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Abstract
Severe alcoholic hepatitis is implicated as a costly,
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worldwide public health issue with high morbidity and
mortality. The one-month survival for severe alcoholic
hepatitis is low with mortality rates high as 30%-50%.
Abstinence from alcohol is the recommended first-
line treatment. Although corticosteroids remain as the
current evidence based option for selected patients with
discriminant function > 32, improvement of short-term
survival rate may be the only benefit. Identification
of individuals with risk factors for the development of
severe alcoholic hepatitis may provide insight to the
diverse clinical spectrum and prognosis of the disease.
The understanding of the complex pathophysiologic
processes of alcoholic hepatitis is the key to elucidating
new therapeutic treatments. Newer research describes
the use of gut microbiota modification, immune mo-
dulation, stimulation of liver regeneration, caspase
inhibitors, farnesoid X receptors, and the extracorporeal
liver assist device to aid in hepatocellular recovery.
Liver transplantation can be considered as the last
medical option for patients failing conventional medical
interventions. Although the preliminary data is promising
in patients with low risk of recividism, controversy
remains due to organ scarcity. This review article com-
prehensively summarizes the epidemiology, patho-
physiology, risk factors, and prognostic indicators of
severe alcoholic hepatitis with a focus on the current
and emerging therapeutics.

Key words: Immune modulation; Alcoholic hepatitis;
Gut microbiota modification; Extracorporeal liver assist
device; Apoptosis inhibitors

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Current research of alcoholic hepatitis patho-
physiology via translational research has provided insight
to novel therapeutic options. Recovery from severe
alcoholic hepatitis with assistance of gut microbiota
modification, immune modulators, stimulation of liver
regeneration, caspase inhibitors, farnesoid X receptors,
and extracorporeal liver assist device may be promising.

Fung P, Pyrsopoulos N. Emerging concepts in alcoholic hepatitis.
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INTRODUCTION

Alcoholic hepatitis (AH), is one of the most severe
manifestations of alcoholic liver disease. It is a public
health issue and worldwide disease associated with high
morbidity and mortality. Complications related to alcoholic
liver disease result in costly hospitalizations. Current
treatment strategies are limited. Abstinence is the first
line treatment, however may not improve outcomes in
patients with severe AH, defined as discriminant function
> 32. The mainstay of therapy is corticosteroids, which
have limited efficacy in specific populations. Pursuit of
new treatment options for alcoholic hepatitis is the holy
grail for patients ineligible or refractory to corticosteroids.
The judicious use of early liver transplantation for severe
alcoholic hepatitis has been explored although medical
and ethical controversy remains. Exploration of maximal
medical management with microbiota modification,
immune modulation, liver regenerative factors, farnesoid
X receptors (FXRs), caspase inhibitors, and extracorporeal
liver assist device (ELAD) may be promising for patients
with severe alcoholic hepatitis who do not have other options.

Sixty percent of the United States’ population reports
alcohol consumption™. Approximately 8%-10% of the
United States population reports heavy alcohol use,
which is defined as = 2 drinks daily in men and = 1
drink daily in women™. One standard drink contains
approximately 14 g of alcohol, which is equivalent to 12
ounces (350 mL) of beer (4%-5% wt/vol), 6 ounces
(177 mL) of wine (8%-10% wt/vol), and 2 ounces (59
mL) of hard liquor or whiskey (45% wt/vol)™.. There are
progressive and co-existing stages of disease in chronic
alcoholism including steatosis, steatohepatitis, fibrosis,
and development of compensated to decompensated
cirrhosis. In a study examining hospitalized heavy alcohol
drinkers with and without alcohol withdrawal, liver biopsies
reveal steatosis in 44.9%, alcoholic hepatitis in 34.4%,
liver cirrhosis with superimposed alcoholic hepatitis in
10.2%, and cirrhosis only in 10.5%". In other studies,
approximately 20% of individuals with chronic alcohol
abuse are found to have AH when biopsied™.

