs of lesion-dependent network and lesion-independent network
were 0.905 (standard error, 0.0370) and 0.896 (standard error, 0.0386), respectively.
The automated neural network could help identify nonvisually apparent focal FDG
uptake in the liver, which was possibly positive for liver malignancy, and serve as a
clinical adjunct to aid in interpretation of PET images of the liver.

Diffuse liver disease staging
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Table 2 Liver leision detection
n

Task

Type

Accuracy

1

Detecting liver new tumors

Deep learning based on CT

86%

2

Predicting the primary origin of liver metastasis

Deep learning based on CT

56%

3

Detecting cirrhosis with liver capsules

Deep learning based on ultrasound

96.8%

4

Detecting fatty liver disease and making risk stratification

Deep learning based on ultrasound

100%

5

Detecting and distinguishing different focal liver lesions.

Deep learning based on ultrasound

97.2%

6

Detecting metastatic liver malignancy

Deep learning based on PET/CT

90.5%

Ref.
[36]
[40]
[41]
[42]
[43]
[44]

CT: Computed tomography; PET: Positron emission tomography.

There are many medical imaging methods combined with deep learning for staging of
liver fibrosis diseases (Table 3). Yasaka et al[45] performed a retrospective study to
investigate the performance of a deep CNN (DCNN) model with gadoxetic acidenhanced hepatobiliary phase MR images in the staging of liver fibrosis and found
that the fibrosis score obtained through deep learning (FDL score) was correlated
significantly with pathologically evaluated fibrosis stage (Spearman's correlation
coefficient = 0.63, P < 0.001). The AUCs for diagnosing fibrosis stages cirrhosis (F4),
advanced fibrosis (≥ F3), and significant fibrosis (≥ F2) were 0.84, 0.84, and 0.85,
respectively. They made a similar study to predict liver fibrosis stage by using a deep
learning model based on dynamic contrast-enhanced portal phase CT images and
found that the fibrosis score acquired from deep learning based on CT images (FDLCT
score) had a strong correlation with pathologically evaluated liver fibrosis stage
(Spearman's correlation coefficient = 0.48, P < 0.001). The prediction of F4, ≥ F3, and ≥
F2 could be possible by using the FDLCT score with AUCs of 0.73 (0.62-0.84), 0.76 (0.660.85), and 0.74 (0.64-0.85), respectively [ 4 6 ] . Comparing the two models, the
performance of the DCNN model based on CT images was not high, and the reason
may be the difference in imaging modality’s ability to capture the features of liver
parenchyma. However, CT is more readily available than MRI in clinical settings and
the performance is expected to be improved by applying new technologies or using
high-performance computers in the future. Wang et al[32] conducted a prospective
multicenter study to evaluate the performance of the innovatively developed deep
learning radiomics of elastography (DLRE), which could achieve quantitative analysis
of the heterogeneity in two-dimensional shear wave elastography images for
assessing liver fibrosis stages in chronic hepatitis B. In the training cohort, AUCs of
DLRE for F4, ≥ F3, and ≥ F2 were 1.00 (0.99-1.00), 0.99 (0.97-1.00), and 0.99 (0.97-1.00),
respectively, which were 0.13, 0.18, and 0.25 higher than those of 2D-SWE. This
strategy showed an excellent diagnostic performance in predicting liver fibrosis stages
compared with 2D-SWE. It is valuable and practical that the noninvasive techniques
can provide an alternative to invasive liver biopsy and make accurate diagnosis of
liver fibrosis stages.

Focal liver lesion evaluation
The CNN is also greatly useful in evaluation of liver lesions. By using CNN models
based on dynamic contrast-enhanced CT images in unenhanced, arterial phase, and
delayed phase, a clinical retrospective study [ 4 7 ] investigated the diagnostic
performance for the differentiation of liver masses. Masses were diagnosed according
to five categories [category A, classic hepatocellular carcinomas (HCCs); category B,
malignant liver tumors other than classic and early HCCs; category C, indeterminate
masses or mass-like lesions (including early HCCs and dysplastic nodules) and rare
benign liver masses other than hemangiomas and cysts; category D, hemangiomas;
and category E, cysts] with a sensitivity of 0.71, 0.33, 0.94, 0.90, and 1.00, respectively.
Median accuracy of the CNN model with dynamic CT for categorizing liver masses
was 0.84. Median AUC for differentiating categories A-B from C-E was 0.92.
A new method[36] to automatically evaluate tumor burden in longitudinal liver CT
studies by using a CNN model was developed and the tumor burden volume overlap
error was 16%. This work is of great importance with the reason that the tumor
burden can be used to evaluate the progression of disease and the response to
therapy. The authors also performed liver tumor volumetric measurements to
evaluate disease progression and response to treatment by tumor delineation with
global and patient specific CNNs trained on a small annotated database of delineated
images in longitudinal CT follow-up[48]. This method can automatically select the most
appropriate CNN model for the unseen input CT scan and obviously improve the
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Table 3 Diffuse liver disease staging
n

Type

AUCs

Ref.

1

Deep learning based on MRI

F4: 0.84; ≥ F3: 0.84; ≥ F2: 0.85

2

Deep learning based on CT

F4: 0.73; ≥ F3: 0.76; ≥ F2: 0.74

3

Deep learning based on SWE

F4: 0.97; ≥ F3: 0.98; ≥ F2: 0.85

[45]
[46]
[32]

AUC: Area under the receiver operating characteristic curve; MRI: Magnetic resonance imaging; CT:
Computed tomography; SWE: Shear wave elastography.

robustness from 67% for stand-alone global CNN segmentation to 100% in liver tumor
delineation.
Byra et al proposed a deep CNN model with transfer learning for liver steatosis
assessment in B-mode ultrasound images [49] . The pre-trained deep CNN on the
ImageNet dataset extracted high-level features first, and then the SVM algorithm
classified images. The steatosis level was evaluated by the features and the Lasso
regression method. Compared with the hepatorenal index and the gray-level cooccurrence matrix algorithm, whose accuracy rates were 90.9% and 85.4%, the CNNbased approach achieved significantly better results, with an AUC of 0.977, sensitivity
of 100%, specificity of 88.2%, and accuracy of 96.3%.
A machine-learning algorithm that quantifies color information in terms of stiffness
values from ultrasound shear wave elastography (SWE) images and discriminates
chronic liver diseases (CLD) from healthy cases was introduced [12] . The highest
accuracy of SVM model in the differentiation of healthy persons from CLD patients
was 87.3%, and the sensitivity and specificity values were 93.5% and 81.2%,
respectively. The present study provided novel objective parameters and criteria for
CLD diagnosis through SWE images.
A novel two-stage multi-view artificial intelligence learning framework based on
contrast-enhanced ultrasound (CEUS) for discriminating benign and malignant liver
tumors achieved the best performance[50]. This method conducted deep canonical
correlation analysis (DCCA) on three image pairs and generated total six-view
features. A multiple kernel learning (MKL) classification algorithm then yielded the
diagnosis result by these multi-view features. The mean classification accuracy,
sensitivity, and specificity of DCCA-MKL framework were 90.41 ± 5.80%, 93.56 ±
5.90%, and 86.89 ± 9.38%, respectively. DCCA-MKL achieved 17.31%, 10.45%, 24.00%,
34.44%, 24.00%, and 10.45% improvements over A-P-SVM, on classification accuracy,
sensitivity, specificity, Youden index, false positive rate, and false negative rate,
respectively. The proposed DCCA-MKL framework based on liver CEUS has high
evaluation and prediction performance for liver tumors. In future work, multi-modal
deep neural network algorithm deserves to be investigated and this deep learning
algorithm may more effectively fuse and learn feature representation of three-phase
CEUS images.

Segmentation
Segmentation of the liver or liver vasculature with CT is of great importance in the
diagnosis of vascular disease, radiotherapy planning, liver vascular surgeries, liver
transplantation planning, tumor vascularization analysis, etc. Manual segmentation is
time-consuming and prone to human errors. The application of deep learning models
with the process to achieve automation was studied by some investigators. By using
CNN, Bulat et al achieved accurate segmentation of the portal vein automatically from
CT images with a Dice similarity coefficient of 0.83 for patients scheduled for liver
stereotactic body radiation therapy[51]. Lu et al[52] reported that the liver could be
located and segmented automatically via CNN from CT scans for patients planned for
living donor liver transplant surgery or volume measurement with high accuracy and
efficiency. Li et al[39] described a stand-alone liver tumor segmentation method based
on a seven-layer CNN from CT images and achieved a 82.67% ± 1.43% precision. The
CNN method has better performance than other machine learning algorithms. In
addition, a novel, fully automatic approach to segment liver tumors from contrastenhanced CT images based on a multi-channelfully convolutional network (MC-FCN)
was presented. The MC-FCN model provided greater accuracy and robustness than
previous methods[53]. These automated segmentation solutions show the potentials of
using deep learning to facilitate clinical therapy and achieve more precise medical
care.

Liver image quality (IQ) evaluation
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Automatical qualitative IQ evaluation based on a classification task (diagnostic vs
nondiagnostic IQ) is greatly necessary and useful, because liver MRI as a powerful
tool to evaluate chronic liver diseases and to detect focal liver lesions has many
limitations, such as inconsistent image quality and decreased robustness related to
long acquisition time, motion artifact, and multiple breath-holds, especially T 2 weighted sequences(T2WI) are more easily affected by suboptimal image quality[54,55].
Steven et al developed and tested a deep learning approach using CNN for automated
task-based IQ evaluation of liver T2WI. They found that the CNN algorithm yielded a
high negative predictive value when screening for nondiagnostic T2WI of the liver[56].
The ability of real-time marking low-quality images allows the technologist to make
timely adjustments and improve image quality by altering technical parameters, rerunning a sequence, or running additional sequences.

Treatment response prediction
Automatical prediction of an HCC patient’s possible response to transarterial
chemoembolization before treatment by an accurate method is significant and
worthwhile. It could minimize patient harm, reduce unnecessary interventions, lower
health care costs and so on. Abajian et al reported that transarterial
chemoembolization outcomes in HCC patients could be accurately predicted by
combining clinical data and baseline MR imaging based on ML models. The overall
accuracy of logistic regression (LR) and random forest (RF) models to predict
treatment response was 78% (sensitivity 62.5%, specificity 82.1%, positive predictive
value 50.0%, and negative predictive value 88.5%) [57] . This strategy can assist
physicians to make optimal treatment selection in HCC patients.
In addition to predicting chemotherapy response, deep learning CNN models are
also utilized for the prediction of radiotherapy toxicity. Ibragimov et al proposed a
novel method to predict hepatobiliary toxicities after liver stereotactic body radiation
therapies by using CNNs with transfer learning based on 3D CT. The CNNs were
applied to find the consistent patterns in toxicity-related 3D dose plans and numerical
pre-treatment features were inputted into the fully-connected neural network for
more comprehensive prediction. The AUC of CNNs for 3D dose planned analysis to
achieve hepatobiliary toxicity prediction was 0.79, and when combined with some
pre-treatment features analysis, the AUC can reach 0.85 [58] . This framework can
implement accurate prediction of radiation toxicity and greatly helps in the progress
of radiotherapy.

CONCLUSION
AI, especially deep learning, is rapidly becoming an extremely promising aid in liver
image tasks, leading to improved performance in detecting and evaluating liver
lesions, facilitating liver clinical therapy, and predicting liver treatment response. In
the future, the development of AI is inseparable from physicians and the work of
physicians will be closely linked with AI. Machine-assisted medical services will be
the optimal solution for future liver medical care. We need to determine which
specific radiology tasks are most likely to benefit from the deep learning algorithm,
taking into account the strengths and limitations of these algorithms. In the context of
the rapid development of AI technology, physicians must keep pace with the times
and apply technology rigorously in order to become a technology driver and better
serve patients.

CHALLENGES AND FUTURE PERSPECTIVES
There is considerable controversy about the time needed to implement fully
automated clinical tasks by deep learning methods[59]. The debated time ranges from a
few years to decades. The automated solutions based on deep learning aim to solve
the most common clinical problems which demand a lot of long-term accumulation of
expertise or are much too complicated for human readers, for example, lung screening
CT, mammograms and so on. Next, researchers need to develop more advanced deep
learning algorithms to solve more complex medical imaging problems, such as
ultrasound or PET. At present, a common shortage of AI tools is that they cannot
resolve multiple tasks. There is currently no comprehensive AI system capable of
detecting multiple abnormalities throughout the human body.
A great amount of medical data which are electronically organized and amassed in
a systematic style facilitate access and retrieval by researchers. However, the lack of
curation of the training data is a major drawback in learning any AI model. To select
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relevant patient cohort for specific AI task or make segmentation within images is
essential and helpful. Some segmentation algorithms using AI[60] are not perfect to
curate data, as they always need human experts to verify accuracy. Unsupervised
learning which includes generative adversarial networks [ 6 1 ] and variational
autoencoders[62] may achieve automated data curation by learning discriminatory
features without explicit labeling. Many studies have explored the possibilities of
unsupervised learning application in brain MRI[63] and mammography[64] and more
field applications of this state of the art method are needed.
It is of great significance to indicate that AI is different from human intelligence in
numerous ways. Although various forms of AI have exceeded human performance,
they lacked higher-level background knowledge and failed to establish associations
like the human brain. In addition, AI is trained for one task only. The AI field of
medical imaging is still in its infancy, especially in the ultrasound field. It is almost
impossible for AI to replace radiologists in the coming decades, but radiologists using
AI will inevitably replace radiologists who do not. With the advancement of AI
technology, radiologists will achieve an increased accuracy with higher efficiency. We
also need to call for advocacy for creating interconnected networks of identifying
patient data from around the world and training AI on a large scale according to
different patient demographics, geographic areas, diseases, etc. Only in this way can
we create an AI that is socially responsible and benefits more people.
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Abstract
BACKGROUND
Obesity worsens inflammatory organ injury in acute pancreatitis (AP), but there
is no effective preventive strategy. Sheng-jiang powder (SJP) has been shown to
alleviate multiple-organ inflammatory injury in rats with high-fat diet-induced
obesity. Hence, SJP is supposed to have an effect on multiple-organ inflammatory
injury in AP in rats fed a high-fat diet.
AIM
To explore how obesity may contribute to aggravating inflammatory organ injury
in AP in rats and observe the effect of SJP on multiple-organ inflammatory injury
in AP in rats fed a high-fat diet.
METHODS
Rats were randomly assigned to a control group (CG), an obese group (OG), and
an SJP treatment group (SG), with eight rats per group. The rats in the OG and
SG were fed a high-fat diet. From the third week, the rats in the SG were given
oral doses of SJP (5 g/kg of body weight). After 12 wk, AP was induced in the
three groups. Serum amylase level, body weight, Lee’s index, serum biochemistry
parameters, and serum inflammatory cytokine and tissue cytokine levels were
assessed, and the tissue histopathological scores were evaluated and compared.
RESULTS
Compared with the CG, serum triglyceride, total cholesterol, interleukin-6, and
interleukin-10 levels were significantly higher in the OG, and serum high-density
lipoprotein cholesterol level was significantly lower in the OG. Moreover,
enhanced oxidative damage was observed in the pancreas, heart, spleen, lung,
intestine, liver, and kidney. Evidence of an imbalanced antioxidant defense
system, especially in the pancreas, spleen, and intestine, was observed in the
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obese AP rats. Compared with the OG, serum high-density lipoprotein
cholesterol, interleukin-10, and superoxide dismutase expression levels in the
pancreas, spleen, and intestine were increased in the SG. Additionally, SJP
intervention led to a decrease in the following parameters: body weight; Lee’s
index; serum triglyceride levels; serum total cholesterol levels; malondialdehyde
expression levels in the pancreas, heart, spleen, lung, and liver; myeloperoxidase
expression levels in the lung; and pathological scores in the liver.
CONCLUSION
Obesity may aggravate the inflammatory reaction and pathological multipleorgan injury in AP rats, and SJP may alleviate multiple-organ inflammatory
injury in AP in rats fed a high-fat diet.
Key words: Obesity; Acute pancreatitis; Sheng-jiang powder; Multiple-organ
inflammatory injury; Oxidative stress
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Obesity worsens inflammatory organ injury in acute pancreatitis (AP), but there
is no effective strategy. Sheng-jiang powder (SJP) has been shown to alleviate obesityinduced multiple-organ inflammatory injury. This study demonstrates that obesity may
aggravate the inflammatory reaction and pathological injury in multiple organs in AP
rats and that SJP may alleviate multiple-organ inflammatory injury in AP in rats fed a
high-fat diet.
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INTRODUCTION
The prevalence and incidence of obesity have sharply increased worldwide over the
past 40 years [1] . Several studies have shown that obesity has contributed to the
increased incidence [2] and severity [3,4] of acute pancreatitis (AP), specifically by
increasing the risk of multisystem organ failure[5]. Although increasing evidence has
conﬁrmed the adverse effects of obesity on the course and prognosis of AP, the
mechanism by which obesity influences AP has not been elucidated to date. There is
no effective strategy to prevent AP from causing organ deterioration in obesity; thus,
the current management standard is supportive care and the management of
complications as they occur[6].
The most common mechanisms underlying the obesity-related increase in AP
severity include visceral fat-induced acute lipotoxicity and the inflammatory
response[7,8]. An increase in obesity-associated intrapancreatic fat and peripancreatic
fat enables the unregulated lipolysis of visceral fat enriched in triglycerides, resulting
in systemic unsaturated fatty acid (UFA) release, pancreatic necrosis, and respiratory,
cardiovascular, and renal failure [3] . In addition to visceral fat-induced acute
lipotoxicity, an obesity-induced imbalance between pro- and anti-inflammatory
reactions is another mechanism involved in the exacerbation of AP in obesity.
Adipose tissue leads to abundant macrophage infiltration, followed by increased
secretion of proinflammatory cytokines [e.g., interleukin-6 (IL-6) and tumor necrosis
factor alpha] and decreased production of anti-inflammatory cytokines [e.g.,
interleukin-10 (IL-10) and adiponectin], promoting inflammation, impairing insulin
sensitivity, and dysregulating lipid metabolism [9] . Moreover, in obese AP rats,
oxidative stress occurs locally and systemically along with the upregulation of
proinflammatory cytokines and exacerbation of lipid peroxidation[10]. Our previous
studies have demonstrated that high-fat diet-induced obesity can cause extensive
inflammatory damage, especially multiple-organ inflammatory injury, in rats[11-13].
More importantly, obese individuals have an increased risk of developing
multisystem organ failure in AP[5]. However, the mechanism of this effect is still
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unknown. Therefore, in this study, we focused on inflammatory organ injury
differences in AP between obese and lean rats.
According to traditional Chinese medicine (TCM) theory, obesity belongs to the
category of “Turbidity”[14]. Sheng-Jiang powder (SJP), which is composed of Jiangchan
(Bombyx batryticatus), Chantui (Periostracum cicada), Jianghuang (Curcuma longa L.),
and Dahuang (Rheum palmatum L.)[15], has been widely used for the treatment of
“Turbidity” for hundreds of years in China. SJP has been reported to exhibit diverse
biological properties, including anti-inflammatory, lipid-lowering, and immune
regulatory characteristics[16]. Our previous studies have demonstrated that SJP can
ameliorate the inflammatory response and histopathological lesions in multiple
organs in obese rats[11-13]. In addition, a previous study reported that SJP can reduce
the inflammatory response and improve the clinical symptoms and prognosis of
patients with AP[17]. Could SJP alleviate multiple-organ inflammatory injury in AP by
preventing obesity in rats? To address this question, we aimed to explore how obesity
may contribute to aggravating inflammatory organ injury in AP in rats and observe
the effect of SJP on multiple-organ inflammatory injury in AP in rats fed a high-fat
diet.