Alcoholic hepatitis is an acute-on-chronic presentation
of liver disease with a wide ranging spectrum of mild to
florid, life-threatening injury®. It is a clinical syndrome
associated with recent onset jaundice and coagulopathy
in a person who has been a heavy drinker usually for
more than a decade®. Although long standing alcohol
abuse appears to be associated with the development of
AH, the exact trigger for development is unclear. Other
factors, such environmental and genetic variables may
play a pivotal role. The amount and duration of alcohol
abuse needed to produce alcoholic hepatitis is variable
depending on the individual patient. Alcohol consumption
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of approximately 40 g daily for women and 50-60 g daily
for men is recognized as a minimal threshold amount
for patients at high risk of developing AH. Alcohol
consumption is usually within less than 60 d prior to
onset of jaundice with heavy alcohol use for more than
6 mo for severe alcoholic hepatitis clinical trial inclusion
criterias!”’.

It has been reported that chronic alcohol abuse and
binge drinking are associated with development of liver
disease’®. Binge drinking is defined as five or more
drinks in men and four or more drinks in women within
a period of approximately 2 h at least once a week™.
Earlier studies implied that weekly binge drinking may
be more deleterious than daily consumption of alcohol™.
More recent studies suggest daily heavy drinkers had
increased mortality from liver disease compared to binge
drinkers!''., It has been reported that the combination
of chronic alcohol use with a binge drinking pattern may
be more detrimental as animal studies showed mice
with chronic ethanol fed diet with an addition of single
high dose ethanol administration expressed more severe
forms of liver injury and steatosis compared to animals
with chronic ethanol feeding alone or single high dose of
ethanol only™. Further studies are needed to delineate
the pathophysiology of binge drinking and its’ effects on
alcoholic hepatitis.

The true incidence of alcoholic hepatitis is unknown.
Based on Denmark studies from 1999-2008, the annual
incidence rate of alcoholic hepatitis was 46 per 1000000
in men and 34 per 1000000 in women™. In the United
States, alcoholic hepatitis accounted for 325000 ad-
missions annually in 2010 with average hospitalization
cost of $46264. The most common admitting diagnosis
for patient hospitalized with AH was hepatic encep-
halopathy™*.

PATHOPHYSIOLOGY

The pathogenesis of liver disease related to alcohol
consumption is not completely elucidated. Most studies
simulating alcoholic hepatitis are recreated in animal
models using an alcohol and fat infusion method™.
The etiology of alcoholic hepatitis is complex and multi-
factorial. Principal factors include steatosis, oxidative
stress, altered gut permeability, toxic metabolites,
and formation of cytokines result in the initiation of an
inflammatory cascade.

Ethanol is oxidized by three metabolic pathways: (1)
alcohol dehydrogenase mainly; (2) cytochrome P450
2E1; and (3) catalase (Figure 1) Ten percent of ethanol
oxidation occurs in the microsomal cytochrome P450
CYP2EL. Ethanol catalase driven reaction in the liver per-
oxisome is negligible!"®.

Ethanol is metabolized into acetaldehyde via the
cytosolic alcohol dehydrogenase enzyme within hepato-
cytes. Acetaldehyde is converted into acetate and reduced
nicotinamide adenine dinucleotide (NADH) via mito-
chondrial and cytosolic aldehyde dehydrogenase!*”’.
NADH is increased as a byproduct of ethanol metabolism.
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kinase with stimulation of sterol regulatory element binding protein 1, a membrane bound transcript factor to promote lipogenesis. ADH: Alcohol dehydrogenase;
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Elevated NADH/NAD" levels inhibit gluconeogenesis
and fatty acid oxidation and is responsible for the high
amounts of acetyl-coA found in heavy alcohol users!®,
Acetyl-coA induces fatty acid synthesis by serving as a
precursor for fatty acid and cholesterol biosynthesis!*,
In addition, ethanol inhibits the peroxisome-proliferator-
activated receptor o and adenosine monophosphate
activated protein kinase with stimulation of sterol
regulatory element binding protein 1, a membrane
bound transcription factor to promote lipogenesis'?>?2,