MATERIALS AND METHODS
SJP preparation
Dahuang (batch No. 16110150), Jianghuang (batch No. 16080008), Jiangchan (batch
No. 16100147), and Chantui (batch No. 16080020) spray-dried drug powders were
purchased from the Affiliated Hospital of Chengdu University of TCM (Chengdu,
China) and authenticated by Professor Wang WM (Department of Herbal Pharmacy,
West China Hospital, Sichuan University, China) according to the Chinese
Pharmacopoeia (The Pharmacopoeia Commission of People's Republic of China,
2010). Voucher specimens were deposited in our laboratory. The spray-dried drug
powders were mixed and reconstituted with sterile double-distilled water
(concentration: 1 g/mL) according to the standard proportion of 4:3:2:1 based on WanBing-Hui-Chun, which is a famous, classic TCM book[14]. This SJP solution was stored
at 4 °C until use and administered orally to the rats at a dose of 5 mL/kg of body
weight.

Animals
Male Sprague-Dawley rats (n = 24) weighing 60-80 g (3-4 wk of age) were purchased
from Chengdu Dashuo Experimental Animal Co., Ltd. (Chengdu, China). The rats
were acclimatized to the laboratory conditions (22 ± 2°C, 65% ± 10% relative
humidity, 12-h light/dark cycle, and ad libitum access to water and food) for one week
prior to the special feeding and fasted for 12 h prior to the induction of the AP model.
The protocol was approved by the Institution Animal Care and Use Committee of
Sichuan University (Chengdu, China) (protocol number, 2017052A).

Induction of obesity and AP, treatment, and sample collection
The rats were randomly selected and assigned to three groups (eight rats per group)
according to the type of diet and treatment. As shown in Table 1, a control group (CG)
was fed a control diet (#LAD3001G; Trophic Animal Feed High-Tech Co., Ltd.,
Nantong, China) and treated with normal saline; an obese group (OG) was fed a highfat diet (#TP23300; Trophic Animal Feed High-Tech Co., Ltd.) and treated with
normal saline; and an SJP treatment group (SG) was fed a high-fat diet and treated
with SJP (5 g/kg of body weight). AIN93G is a type of diet that has been extensively
used worldwide and designed for growing rodents[18], and the composition of the
control diet (Table 2) used in this study is similar to that of AIN93G. The high-fat diet,
in which approximately 33% of the calories are derived from fat, primarily lard (Table
2), was appropriate for inducing an obesity rodent model [ 1 9 ] . All rats were
acclimatized to the respective diets for 2 wk before the experiment started. Then, the
rats were orally treated with SJP/normal saline once a day for 10 wk.
After 12 weeks, the rats were fasted for 12 h. After performing intraperitoneal
anesthesia with 2% sodium pentobarbital at 40 mg/kg of body weight, blood from the
tail vein was collected for amylase detection, and an AP model was induced by a
retrograde injection of 3.5% sodium taurocholate (Sigma, St. Louis, MO, United States;
1 mL/kg of body weight) with a microinfusion pump at a rate of 0.2 mL/min into the
biliopancreatic ducts of the rats in each group. Twenty-four hours after the AP
induction, the rats were anesthetized (2% sodium pentobarbital, intraperitoneal
injection, 40 mg/kg of body weight), and blood samples were collected from each rat
into tubes using cardiac puncture to test the levels of serum biochemistry parameters
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Table 1 Feeding schedules used in the present study
Group

Rats (n)

Food

Treatment (oral administration for 10 wk)
Equal volumes of normal saline.

CG

8

Control diet

OG

8

High-fat diet

Equal volumes of normal saline.

SG

8

High-fat diet

Sheng-jiang powder (5 g/kg of body weight)

CG: Control group; OG: Obese group; SG: Sheng-jiang powder treatment group.

and cytokines (IL-6 and IL-10). Lee’s index, which is a rapid means of determining
obesity in rats, was calculated by using the following formula[20]:
Lee’s index = [body weight (g)]1/3 × 103/naso - anal length (cm).
Pancreas, liver, heart, spleen, lung, kidney, and intestinal tissue samples were
collected after euthanizing the rats (2% sodium pentobarbital, intraperitoneal
injection, 200 mg/kg of body weight) for the pathological and tissue cytokine
analyses.

Biochemical assays
The blood samples were centrifuged at 2500 rpm for 5 min to collect the supernatants
for analysis. The levels of triglycerides, total cholesterol, high-density lipoprotein
cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), and amylase were
measured using a HITACHI automatic biochemical analyzer (7170A, HITACHI,
Tokyo, Japan) at the Affiliated Hospital of Chengdu University of TCM (Chengdu,
China).

Measurement of serum IL-6 and IL-10 levels
The blood samples were centrifuged at 2500 rpm for 5 min to collect the supernatants
for analysis. The levels of IL-6 and IL-10 were measured by enzyme-linked
immunosorbent assay (ELISA) using a Rat IL-6 ELISA kit (EKT24498, Friendbio,
Wuhan, China) and a Rat IL-10 ELISA kit (EKT25325, Friendbio, Wuhan, China),
respectively. According to the manufacturer’s protocol, the absorbance was measured
at 450 nm with a High-Throughput Universal Microplate Assay. Then, the sample
values were read based on the standard curve, and the relative concentrations were
calculated.

Histopathological analysis
Fresh tissue samples used for the pathological analysis were fixed in 4%
paraformaldehyde (AR1068, BOSTER, Wuhan, China), embedded in paraffin,
sectioned into 5-μm sections, and stained with hematoxylin and eosin. All
histopathological sections were observed and scored by two independent blinded
pathologists. The total histopathology score represents the mean of the combined
scores of each parameter assigned by the two investigators. The histopathological
severity of pancreatitis was determined according to Kusske et al[21] (points 0-4, edema,
inflammation, hemorrhage, and necrosis). The scoring system described by Mikawa et
al [22] (points 0-4: alveolar congestion, hemorrhage, infiltration or aggregation of
neutrophils in the airspace or the vessel wall, and thickness of the alveolar
wall/hyaline membrane formation) was used to score acute lung injury.
Inﬂammation-associated histological alterations in the intestinal mucosa were graded
using a scoring system according to Wirtz et al[23]. The liver, heart, spleen, and kidney
sections were examined for signs of edema, inflammatory infiltration, fat necrosis,
parenchymal necrosis, and hemorrhage.

Tissue cytokine analysis
Tissue samples were homogenized, sonicated, and centrifuged at 10000 rpm for 10
min at 4 °C. The supernatants were collected for the cytokine analysis.
Malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), reactive oxygen species (ROS), and myeloperoxidase (MPO) levels were
determined using the following reagent kits according to the manufacturer's
protocols: rat MDA ELISA assay kit (EKT2065-75-0), SOD ELISA assay kit (EKT2486),
GSH-Px ELISA assay kit (EKT2876), ROS ELISA assay kit (EKT25346), and MPO
ELISA assay kit (EKT303413) (obtained from Friendbio Biotechnology Co., Ltd.,
Wuhan, China). Briefly, the absorbance was measured at 450 nm with a HighThroughput Universal Microplate Assay. Then, the sample values were read based on
the standard curve, and the relative concentrations were calculated.
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Table 2 Compositions of the experimental diet
Control diet (LAD3001G)

High-fat diet (TP23300)

Ingredient
g

kcal

g

kcal
1335

Casein

200

753.20

267

Corn starch

397

1495.10

0

0

Maltodextrin

132

497.11

157

785

Sucrose

100

376.60

89

445

Soybean oil

70

263.62

33

165

Lard

0

0.00

301

1505

Cellulose

50

188.30

67

335

Mineral mixture

35

131.81

66

330

Vitamin mixture

10

37.66

13

65

L-cystine

3

11.30

4

20

Choline bitartrate

0

0.00

3

15

Choline chloride

3

11.30

0

0

1000

3766

1000

5000

Total

Statistical analysis
The statistical methods used in this study were reviewed by Dr. Hai Niu from the
College of Mathematics, Sichuan University. Normality was assessed by the ShapiroWilk normality test, and homogeneity of variance was assessed by the Bartlett’s test.
In this study, all data, which are expressed as the mean ± standard deviation, passed
the normality test. If the variances of the three experimental groups were equal, twosided one-way analysis of variance (followed by multiple pairwise comparisons using
the Dunnett-t test) was used to discover the differences among the groups; if the
variances were unequal, the Kruskal-Wallis test was used. In addition, Student’s t-test
was used to compare the difference in the amylase levels between the CG and CG’
(CG before AP induction). Statistical analyses were performed using GraphPad Prism
6.01 software (GraphPad Software Inc., San Diego, CA, United States). Statistical
significance is expressed as aP < 0.05, bP < 0.01 vs CG; cP < 0.05, dP < 0.01 vs OG; or eP <
0.01 vs CG’.

RESULTS
Body weight, Lee’s index, and serum biochemistry parameters of the rats
At the end of the experiment, compared with the CG, the body weight of the rats in
the OG increased by 26.67% (P < 0.01; Table 3); furthermore, Lee's index also
increased by 10.45% in the OG (P < 0.05; Table 3). The levels of serum triglyceride and
total cholesterol in the OG were significantly higher than those in the CG (P < 0.01;
Table 3). SJP treatment significantly reduced the above four parameters in the rats fed
a high-fat diet (P < 0.01 or P < 0.05; Table 3). In addition, serum HDL-c level in the OG
was significantly lower than that in the CG (P < 0.01; Table 3), and SJP treatment
significantly improved the low levels of serum HDL-c in the rats fed a high-fat diet (P
< 0.05; Table 3). However, serum LDL-c values did not significantly differ among the
experimental groups.

Serum amylase levels in the rats
Sodium taurocholate treatment led to a significant increase in serum amylase levels in
the rats in the CG’ (P < 0.01; Figure 1). However, serum amylase levels only slightly
changed among the three groups after AP induction (Figure 1).

SJP increases serum levels of IL-10 but not IL-6
Compared with the CG group, serum levels of IL-6 and IL-10 in the OG group were
increased (P < 0.01, Figure 2). Serum IL-10 level in the SG group was significantly
higher than that in the OG group (P < 0.01, Figure 2).

SJP suppresses oxidative stress in multiple organs
MDA levels in the pancreas, heart, spleen, liver, lung, and kidney from the obese rats
with AP were higher than those in the lean rats with AP (P < 0.05 for the lung, P <
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Table 3 Body weight, Lee's index, and serum biochemistry parameter levels of rats
Parameter
Body weight (g)
Lee’s index
TG (mmol/L)
TC (mmol/L)

CG

OG

SG

480.10 ± 43.62

608.10 ± 36.96b

536.60 ± 46.77d

301.40 ± 23.36

332.90 ± 19.52

a

307.30 ± 19.40b

1.35 ± 0.51

2.69 ± 0.86b

1.60 ± 0.60d

1.46 ± 0.32

b

1.68 ± 0.19b

b

1.97 ± 0.21

HDL-c (mmol/L)

0.68 ± 0.11

0.46 ± 0.07

0.59 ± 0.12b

LDL-c (mmol/L)

0.54 ± 0.13

0.49 ± 0.11

0.48 ± 0.11

The results are presented as the mean ± SD.
a
P < 0.05.
b
P < 0.01 vs the control group.
c
P < 0.05.
d
P < 0.01 vs the obese group.
CG: Control group; OG: Obese group; SG: Sheng-jiang powder treatment group; TG: Triglyceride; TC: Total
cholesterol; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density lipoprotein cholesterol.

0.01 for other tissues, Table 4). SOD levels in the pancreas, spleen, intestine, and liver
from the obese rats with AP were lower than those in the lean rats with AP (P < 0.01,
Table 4). In contrast, the SOD levels in the lung and kidney from the obese rats with
AP were higher than those in the lean rats with AP (P < 0.01, Table 4). Similarly, the
MPO level in the intestine from the obese rats with AP was also higher than that in
the lean rats with AP (P < 0.01, Table 4). However, the ROS and GSH-Px levels in the
liver and kidney from the rats showed minimal changes between the CG and OG. SJP
markedly reduced the MDA levels in the pancreas, heart, spleen, lung, and liver (P <
0.05 for the spleen, P < 0.01 for other tissues, Table 4) and the MPO level in the lung (P
< 0.05, Table 4). In contrast, SJP markedly increased the SOD levels in the pancreas,
spleen, and intestine (P < 0.01, Table 4) and the GSH-Px level in the kidney (P < 0.05,
Table 4).

SJP relieves liver pathological damage
Compared with the organs from the CG group rats, obesity exacerbated the
pathological damage to the pancreas, liver, and heart, and more inflammatory cell
infiltration, a large degree of severe tissue edema, more hemorrhage, and more
necrosis were observed (P < 0.01, Figure 3A and B). However, SJP mitigated the
hepatic pathological damage, and less inflammatory cell infiltration, mild tissue
edema, and less necrosis were observed (P < 0.05, Figure 3A and B).

DISCUSSION
In the present study, serum triglyceride, total cholesterol, IL-6, and IL-10 levels in the
obese AP rats were extremely high, and serum HDL-c level was significantly low.
Enhanced oxidative damage was observed in the pancreas, heart, spleen, lung,
intestine, liver, and kidney. Additionally, an imbalance in the antioxidant defense
system, especially in the pancreas, spleen, intestine, and liver, was observed in the
obese AP rats. Importantly, SJP treatment significantly increased serum HDL-c and
IL-10 levels, decreased serum triglyceride and total cholesterol levels, induced
oxidative stress in multiple organs, and ultimately ameliorated the pathological
damage to the liver.
As one becomes more obese, more fat accumulates in and around the viscera,
including the pancreas[3]. Fat in adipocytes is known to be composed of triglycerides,
which are three free fatty acids hinged to a glycerol backbone, forming > 80% of the
adipocyte mass [4] . More significantly, increased free fatty acids, particularly
unsaturated fatty acids (UFAs), have been documented in serum from patients with
severe AP[24], and serum triglyceride levels in AP patients are independently and
proportionally correlated with persistent organ failure regardless of the etiology[25].
Furthermore, sufficient evidence suggests that UFAs are directly toxic to pancreatic
acinar cells due to cytosolic calcium, largely causing extracellular release, decreased
ATP levels, the inhibition of mitochondrial complexes I and V, and, ultimately,
necrosis [3] . In AP associated with obesity, the expression levels of cytokines are
significantly elevated in serum or organs involved in AP (pancreas, liver, and
lungs)[26,27]. One study demonstrated that obesity reduces IL-10 expression in the
spleen and that spleen-derived IL-10 protects against obesity-induced inflammatory
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Figure 1

Figure 1 Serum amylase levels in rats. The results are presented as the mean ± SD. eP < 0.01 vs the control
group before acute pancreatitis induction. CG’: Control group before acute pancreatitis induction; CG: Control group;
OG: Obese group; SG: Sheng-jiang powder treatment group.

responses in the pancreas[28]. In addition, in obese mice, the levels of proinflammatory
cytokines, including tumor necrosis factor alpha and IL-6, increased along with serum
UFAs, but treatment with the triglyceride lipolysis inhibitor orlistat significantly
reduced these cytokines and UFAs and prevented organ failure and mortality[29].
Hence, in addition to being directly responsible for necrosis, lipolysis is likely a
contributor to the milieu of exaggerated inflammation characterizing AP. In this
study, high-fat diet-induced obesity resulted in high serum levels of triglycerides, IL6, and IL-10 in AP rats, but SJP prevented lipotoxicity and the systemic inflammatory
response in obese AP rats. Moreover, previous studies have shown that SJP can
reduce systemic inflammatory injury and downregulate the production of
proinflammatory cytokines in mice and humans with sepsis[30].
Oxidative stress occurs when there is an imbalance between the production of
reactive metabolites and the activity of antioxidant enzymes. Many studies have
shown that oxidative stress is significantly increased in obese patients and animals
and causes direct or indirect damage to various organs [31,32] . MDA is a toxic
decomposition product of lipid peroxidation degradation, and the MDA content can
reflect the degree of oxidative stress and cell damage[33]. During lipid peroxidation in
pancreatitis, the MDA levels in plasma and ascites in obese animals are always higher
than those in lean animals[34]. Hayam Ateyya et al[35] revealed that in rats with AP, the
MDA levels are markedly increased when the SOD and glutathione levels are reduced
in the pancreas and distant organs (i.e., lung, liver, and kidney). In our study, we
found similar results in multiple organs (i.e., pancreas, liver, heart, spleen, lung, and
kidney) from obese AP rats, suggesting that these organs might experience very
serious conditions of oxidative stress and cell damage.
Various proinflammatory transcription factors can induce lipid peroxidation,
causing the release of inflammatory cytokines and exacerbating oxidative stress,
establishing a vicious circle[10]. Therefore, the synergistic effect of proinflammatory
cytokines released during AP combined with the increased MDA levels in obese rats
may aggravate the multiple-organ damage. ROS, which are chemical species
containing oxygen, are byproducts of aerobic metabolism that play significant roles in
cell signaling and homeostasis[36]. ROS levels can dramatically increase following
oxidative stress in obesity, which may significantly damage the cell structure[36].
According to this study, ROS levels in the liver and kidney changed minimally
between the obese and lean rats, but MDA levels in the obese rats were significantly
increased. We speculate that this result may be due to the longer half-life of MDA
compared with that of ROS, indicating that MDA is able to spread and reach distant
intracellular and extracellular targets, thereby amplifying the effects of oxidative
stress[37].
MPO is a characteristic enzyme of neutrophils, and its activity reflects the extent of
neutrophil infiltration; sustained activation of MPO can cause tissue damage and
aggravate inflammatory lesions[38]. Intestinal injury, which is considered a primary
complication after AP onset, is well known to occur during early disease
progression[39]. In addition, the intestine is considered an important target organ for
obesity outcomes because of the effects of diet on this organ. An increase in intestinal
ROS production and MPO activity was observed in rats fed a high-energy diet[40]. The
increased MPO levels in the intestinal tissues in our study may suggest that obesity
aggravates intestinal inflammatory injury in AP rats.
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Figure 2

Figure 2 Serum inflammatory cytokine levels in rats. The results are presented as the mean ± SD. bP < 0.01 vs
the control group, dP < 0.01 vs the obese group. CG: Control group; OG: Obese group; SG: Sheng-jiang powder
treatment group; IL: Interleukin.

SOD, catalase, and GSH-Px are important antioxidant enzymes in organs and are
involved in free-radical scavenging[41]. Erythrocyte SOD and GSH-Px activities are
decreased in rats with AP[42]. Furthermore, low basal levels of pancreatic SOD activity
are associated with increased mortality and tissue damage in rats with AP[43]. In the
present work, SOD levels in the liver, pancreas, spleen, and intestinal tissues from the
obese rats were lower than those from the lean animals, indicating that the
antioxidant capacity in obese rats with AP may be lower than that in nonobese rats;
this compromised antioxidant defense system may contribute to the increase in
multiple-organ damage in obese rats with AP.
In China, SJP is widely used for the treatment of inflammatory diseases or
syndromes, such as sepsis, pneumonia, and systemic inflammatory response
syndrome; in addition, SJP has a positive effect on obesity-related glomerulopathy
and obesity after contraception by subcutaneous Norplant implants (Supplementary
material). Notably, our previous study showed that rhein and bisdemethoxycurcumin
may be the potential active components of SJP for the treatment of AP[44]. Curcumin,
an effective compound extracted from Curcuma longa L., exerts its ameliorative effects
against AP by inhibiting oxidative stress and inflammation[45]. One study showed that
curcumin administration reduces MDA levels in skeletal muscle to improve oxidative
stress in high-fat diet-induced obese rats [46] . In contrast, curcumin is effective at
countering the depletion of antioxidants. Kempaiah et al[47] reported that curcumin
countered the depletion of GSH in erythrocytes and livers of high-fat diet-fed rats.
Elevated hepatic SOD activity has also been found to be decreased by curcumin
treatment. Moreover, emodin, which is derived from Rheum palmatum L., can prevent
diet-induced obesity and associated metabolic syndrome by inhibiting the sterol
regulatory element-binding protein pathway[48]. In this study, administration of SJP to
obese rats reduced the activity of MPO in the lung; decreased the content of MDA in
the pancreas, heart, spleen, lung, and liver; and increased the activity of SOD in the
pancreas, spleen, and intestine. These results suggest that SJP can prevent AP from
causing multiple-organ inflammatory injury-related deterioration in obese rats by
reducing reactive oxygen free radicals, improving the activities of antioxidant
enzymes, and alleviating the systemic inflammatory response.
However, there were some limitations to this study. First, SJP was not administered
to obese rats, but it was administered at the time obesity was induced. According to
the obesity and Lee’s index results, SJP appears to largely prevent the development of
obesity. Hence, the preventive effect of SJP on AP in obesity needs further
exploration. Second, this study provided partial information about multiple-organ
injuries in obese AP rats; however, the more specific mechanism needs further study.
Third, the specific effective monomer components and tissue pharmacokinetics of SJP
should be considered. Finally, studies investigating the effectiveness of SJP in obesity
are limited to case reports and small-sample single-center randomized controlled
trials in which SJP is always combined with other complementary or alternative
medicine therapy (acupuncture or ear acupressure); hence, large sample multicenter
randomized controlled trials should be considered.
In conclusion, obesity may aggravate the inflammatory reaction and pathological
injury to multiple organs in AP rats, but SJP may alleviate multiple-organ
inflammatory injury in AP in rats fed a high-fat diet. The results of this study may
provide an experimental basis for clinical discoveries. Future research should
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Table 4 Oxidative stress conditions of multiple organs
Organ

CG

OG

SG

1048 ± 116

1584 ± 278b

1066 ± 156d

338 ± 31

244±21b

285 ± 18d

1358 ± 199

1685 ± 87b

1297 ± 83d

313 ± 24

321 ± 42

351 ± 14

1247 ± 205

1748 ± 96b

1569 ± 185b

Pancreas
MDA (pmol/mL)
SOD (U/mL)
Heart
MDA (pmol/mL)
SOD (U/mL)
Spleen
MDA (pmol/mL)
SOD (U/mL)

b

288 ± 17

214 ± 15

322 ± 44d

1359 ± 283

1745 ± 86a

1282 ± 140d

153 ± 31

268 ± 21b

241 ± 23

77 ± 5

79 ± 12

56 ± 6b

1266 ± 141

1412 ± 325

1414 ± 235

347 ± 12

240 ± 19b

341 ± 29d

46 ± 3

75 ± 9b

64 ± 3

1285 ± 146

1549 ± 92b

Lung
MDA (pmol/mL)
SOD (U/mL)
MPO (ng/mL)
Intestine
MDA (pmol/mL)
SOD (U/mL)
MPO (ng/mL)
Liver
MDA (pmol/mL)

b

1235 ± 160d

SOD (U/mL)

308 ± 47

229 ± 11

231 ± 12

ROS (IU/mL)

718 ± 146

819 ± 96

730 ± 85

86 ± 11

71 ± 20

80 ± 6

1077 ± 236

1519 ± 217b

1513 ± 223

SOD (U/mL)

240 ± 22

350 ± 22b

316 ± 55

ROS (IU/mL)

598 ± 85

677 ± 142

666 ± 49

53 ± 7

66 ± 17

82 ± 13b

GSH-Px (mIU/mL)
Kidney
MDA (pmol/mL)

GSH-Px (mIU/mL)

The results are presented as the mean ± SD.
a
P < 0.05.
b
P < 0.01 vs the control group; cP < 0.05.
d
P < 0.01 vs the obese group.
CG: Control group; OG: Obese group; SG: Sheng-jiang powder treatment group; MDA: Malondialdehyde;
SOD: Superoxide dismutase; MPO: Myeloperoxidase; ROS: Reactive oxygen species; GSH-Px: Glutathione
peroxidase.

investigate the active components and mechanisms of action of SJP before it can be
transformed into a potentially useful treatment in human trials (Supplementary Table
1).
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Figure 3

Figure 3 Histological scores and pathological images of multiple organs in rats. A: Histological scores of the pancreas, heart, spleen, lung, intestine, liver, and
kidney. B: Pathological images of the pancreas, heart, spleen, lung, intestine, liver, and kidney (× 200). The results are presented as the mean ± SD. bP < 0.01 vs the
control group, cP < 0.05 vs the obese group. CG: Control group; OG: Obese group; SG: Sheng-jiang powder treatment group.
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Obesity has contributed to the increased incidence and severity of acute pancreatitis (AP),
specifically by increasing the risk of multisystem organ failure. However, the mechanism by
which obesity influences AP has not been elucidated to date. There is no effective strategy for
preventing AP from causing organ deterioration in obesity; thus, the current management
standard is supportive and symptomatic. Therefore, investigations of how obesity may
contribute to aggravating inflammatory organ injury in AP and identification of potential
treatments are urgently required.

Research motivation
Our previous studies have demonstrated that high-fat diet-induced obesity can cause extensive
inflammatory damage, especially multiple-organ inflammatory injury, in rats. However, the
effect of high-fat diet-induced obesity on AP is still unknown. Sheng-jiang powder (SJP) is
considered able to ameliorate the inflammatory response and histopathological lesions in
multiple organs in obese rats. Could SJP alleviate multiple-organ inflammatory injury in AP by
preventing obesity in rats? Therefore, this study aimed to explore the mechanisms of the effect of
high-fat diet-induced obesity on inflammatory organ injury in AP rats and observe the effect of
SJP on multiple-organ inflammatory injury in AP in rats fed a high-fat diet to provide an
experimental basis for its clinical application in the future.

Research objectives
To explore how high-fat diet-induced obesity may contribute to aggravating inflammatory organ
injury in AP rats and observe the effect of SJP on multiple-organ inflammatory injury in AP in
rats fed a high-fat diet.

Research methods
In this study, an obese rat model was induced by high-fat diet feeding, which is widely accepted
and used for the induction of obesity in rats. The AP rat model was induced by a retrograde
injection of sodium taurocholate into the biliopancreatic ducts, which is widely used to induce
AP in rats. The levels of serum biochemistry parameters [triglycerides, total cholesterol, highdensity lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), and
amylase] were measured using an HITACHI automatic biochemical analyzer (7170A, HITACHI,
Tokyo, Japan). The levels of serum inflammatory cytokines (IL-6 and IL-10) and tissue oxidative
stress cytokines [malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), reactive oxygen species (ROS), and myeloperoxidase (MPO)] were measured by
ELISA, which is a simple, rapid, accurate, and sensitive method. All histopathological sections
were observed and scored by two independent blinded pathologists using different scoring
systems specific to different tissues.
Statistical analyses were performed with GraphPad Prism 6.01 software. All data are
expressed as the mean ± standard deviation and passed the normality test. Two-sided one-way
analysis of variance (followed by multiple pairwise comparisons using the Dunnett-t test) or the
Kruskal-Wallis test was used to discover the differences among the three groups. In addition,
Student’s t-test was used to compare the difference in the amylase levels between the control
group (CG) and CG’ (CG before AP induction).

Research results
In the present study, serum triglyceride, total cholesterol, interleukin (IL)-6, and IL-10 levels in
the obese AP rats were extremely high, and serum HDL-c level was significantly low. Enhanced
oxidative damage was observed in the pancreas, heart, spleen, lung, intestine, liver, and kidney.
Additionally, an imbalance in the antioxidant defense system, especially in the pancreas, spleen,
intestine, and liver, was observed in the obese AP rats. Interestingly, SJP significantly increased
serum HDL-c and IL-10 levels, decreased serum triglyceride and total cholesterol levels, induced
oxidative stress in multiple organs, and ultimately ameliorated the pathological damage to the
liver.
The preventive effect of SJP on AP in obesity remains to be determined. Moreover, this study
provides partial information about multiple-organ injuries in obese AP rats, but the more specific
mechanism needs further study. Finally, the specific effective monomer components and tissue
pharmacokinetics of SJP should be considered to provide more systematic and comprehensive
evidence for the clinical application of this Chinese decoction.

Research conclusions
This study demonstrates that high-fat diet-induced obesity may aggravate the inflammatory
reaction and pathological injury to multiple organs, especially leading to a strong and extensive
oxidative stress response in organs, in sodium taurocholate-induced AP rats. In addition, SJP
may alleviate multiple-organ inflammatory injury in AP in rats fed a high-fat diet.

Research perspectives
As we observed that SJP may ameliorate multiple-organ inflammatory injury in AP in rats fed a
high-fat diet by regulating the oxidative stress response, further investigation of the underlying
molecular mechanism is urgently required to provide experimental evidence for wider clinical
usage.
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Abstract
BACKGROUND
Rectosigmoid endometriosis is an underdiagnosed disease responsible for
abdominal pain, transit disorders and rectal bleeding. Two surgical approaches,
rectosigmoid bowel resection (segmental or patch) or intramuscular layer
dissection (shaving), are available.
AIM
To assess whether the lesion features observed via preoperative rectosigmoid
endoscopic ultrasonography (RS-EUS) might predict the need for bowel
resection.
METHODS
This multicentric retrospective study was conducted on patients with
rectosigmoid endometriosis who underwent a curative surgical procedure,
evaluated by RS-EUS performed by two trained operators, between January 2012
and March 2018. A univariate statistical analysis was performed on nodules’ RSEUS features (thickness, width, infiltration of the submucosae, presence of a
bump into the digestive lumen and presence of multiple rectosigmoid
localizations). A multivariate logistic regression was then performed on the
significant results.
RESULTS
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Of the 367 patients, 73 patients with rectosigmoid endometriosis were evaluated
by RS-EUS and underwent rectosigmoid surgery. After the univariate analysis
was completed, thickness, width and infiltration of the submucosae were
identified as potential predictive factors for bowel resection. In a multivariate
logistic regression model, only thickness appeared to be a significant [odds ratio
(OR) = 1.49, 95% confidence interval (CI): 1.04-2.12, P = 0.028] predictive factor
for bowel resection. Receiver operating characteristic analysis performed showed
that a thickness over 5.20 mm might be used as cut-off with a sensitivity of 76%, a
specificity of 81%, and an area under carve = 0.82. The cut-off values for 100%
sensitivity and 100% specificity were 0.90 mm and 10.00 mm, respectively. A
trend concerning width to predict the need for resection was also observed (OR
1.12, 95%CI: 1.00-1.26, P = 0.054)
CONCLUSION
The presence of a rectosigmoid nodule of endometriosis greater than 5.20 mm
thick on RS-EUS might predict the need for bowel resection.
Key words: Endometriosis; Surgery; Endoscopy; Ultrasound; Bowel disease; Rectum and
sigmoid
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Core tip: Rectosigmoid endometriosis is an underdiagnosed disease responsible for
abdominal pain, transit disorders and rectal bleeding. The treatment can be either
medical or surgical. If a surgical resection of the bowel is needed, it must be performed
by a multidisciplinary team. The aim of our study was to assess whether the lesion
features observed via preoperative rectosigmoid endoscopic ultrasonography (RS-EUS),
a key exam in this condition, might predict the need for bowel resection. We found that
the presence of a rectosigmoid nodule of endometriosis greater than 5.20 mm thick on
RS-EUS might predict the need for bowel resection.

Citation: Desplats V, Vitte RL, du Cheyron J, Roseau G, Fauconnier A, Moryoussef F.
Preoperative rectosigmoid endoscopic ultrasonography predicts the need for bowel resection
in endometriosis. World J Gastroenterol 2019; 25(6): 696-706
URL: https://www.wjgnet.com/1007-9327/full/v25/i6/696.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i6.696

INTRODUCTION
Endometriosis is a benign estrogen-dependent disease associated with pelvic pain and
infertility, affecting 10% to 15% of women of childbearing age [ 1 ] . Intestinal
endometriosis is the most common extra-gynecologic localization[2], affecting 3% to
38% of women with endometriosis; this condition can be responsible for rectal
bleeding, transit disorders and dyschezia, leading to an altered quality of life[3]. The
decision on whether endometriosis requires surgical treatment depends on many
factors, such as age, clinical findings, reproductive expectations and sites affected by
the disease[4]. Although medical treatment is effective for the control of symptoms, it
has no impact on organ lesions, and a surgical treatment might be needed.
Two surgical approaches are available for rectosigmoid endometriosis:
intramuscular layer dissection (shaving) or rectosigmoid bowel resection (segmental
or patch). Shaving is a conservative technique with some advantages: shorter
operative time, shorter hospitalization time, and fewer peroperative complications[5].
Moreover, resection techniques may lead to more postoperative digestive disabilities
compared with shaving, such as unsuccessful evacuatory attempts, feeling of
incomplete evacuation, abdominal pain and painful evacuation effort[6]. Choice is led
by clinical and radiological factors. The shaving technique is preferred for single,
nonsymptomatic lesions, whereas the resection technique appears to be more
adequate for multiple or symptomatic lesions[7]. According to local recommendations,
the first-line exam involves pelvic ultrasonography. Magnetic resonance imaging
(MRI) and preoperative rectosigmoid endoscopic ultrasonography (RS-EUS) are only
considered as second- and third-line exams, respectively, for the evaluation of deep
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infiltrating lesions[8].
A recent study has shown that a pre-operative MRI-colonography might predict the
need for bowel resection in recto-sigmoid endometriosis[9]. However, it has previously
been demonstrated that RS-EUS exhibits better sensitivity and negative predictive
value than MRI in the diagnosis of rectosigmoid endometriosis [10] . We therefore
decided to conduct a study to assess whether the characteristics of endometriosis
lesions evaluated on a preoperative rectosigmoid ultrasonography can predict the
need for bowel resection in rectosigmoid endometriosis.

MATERIALS AND METHODS
Patients
We conducted a multicentric retrospective study in a cohort of patients including 367
patients followed for endometriosis between January 2012 and March 2018. In this
cohort, data were collected prospectively when patients were suspected of having
endometriosis. Patients were suspected of having endometriosis when they
experienced chronic pelvic pain for a greater than six-month duration. This pain could
be a severe dysmenorrhea, a deep dyspareunia, a cyclic pelvic pain and painful
defecation with or without infertility. In this cohort, patients could have been
explored with other radiological exams, such as MRI or endovaginal ultrasonography,
at the discretion of the clinician. Endometriosis was finally diagnosed according to
surgical and histological criteria.
In our study, the inclusion criteria were patients aged over 18 with rectosigmoid
endometriosis who underwent a surgery after a RS-EUS. Age, body mass index (BMI),
pregnancy, parity and preoperative medical treatment were recorded from the
patients’ files. In addition, the patients were asked to complete a questionnaire
regarding their symptoms, including digestive symptoms. Each patient was asked to
report whether the symptoms were never, sometimes, often, or always present.
Patients were also asked whether these symptoms were exacerbated during their
period. Symptoms that were not exacerbated during period were denoted as “none”
to avoid confusion with other digestive conditions.

Rectosigmoid endoscopic ultrasonography
RS-EUS was performed by two well-trained ultrasonographists (RV and GR) in two
different centers. The exam was divided into two different steps. The patients were in
lateral decubitus position whenever it was possible. The first step involved
endoscopic evaluation of the mucosae and the digestive lumen. The second step
involved an ultrasonographic evaluation of the digestive wall. The device used was a
flexible Pentax (Argenteuil, France) echoendoscope with radial probe. The normal
rectosigmoid anatomy appears as follows on ultrasound 7.5 MHz (from the lumen to
the serosa): Hypoechoic mucosa, hyperechoic submucosa, and hypoechoic muscular
layer (Figure 1). Rectosigmoid endometriosis appears as a hypoechoic nodule
infiltrating the muscular layer. Mucosal or submucosal invasion are characterized by
an interruption of their hypoechogenic line (Figure 2). The evaluation criteria were
thickness and width of the nodule, presence of a bump in the digestive lumen,
presence of infiltration of the submucosae and presence of multiple lesions. The
presence of a bump in the digestive lumen was evaluated during the endoscopic step
of the exam and defined as a mucosal lesion or a narrowing of the digestive lumen.

Surgery
All the interventions were performed by the same gynecologic surgeon (AF) who was
well trained in endometriosis surgery. Interventions were performed via open
laparoscopy. According to the recommendations, surgery on the digestive tract could
involve a shaving (intramuscular layer dissection), a patch or a segmental digestive
resection (subtotal proctectomy, sigmoidectomy or both). Patch and segmental
resection surgeries were performed by a multidisciplinary team including digestive
surgeons. A shaving, or intramuscular layer dissection of the lesions, involves the
excision of the nodule on the digestive tract without digestive tract opening.
The choice of the surgical procedure was made by the surgeon, and shaving was
preferred any time it was possible based on the nodule characteristics. This procedure
was typically performed on unique and small lesions without submucosae
involvement.

Statistical analysis
Patients were analyzed in two different groups: Shaving and digestive resection
(patch or segmental resection). Univariate analysis was first performed to evaluate the
relation between each criterion and the need for digestive resection. For qualitative
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Figure 1

Figure 1 Normal view of the rectal wall with a radial probe in Rectosigmoid Endoscopic Ultrasonography.
Arrow: Mucosae; Arrowhead: Muscular mucosa; Star: Submucosa; Disc: Muscular layer; Device: PENTAX EG-3670
URK ultrasound video-endoscope 7.5 MHz.

variables, including the presence of a bump, infiltration of the submucosae and
presence of multiple lesions, a Fisher exact test was performed when one or more of
the theoretical frequencies were less than five. A chi-square test was performed when
all of the theoretical frequencies were greater than or equal to five. For quantitative
variables, Student t-tests were performed. Second, we performed multivariate logistic
regression with significant variables after univariate analysis. Every test was
performed with a two-tailed alpha risk of 5%. A P-value less than 0.05 was considered
statistically significant. The statistical review of the study was performed by a
biomedical statistician. All statistics were performed with XLSTAT version 20.1
(Addinsoft, 33000, Bordeaux, France).