Acetaldehyde is direct hepatotoxin and a known
carcinogen®, Acetaldehyde form adducts that are potent
immunogens to activate inflammatory cytokines®*?,
The production of reactive oxygen species inducing
lipid peroxidation with additional cytotoxic effects of
ethanol metabolism induce hepatocyte necrosis'.
Damage-associated molecular patterns are produced
after cell necrosis, which trigger inflammation, fibrosis,
and abnormal hepatocyte regeneration™™’. After chronic
ethanol consumption, the activity of the microsomal
ethanol-oxidizing system increases by 5-10 fold, with an
associated rise in cytochrome P-450, CYP2E1. CYP2E1
metabolism increases reactive oxygen species and
acetaldehyde production, which diminishes hepatoprotec-
tive reduced glutathione and other defense systems
leaving hepatocytes to be more vulnerable to oxidative
stress?%],

The endoplasmic reticulum (ER) regulates protein
folding, maturation, misfolded protein degradation, and
regulation of new protein entry®®”. When proteins are
misfolded in the ER, the unfolded protein response is
sensed by the binding immunoglobulin protein/glucose
regulated protein 78 (GRP 78). This reaction produces
oxidative stress and disassociation of the endoreticulum
transmembrane transducers. The transducers are
responsible for the activation and recruitment of c-Jun
N-terminal (JNK), a stress kinase™®"!, Multiple mechanisms,
including downstream inflammation and increased oxida-
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tive ER stress from hyperhomocysteinemia activates
nuclear factor kappa beta (NFKB) and INK to induce
hepatocyte apoptosis via caspase activation®**, De-
ficiencies of B vitamins or homocysteine metabolism
mutations seen in chronic ethanol use cause accumula-
tion of homocysteine, which induces the ER stress of the
hepatocytes and vascular endothelial cells. In addition,
ER stress is associated with fatty acid synthesis via the
activation of SREBPs (sterol regulatory element-binding
proteins), which enhance cholesterol and triglyceride
biosynthesis and fibrosis via stellate cell activation™**,
Ethanol induces gut dysbiosis and alters the per-
meability®®). Increased gut permeability allows the
endotoxins to infiltrate the liver through the portal
vein®”! (Figure 2). Endotoxin levels are measured to
be high in patients suffering from alcoholic hepatitis®®®!,
Bacterial lipopolysaccharide, an endotoxin, binds to the
lipopolysaccharide binding protein to form a complex.
The complex latches to the CD-14 molecule to activate
Kupffer cells and macrophages via the toll-like receptor
type 4 (TLR-4)P, This reaction stimulates mitogen-
activated protein kinases [such as extracellular signal-
regulated kinase (ERK-1/ERK-2), JNK and p38], NFKB,
and activator protein 1 (AP-1). Reactive oxygen species
produced by Kupffer cells cause the recruitment of
adhesion molecules [intracellular adhesion molecule
1 and vascular adhesion protein 1, chemokines (IL-8
and C-C motif chemokine ligand 2), and inflammatory
cytokines (tumor necrosis factor-a, IL-1 and IL-6)™".
The enhanced inflammatory T-helper-type 1 (TH1)
response to alcohol dehydrogenase in alcoholic hepatitis
induces additional neutrophil recruitment™**?, Nicotinamide
adenine dinuclectide phosphate-oxidase (NADPH) oxidase
is an additional contributor to ROS™. Pro-inflammatory
cytokine, IL-17 induces the migration of neutrophils into
the hepatocytes and stimulates the hepatic stellate cells
to produce IL-8 and chemokine CXC motif ligand 1
(CXCL1), which recruit other chemokines to attract other
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neutrophils™?. IL-22 is stimulated by increased levels of
IL-6 and TNF-a. Although IL-22 is produced by TH17,
TH22 and natural killer cells, it's receptor is mainly found
in hepatocytes. It has a hepatoprotective effect against
liver injury and secreted in parallel, to counteract the
effects of IL-177%,

Peripheral neutrophilia is a characteristic finding
in alcoholic hepatitis™. Normally, neutrophils are re-
cruited to aid in tissue repair and recovery*. The innate
immunity is impaired in patients with progressive liver
dysfunction, contributing to muilti-organ failure seen in
patients with severe alcoholic hepatitis. Serum analysis
of acute alcoholic hepatitis patients compared to patients
with alcoholic cirrhosis and healthy controls show a
significant reduction in antibacterial innate and adaptive
immune responses. An impaired T cell response from
AH patients produces fewer interferon gamma when
exposed to lipopolysaccharide with impaired neutrophil
phagocytosis and defective monocyte oxidative burst
when stimulated by bacterial challenge. Defective
monocyte oxidative burst reduces the expression of
NADPH oxidase, which is responsible for generation
of superoxide radicals required for bacterial killing.
Higher rates of infection in AH may be explained by this
impairment“®, The T cells of AH patients exhibits increased
numbers of PD ligand 1 (PD1), T-cell immunoglobulin and
mucin domain 3 (TIM3), and galectin-9, which are ligands
responsible for programmed cell death functioning.
The blockade of the PD1 and TIM3 can restored the
innate and adaptive immunity by increasing T cell and
neutrophil antimicrobial activity™”.

Other aldehydes produced along with acetaldehyde
contribute to progressive hepatic fibrosis by inducing
collagen synthesis. Collagen production activates

Baishidenge  WJH | www.wjgnet.com

570

transforming growth factor g dependent, platelet-derived
growth factor, and independent profibrotic pathways to
active hepatic stellate cells, which contribute to portal
hypertension*®.

RISK FACTORS

Studies have identified risk factors towards the develop-
ment and progression of liver disease. Patterns of
drinking, gender, genetic predisposition, and concomitant
liver disease may increase the risk of susceptibility.
Simultaneous alcohol consumption with food intake has
been published to lower risk of alcoholic liver disease
compared to those consuming alcohol alone'®. Variant
genes encoding for alcohol metabolism, such as alcohol
dehydrogenase, aldehyde dehydrogenase, and cytochrome
CYP2E1 might facilitate hepatotoxicity by increasing
alcohol tolerance via delay of acetaldehyde formation or
the metabolism of alcohol through other non-oxidative
toxic pathways**", Acetaldehyde dehydrogenase gene
polymorphisms may cause varying levels of alcohol sensitivity
in Asians and women, who can develop alcoholic liver disease
even if they do not consume alcohol as heavily as others.
Women are twice as likely to develop hepatotoxicity
with lower amounts and shorter duration of alcohol use
compared to men, which may be attributable to gastric
alcohol differences and higher proportion of body fat
in women in addition to differences in dehydrogenase
levels® %, CYP2E1 gene polymorphisms can affect the
metabolism of alcohol amongst those with different
ethnic backgrounds and alcoholics, however the exact
pathogenesis is yet to be eludicated™.

Variations in patatin-like phospholipase protein 3
(PNPLA3) has a strong association with cirrhosis develop-
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ment in Caucasian and Mexican patients with alcoho-
lism™?!, Patients with G allele of PNPLA3 have a higher
risk of steatosis and fibrosis, as well as a significantly
higher prevalence of alcoholic cirrhosis compared to those
with C allele™®, Recent data published from a genome
wide association study found that severe alcoholic
hepatitis risk is associated with PNPLA3 rs738409 variant,
which until recently has been associated with cirrhosis
development. Identification of SLC38A4 variant gene is
another novel independent risk locus for severe AH™7.,

Caffeine consumption may have a protective effect
against development of AH. Recent studies by Chalasani
et al*® found the risk of AH was 27% with heavy alcohol
users with PNPLA3 genotype CC with regular coffee
consumption compared to 86% in heavy drinkers with
PNPLA3 genotype GG, who did not consume coffee.
PNPLA3 CC genotype subjects who were not regular
coffee consumers had a 48% risk of AH. The risk of AH
with PNPLA3 GC with and without regular coffee drinking
was 37% and 62%, respectively. The risk of AH was
57% in patients with PNPLA3 GG gene who were regular
coffee drinkers™®.