Patient disclosure
All patients included in this retrospective analysis gave their prior informed consent
for inclusion in the cohort. The cohort had the approval of the local ethic committee
for protection of people (Comité de Protection des Personnes, CPP) on the 20th of June
2013.

RESULTS
In total, 367 women were followed for endometriosis and included in the cohort
between January 2012 and March 2018. Among them, 280 underwent a surgical
procedure, 88 of whom had a need for bowel intervention. Two and three patients
underwent an ileo-cecal surgery and appendectomy, respectively, and were therefore
excluded from the analysis. An additional 10 women were excluded from the analysis
because they did not undergo a preoperative RS-EUS (7 patients) or because the RSEUS was not performed by well-trained ultrasonographists (3 patients). Finally, 73
patients were included in the analysis and separated in two different groups: shaving
(36 patients) and bowel resection (37 patients) (Figure 3).
Concerning the study population, no differences in age, BMI, pregnancy, parity and
preoperative medical treatment were noted between groups. No difference was found
regarding digestive symptoms except dyschezia. Indeed, patients in the resection
group exhibited significantly more severe dyschezia compared with the shaving
group (P = 0,020) (Table 1).
In univariate analysis (Table 2), the mean thickness was 4.22 mm in the shaving
group and 6.81 mm in the resection group, and the difference was statistically
significant (P < 0.001). Regarding width, the mean measures were 13.43 and 19.34 mm
in the shaving group and the resection group, respectively, and the difference was
statistically significant (P < 0.001). Infiltration of the submucosae was observed in
5.6% (2/36) of the patients in the shaving group and 30% (11/35) in the resection
group, leading to a significant difference (P = 0.007). No significant differences in the
presence of a bump in the digestive lumen (5.6% in the shaving group vs 16% in the
resection group, P = 0.261) and the presence of 2 or more lesions (2.8% in the shaving
group vs 11% in the resection group, P = 0.358) were noted between the groups. No
differences in classification in the shaving group and the resection group were noted
between the two ultrasonographists (RV, GR) (P = 0.98) (See in Appendix).
In the multivariate model, thickness, width and submucosae infiltration were
included in the analysis. After logistic regression, only thickness appeared to be
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Figure 2

Figure 2 View with a radial probe of an endometriotic nodule in rectosigmoid endoscopic ultrasonography.
This nodule is located in the front side of the upper rectum next to the torus and exhibits infiltration of the submucosa.
Width: 11 mm; Thickness: 8.6 mm. Arrow: Mucosae; Star: Submucosa; Arrowhead: Muscular layer; Device: PENTAX
EG-3670 URK ultrasound video-endoscope 7.5 MHz.

significant with an odds ratio (OR) = 1.49 [95% confidence interval (CI): 1.04–2.12, P =
0.028] (Table 3). Nevertheless, a sensible trend regarding width was identified.
Specifically, width was increased in the resection group compared with the shaving
group (OR 1.12, 95%CI : 1.00-1.26, P = 0.054).
Based on receiver operating characteristic (ROC) analysis, a thickness greater than
5.20 mm was the best threshold to determine the need for digestive resection with a
sensitivity of 76%, a specificity of 81%, and a positive predictive value (PPV) and
negative predictive value (NPV) of 0.80 and 0.76, respectively. Cut-off values for 100%
sensitivity and 100% specificity were 0.9 and 10.0 mm, respectively (Table 4). The area
under curve of the ROC curve was 0.82 (Figure 4).

DISCUSSION
We found that a rectosigmoid endometriosis nodule thickness greater than 5.20 mm
measured by RS-EUS might be a predictive factor for the need for patch or segmental
resection in rectosigmoid endometriosis with a sensitivity of 76% and a specificity of
81%. In addition, although the result was not significant, there was a trend for width
to predict the need for resection. Further investigations with more patients should be
conducted to confirm this finding, and width could appear as another independent
predictive factor for resection.
It was previously demonstrated that RS-EUS exhibits good performance for
detection and evaluation of rectosigmoid endometriosis with good sensitivity and
negative predictive value[11]. However, RS-EUS remains a third-line exam, and its
priority among examinations should be reevaluated. Other technics were also
evaluated in detecting and characterizing deep infiltrating endometriosis nodules
such as transvaginal ultrasonography, MRI and colonoscopy.
Nowadays, transvaginal ultrasonography has been well studied and experiences
great performance in detecting and characterizing rectosigmoid endometriosis
nodules and their digestive wall infiltration. In a study par Goncalves et al[4] this exam
showed indeed sensitivity and a specificity of 97% and 100% respectively. Although,
performance drops when detecting an infiltration of the submucosae with sensitivity
between 62% and 83%[12]. This might explain why it has never been studied as a
predictive factor for the surgery needed such as we did for RS-EUS.
Some new ultrasound techniques were also evaluated for the diagnosis of deep
infiltrating endometriosis. Guerriero et al[13] compared the diagnostic accuracy of 2Dimensions ultrasound (DUS) and 3-DUS in patients with deep infiltrating
endometriosis confirmed surgically. They showed no significant difference regarding
sensitivity, specificity, NPV and PPV between techniques for the intestinal location.
Nevertheless, they used transvaginal ultrasound and, to our knowledge, there is no
such study comparing the diagnostic accuracy of 2D and 3D RS-EUS. This could be
the subject of further researches.
Another interesting study by Bergamini et al[14] compared the diagnostic accuracy of
RS-EUS with Transvaginal Sonography with Water-Contrast in the Rectum (RWCTVS) in the diagnosis of rectosigmoid endometriosis, confirmed by surgical and
pathological findings. In this study RWC-TVS appeared to have better diagnostic
performance than RS-EUS but the difference wasn’t significant with sensitivity,
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Figure 3

Figure 3 Flow chart. RS-EUS: Rectosigmoid endoscopic ultrasonography.

specificity, PPV and NPV of 96%, 90%, 98% and 81.8% and 88.2%, 80%, 95.7% and
57.1% respectively. However, this time again, they only studied the diagnostic
accuracy of the exam and not its performance as a pretherapeutic test as we decided
to do in our study. Similarly, this could be an interesting subject for further
investigations.
Many other ultrasound techniques have also been studied in the diagnosis of
intestinal endometriosis such as elastosonography[15], but none of them has been
evaluated as a pretherapeutic test. Colonoscopy has also been studied but cannot be
routinely performed for the diagnosis of intestinal endometriosis, giving poor
outcomes to this exam with a sensitivity of 7% and a specificity of 85%, due to the
paucity of lesions affecting the intestinal mucosa [16] . Regarding MRI, our study
completes the recent findings concerning MRI measures of stenosis and long axis to
predict the need for bowel resection In this study, a nodule’s short axis of 11 mm or
more was a predictor for bowel resection with a sensitivity and a specificity of 93%
and 99% respectively. Similarly, a bowel stenosis of 30% or more experienced a
sensitivity of 95% and a specificity of 99% in predicting the need for a bowel
resection[9]. Nevertheless, MRI colonography was a required parameter of this study,
and this technique is only available in a limited number of centers. In comparison, RSEUS is a common, easily accessible exam and is currently well evaluated in the
staging of deep infiltrating endometriosis with better sensitivity and negative
predictive value compared with MRI[17]; this finding indicates that MRI exams do not
detect nodules that are detectable by RS-EUS. More precisely, RS-EUS experiences
better sensitivity (79% vs 47%) and negative predictive value (71% vs 63%) than MRI
when detecting a mucosal or submucosal involvement[18]. Therefore, RS-EUS appears
to be more adequate in the preoperative evaluation of rectosigmoid endometriosis.
Another study demonstrated the interest of the presence of an infiltration of the
muscular layer to determine whether bowel resection was needed[19]. In this study,
lesion and infiltration characteristics were analyzed retrospectively on the surgical
piece. In our study, information on rectosigmoid endometriosis nodules was collected
prospectively before the surgical procedure. As mentioned above, the choice of the
surgical procedure is actually based on clinical findings and local conditions.
Nevertheless, the place for clinical findings in the decision path remains unclear.
Indeed, another study by Wattiez et al [20] did not take into account the clinical
manifestations of the disease to select the surgical procedure. However, our study
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Table 1 Patient characteristics
Shaving (n = 36)

Resection (n = 37)

P value
0.4241

Age
n (%)
Mean (SD)

36 (100)

37 (100)

32.42 (6.57)

33.54 (5.32)
0.6561

Body mass index
n (%)
Mean (SD)

34 (94)

35 (95)

23.83 (3.96)

24.31 (4.83)
0.9143

Pregnancy
n (%)

36 (100)

35 (95)

0 (n)

22

24

1 (n)

5

5

2 (n)

6

4

≥ 3 (n)

3

2
0.5683

Parity
n (%)

36 (100)

35 (95)

0 (n)

25

26

1 (n)

4

6

2 (n)

6

3

≥ 3 (n)

1

0
0.7323

Preoperative medical treatment
n (%)

36 (100)

37 (100)

None

1

3

Progestin

16

16

GnRH analog

20

18

Estrogen

3

6

≥ 2 treatments

4

6

Symptoms of rectosigmoid endometriosis
0.0202

Dyschezia
n (%)

29 (81)

34 (92)

None to mild

16

9

Moderate to severe

13

25
0.8932

Transit disorders
n (%)

29 (81)

32 (86)

None to mild

14

16

Moderate to severe

15

16
1.003

Vomiting
n (%)

29 (81)

31 (84)

None to mild

27

28

Moderate to severe

2

3
0.2373

Rectal Bleeding
n (%)

30 (83)

29 (78)

None to mild

30

27

Moderate to Severe

0

2
0.9432

Abdominal pain
n (%)

32 (89)

33 (89)

None to mild

8

8

Moderate to severe

24

25

1

Student t-test.
Chi-square test.
3
Fisher exact test.
2

brings to light the possibility of some specific symptoms, such as dyschezia, to aid in
the selection of the surgical procedure, and other studies should be performed to
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Table 2 Univariate analysis for characteristics of the lesions on rectosigmoid endoscopic
ultrasonography
Shaving (n = 36)

Resection (n = 37)

P value
< 0.00011

Thickness
n (%)
Mean (SD)

36(100)

37(100)

4.22 (1.90)

6.81 (2.61)
< 0.00011

Width
n (%)
Mean (SD)

36 (100)

36 (97)

13.70 (5.29)

19.10 (5.53)
0.2613

Bump
n (%)
Presence (%)

36 (100)

37 (100)

2 (5.6)

6 (16)
0.0072

Submucosae infiltration
n (%)
Presence (%)

36 (100)

37 (100)

2 (5.6)

11 (30)
0.3583

Multiple lesions
n (%)
Presence (%)

36 (100)

37 (100)

1 (2.8)

4 (11)

1

Student t-test.
Chi-square test.
3
Fisher exact test.
2

evaluate the accuracy of the physical examination in this situation. Currently, RS-EUS
is a third-line exam in the evaluation of deep infiltrating endometriosis[8]. However,
our study suggests the possible use of RS-EUS as one of the first exams performed.
Indeed, RS-EUS is an easy access exam with good diagnostic performance in
endometriosis. It is also now clear that RS-EUS provides some important information
on the extent of the disease and the local conditions to select the correct surgical
procedure.
Our study has some strengths. First, this is the first study to evaluate the accuracy
of RS-EUS before surgical procedure in rectosigmoid endometriosis. Second, RS-EUS
was performed by two expert ultrasonographists working in two different centers,
reducing the risk of evaluation bias. Similarly, no classification bias was noted
between the operators, highlighting the reproducibility of RS-EUS in the evaluation of
rectosigmoid endometriosis. Finally, all surgical procedures were realized by the
same trained surgeon (AF) familiar with endometriosis procedures and preoperative
management. This study has also some limitations. This is a retrospective study with
a small patient sample. Prospective, multicentric studies should be performed to
confirm our results. We decided to classify patients who did not experience
worsening symptoms during periods as “none”. This system could have misclassified
some patients with milder clinical manifestations and biased the results. Finally, our
study has some implications as it reveals new interest in the realization of
preoperative RS-EUS in deep infiltrating endometriosis. This information might help
a surgeon to organize the procedure given that digestive resection must be performed
by a multidisciplinary team. RS-EUS could also facilitate the transmission of
appropriate information to the patient, defining the benefits and risks of the
procedure.
In conclusion, in our retrospective study, we found that an endometriosis nodule
greater than 5.20 mm thick might predict the need for bowel resection in rectosigmoid
endometriosis. A trend concerning width to predict the need for resection was also
observed. Further investigations, such as prospective studies, should be conducted to
confirm these results.
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Table 3 Logistic regression for significant variables after multiple imputation for missing data
OR

95%CI

P value

Thickness

1.49

1.04-2.12

0.028

Width

1.12

1.00-1.26

0.054

Submucosae infiltration

1.97

0.31-12.66

0.475

OR: Odds ratio; CI: Confidence interval.

Table 4 Receiver operating characteristic analysis for thickness
Cut-off (mm)

Sensibility

Specificity

PPV

NPV

Overall accuracy

0.9

1.00

0.03

0.51

1.00

0.52

5.2

0.76

0.81

0.80

0.76

0.78

10.0

0.05

1.00

1.00

0.51

0.52

PPV: Positive predictive value; NPV: Negative predictive value.

Figure 4

Figure 4 Receiver operating characteristic curve of nodule thickness. AUC: Area under curve.

ARTICLE HIGHLIGHTS
Research background
Rectosigmoid endometriosis is an underdiagnosed disease responsible for digestive disorders.
Two surgical approaches, rectosigmoid bowel resection (segmental or patch) or intramuscular
layer dissection (shaving), are available. Nowadays, the choice is led by a conjunction of clinical
and radiological findings without strict criteria. A recent study has shown that a pre-operative
magnetic resonance imaging (MRI) colonography might predict the need for bowel resection in
rectosigmoid endometriosis. However, it has previously been demonstrated that rectosigmoid
endoscopic ultrasonography (RS-EUS) exhibits better sensitivity and negative predictive value
than MRI in the diagnosis of rectosigmoid endometriosis.

Research motivation
To assess whether the characteristics of endometriosis lesions evaluated on a preoperative RSEUS could predict the need for bowel resection in rectosigmoid endometriosis for a better
optimization of the preoperative management of the patient.

Research objectives
To assess whether the lesion features observed via preoperative RS-EUS might predict the need
for bowel resection.

Research methods
This multicentric retrospective study was conducted on a cohort of patients with rectosigmoid
endometriosis who underwent a curative surgical procedure, evaluated by RS-EUS performed
by two trained operators, between January 2012 and March 2018. In this cohort, data were
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collected prospectively when patients were suspected of having endometriosis. RS-EUS features
evaluated were thickness, width, infiltration of the submucosae, presence of a bump into the
digestive lumen and presence of multiple rectosigmoid localizations All the surgical
interventions were performed by one well trained gynecologic surgeon via open laparoscopy.
Shaving was preferred any time it was possible based on the nodule characteristics. This
procedure was typically performed on unique and small lesions without submucosae
involvement. A univariate statistical analysis was performed on nodules’ RS-EUS features
followed by multivariate logistic regression on significant results.

Research results
In total, 367 women were followed for endometriosis and included in the cohort between
January 2012 and March 2018. 73 patients met the inclusion criteria and were included in the
analysis, in two groups: Shaving (36 patients) and bowel resection (37 patients). In univariate
analysis thickness (P < 0.001), width P < 0.001) and infiltration of the submucosae (P = 0.007)
experienced significant results. After multivariate logistic regression only thickness appeared to
be significant with an odds ratio (OR) = 1.49 [95% confidence interval (CI) 1.04-2.12, P = 0.028].
Nevertheless, a sensible trend regarding width was identified. Specifically, width was increased
in the resection group compared with the shaving group (OR 1.12, CI95% 1.00-1.26, P = 0.054).
Based on receiver operating characteristic analysis, a thickness greater than 5.20 mm was the best
threshold to determine the need for digestive resection with a sensitivity of 76%, a specificity of
81%, and a positive predictive value and negative predictive value of 0.80 and 0.76, respectively.

Research conclusions
We found that an endometriosis nodule greater than 5.20 mm thick might predict the need for
bowel resection in rectosigmoid endometriosis. This is the first study to evaluate the accuracy of
RS-EUS before surgical procedure in rectosigmoid endometriosis. It has some implications as it
reveals new interest in the realization of preoperative RS-EUS in deep infiltrating endometriosis.
This information might help surgeons to organize procedures in a multidisciplinary team.
Although, our work has also some limitations, mainly because of its retrospective design with
small patient samples.

Research perspectives
Further investigations, such as prospective, multicentric studies, have to be conducted to confirm
our results.
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Abstract
BACKGROUND
It is widely recognized that endoscopic resection (ER) of superficial nonampullary duodenal epithelial tumors (SNADETs) is technically challenging and
may carry high risks of intraoperative and delayed bleeding and perforation.
These adverse events could be more critical than those occurring in other levels of
the gastrointestinal tract. Because of the low prevalence of the disease and the
high risks of severe adverse events, the curability including short- and long-term
outcomes have not been standardized yet.
AIM
To investigate the curability including short- and long-term outcomes of ER for
SNADETs in a large case series.
METHODS
This retrospective study included cases that underwent ER for SNADETs at our
university hospital between March 2004 and July 2017. Short-term outcomes of
ER were measured based on en bloc and R0 resection rates as well as adverse
events. Long-term outcomes included local recurrence detected on endoscopic
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surveillance and disease-specific mortality in patients followed up for ≥ 12 mo
after ER.
RESULTS
In the study, 131 patients with 147 SNADETs were analyzed. The 147 ERs
consisted of 136 endoscopic mucosal resections (EMRs) (93%) and 11 endoscopic
submucosal dissections (ESDs) (7%). The median tumor diameter was 10 mm.
The pathology diagnosis was adenocarcinoma (56/147, 38%), high-grade
intraepithelial neoplasia (44/147, 30%), or low-grade intraepithelial neoplasia
(47/147, 32%). The R0 resection rate was 68% (93/136) in the EMR group and
73% (8/11) in the ESD group, respectively. Cap-assisted EMR (known as EMR-C)
showed a higher rate of R0 resection compared to the conventional method of
EMR using a snare (78% vs 62%, P = 0.06). No adverse event was observed in the
EMR group, whereas delayed bleeding, intraoperative perforation, and delayed
perforation in 3, 3, and 5 patients occurred in the ESD group, respectively. One
patient with perforation required emergency surgery. In the 43 mo median
follow-up period, local recurrence was found in four EMR cases and all cases
were treated endoscopically. No patient died due to tumor recurrence.
CONCLUSION
Our findings suggest that ER provides good long-term outcomes in the patients
with SNADETs. EMR is likely to become the safe and reliable treatment for small
SNADETs.
Key words: Duodenal adenoma; Duodenal cancer; Endoscopic resection; Endoscopic
submucosal dissection; Long-term outcome
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Endoscopic resection (ER) in the duodenum remains a challenging technique
owing to the anatomical peculiarity associated with the procedure and the high frequency
of adverse events. This study aimed to investigate the curability, including long-term
outcomes, related to ER for superficial non-ampullary duodenal epithelial tumors
(SNADETs) in a large case series. In contrast to endoscopic submucosal dissection
(ESD), endoscopic mucosal resection (EMR) was not associated with any adverse
events. Nevertheless, ER is expected to provide good long-term outcomes in patients
with SNADETs. In conclusion, EMR should be considered as standard treatment for
small lesions of SNADETs; however, ESD remains challenging.