Underlying obesity with body mass index (BMI) =
30 likely potentiates the severity of alcoholic hepatitis.
A common pathway is postulated for the generation of
steatohepatitis through synergetic or additive effects
of heavy alcohol use combined with obesity, although
the exact mechanism is not well defined™. Diehl et
al* published a paper documenting a supra-additive
interaction between obesity and heavy alcohol con-
sumption. One unit of alcohol was equivalent to 8 g.
Overweight or obese male subjects who consumed
15 or more alcohol units per week had an increased
risk of liver related morbidity and mortality compared
to controls. Another United Kingdom study examining
107, 742 women found that subjects with high BMI
(= 25 kg/m?®) who drank < 15 units of alcohol have
an equivalent risk of chronic liver disease development
compared to women with low BMI (< 25) who drank =
15 units per week. Women with BMI = 25 who drank
= 15 units of alcohol weekly had the poorest outcomes.
Even in overweight women who did not drink alcohol,
the risk of negative outcomes were present™”.

Alcoholics with other liver co-morbidities, such as
hepatitis B, hepatitis C, and hemochromatosis have greater
disease severity and likelihood to develop cirrhosis®"®?.
Underlying chronic liver disease may contribute to the
development of acute-on-chronic presentation in AH.

HEPATITIS B AND C WITH ALCOHOLIC
LIVER DISEASE

The prevalence of hepatitis C patients with alcoholism
is approximately 16% compared to the 1.5%-2% pre-
valence in the general population!®®!, Patients with
concomitant hepatitis C and alcoholism have 2- to 8-fold
increase risk of all-cause mortality compared to patients
without hepatitis C'**. Alcohol abuse reduces survival
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in patients with hepatitis C, especially in women™®,

Hepatitis C viral load was significantly increased within
4 mo when patients had higher amounts of alcohol
consumption of 39-100 g/d compared to 0-50 g/d™®”’.
Alcohol induced liver fibrosis in patients with hepatitis C is
dose-dependent and exhibited patients who ingest 30-40
g daily™®®. Mechanisms of the synergistic hepatotoxic
effects of chronic alcohol abuse in patients with hepatitis
C include altered cell-mediated immunity, increased
oxidative stress, increase viral replication, hepatic steatosis,
and inflammatory response from iron accumulation®,
Studies on viral hepatitis and chronic heavy alcohol
use are mostly in patients with hepatitis C. Mecha-
nisms of pathogenesis can also be applied to hepatitis B
patients. Hepatitis B or C drinkers have an increase risk of
hepatocellular carcinoma compared to non-drinkers®®”,
Alcohol use did not effect viral efficacy in hepatitis B
patients treated with entacavir or hepatitis C patients
treated with interferon, however alcoholics may be less
compliant with medication adherence”"’?., Elevation of
liver enzymes induced by alcohol can cause overtreatment
of patients with chronic hepatitis B. It has been published
that only 50% of patients with aminotransferase elevation
was caused by immune active chronic hepatitis B
among other etiologies’”. Iron deposition is found in >
50% patients with chronic hepatitis C or heavy alcohol
consumption, which is not typically seen in hepatitis BV,

HEMOCHROMATOSIS WITH ALCOHOLIC
LIVER DISEASE

Hepcidin is a peptide produced in the liver for delivery of
iron through the ferroportin transporter. When hepcidin
levels are decreased in patients with progressive liver
disease, iron is accumulated in the hepatocytes!.
Concomitant iron accumulation and ethanol toxicity may
be associated with increased production of oxidative
stress. Patients with hemochromatosis who consumed
more than 60 g of alcohol per day were 9 times more to
develop cirrhosis than who consumed less"”. Elevated
hepatic iron concentration is associated with higher
mortality in alcoholic cirrhosis patients””. Iron accumula-
tion seen in alcoholic liver disease and hepatitis C is
independent risk factor for hepatocellular carcinoma
development!”®.. Fifty percent of patients with hereditary
hemochromatosis develop fibrosis with a 200-fold risk of
hepatocellular carcinoma development’®,