Citation: Hara Y, Goda K, Dobashi A, Ohya TR, Kato M, Sumiyama K, Mitsuishi T, Hirooka
S, Ikegami M, Tajiri H. Short- and long-term outcomes of endoscopically treated superficial
non-ampullary duodenal epithelial tumors. World J Gastroenterol 2019; 25(6): 707-718
URL: https://www.wjgnet.com/1007-9327/full/v25/i6/707.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i6.707

INTRODUCTION
Primary duodenal cancer is one of the gastrointestinal tumors with a low frequency of
occurrence. Its prevalence rate in necropsy cases is reported to be 0.02%-0.5% [1] .
Precancerous lesions, duodenal adenomas, are also rare and reported in
approximately 0.1%-0.4% of patients who have undergone an
esophagogastroduodenoscopy[2,3]. Previous studies showed that the 5-yr survival rate
of patients with duodenal cancer was less than 30% [4] . Duodenal cancer has the
poorest prognosis among cancers of all parts of the small intestine because most cases
are detected at a far-advanced stage[4]. Additionally, since the duodenum is adjacent
to important organs, such as the pancreas, gallbladder and liver, invasion or spread to
these organs will be a factor of poor prognosis. Early detection and treatment of
duodenal cancer will be necessary to improve patient prognosis. It, however, remains
unknown about the clinical course of those patients who have early-stage cancer and
adenomas in the duodenum.
Among duodenal tumors, epithelial tumors located at the ampullary site are
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classified as biliary tract tumors[5]. The ampullary tumors are different from nonampullary tumors in endoscopic diagnosis and treatment. In the previous study,
superficial non-ampullary duodenal epithelial tumors (SNADETs; as adenoma or
mucosal/submucosal carcinoma located outside the ampullary region) are considered
an indication of endoscopic resection (ER) because of a low risk of lymph node
metastasis[6-8].
ER for SNADET is a challenging technique compared to other gastrointestinal tracts
because of the following reasons. First, the anatomical features, a narrow lumen and
precipitous curvature of the duodenum, can provide inadequate view and make it
difficult to maintain stable view of the endoscope. Second, Brunner’s glands in the
submucosal layer can stiffen the duodenal wall; therefore, mucosal lifting is poor at
submucosal injection, making ER more difficult, especially for the macroscopically
depressed type of tumors. The muscular layer of the duodenum is very thin and this
increases the risk of perforation[9].
Due to the rarity of SNADETs and the difficulty of ER, there have been few largescale studies including more than 100 cases conducted to evaluate treatment outcomes
of ER in patients with SNADETs. Therefore, this study aimed to investigate the shortand long-term outcomes of ER with more than 100 cases of SNADET to evaluate the
safety, efficacy, and curability of the endoscopic treatment.

MATERIALS AND METHODS
This retrospective study included the patients who underwent ER for SNADETs in a
single-center at Jikei University Hospital between March 2004 and April 2017, and
who met the following criteria: (1) newly diagnosed SNADET that included
adenomas of low/high-grade intraepithelial neoplasia (LGIN/HGIN) and superficial
adenocarcinomas in which invasion was confined to the submucosal layer; and (2) no
lymph node or distant organ metastasis. This study protocol was approved by the
Institutional Review Board of the Jikei University School of Medicine, Tokyo, Japan,
for clinical research [Registration No.: 29-079 (8695)]. This study was conducted in
compliance with the revised Helsinki Declaration (1989).

Indications for ER
Indications for ER were defined as follows: (1) histologically diagnosed as adenoma
with HGIN or adenocarcinoma by endoscopic biopsy; and (2) tumor lesions of
macroscopic type 0-I and 0-IIa > 10 mm or type 0-IIc > 5 mm in diameter, which were
endoscopically suspected as HGIN or superficial adenocarcinoma based on results of
our previous study [ 6 , 1 0 , 1 1 ] . Lesions were suspected as HGIN or superficial
adenocarcinoma when they showed a reddish area on white light endoscopy or an
obscure mucosal pattern or network vascular pattern on magnifying endoscopy with
narrow-band imaging[6,11].

Endoscopic procedures
Endoscopic submucosal dissection (ESD) was mainly performed for lesions ≥ 20 mm
in diameter, and endoscopic mucosal resection (EMR) was performed for lesions < 20
mm in diameter. EMR was performed under conscious sedation using pethidine
hydrochloride (Takeda Pharmaceutical Co., Ltd., Osaka, Japan) and flunitrazepam
(Eisai Co., Ltd., Tokyo, Japan) and ESD was performed under general anesthesia.
When performing EMR, 10% glycerin solution (Glycerol; Chugai Pharmaceutical Co.,
Ltd., Tokyo, Japan) with a minute amount of indigo carmine dye was used for
submucosal injection to lift up the superficial lesion. When performing ESD, 0.4%
sodium hyaluronate (MucoUp; Boston Scientific Japan Co., Tokyo, Japan) was injected
into the submucosal layer to obtain adequate and sustained submucosal elevation.
Two types of EMR were performed. Basically, a conventional method of EMR was
performed using a snare (EMR-S) mainly for elevated lesions, and “EMR-C” method
was performed mainly for depressed-type lesions. EMR-C is an aspiration resection
method using a medium-sized transparent plastic cap (MAJ-296, 16.1 mm; Olympus,
Tokyo, Japan). A “suck and shake” method was used for this procedure to avoid
perforation, as shown in Figure 1. If en bloc resection was not achieved in the initial
resection, additional resection using the snare was performed to remove the residual
portion of the lesion. Otherwise, coagulation method using either hot-biopsy forceps
(Olympus, Tokyo, Japan) or argon plasma coagulation (VIO300D; ERBE
Elektromedizin, Tubingen, Germany) was occasionally carried out when minute
tumor remained [12,13] . A dual knife and hook knife (KD-650L and KD-620LR,
respectively; Olympus) were used for ESD (Figure 2). We tried to completely close or
cover mucosal defects by clip closure or tissue shielding methods in all EMR and ESD
cases to prevent delayed bleeding and delayed perforation[14,15].
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Figure 1

Figure 1 The cap-assisted endoscopic mucosal resection method of superficial non-ampullary duodenal epithelial tumor. This is the “suck and shake”
technique. Type 0-IIc lesion, 10 mm × 5 mm, mucosal carcinoma, cut-end negative. A: Indigo carmine spraying view. Depressed-type lesion was located in the second
portion of the duodenum; B: Injecting the glycerol into submucosal layer; C: Sucking the lesion; D: Shaking the lesion to prevent muscle layer involvement; E: Ulcer
findings just after lesion removal. The lesion was resected en bloc, and there was no bleeding or perforation in the ulcer just after the procedure; F: Closing the ulcer
floor completely by clip to prevent delayed bleeding and perforation.

All patients were admitted to our hospital and remained nil per os for 48 h. On day
2, patients were provided with a liquid diet and patients with an unremarkable
postoperative course were discharged from the hospital on day 7 after ER.

Adverse events
Delayed bleeding was defined as a postoperative decrease in hemoglobin level of >
2.0 g/dL [16] . Delayed perforation was defined by the presence of free air on
postoperative computed tomography (CT), with severe abdominal pain in patients
without intraoperative macroscopic perforation.

Surveillance after ER
Patients underwent an initial follow-up endoscopy at 2 mo after ER. Thereafter,
endoscopic surveillance was performed at 6 mo or 12 mo intervals. If a residual tumor
was suspected, a biopsy was performed and the tissue obtained was examined
histologically. We conducted a CT at 12 mo interval to detect metastasis in the
patients with mucosal adenocarcinoma. If the pathology diagnosis was submucosal
carcinoma (SMC), additional surgical local resection of duodenum was performed. If
a patient was referred to another hospital after ER, a telephone survey with the
referred physician was conducted to ascertain the date of the last endoscopic followup, tumor recurrence status, and survival status.

Pathology diagnosis
Pathology diagnosis was established by two expert gastrointestinal pathologists (SH,
TM) who were blinded to the endoscopic finding. As aforementioned, SNADETs were
histologically defined as adenoma and superficial adenocarcinoma consisting of
mucosal carcinoma (MC) and SMC. The grade of atypia of all tumors was estimated in
the highest atypical region and was categorized according to the World Health
Organization (commonly known as WHO) 2010 classification[17], consisting of LGIN,
HGIN, MC, and SMC[18]. The final diagnosis was established with endoscopically or
surgically resected specimens when the diagnosis of resected specimens was different
from that of preoperatively biopsied specimens[6].

Outcomes
The primary endpoint was the long-term outcome of endoscopically treated
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Figure 2

Figure 2 The endoscopic submucosal dissection method of superficial non-ampullary duodenal epithelial
tumors. Type 0-IIa lesion, 25 mm × 25 mm, mucosal carcinoma, cut-end negative. A: Flat, elevated-type lesion was
located in the second portion of the duodenum; B: Performing circumferential incision and submucosal dissection; C:
Ulcer findings just after lesion removal. The lesion was resected en bloc, and there was no bleeding or perforation in
the ulcer just after the procedure; D: After 2 mo of endoscopic submucosal dissection, the wound became a scar, and
no residual tumor was found.

SNADETs, including local recurrence and disease-specific mortality, for patients who
were under surveillance with an endoscopic observation for 12 mo or longer after ER.
The secondary endpoint was short-term outcomes of ER including en bloc resection
rates and R0 resection rates, and adverse events. Complete (R0) resection was defined
as en bloc resection with tumor-free margins.

Statistical analysis
Continuous variables were expressed as median (interquartile range (IQR)) and were
compared using Student’s t test or the Mann-Whitney U test. The chi-square test or
Fisher’s exact test was used to compare data pertaining to categorical variables. A
probability value (P-value) of < 0.05 was considered significant. Stata software version
14 (Stata Corp., College Station, TX, United States) was used for all statistical analyses.

RESULTS
One hundred and thirty-one patients with 147 SNADETs were analyzed. The patient
and tumor characteristics are summarized in Table 1. Ninety-four of the one hundred
and thirty-one patients (72%) were men, and the median age was 64 yr. Ninety (61%)
and thirty-eight (26%) lesions of 147 SNADETs were located in the second portion and
the third or fourth portion, respectively. The median tumor diameter was 10 mm.
Thirty (20%), sixty-one (42%), and fifty-six (38%) lesions showed protruded (0-I),
slightly elevated (0-IIa), and depressed (0-IIc) macroscopic type, respectively. Final
histology showed that 47 (32%) were LGIN, 44 (30%) HGIN, 54 (37%) MC, and 2 (1%)
SMC. EMR and ESD were performed for 136 (93%) and 11 (7%) SNADETs,
respectively.
Table 2 shows the long-term outcomes of the 121 patients with 135 SNADETs who
were under surveillance with an endoscopic observation for 12 mo or longer after ER.
The median follow-up period was 43 mo (IQR: 24-60). Local recurrence was found in
4 EMR cases within 12 mo after ER. All recurrence lesions were initially treated by
piecemeal EMR (n = 2) or en bloc EMR with RX (n = 1) or R1 (n = 1). Eventually, those
lesions were completely treated endoscopically.
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Table 1 Characteristics of patients and tumors
Patients, n = 131

Value

Male, n (%)

94 (72)

Age, median (IQR), yr

64 (57-70)

Tumors, n = 147

Value

Location, n
First/second/third or fourth

19/90/38

Tumor diameter, median (IQR), mm

10 (7-15)

Macroscopic type1, n
0-I / 0-IIa / 0-IIc

30/61/56

Treatment, n
EMR/ESD

136/11

Histology, n
LGIN/HGIN/MC/SMC

47/44/54/2

1

Predominant macroscopic type.
IQR: Interquartile range; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection;
LGIN: Low-grade intraepithelial tumor; HGIN: High-grade intraepithelial tumor; MC: Mucosal carcinoma;
SMC: Submucosal carcinoma.

There was no case of local recurrence in more than 12 mo after ER. Also, no
recurrence was noted in 88 cases treated by ER with R0 resection in the follow-up
period. No treatment-related death occurred and none of the patients died of
SNADET. One patient died of congestive heart failure during the follow-up period.
Table 3 shows the details of recurrence cases. All the cases with tumor recurrence
occurred after EMR with piecemeal or R1 or RX resection. Table 4 shows the shortterm outcomes and adverse events related EMR.
In the EMR cases, 82 (60%) and 54 (40%) tumors were resected with EMR-S and
EMR-C, respectively. EMR-S was more frequently used for protruded (0-I) or slightly
elevated (0-IIa) tumors than EMR-C for depressed (0-IIc) tumors (82% vs 26%, P <
0.001). En bloc and R0 resection rates of EMR-S and EMR-C were 89%/62%, and
89%/78%, respectively. EMR-C showed a higher rate of R0 resection compared to
EMR-S (78% vs 62%, P = 0.06) (Figure 3). No adverse event occurred in the EMR cases.
Table 5 shows the short-term outcomes and adverse events related EMR vs ESD.
The median size of lesions treated by ESD was larger than EMR (20 mm vs 9 mm, P
< 0.001). Delayed bleeding, intraoperative perforations, and delayed perforations
occurred in 1, 3, and 2 of the ESD cases, respectively. One of the three cases of
intraoperative perforation required emergency surgery. In 2 SMC cases, surgical
resection was performed after EMR. One case had an SM invasion depth of 500 μm
and no vascular invasion and was negative for resection margin, whereas the other
had an SM invasion depth of 1000 μm, mild invasion to vessels, and absence of
lymphatic invasion, and was negative for VM0 and HMX. Additional surgical partial
resection of the duodenum was performed in both patients with SMCs, with no
recurrence or metastasis at 3 yr after ER.

DISCUSSION
In this retrospective study, we evaluated therapeutic outcomes of ER for SNADETs in
order to clarify the safety, efficacy, and curability of ER in such patients. The longterm prognosis was favorable regardless of the ER technique employed, as no
recurrence was noted at more than 12 mo after ER, and no disease-specific death
occurred.
This is the third largest case series of patients with SNADETs who were treated via
ER[7,9,12,19-23]. While this study included few patients treated by ESD, we report the
largest number of EMR-C patients; this is particularly relevant for depressed-type
SNADET lesions that would be difficult to resect via EMR-S. In this series of SNADET
patients, all EMR procedures, including EMR-C, were completed without adverse
events and no EMR-related complications were noted on follow-up. Although some
ESD-treated patients experienced adverse events, previous studies showed a wide
variation of local recurrence rates, ranging from 0% to 37.8% after ER of
SNADETs[8,9,21,24,25].
Our study demonstrated excellent long-term outcomes of ER for SNADETs because
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Table 2 Long-term outcomes of endoscopic resection for 121 patients with 135 superficial nonampullary duodenal epithelial tumors
Value
Follow-up period
Median (IQR), mo

43 (24-60)

Local recurrence, n (%)
≤ 12 mo3

4 (3)1

4

> 12 mo

0

Prognosis
Death by duodenal tumor, n

0

Death by other causes, n (%)

1 (0.9)2

IQR, interquartile range.
1
Detail is provided in Table 3.
2
Death by cardiac failure.
3
Within 12 mo after endoscopic resection.
4
More than 12 mo after endoscopic resection.

the recurrence rate was only 3%, and no one died of SNADET in the median followup period of 43 mo, longer than 3 yr. There are two likely explanations for the small
recurrence rate noted in this study. First, tumor diameter of SNADET in this study
was smaller than those in other published studies[24,27]. Second, we used magnifying
endoscopy to observe marginal areas of mucosal defect immediately after ER
precisely. If we found a suspected lesion of residual tumor, we performed additional
coagulation therapy by using argon plasma or hot biopsy. Tumor recurrence occurred
only after piecemeal resection or en bloc resection with RX or R1, and all recurrent
tumors were identified within 12 mo after EMR. Therefore, strict follow-up in a short
interval will be required in such patients.
The incidence of depressed (0-IIc) type of SNADETs was higher in our case series
than in previous studies (38% vs 5%-26% of SNADETs analyzed)[6,8,9,26,27]. Furthermore,
the depressed type tumors were resected using the EMR-C method significantly more
often than the EMR-S method in this study. As we found a higher rate of R0 resection
for EMR-C than for EMR-S, we believe that EMR-C will be a more suitable method for
depressed type SNADETs than EMR-S. Interestingly, we found no EMR-associated
adverse events regardless of technique (EMR-C or EMR-S), whereas previous studies
reported a higher incidence of adverse events for EMR-C than for EMR-S [23,24,28] .
During EMR-C, the step involving sucking the lesion carries the risk of perforation[29].
We must always be careful to avoid perforation during EMR-C for a duodenal tumor,
because the muscularis propria layer of the duodenum is very thin.
We recommend the following procedures of EMR-C, namely the “suck and shake”
technique: (1) sucking on a target area after submucosal injection and closing of the
snare, followed by (2) slightly loosening o the snare and shaking it. Considering no
perforation occurred in EMR cases in this study, the “suck and shake” technique may
work to release entrapment of the muscularis propria layer and avoid perforation.
Neither intraoperative nor delayed perforation could be avoided in ESD-treated
patients, likely because we failed to completely close or cover the mucosal defect
using clipping or tissue shielding. We expect that the development of simpler
endoscopic techniques for closing or shielding large mucosal defects may help reduce
the incidence of delayed perforation.
Based on our present findings, relatively small lesions (< 20 mm) represented a
good indication for EMR, as en bloc resection was achieved for most such tumors, with
no local recurrence. ESD was mainly performed for larger lesions (≥ 20 mm). The en
bloc resection rate was higher for ESD than for EMR (100% vs 89%), and no recurrence
was noted after ESD. We found no EMR-related adverse events in this series of
SNADET patients. Studies on EMR for SNADETs reported an incidence of 0-33% for
delayed bleeding [ 9 , 2 1 , 2 4 , 2 8 , 3 0 - 3 3 ] and 0-4% for perforation (intraoperative or
delayed) [9,22,30,34,35] . On the other hand, studies on ESD for SNADETs reported an
incidence of 0-18.4% for delayed bleeding[8,26,27,36] and 0-50% for perforation[21,25,37-39].
Thus, our present findings confirm previous data suggesting that perforation rates
are considerably higher for ESD than for EMR, though the absence of adverse events
following EMR may affect the statistical robustness of these conclusions. Although
ESD allows en bloc resection even for large lesions, the decision to perform ESD
should be taken in full consideration of all circumstances, and duodenal ESD should
be performed by a skillful endoscopist. Taken together, these observations suggest
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Table 3 Characteristics of recurrence cases after endoscopic resection
Location

Diameter (mm)

Macroscopic type

Treatment

En bloc/Piecemeal (n)

R0 status

Histology

1

Second

8

0-IIc

EMR-C

En bloc

RX

MC

HMX

VM0

2

Second

18

0-IIc

EMR-C

Piecemeal (3)

RX

MC

HMX

VM0

3

Second

18

0-IIa

EMR-C

Piecemeal (2)

RX

HGIN

HMX

VM0

4

Second

25

0-IIa

EMR-S

En bloc

R1

HGIN

HM1

VM0

EMR-C: Cap-assisted endoscopic mucosal resection; EMR-S: Conventional method with a snare; MC: Mucosal carcinoma; HGIN: High-grade
intraepithelial neoplasia; RX: Involvement of the horizontal and/or vertical margin could not be assessed histopathologically; R1: Involvement of the
horizontal and/or vertical margin histopathologically; HMX: Involvement of the horizontal margin could not be assessed histopathologically; HM1:
Involvement of the horizontal margin histopathologically; VM0: No involvement of the vertical margin histopathologically.

that EMR may become the standard endoscopic treatment for SNADETs, particularly
if the lesions are relatively small.
We generally avoided taking a biopsy during preoperative endoscopy. The reasons
are that the fibrosis after biopsy can increase the risk of perforation due to poor
mucosal lifting and the diagnostic accuracy of preoperative biopsy may not be highly
reliable. In fact, a multicenter case-series study showed that the overall accuracy of the
preoperative diagnosis was significantly higher in endoscopic diagnosis than in
histology from biopsy (endoscopy and biopsy, 75% and 68%, respectively)[6]. The
other study also showed similar results that the accuracy of endoscopic diagnosis is
superior to that of biopsy (endoscopy and biopsy, 78% and 74%, respectively) in
preoperative endoscopy[40].
This study has several limitations. First, this was a retrospective, single-center
study. Furthermore, we could not follow-up some patients, although the number of
such patients was low (7.6%, 10/131). Second, very few ESD procedures were
performed in this series. To confirm our present findings and promote the
standardization of ER for SNADETs, future studies should have multi-center
sampling and a prospective design.
In conclusion, this study suggests that ER would provide good long-term outcomes
in patients with SNADETs, albeit a high incidence of adverse events is associated with
ESD. EMR should be a first-line treatment for SNADETs, especially small lesions.
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Table 4 Short-term outcomes and adverse events (EMR-S vs EMR-C)
Outcome

EMR-S, n = 82

EMR-C, n = 54

P-value

Macroscopic type; 0-I or 0-IIa/0-IIc

67 (82)/15 (18)

14 (26)/40 (74)

< 0.001

En bloc resection

73 (89)

48 (89)

NS

R0 resection

51 (62)

42 (78)

NS

Success rate of clip closure

80 (98)

52 (96)

NS

0

0

NA

Intraoperative

0

0

NA

Delayed

0

0

NA

0

0

NA

Adverse events
Perforation

Delayed bleeding

Data are presented as n (%). EMR-S: Conventional endoscopic mucosal resection using a snare; EMR-C: Cap-assisted endoscopic mucosal resection; NS:
Not significant; NA: Not available.