NASH AND ALCOHOLIC LIVER DISEASE

Patients with risk factors for non-alcoholic steatohepatitis
(NASH) are identified with insulin resistance, obesity,
hyperlipidemia, and metabolic syndrome in the setting of
minimal alcohol use compared to alcoholic liver disease
patients””. Differentiating between alcoholic and NASH
can be challenging as imaging, laboratory studies, and
histologic findings can be non-diagnostic. Attaining a
careful alcohol consumption history is cardinal, but can
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be unreliable. Histologically, patients with NASH tend
to have more advanced fatty degenerative hepato-
cytes, while there is generally a greater neutrophillic
predominance and frequency of Mallory Denk bodies in
hepatocytes with alcoholic liver disease. Mallory-Denk
bodies are misfolded protein aggregates induced from ER
stress, which are deposited into ubiquitin-rich cytoplasmic
inclusions within ballooned hepatocytes®®!. Mallory-
Denk bodies can be present in chronic cholestasis, Wilson’
s disease, NASH, and amiodarone toxicity. They are not
exclusively seen in alcoholic hepatitis®®. Patients with
alcoholic liver disease tend to higher rates of perivenular
fibrosis, phlebosclerosis, cholestasis, and ductal pro-
liferation compared to NASH patients®®. Using logistic
regression, Dunn et al’®" identified mean corpuscular
volume, AST/ALT ratio, body mass index, and gender as
the key variables to differentiating alcoholic liver disease
from NASH patients of Caucasian ancestry. The alcoholic
liver disease/nonalcoholic fatty liver disease index (ANI)
created was found to have good diagnostic capacity
compared other previous proposed biomarkers. ANI > 0
was consistent with an alcoholic liver disease diagnosis,
while an ANI < 0 was likely due to nonalcoholic fatty liver
disease. ANI is not as reliable in cirrhotic patients with
Model of End-stage Liver Disease (MELD) score > 20,
as well in patients with concomitant alcoholic and NASH
disease™. A 20-year observational study of patients with
uncomplicated hepatic steatosis concluded that 1.2%
of non-alcoholic fatty liver disease patients developed
cirrhosis compared to 22% of alcoholic fatty liver disease
patientst®.,

CLINICAL PRESENTATION

Symptoms of alcoholic hepatitis are nonspecific. Patients
can experience fatigue, right upper quadrant abdominal
pain, anorexia, fever, and weight loss. Development
of jaundice may occur in a rapid fashion. Patients with
alcoholic hepatitis can develop tender hepatomegaly,
ascites, hepatic encephalopathy, upper gastrointestinal
bleed, and sarcopenia. Signs of chronic alcohol abuse
such as spider angiomata, splenomegaly, palmar
erythema, gynecomastia, parotid gland enlargement,
testicular atrophy, and Dupuytren’s contractures may be
present. Characteristic laboratory studies demonstrate
a 2:1 aspartate aminotransferase (AST) to alanine
aminotransferase (ALT) ratio with typical values less
than 300-400 mg/dL. Serum ALT levels are typically
lower than AST in alcoholic hepatitis due to a reduced
ALT activity in vitamin B6 depleted hepatocytes and
mitochondrial injury causing release of mitochondrial
AST®®, Higher levels of aminotransferases may point
towards an additional factor inducing hepatotoxicity (e.g.,
superimposed ischemic hepatitis, drug induced liver injury,
rhabdomyolysis, or acute viral hepatitis). Bilirubin levels
can be as high as 30 mg/dL with severe coagulopathy,
leukocytosis, anemia, and new onset of renal failure is
seen in patients with hepatorenal syndrome'**®”, Severe
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alcohol withdrawal can be a life-threatening when patients
develop delirium tremens, seizures, coma, and cardiac
arrest. Treatment with hemodynamic stabilization,
airway protection, and benzodiazepines are necessary™®.
There is a higher prevalence of patients having alcohol
withdrawal in alcoholic hepatitis compared to alcoholic
cirrhosis™. Multiple electrolytic disturbances have been
identified in patients with alcoholic hepatitis, such as
hypokalemia, hypophosphatemia, and hypomagne-
saemia among others. Supplementation with thiamine,
folic acid, and correction of glucose, potassium, magne-
sium, and phosphate is recommended®?..