Table 5 Short-term outcomes and adverse events (endoscopic mucosal resection vs endoscopic submucosal dissection)
Outcome

EMR, n = 136

Tumor diameter, median (IQR)

ESD, n = 11

P-value

9 (7-14.5)

20 (15-33)

< 0.001

81 (60)/55 (40)

10 (91)/1 (9)

NS

En bloc resection

121 (89)

11 (100)

NS

R0 resection

93 (68)

8 (73)

NS

Success rate of defect closure

132 (97)

7 (64)

< 0.001

0

5 (45)

< 0.001

Intraoperative

0

3 (27)1

< 0.001

Delayed

0

2 (18)2

0.004

0

1 (9)2

NS

Macroscopic type; 0-I or 0-IIa/0-IIc

Adverse events
Perforation

Delayed bleeding

Data are presented as n (%).
1
One required surgery, two recovered with conservative treatment.
2
Recovered with conservative treatment.
EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; NS: Not significant; IQR: Interquartile range.
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Figure 3

Figure 3 The study flow diagram based on the therapeutic outcomes of endoscopic resections. EMR: Endoscopic mucosal resection; ESD: Endoscopic
submucosal dissection; EMR-S: Conventional method with snare; EMR-C: Cap-assisted EMR; R0: En bloc resection with tumor-free margins histopathologically; RX:
Involvement of the horizontal and/or vertical margin could not be assessed histopathologically; R1: Involvement of the horizontal and/or vertical margin
histopathologically; AC: Adenocarcinoma; HGIN: High-grade intraepithelial neoplasia; LGIN: Low-grade intraepithelial neoplasia.

ARTICLE HIGHLIGHTS
Research background
Endoscopic resection (ER) for superficial non-ampullary duodenal epithelial tumor (SNADET) is
a challenging technique, due to the anatomical peculiarity of the procedure and the high
frequency of the adverse event. Moreover, there are few reports on the treatment outcome of ER
in many cases because of its relative rarity.

Research motivation
We aimed to determine the standardized criteria for endoscopic management of SNADNETs.

Research objectives
Based on the research background, we analyzed the results of the short-term and long-term
treatment of over 100 cases of SNADET and investigated the effectiveness of ER in these cases.

Research methods
This study analyzed the short- and long-term outcomes of ER. Short-term outcomes of ER
included en bloc and R0 resection rates, as well as the adverse events. Long-term outcomes
included local recurrence detected on endoscopic surveillance and disease-specific mortality in
patients followed up for ≥ 12 mo after ER. This retrospective study included a case series of 131
patients (147 SNADETs) who underwent endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD) between March 2004 and July 2017.

Research results
Over a median follow-up of 43 mo, recurrence was found in four lesions and those were treated
endoscopically. No adverse events were observed in EMR-treated patients, whereas ESD for
SNADETs carries a risk of bleeding and perforation. No patient died due to tumor recurrence.

Research conclusions
Our findings suggest that ER provides good long-term outcomes in patients with SNADETs.
EMR was not associated with any adverse events and, therefore, could be considered as a
standard treatment for small SNADETs.

Research perspectives
For small SNADETs, EMR is likely to become the standard treatment strategy.
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Abstract
BACKGROUND
Characteristics of alterations of serum hepatitis B virus (HBV) RNA in different
chronic hepatitis B (CHB) patients still cannot be fully explained. Whether HBV
RNA can predict HBeAg seroconversion is still controversial.
AIM
To investigate whether HBV RNA can predict virological response or HBeAg
seroconversion during entecavir (ETV) treatment when HBV DNA is
undetectable.
METHODS
The present study evaluated 61 individuals who were diagnosed and treated
with long-term ETV monotherapy at the Department of Infectious Diseases of
Peking University First Hospital (China) from September 2006 to December 2007.
Finally, 30 treatment-naive individuals were included. Serum HBV RNA were
extracted from 140 μL serum samples at two time points. Then they were reverse
transcribed to cDNA with the HBV-specific primer. The product was quantified
by real-time quantitative PCR (RT-PCR) using TAMARA probes. Statistical
analyses were performed with IBM SPSS 20.0.
RESULTS
Level of serum HBV RNA at baseline was 4.15 ± 0.90 log10 copies/mL. HBV RNA
levels showed no significant difference between the virological response (VR)
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and partial VR (PVR) groups at baseline (P = 0.940). Serum HBV RNA
significantly decreased among patients who achieved a VR during ETV therapy
(P < 0.001). The levels of HBV RNA in both HBeAg-positive patients with
seroconversion group and those with no seroconversion increased after 24 wk of
treatment. Overall, HBV RNA significantly but mildly correlated to HBsAg (r =
0.265, P = 0.041), and HBV RNA was not correlated to HBV DNA (r = 0.242, P =
0.062). Furthermore, serum HBV RNA was an independent indicator for
predicting HBeAg seroconversion and virological response. HBeAg
seroconversion was more likely in CHB patients with HBV RNA levels below
4.12 log10 copies/mL before treatment.

Core tip: HBeAg seroconversion was more likely to be achieved for chronic hepatitis B
patients with hepatitis B virus (HBV) RNA levels below 4.12 log10 copies/mL before
treatment. In the partial virological response group, serum HBV RNA showed an
increasing trend.

Citation: Luo H, Zhang XX, Cao LH, Tan N, Kang Q, Xi HL, Yu M, Xu XY. Serum hepatitis
B virus RNA is a predictor of HBeAg seroconversion and virological response with entecavir
treatment in chronic hepatitis B patients. World J Gastroenterol 2019; 25(6): 719-728
URL: https://www.wjgnet.com/1007-9327/full/v25/i6/719.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i6.719

INTRODUCTION
Globally, more than 240 million individuals are infected with hepatitis B virus
(HBV)[1]. Nucleos(t)ide analogues (NAs) are effective therapies that are widely used to
target reverse transcriptases[2]. However, NAs only suppress HBV DNA replication,
resulting in decreased serum HBV DNA, but they do not suppress covalently closed
circular DNA (cccDNA), which still resides in the nucleus and leads to long-term
infection[3]. Pregenome RNA (pgRNA) is the direct product of cccDNA, and HBV
DNA polymerase reverse transcribes pgRNA into rcDNA. Therefore, blocking reverse
transcription does not influence the generation of HBV pgRNA. In most studies, HBV
pgRNA increased after blocking reverse transcription activity[3,4]. Lu’s studies showed
that serum HBV RNA was pgRNA that appeared in virus-like particles.
In 1996, Kock et al[5] first demonstrated that HBV RNA was present in free virus,
and a number of studies have shown that the HBV RNA levels in serum were related
to virological response (VR) and prognosis [3,4,6-8] . However, characteristics of
alterations of serum HBV RNA in different chronic hepatitis B (CHB) patients still
cannot be fully explained. Whether HBV RNA can predict HBeAg seroconversion is
still controversial.
In this work, we investigated the characteristics of HBV RNA alterations in CHB
patients with different treatment effects. The relationships of HBV RNA with other
serological markers were also analyzed. Finally, we calculated the predictive value of
HBV RNA in anticipating HBeAg seroconversion.

MATERIALS AND METHODS
Patients
We evaluated 61 individuals from September 2006 to December 2007 at the
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Department of Infectious Diseases of Peking University First Hospital (China) who
had begun long-term entecavir (ETV) monotherapy (Table 1). The criteria for
inclusion were: (1) patients who were naive to NA treatment; (2) patients who
received monotherapy with ETV, without termination; and (3) patient’s written
consent was obtained. The criteria for exclusion were: (1) patients who had severe
liver-related complications (including decompensated liver cirrhosis, hepatocellular
carcinoma, and liver transplantation); (2) patients with co-infection with human
immunodeficiency virus (HIV) or hepatitis C virus (HCV); (3) patients receiving
combination therapy with other NAs; (4) an absence of samples at the time points;
and (5) patients with poor compliance. Finally, we collected 30 treatment-naive
individuals.
Patient cohort A included 13 patients who had a VR. Patient cohort B included 17
patients who had a partial VR (PVR). Through 48 weeks of therapy, HBV DNA that
was undetected was identified as a VR. After 48 wk of treatment, positive HBV DNA
(with a decrease of > 2 log10 copy/mL) was defined as a PVR. At baseline, there were
25 HBeAg positive patients, 10 of whom achieved HBeAg seroconversion during
antiviral treatment.
Informed consent was obtained from all enrolled patients and the study protocol
conformed to the ethical guidelines of the Declaration of Helsinki and was approved
by the Ethic Committee of Shanghai Jing An Central Hospital (Approval No.
090f51e6809a26e1 v1.0).

Standard laboratory assessments
An automatic biochemical analyzer was used to test the biochemical indicators,
including alanine aminotransferase (ALT) and aspartate transaminase (AST).
Quantitative HBsAg, HBeAg, and anti-HBe were determined with ELISA kits (Abbott
Laboratories, Chicago, IL, United States). COBAS TaqMan assay (Roche Diagnostics,
Basel, Switzerland) was used to quantify serum HBV DNA levels, with 100 IU/mL as
the lower limit of detection. Identification of HBV genotypes was performed by
comparison with the generated preS/S gene sequences in GenBank (NCBI) data[9].

Evaluation of serum HBV RNA utilizing real-time PCR
HBV RNA was extracted from 140 μL of serum samples based on the manufacturer’s
instructions (QIAamp Viral Mini Kit, Qiagen, Germany). Then, we used a RevertAid
First Strand cDNA synthesis Kit (Thermo scientific, MA, United States) to reverse
transcribe HBV RNA to cDNA with the HBV-specific primer (5'ACCACGCTATCGCTACTC-3'). The evaluation of HBV RNA was accomplished by
quantitative PCR (qPCR) using the ABI Prism 7500 Sequence Detection System
(Applied Biosystems, Foster City, CA, United States) by a Taqman probe method,
according to the guidelines provided by the manufacturer. The target section was
ligated with the constructed PMD19-T vector. The product was evaluated by real-time
quantitative PCR (RT-PCR) using TAMARA probes. The primers and probe utilized
to ascertain HBV RNA were as follows: Fw: 5'-ACCACGCTATCGCTACTCAC-3', Rw:
5'-CAACTTTTTCACCTCTGCCTA-3' and probe: (TAMARA)
CATGTCCTACTGTTCAA GCCTCCAAG (BHQ2). The qPCR reaction mixture (25 μL)
contained 2.5 μL 10 × Buffer, 2 μL dNTPs (2.5 mmol/L), 1 μL cDNA, 1 μL primer
each, 0.5 μL probe, 0.25 μL Taq DNA polymerase, and 17.75 μL double-distilled water
(ddH2O). The reaction mixture was denatured at 95 °C for 10 min, followed by 40
cycles at 95 °C for 15 s and 60 °C for 1 min.

Statistical analysis
Statistical analyses were performed using IBM SPSS statistics, version 18.0.0.1 (SPSS,
Chicago, IL, United States). Data are expressed as the mean ± SD or count number.
Differences between groups were examined for statistical significance utilizing
Student’s t-test. We used the chi-square test of independence to evaluate the
distribution of HBeAg positivity in various groups. P < 0.05 was considered
statistically significant. The linear relationships between various viral markers were
evaluated by Pearson’s correlation coefficient (r) and tested for the significance of the
correlation coefficient (P-value reported). Categorical variables were evaluated using
Spearman’s correlation coefficient (r). We applied a multivariate regularized linear
model to identify the factors closely related to HBV RNA. We used a receiver
operating characteristic (ROC) curve to calculate the predictive value.

RESULTS
Dynamic changes of HBV RNA after NAs treatment
We studied 30 patients in total, who were divided into two groups depending on
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Table 1 Baseline characteristics of enrolled patients
Characteristic

Value

Gender (male/female)

25/5

Age (yr)

35.47 ± 11.05 (17-58)

Body mass index

24.40 ± 3.50 (18.64-32.27)

HBeAg+ (%)

25 (83%)

Alanine aminotransferase (IU/mL)

159.90 ± 226.70 (40-1308)

HBsAg (log10 IU/mL)

3.97 ± 0.74 (2.29-4.88)

HBV DNA (log10 IU/mL)

7.99 ± 1.32 (4.28-9.52)

HBV RNA (log10 copies/mL)

4.15 ± 0.90 (2.24-5.66)

HBV genotype
B (%)

6 (20.00%)

C (%)

24 (80.00%)

HBV: Hepatitis B virus.

whether HBV DNA was undetectable at week 24 of treatment: a VR group (n = 13)
and a PVR group (n = 17). The baseline characteristics of the included patients are
listed in Table 2. The ratio of males to females was 5:1. The average age was 35 years.
Most patients had a body mass index (BMI) of 24.4, within the normal range. The
average value of glutamic-pyruvic transaminase was 159.9, two-fold higher than the
normal value. There were 25 HBeAg-positive patients (83%). The average value of
serum HBV RNA was 4.15 log10 copies/mL. Comparing the baseline characteristics of
the VR and PVR groups statistically, the HBV DNA showed a significant difference (P
= 0.014), as did HBsAg (P = 0.04). HBV RNA levels showed no significant difference
between the VR and PVR groups (P = 0.940).
Before NAs treatment, the HBV RNA level had a medium correlation with respect
to whether the patient had a VR (r = -0.515, P = 0.004), and the HBV RNA level had no
correlation with other clinical characteristics. After 24 wk of treatment, the HBV RNA
level had a high correlation with respect to whether the patient had a VR (r = -0.843, P
< 0.001), and HBV RNA also had a high correlation with the HBV DNA level (r =
0.758, P < 0.001). The AST and HBsAg levels had medium correlations with the HBV
RNA level (r = 0.379, P = 0.039; r = 0.368, P = 0.045).
After 24 wk of treatment, we found a significant variation in HBV RNA between
the VR and PVR groups (P = 0.041). In the VR group, the level of HBV RNA
decreased, and the changes were significantly different (P < 0.001). In the PVR group,
the level of HBV RNA showed an increasing trend, and the changes were significantly
different (P < 0.001) (Figure 1A).
Thirty patients were also divided by whether they achieved HBeAg
seroconversion. The baseline characteristics of the individuals are listed in Table 3.
Comparing the HBeAg-positive patients with seroconversion (group A) with the
HBeAg-positive patients with no seroconversion (group B), there were no significant
differences in terms of clinical characteristics before treatment except for age: group A
was younger than group B (37 ± 6 vs 33 ± 12, P = 0.034). After 24 weeks of treatment,
the HBV RNA level showed a difference (3.1 ± 1.4 vs 5.5 ± 1.51, P = 0.032). Comparing
group A with the HBeAg-negative group, only the HBV DNA level before treatment
showed a significant difference (Figure 1B). The HBV RNA levels in groups A and B
increased after 24 wk of treatment.

Connection between serum HBV RNA and other common serum biomarkers
Overall, HBV RNA and HBsAg had a poor correlation (r = 0.265, P = 0.041) (Figure
1C), and HBV RNA had no significant correlation with HBV DNA (r = 0.242, P =
0.062) (Figure 1D).
In the VR group, we only found a moderate correlation between HBV RNA and
HBV DNA before treatment (r = 0.568, P = 0.043) (Figure 2A). After 24 wk of
treatment, HBV RNA had no correlation with other biomarkers (Figure 2B). In the
PVR group, we found that HBV RNA had no correlation with HBV DNA before
treatment. After 24 wk of treatment, HBV RNA and HBV DNA had a moderate
correlation (r = 0.517, P = 0.034) (Figure 2C). HBV RNA and HBsAg had no correlation
before treatment (Figure 2D and E). After 24 wk of treatment, HBV RNA had no
correlation with HBsAg in the VR group (Figure 2F). After 24 wk of treatment, HBV
RNA had a significant high correlation with HBsAg in the PVR group (r = 0.673, P =
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Table 2 Baseline characteristics of enrolled patients (virological response group vs partial virological response group)
Characteristic

Virological response (n = 13)

Gender (male/female)

Partial virological response (n = 17)

P value

11/2

14/3

Age (yr)

35.69 ± 10.85

35.29 ± 11.52

0.924

Body mass index

24.11 ± 3.66

24.62 ± 3.46

0.704

Week 0

9 (69.23%)

16 (94.12%)

Week 24

8 (61.54%)

16 (94.12%)

Week 0

213.85 ± 72.11

118.65 ± 74.25

0.262

Week 24

30.23 ± 15.76

56.71 ± 46.12

0.058

Week 0

3.66 ± 0.66

4.21 ± 0.73

0.040

Week 24

3.49 ± 0.55

3.84 ± 0.61

0.116

Week 0

7.26 ± 1.56

8.54 ± 0.75

0.014

Week 24

2.79 ± 0.27

4.20 ± 0.74

0.000

Week 0

4.17 ± 0.87

4.14 ± 0.95

0.936

Week 24

2.58 ± 0.90

5.24 ± 0.51

0.000

HBeAg+ (%)

Alanine aminotransferase (IU/mL)

HBsAg (log10 IU/mL)

HBV DNA (log10 IU/mL)

HBV RNA (log10 copies/mL)

HBV genotype
B (%)

3 (23.08%)

3 (17.65%)

C (%)

10 (76.92%)

14 (82.35%)

HBV: Hepatitis B virus.