DIAGNOSIS

Alcoholic hepatitis is mainly a clinical diagnosis. If there is
confirmed abstinence for more than 2 mo or the patient
reports less than 4 drinks daily on average, alcoholic
hepatitis is less likely. Liver biopsy is considered to a gold
standard for diagnosis of alcoholic hepatitis, however
they are not considered to be routinely performed for AH
evaluation in United States. In a review of 11 randomized
controlled trials requiring biopsy proven AH, 1409 of
1668 (84.5%) of the liver biopsies confirmed histologic
alcoholic hepatitis with increased diagnostic accuracy of
96% when total bilirubin was > 80 umol/L (> 4.7 mg/dL).
The authors concluded that a histologic diagnosis was not
necessary for diagnosis and management of AH based
on these parameters™'. Nevertheless, if clinical diagnosis
is not clear or appears multifactorial, a liver biopsy can
be considered. Caution must be executed when there
is severe portal hypertension and coagulopathy. If the
benefits outweigh the risks, a transjugular approach
can determine the wedge hepatic venous gradient and
portal pressures and is recommended when a patient
has severe coagulopathy or ascites’®. Other causes
of liver disease, including decompensated alcoholic
cirrhosis, sepsis, and biliary obstruction must be ruled
out. Abdominal imaging usually shows steatosis and/or
cirrhosis with splenomegaly, which is non-specific in
alcoholic hepatitis®".

Cardinal histologic findings of alcoholic hepatitis
include ballooning hepatocytes, Mallory-Denk bodies, and
neutrophilic infiltration in the setting of macrovesicular
steatosis with fibrosis and lobular distortion™?.

MORTALITY PREDICTORS/PROGNOSIS

Clinical scoring systems have been developed to predict
outcomes in patients with alcoholic hepatitis and guide
treatment. Maddrey’s discriminant function, Glasgow
score, and MELD score help determine if corticosteroids
need to be initiated, while the Lille score evaluates if
they need to be continued.

The Maddrey’s score incorporates the serum bilirubin
and prothrombin time to produce a discriminant func-
tion score (DF). A DF > 32 is characterized as severe
alcoholic hepatitis and has high short-term mortality of

April 28,2017 | Volume 9 | Issue 12 |



Fung P et a/. Severe alcoholic hepatitis: A comprehensive update

approximately 50%. Patients with a DF > 32 may benefit
from corticosteroid therapy. A DF < 32 is classified as
mild or moderate in severity with mortality rate of 10%.
Corticosteroid treatment is not beneficial in this patient
group™.

The MELD score predicts mortality in alcoholic
hepatitis and survival in cirrhotic patients. MELD score
performs as well as the DF in 30-d mortality prediction.
Corticosteroid therapy reduces short term mortality
in patients with MELD score of > 11 or bilirubin > 8
mg/dL with ascites®”. A retrospective study determined
that an increase in MELD = 2 within the first week
of hospitalization is independently associated with in-
hospital mortality®®*. A study by Dunn et a/®® found
that a MELD = 21 has a 75% sensitivity and specificity
to predict mortality with an estimated 90-d mortality
of 20% for patients with this score. A MELD = 21 can
be applied to treatment guidelines for corticosteroid
administration.

The Lille score monitors the change in total bilirubin
after the first week of corticosteroids to identify the
response of patients with severe alcoholic hepatitis.
Patients with Lille score > 0.45 indicates poor response
to corticosteroids and predicts a 6-mo survival of < 25%.
Non-responders are recommended to stop corticosteroids
due the risk of infection™”’. Recently, a study showed that
Lille score on day 4 was as good as day 7 to predict 90-d
mortality and reduces unnecessary steroid exposure®.
A meta-analysis of five randomized clinical trials with
prednisolone treated subjects with severe alcoholic
hepatitis showed an improved survival benefit when
sub-classified based on Lille score. Complete responders
(Lille score < 0.16), partial responders (Lille score
0.16-0.56), and null responders (Lille score = 0.56) has
28-d survival rates of 91%, 79% and 53%, respectively.
Corticosteroids had a significant effect on 28-d survival
in subjects with Lille score < 0.56"%, Side effects of
steroids include infections, hypokalemia, osteopenia, and
weight gain. Fungal infections, especially Aspergillosis are
common in the steroid treated group™®®.