0.003) (Figure 2G).
In group A, HBV RNA had only a moderate correlation with HBV DNA after 24 wk
of therapy (r = 0.688, P = 0.028) (Figure 2K). In group B, HBV RNA also had a
moderate correlation with HBV DNA after 24 wk of therapy (r = 0.755, P = 0.001)
(Figure 2O). HBV RNA had no correlation with HBsAg before or after treatment
(Figure 2H, I, L, and M). HBV RNA had no correlation with HBV DNA before
treatment (Figure 2J and N).

Multivariate analysis of the factors related with HBV RNA
As HBV patients might have various personal background and their risk factors for
prognosis including seroconversion are unknown. It might cause the existence of
confounding factors among study subjects which might interfere with the precision of
the study. The typical method to adjust confounding factors is multivariate analysis.
To evaluate whether HBV RNA was an independent predictor of HBeAg
seroconversion and VR, we applied a multivariate regularized linear model. The
model was suitable for the following explanatory variables: age, sex, BMI, levels of
ALT, HBV DNA, HBsAg, whether there was a VR, and whether there was HBeAg
seroconversion.
Before treatment, we identified two models: the first model, whether HBeAg
seroconversion was identified as the best indicator associated with HBV RNA level,
and the second model, whether HBeAg seroconversion and baseline HBV DNA were
the strongest linear factors; however, the P-value for baseline HBV DNA was 0.092,
greater than 0.05.
After 24 wk of treatment, we identified one best result model: whether VR was
considered the strongest single linear factor related to HBV RNA.

Predictive value of HBV RNA in HBeAg seroconversion
To analyze the predictive value of HBV RNA in HBeAg seroconversion, we generated
a ROC curve. We evaluated HBV RNA at baseline and after 24 wk of therapy,
measuring the variation in HBV RNA between the time points in terms of three
characteristics. The HBV RNA level at baseline had the best predictive value (AUC =
0.847, P = 0.004). The cutoff value was 4.12 (sensitivity = 0.8, specificity = 0.8),
suggesting that in CHB patients, an HBV RNA level below 4.12 log10 copies/mL
before treatment was more likely to achieve HBeAg seroconversion. The variation and
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Figure 1

Figure 1 Hepatitis B virus RNA variation and correlation of hepatitis B virus RNA with other biomarkers. A: The level of hepatitis B virus (HBV) RNA in the
virological response group and partial virological response group; B: The level of HBV RNA in the HBeAg-positive patients with seroconversion, the HBeAg-positive
patients with no seroconversion, and the HBeAg negative patients; C: HBV RNA and HBsAg had a poor correlation; D: HBV RNA had no significant correlation with
HBV DNA. HBV: Hepatitis B virus; VR: Virological response; PVR: Partial virological response.

level of HBV RNA at 24 wk did not have predictive value (P = 0.542, P = 0.437)
(Figure 3).

DISCUSSION
Studies have shown that NAs treatment can help more than 60% patients achieve
undetectable HBV DNA after 1 year of therapy. However, several patients can achieve
serological responses (HBeAg and HBsAg loss, with or without detection of
corresponding antibodies)[10]. As a result, if HBV DNA is maintained at undetectable
levels, it is difficult to predict whether a patient will have a serological response. To
address this question, we evaluated whether HBV RNA had a relationship with VR
and HBeAg antigen seroconversion, how HBV RNA was related to other indicators,
whether HBV RNA was an independent indicator of HBeAg seroconversion, and
finally, the diagnostic value of HBV RNA.
By comparing the dynamic characteristics of HBV RNA in the VR and PVR groups,
we found that HBV RNA showed a strong decrease in the VR group. By contrast,
HBV RNA increased in the PVR group (Figure 1A). Thus, effectively suppressed viral
replication not only suppressed HBV DNA but also led to a decrease in HBV RNA,
probably because NAs depleted the cccDNA that is the transcription template of HBV
RNA. The serum HBV RNA level increased in the HBeAg no-seroconversion group
compared with the HBeAg seroconversion group (Figure 1B). Wang’s study found
that blocking HBV polymerase led to HBV pgRNA accumulation in vitro and in
transgenic mice, but they also found that in 11 CHB patients, the HBV RNA levels
declined after NA treatment[3]. Another study reported that for patients with YMDD
mutations, serum HBV RNA was significantly higher than that in others[8]. A study in
2015 reported that during NA therapy, HBV RNA showed remarkable drops in
patients undergoing HBeAg seroconversion compared to other patients [7] . The
findings of these studies were consistent with our results. They all suggested that
HBV RNA reflected the antiviral treatment effect and HBeAg seroconversion.
We also evaluated the relationship of HBV RNA to other biomarkers. Overall,
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Table 3 Baseline characteristics of enrolled patients (group A vs group B)
(A) HBeAg positive
patients with
seroconversion (n =
10)

Characteristic

Gender (male/female)

(B) HBeAg positive
patients with no
seroconversion (n =
15)

P value (A) vs (B)

(C) HBeAg negative
patients (n = 5)

P value (A) vs (C)

8/2

12/3

37 ± 6

33 ± 12

0.034

40 ± 150

0.505

25.29 ± 3.86

23.82 ± 3.25

0.528

24.38 ± 3.87

0.676

Week 0

156.10 ± 72.94

174.53 ± 317.58

0.272

123.60 ± 71.81

0.428

Week 24

46.10 ± 32.61

50.00 ± 46.83

0.665

29.20 ± 8.17

0.282

Week 0

3.81 ± 0.84

4.14 ± 0.57

0.068

3.79 ± 1.02

0.967

Week 24

3.51 ± 0.59

3.94 ± 0.59

0.658

3.29 ± 0.32

0.474

Week 0

8.05 ± 0.99

8.57 ± 0.76

0.498

6.11 ± 1.64

0.013

Week 24

3.32 ± 1.11

3.68 ± 1.15

0.635

3.03 ± 0.44

0.279

Week 0

3.52 ± 0.84

5.59 ± 0.67

0.061

4.08 ± 0.99

0.27

Week 24

3.06 ± 1.39

5.48 ± 1.51

0.032

2.93 ± 1.39

0.161

Age (yR)
Body mass index

5/0

Alanine
aminotransferase
(IU/mL)

HBsAg (log10 IU/mL)

HBV DNA (log10
IU/mL)

HBV RNA (log10
copies/mL)

HBV genotype
B (%)

3 (30.00%)

2 (13.33%)

1 (20%)

C (%)

7 (70.00%)

13 (86.67%)

4 (80%)

HBV: Hepatitis B virus.

HBsAg had a poor correlation with HBV RNA (r = 0.265, P = 0.041), and HBV DNA
and HBV RNA did not show a correlation (r = 0.242, P = 0.062) (Figure 2A and B).
Other studies showed that HBV RNA was remarkably related to both HBV DNA and
HBsAg before treatment. Nevertheless, those molecules did not show correlations
during therapy[7,11]. We hypothesize that HBV RNA may be an independent predictor
that is less reflected by the polymerase inhibitors than by HBV DNA. HBsAg can be
produced either from intrahepatic cccDNA or from integrated HBV DNA. However,
HBV RNA was only produced from cccDNA. As a result, HBV RNA was an
independent indicator.
The multivariate regularized linear model was analyzed with the following
variables: age, sex, BMI, ALT, HBV DNA, HBsAg, whether there was a VR, and
whether there was HBeAg seroconversion. Before treatment, whether there was
HBeAg seroconversion was the best single linear indicator associated with HBV RNA
level. After 24 wk of treatment, we found one best result model: whether VR was the
best single linear indicator related with HBV RNA. The results demonstrated that
HBV RNA was an independent molecule predicting HBeAg seroconversion and VR.
Despite the fact that VR can be detected by HBV DNA level, we found that when
patients had a PVR, the level of HBV RNA increased. Because both serum HBV DNA
and HBV RNA can only be generated from cccDNA, the partial effect of blocking
reverse transcription activity led to an increase in HBV RNA. A potential explanation
may be that the detectable rcDNA translocated into the nucleus. There, it is converted
into cccDNA. Because viral mRNA is directly transcribed from cccDNA, an increase
in cccDNA will lead to an increase in HBV RNA.
Our results suggested that serum HBV RNA levels predicted HBeAg
seroconversion during ETV therapy. The result of ROC curve analysis generated the
claim that in patients with subsequent HBeAg seroconversion, serum HBV RNA
levels were slightly lower before treatment. A previous study appeared to validate
such view [7] . Because most patients (67%-80%) achieved HBeAg seroconversion
during therapy [10] , patients who had high levels of HBV RNA (over 4.12 log 10
copies/mL) before treatment should be given more attention during treatment.
However, the present study had a limitation of a relative small number of enrolled
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Figure 2

Figure 2 Relationship of hepatitis B virus RNA to other biomarkers. A: In the virological response (VR) group, there was a moderate correlation between hepatitis
B virus (HBV) RNA and HBV DNA before treatment; B: In the partial (VR) PVR group, there was no correlation between HBV RNA and HBV DNA before treatment; C:
After 24 wk of treatment, HBV RNA and HBV DNA had a moderate correlation in the PVR group; D: In the VR group, HBV RNA and HBsAg had no correlation before
treatment; E: In the PVR group, HBV RNA and HBsAg had no correlation before treatment; F: After 24 wk of treatment, HBV RNA had no correlation with HBsAg in
the VR group; G: After 24 wk of treatment, HBV RNA had a significant high correlation with HBsAg in the PVR group; H: HBV RNA had no correlation with HBsAg in
group A before treatment; I: HBV RNA had no correlation with HBsAg in group A after treatment; J: HBV RNA had no correlation with HBV DNA in group A before
treatment; K: HBV RNA had a moderate correlation with HBV DNA in group A after treatment; L: HBV RNA had no correlation with HBsAg in group B before treatment;
M: HBV RNA had no correlation with HBsAg in group B after treatment; N: HBV RNA had no correlation with HBV DNA in group B before treatment; O: HBV RNA had
a moderate correlation with HBV DNA in group B after treatment. HBV: Hepatitis B virus; VR: Virological response; PVR: Partial virological response.

patients. As a result, the conclusion of present study needs to be confirmed by using
much larger sample size.
In conclusion, we found that serum HBV RNA predicted both VR and HBeAg
seroconversion. The data appeared to suggest that serum HBV RNA decreased in
patients who achieved a VR during ETV therapy, and vice versa. Overall, HBsAg and
HBV RNA had a poor correlation (r = 0.265, P = 0.041), and HBV DNA had no
correlation to HBV RNA (r = 0.242, P = 0.062). Furthermore, serum HBV RNA was an
independent predictor of HBeAg seroconversion and VR. HBeAg seroconversion was
more likely to be achieved for CHB patients with HBV RNA levels below 4.12 log10
copies/mL before treatment.
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Figure 3

Figure 3 Predictive value of hepatitis B virus RNA for HBeAg seroconversion. ROC: Receiver operating characteristic.

ARTICLE HIGHLIGHTS
Research background
Nucleos(t)ide analogues (NAs) only suppress hepatitis B virus (HBV) DNA replication, resulting
in decreased serum HBV DNA, but they do not suppress covalently closed circular DNA
(cccDNA). Pregenome RNA (pgRNA) is the direct product of cccDNA. A number of studies have
shown that HBV RNA levels in serum were related to virological response (VR) and prognosis.
However, characteristics of alterations of serum HBV RNA in different chronic hepatitis B (CHB)
patients still cannot be fully explained. Whether HBV RNA can predict HBeAg seroconversion is
still controversial.

Research motivation
In this work, we investigated the characteristics of HBV RNA alterations in CHB patients with
different treatment effects. The relationships of HBV RNA with other serological markers were
also analyzed. Finally, we calculated the predictive value of HBV RNA in anticipating HBeAg
seroconversion. Solving these problems helps to investigate the predictive value of HBV RNA.

Research objectives
If HBV DNA is maintained at undetectable levels, it is difficult to predict whether a patient will
have a serological response. To address this question, we evaluated whether HBV RNA had a
relationship with VR and HBeAg antigen seroconversion, how HBV RNA was related to other
indicators, whether HBV RNA was an independent indicator of HBeAg seroconversion, and
finally, the diagnostic value of HBV RNA.

Research methods
The present study evaluated 61 CHB patients from September 2006 to December 2007 at the
Department of Infectious Diseases of Peking University First Hospital (China) who had begun
long-term entecavir (ETV) monotherapy. Finally, we collected 30 treatment-naive individuals.
Serum HBV RNA was extracted from 140 μL serum samples at two time points. Then they were
reverse transcribed to cDNA with the HBV-specific primer. The product was quantified by realtime quantitative PCR (RT-PCR) using TAMARA probes. Statistical analyses were performed
with IBM SPSS 20.0.

Research results
By comparing the dynamic characteristics of HBV RNA in the VR and partial VR groups, we
found that HBV RNA showed a strong decrease in the VR group. By contrast, HBV RNA
increased in the partial VR group. The serum HBV RNA level increased in the HBeAg noseroconversion group compared with the HBeAg seroconversion group. Overall, HBsAg had a
poor correlation with HBV RNA (r = 0.265, P = 0.041), and HBV DNA and HBV RNA did not
show a correlation (r = 0.242, P = 0.062). Furthermore, serum HBV RNA was an independent
predictor of HBeAg seroconversion and VR. HBeAg seroconversion was more likely to be
achieved for CHB patients with HBV RNA levels below 4.12 log10 copies/mL before treatment.

Research conclusions
In conclusion, we found that serum HBV RNA predicted both VR and HBeAg seroconversion.
The data appeared to suggest that serum HBV RNA decreased in patients who achieved a VR
during ETV therapy, and vice versa. Overall, HBsAg and HBV RNA had a poor correlation (r =
0.265, P = 0.041), and HBV DNA had no correlation to HBV RNA ( r = 0.242, P = 0.062).
Furthermore, serum HBV RNA was an independent predictor of HBeAg seroconversion and VR.
HBeAg seroconversion was more likely to be achieved for CHB patients with HBV RNA levels
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below 4.12 log10 copies/mL before treatment.

Research perspectives
The present study suggested that serum HBV RNA decreased in patients who achieved a VR
during ETV therapy, and vice versa. HBeAg seroconversion was more likely to be achieved for
CHB patients with HBV RNA levels below 4.12 log10 copies/mL before treatment. In the future,
the study could focus on the application value of HBV RNA in CHB patients with disease
progression.
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Abstract
BACKGROUND
Obesity rates have increased sharply in recent decades. As there is a growing
number of cases in which acute pancreatitis (AP) is accompanied by obesity, we
found it clinically relevant to investigate how body-mass index (BMI) affects the
outcome of the disease.
AIM
To quantify the association between subgroups of BMI and the severity and
mortality of AP.
METHODS
A meta-analysis was performed using the Preferred Reporting Items for
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Systematic Review and Meta-Analysis (PRISMA) Protocols. Three databases
(PubMed, EMBASE and the Cochrane Library) were searched for articles
containing data on BMI, disease severity and mortality rate for AP. Englishlanguage studies from inception to 19 June 2017 were checked against our
predetermined eligibility criteria. The included articles reported all AP cases with
no restriction on the etiology of the disease. Only studies that classified AP cases
according to the Atlanta Criteria were involved in the severity analyses. Odds
ratios (OR) and mean differences (MD) were pooled using the random effects
model with the DerSimonian-Laird estimation and displayed on forest plots. The
meta-analysis was registered in PROSPERO under number CRD42017077890.
RESULTS
A total of 19 articles were included in our meta-analysis containing data on 9997
patients. As regards severity, a subgroup analysis showed a direct association
between AP severity and BMI. BMI < 18.5 had no significant effect on severity;
however, BMI > 25 had an almost three-fold increased risk for severe AP in
comparison to normal BMI (OR = 2.87, 95%CI: 1.90-4.35, P < 0 .001). Importantly,
the mean BMI of patients with severe AP is higher than that of the non-severe
group (MD = 1.79, 95%CI: 0.89-2.70, P < 0.001). As regards mortality, death rates
among AP patients are the highest in the underweight and obese subgroups. A
BMI < 18.5 carries an almost two-fold increase in risk of mortality compared to
normal BMI (OR = 1.82, 95%CI: 1.32-2.50, P < 0.001). However, the chance of
mortality is almost equal in the normal BMI and BMI 25-30 subgroups. A BMI >
30 results in a three times higher risk of mortality in comparison to a BMI < 30
(OR = 2.89, 95%CI: 1.10-7.36, P = 0.026).
CONCLUSION
Our findings confirm that a BMI above 25 increases the risk of severe AP, while a
BMI > 30 raises the risk of mortality. A BMI < 18.5 carries an almost two times
higher risk of mortality in AP.
Key words: Acute pancreatitis; Body-mass index; Obesity; Severity; Mortality;
Prognostic; Meta-analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: It is the first detailed analysis on all World Health Organization body-mass
index (BMI) categories, by comparing the normal BMI subgroup to all other subgroups
of BMI with regard to both severity and mortality in acute pancreatitis (AP). Here we
show that a BMI above 25 increases the risk of severe AP, while a BMI > 30 raises the
risk of mortality. A BMI lower than eighteen point five carries an almost two times
higher risk of mortality in AP.
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INTRODUCTON
Obesity is one of the dominant public health concerns worldwide. It is a major risk
factor for various diseases such as diabetes, cardiovascular disease, some cancers,
kidney disease, obstructive sleep apnea, gout, osteoarthritis, and hepatobiliary
disease[1]. The increasing prevalence of obesity (Figures 1 and 2)[2] also places a huge
financial burden on national healthcare systems: according to a review published in
2010, obesity alone accounts for between 0.7% and 2.8% of total healthcare
expenditures, while costs associated with a body-mass index (BMI) ≥ 25 reach as high
as 9.1% of total spending on medical care[3].
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Figure 1

Figure 1 The rate of individuals with a body-mass index ≥ 25 among adults in 1976. Source: Global Health Observatory data repository
http://apps.who.int/gho/data/node.main.A897A?lang=en.

The most common method for measuring obesity is BMI, which is calculated from a
person’s weight in kilograms and height in meters (kg/m2). BMI is divided into five
categories according to the World Health Organization (WHO) classification:
underweight (< 18.5 kg/m2), normal weight (18.5-24.9 kg/m2), overweight (25-29.9
kg/m2), obese class I (30-34.9 kg/m2), obese class II (35-39.9 kg/m2) and obese class III
(≥ 40 kg/m2)[4].
Among various other diseases, there is an increasing number of clinical cases in
which acute pancreatitis (AP) is also accompanied by high BMI. Characterized by
high mortality, AP is the most frequent cause of acute hospitalization among all
gastrointestinal disorders with a prevalence of 10-100/100000 cases worldwide [5]. The
B5 point of the IAP/APA evidence-based guidelines highlights the importance of
predicting the primary endpoints of AP, namely severity and mortality, therefore, we
found it crucially important to investigate how obesity affects the outcome of the
disease[6]. Numerous studies have also linked severe acute pancreatitis (SAP) with
obesity. The majority of the clinical trials conducted with the aim of determining the
sensitivity and specificity of the predictive score systems of AP with the obesity factor
added to it resulted in greater diagnostic accuracy[7-9].
Despite the fact that there is evidence of high BMI exacerbating AP, there has been
a lack of structured and completed analyses. Until now, four meta-analyses have been
performed to investigate the prognostic role of BMI in AP; however, none of them (1)
analyzed all five WHO BMI categories, (2) compared the normal BMI group to every
other subgroup, (3) investigated the effect of underweight on AP outcome or (4)
suggested cut-off values[10-13]. The last meta-analysis on this topic was conducted in
2011, so our update involves new articles published during the last six years, leading
to a remarkably higher patient number than before.

MATERIALS AND METHODS
Literature search
This meta-analysis was conducted following the guidelines proposed by the PRISMA
Statement [ 1 4 ] . The protocol was previously registered on PROSPERO under
CRD42017077890. A systematic search of the medical literature was performed using
PubMed, EMBASE and the Cochrane Library. In all the databases, the following
keywords were used for the search: acute pancreatitis AND BMI AND (severity OR
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Figure 2

Figure 2 The rate of individuals with a body-mass index ≥ 25 among adults 40 years later in 2016. Source: Global Health Observatory data repository
(http://apps.who.int/gho/data/node.main.A897A?lang=en).

mortality). Results were imported into reference manager software (EndNote X7.5).
The reference lists in the articles were also checked to capture all relevant articles
published within our topic of interest. The last literature search in the same databases
was completed on 22nd December 2017. The details of these literature searches are
included in the Supporting Material. We adapted the PICO format to set the inclusion
criteria. Our PICO items were the following: (P) patients with AP, (I) low/high BMI,
(C) normal BMI, and (O) severity and mortality of pancreatitis. Besides these two
major endpoints of AP, we also collected data on the length of hospitalization and
local or systemic complications for the purpose of analysis.

Study selection
Two of the authors independently checked whole texts with figures and tables against
our predetermined eligibility criteria. During the selection process, meta-analyses,
reviews, case reports and abstracts with inadequate data were excluded. Articles were
declared eligible if the study enrolled all AP patients with no restriction on one
specific etiology. In the severity analysis, we only included studies in which the
original[15] or the revised[16] version of the Atlanta Criteria were used to determine the
severity of AP. However, in the analysis of the effect of BMI on mortality, the use of
the Atlanta Classification was not a criterion.

Data extraction
Review authors entered the following main data from the eligible articles (Table 1) on
an Excel sheet: (1) First author, year of publication, country; (2) Study type; (3) Group
of enrolled patients; (4) BMI subgroups and sample sizes; (5) Method used to define
disease severity; (6) Mean BMI; (7) Number of severe cases and mortality; (8) Mean
length of hospitalization and mean Intensive Care Unit stay in days; (9) Mean or
median severity scores: Acute Physiology and Chronic Health Disease Classification
System II (APACHE II) and Ranson’s score; and (10) Number of cases with necrosis
development. Discrepancies were resolved by consensus.

Risk of bias
Risk of bias assessment was carried out according to a modified version of the
Newcastle-Ottawa Scale (NOS) to rate the internal validity of the individual studies,
and funnel plots were constructed to assess the risk of publication bias (Supporting
Material).
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Table 1 Characteristics of the included studies
Ref.

Country

Type of study

Total no. of patients

Bota et al[32]

Romania

Retrospective

334

Duarte-Rojo et al[18]

Mexico

Prospective

99

South Africa

Prospective

99

Groups

BMI groups

Mild

207

Severe

127

Mild

74

Severe
Funnel et al[29]

Karpavicius et al[23]

Lithuania

[21]

Katuchova et al

Prospective

Slovakia

102

Prospective

384

25
< 19

15

19-25

48

26-29

17

≥ 30

19

Mild and moderate

82

Severe

20

IEP

293

SAP
Mery et al[25]

Mexico

Papachristou et al[8]

United States

[5]

Párniczky et al

Hungary

Sharma et al[30]

Shin et al

Taguchi et al[31]

Thandassery et al

Tsai et al

Türkoglu et al[24]

[28]

Yang et al

374

Retrospective

150

Retrospective

India

6002

Prospective

Taiwan

China

128

Retrospective

Mexico

Turkey

446

Prospective

Japan

[27]

102

Prospective, multicenter

South Korea

Suazo-Barahona et al[26]

88

Prospective

United States

[20]

[34]

Prospective

280

Prospective

320

Prospective cohort study

92

Prospective, multicenter

Japan

Prospective

124

Yeung et al[19]

China

Prospective

101

91
< 25

34

25-29.9

32

≥ 30

22

< 30

74

≥ 30

28

< 18.5

26

18.5-24.9

136

25-29.9

154

30-34.9

86

35-39.9

24

> 40

20

< 30

87

≥ 30

41

18.5-22.9

170

23-24.9

96

25-29.9

97

≥ 30

11

< 25

65

≥ 25

85

< 18.5

839

18.5-24.9

3767

25-29.9

1106

30-34.9

220

> 35

70

18.5-22.9

131

23-24.9

83

>25

66

< 30

294

≥ 30

26

Mild

62

Severe

30

161

Yashima et al[22]

≥ 25

82

≥ 25

79

Mild

76

Severe

48
< 25
≥ 25

Yoon et al[17]
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Severe

13

February 14, 2019

Volume 25

Issue 6

Dobszai D et al. BMI and AP: A meta-analysis

BMI: Body-mass index; IEP: Interstitial edematous pancreatitis; SAP: Severe acute pancreatitis.

Statistical analysis
The statistical analysis was conducted with Stata 11 SE (Stata Corp, College Station,
TX, United States). First, we calculated mean differences from BMI in severe and nonsevere groups and odds ratios (OR) for severity and mortality outcomes based on
patient numbers in different BMI categories. ORs and mean differences were pooled
using the random effects model with the DerSimonian-Laird estimator and displayed
on forest plots. Summary OR and mean estimation, P-value and 95% confidence
interval (CI) were calculated. P < 0.05 was considered a significant difference from
summary OR = 1 or mean = 0. Statistical heterogeneity was analyzed using the I2
statistic and the chi-square test to obtain probability values; P < 0.05 was determined
to indicate significant heterogeneity. We investigated the possible signs of a small
study effect, displaying the studies on a funnel plot with the trim and fill algorithm.

RESULTS
The systematic search of the literature yielded 262 items. After eliminating duplicates,
217 records were screened by title and abstract. 156 articles were included in the fulltext assessment, of which 15 studies met our predetermined eligibility criteria. An
additional four articles included in the quantitative synthesis were found by checking
the references of the originally identified articles (Figure 3).
The interpretation of cut-off values was not unified in the enrolled studies that
investigated the effect of obesity in AP. As articles used different BMI grouping and
not all articles contained data on all BMI subgroups, we decided to use several
statistical approaches.

Severity
Nine articles[17-24,32] presented data on the mean BMI of the non-severe and severe
patient groups (Figure 4). This meta-analysis showed that severe AP patients have a
significantly higher BMI compared to those with moderately severe and severe AP
(MD = 1.79, 95%CI: 0.89-2.70, P < 0.001). AP patients with a BMI > 25 are almost three
times more likely to develop a severe disease than normal weight and underweight
patients (OR = 2.87, 95%CI: 1.90-4.35, P < 0.001) according to the analysis of data from
eight additional studies[5,19-20,25-29] (Figure 5). Data from five articles[5,20,25,29-30] also made it
possible to set a BMI of 30 kg/m2 as a cut-off value in our severity analysis. There is a
sharp difference between obese and non-obese patients in the chance for developing a
severe disease: a patient with a BMI > 30 has an almost four times higher odds of SAP
than one with a BMI < 30 (OR = 3.61, 95%CI: 1.56-8.36, P = 0.003) (Figure 6).
Comparing the normal BMI group to every other BMI category (< 18.5; 25-30; 30-35;
> 35 kg/m²) in a summary effect analysis (Figure 7) showed that overweight and
obese patients are more likely to develop a severe disease than patients in all other
BMI categories (OR = 2.53, 95%CI: 1.64-3.90, P = 0.000 and OR = 2.99, 95%CI: 1.13-7.92,
P = 0.028). Underweight compared to normal BMI also seems to increase the risk of
severe AP (OR = 1.89, 95%CI: 0.52-6.87, P = 0.336); however, the differences are not
significant. The reason behind the lack of significance may be the particularly low
number of patients in the underweight subgroup (n = 184). Forming subgroups from
each BMI category (underweight, normal weight, overweight and obese) confirmed
the previously identified tendency: the higher the BMI, the higher the chance of
developing severe AP (Figure 8).

Mortality
A total of ten[5,8,19-20,25-29,31] of the 19 enrolled studies were included in this part of the
meta-analysis. While a BMI > 25 represents a higher chance of developing severe AP,
it does not significantly increase the mortality of the disease (OR = 2.46, 95%CI: 0.787.79, P = 0.125) (Figure 9). However, obese patients are at a three-fold increased risk of
mortality compared to those with a BMI < 30 (OR = 2.89, 95%CI: 1.14-7.36, P = 0.026)
(Figure 10). One with a BMI < 18.5 is also at a significantly higher risk of mortality in
AP than a normal weight patient (OR = 1.82, 95%CI: 1.32-2.50, P = 0.000) (Figure 11).
Death rates among AP patients are the highest in the underweight and obese
subgroups (Figures 12 and 13), while the chance of mortality is almost equal in the
normal BMI and BMI 25-30 subgroups.
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Figure 3

Figure 3 Flowchart of the study selection procedure.

DISCUSSION
The first meta-analysis[10] on the topic of AP and BMI was published by Martínez et al
in 2004, concluding that obesity significantly increases the risk of local or systemic
complications in AP. Since then, three more meta-analyses have also confirmed the
prognostic role of BMI in the disease, leading to even more specific results. The first
meta-analysis was updated two years later by the same author[11], confirming that
obesity not only raises the risk of complications, but also increases the mortality in
AP. In 2011, Wang et al[12] highlighted that overweigh (BMI > 25) also increases the
incidence of SAP, while Hong et al[13] drew attention to the prognostic role of body
weight in AP development in their meta-analyses.
The main purpose of the present meta-analysis was to precisely evaluate the
predictive value of BMI in AP by assessing what is already known and confirmed by
evidence and to offer guidance on its use in clinical practice.

Severity
Seven of the included articles in this meta-analysis found a clear correlation between
overweight or obesity and the development SAP. Two studies showed no significant
relation between BMI and disease severity in AP[5,32]. Three articles[17-18,22] analyzed the
effect of BMI in comparison with other tools for measuring obesity. These studies
stated that abdominal obesity (waist circumference), peripancreatic visceral adipose
tissue and visceral fat-to-muscle ratio have a stronger correlation with SAP than BMI
or body weight. We were also prepared to do an analysis of these data, but abdominal
obesity is measured differently in each study [18,21-22,25,33] , making a meta-analysis
inapplicable. One of the enrolled studies compared the accuracy of different scoring
systems in predicting the severity of AP[19], in which the addition of the obesity factor
did not seem to improve the accuracy of the APACHE II scoring system. An
interventional clinical trial [28] was also conducted in this area, resulting in the
successful prevention of severe AP in obese patients with the intravenous
administration of octreotide.
Although previous studies have already confirmed the relation between BMI and
the major endpoints of AP, it is still not incorporated into the scoring systems that aim
to predict disease outcome. A prospective study involving 186 consecutive patients
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Figure 4

Figure 4 Forest plot of mean body-mass index in the non-severe and severe patient subgroups. Filled circles
represent the mean difference derived from the studies analyzed. Horizontal bars represent 95%CI. Empty
rhombuses show the overall, combined mean difference (point estimation is the middle of the rhombus and CIs are
the edges). BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.

published by Johnson et al[7] in 2004 resulted in the improved prediction of severity in
AP by adding the obesity factor to the APACHE II scoring system (Admission
APACHE-O > 9: sensitivity 82%, specificity 86%, PPV 74%, NPV 91% and accuracy
85%; admission APACHE II > 9: sensitivity 68%, specificity 84%, PPV 71%, NPV 81%
and accuracy 80%). Prevalence of complications increased among patients with a BMI
26-30 (score = 1), while mortality rates were significantly higher among BMI > 30
(score = 2) patients. Two years later, a prospective study of 101 patients[8] also stated
that obesity is an independent risk factor for severe AP and that the APACHE-O
scoring system is not significantly better, but it has a similar predictive ability
compared to APACHE II (Admission APACHE-O > 9: sensitivity 84%, specificity
82%, PPV 52%, NPV 96% and accuracy 83%; admission APACHE II > 9: sensitivity
74%, specificity 85%, PPV 47%, NPV 93% and accuracy 80%). In 2012, a cross-sectional
retrospective study by Guzman et al[9] added the BMI parameter to the Bedside Index
of Severity in Acute Pancreatitis (BISAP) score and achieved higher diagnostic
accuracy than the original scoring system (sensitivity 75%, specificity 96.4%, PPV 80%,
NPV 95.2% and accuracy 92.3%).

Mortality
All the included articles found a correlation between BMI and mortality in AP. One
study[31] identified underweight as another independent risk factor for a fatal disease
outcome, and our meta-analysis confirmed this. However, the number of patients was
very low in this subgroup.

Limitations
Overweight and obesity are often accompanied by other chronic diseases and
metabolic derangements such as hypertension, diabetes and hypertriglyceridemia. As
we did not take demographic factors and comorbidities into consideration, we cannot
conclude if BMI is an independent or associated risk factor in AP, which is a limitation
of this study.

Strengths
Our meta-analysis is much more comprehensive and detailed compared to the earlier
ones. This work performs the first detailed analysis on all WHO BMI categories, by
comparing the normal BMI subgroup to all other subgroups of BMI with regard to
both severity and mortality in AP. Our subgroup analysis also investigated each BMI
category, this way, we are now able to determine which BMI groups are most in
danger of a severe or even fatal outcome in AP.
In conclusion, the findings of this meta-analysis demonstrated that a BMI above 25
increases the risk of severe AP, but not mortality, while a BMI > 30 raises the risk of
both severity and mortality in AP. A BMI < 18.5 carries an almost two times higher
risk of mortality in AP.
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Figure 5

Figure 5 Forest plot of severe acute pancreatitis in the body-mass index < 25 and body-mass index > 25 subgroups. Filled circles represent the odds ratio
derived from the studies analyzed. Horizontal bars represent 95%CI. Empty rhombuses show the overall, combined effect (OR is the middle of the rhombus and CIs
are the edges). BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.
Figure 6

Figure 6 Forest plot of severe acute pancreatitis in the body-mass index < 30 and body-mass index > 30 subgroups. Filled circles represent the odds ratio
derived from the studies analyzed. Horizontal bars represent 95%CI. Empty rhombuses show the overall, combined effect (OR is the middle of the rhombus and CIs
are the edges). BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.
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Figure 7

Figure 7 Forest plot of acute pancreatitis severity comparing the normal body-mass index group (body-mass index 18.5-25) to other body-mass index
categories. Filled circles represent the odds ratio derived from the studies analyzed. Horizontal bars represent 95% CI. Empty rhombuses show the overall, combined
effect (OR is the middle of the rhombus and CIs are the edges). BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.
Figure 8

Figure 8 Subgroup analysis of body-mass index and acute pancreatitis severity displayed on forest plot. Filled circles represent the odds ratio derived from
the studies analyzed. Horizontal bars represent 95%CI. Empty rhombuses show the overall, combined effect (OR is the middle of the rhombus and CIs are the edges).
BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.
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Figure 9

Figure 9 Forest plot of mortality comparing the body-mass index < 25 and body-mass index > 25 subgroups. Filled circles represent the odds ratio derived
from the studies analyzed. Horizontal bars represent 95% CI. Empty rhombuses show the overall, combined effect (OR is the middle of the rhombus and CIs are the
edges). BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.
Figure 10

Figure 10 Forest plot of mortality comparing the body-mass index < 30 and body-mass index > 30 subgroups. Filled circles represent the odds ratio derived
from the studies analyzed. Horizontal bars represent 95%CI. Empty rhombuses show the overall, combined effect (OR is the middle of the rhombus and CIs are the
edges). BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.
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Figure 11

Figure 11 Forest plot of mortality comparing the normal body-mass index group (body-mass index 18.5-25) to other body-mass index categories. Filled
circles represent the odds ratio derived from the studies analyzed. Horizontal bars represent 95% CI. Empty rhombuses show the overall, combined effect (OR is the
middle of the rhombus and CIs are the edges). BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.
Figure 12
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Figure 12 Subgroup analysis of body-mass index and acute pancreatitis mortality displayed on forest plot. Filled circles represent the odds ratio derived from
the studies analyzed. Horizontal bars represent 95%CI. Empty rhombuses show the overall, combined effect (OR is the middle of the rhombus and CIs are the edges).
BMI: Body-mass index; CI: Confidence interval; OR: Odds ratio.
Figure 13

Figure 13 Model for the effect of body-mass index on severity (A) and mortality (B).

ARTICLE HIGHLIGHTS
Research background
The worldwide incidence of obesity is increasing and previous studies stated that it worsens the
outcome of AP.

Research motivation
We wanted to provide detailed guidance on the clinical use of BMI in prognostic scoring.

Research objectives
To exactly identify which BMI subgroups are most in danger of a severe or even fatal disease
outcome in AP.

Research methods
A systematic search was carried out in PubMed, Embase and Cochrane Library databases for
studies investigating the effect of BMI on the outcome of AP. We used the PRISMA protocol,
registered our project in PROSPERO and assessed the quality of the included articles by using a
modified version of the Newcastle-Ottawa Scale. The statistical calculations were performed
with Stata 11 SE, using the random effects model (DerSimonian-Laird method).

Research results
9997 patients with acute pancreatitis were included (19 articles) in this analysis. We found that
AP patients with a BMI > 25 have a significantly increased risk of SAP with an OR of 2.87. A BMI
> 30 means a significantly increased risk of mortality (OR = 2.89) while one with a BMI < 18.5 is
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also at a significantly higher risk of mortality compared to normal weight patients with an OR of
1.82.

Research conclusions
The new findings of this study identified that a BMI above 25 increases the risk of severe AP, but
not mortality, while a BMI > 30 raises the risk of mortality. A BMI < 18.5 carries an almost two
times higher risk of mortality in AP. It is the first meta-analysis that performs a detailed analysis
on all WHO BMI categories with regard to both primary endpoints of AP. This helps to
determine which BMI groups are at the highest risk of severe or even fatal outcome in AP.

Research perspectives
Our results give the opportunity for researchers to prepare the guidelines and scoring systems
more precisely.
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