Another prognostic score is the Glascow alcoholic
hepatitis score (GAHS), which incorporates age, serum
bilirubin, blood urea nitrogen, prothrombin time, and
peripheral white blood cell count. Patients with a DF =
32 and a GAHS < 9 did not show benefit from treatment
with corticosteroids. For those patients with a GAHS =
9, there was a significant improvement in survival for
patients who received corticosteroids. Day 28 survival
was 78% for those treated with corticosteroids compared
to 52% for the placebo group!'®!.,

Altamirano and his group published the Alcoholic
Hepatitis Histologic Score system in order to predict the
90-d mortality. The degree of fibrosis, degree of neutrophil
infiltration, type of bilirubinostasis, and presence of
megamitochondria were independently associated with
90-d mortality. The factors identified patients with a low
(0-3 points), moderate (4-5 points), or high (6-9 points)
mortality within 90 d (3%, 19% and 51%, respectively).
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The disadvantage of this scoring system is that it requires
a liver biopsy, which is not routinely performed in the
majority of alcoholic hepatitis patients™®%.

Factors associated with increased mortality from
alcoholic hepatitis include: Older age, acute kidney injury,
elevated bilirubin level, coagulopathy, leukocytosis, alcohol
consumption > 120 g/d, infection, hepatic encephalopathy,
upper gastrointestinal bleed, and bilirubin to gamma glu-
tamy! transferase ratio > 1193101,

Metabolomic profiling

Metabolomic profiling is recently constructed to identify
biochemical markers in liver-related disease!"”’. In a
study by Rachakonda et a/*®®!, metabolomic profiles
were able to differentiate alcoholic cirrhotics vs severe
alcoholic hepatitis patients with 100% accuracy. The
features related to the pathogenesis of alcoholic hepatitis
were confirmed by several findings in this study. Severe
alcoholic hepatitis was associated with enhanced
triglyceride lipolysis, impaired mitochondrial fatty acid
beta oxidation, upregulation of omega oxidation, and
decreased plasma membrane remodeling. Although
there was an increase in measured bile acids found in
severe alcoholic hepatitis, intestinal dysbiosis was sug-
gested due to low deoxycholate and glycodeoxycholate
levels. Other changes seen in severe alcoholic hepatitis
include increased glucose consumption by the pentose
phosphate pathway, altered tricarboxylic acid cycle
activity, and enhanced peptide catabolism. Altered levels
of small molecules related to glutathione metabolism
and antioxidant vitamin depletion were observed!'®®,
Another study performed by Rachakonda et a/*®®
showed that patients with severe alcoholic hepatitis were
found to have higher levels of serum resistin and plasma
activation inhibitor-1 levels with decreased serum leptin
levels. Levels of inflammatory cytokines, such as tumor
necrosis factor o, IL-6, IL-8, and IL-15 were higher in
patients with severe alcoholic hepatitis. IL-6 levels of =
38.66 pg/mL were found to have significantly decreased
mean survival rates™™*”,

BIOMARKERS

The development of biomarkers sensitive to the detection
of alcoholic hepatitis can be helpful for prognostication.
Selected-ion flow tube mass spectrometry breathe testing
was able to identify increased levels of acetaldehyde,
trimethylamine, acetone, and pentane in patients with
alcoholic hepatitis with underlying cirrhosis compared to
those with liver cirrhosis and acute decompensation from
etiologies other than alcohol. These biomarkers represent
breakdown products of ethanol metabolism in alcoholic
hepatitis. Given the small sample size, larger studies will
need to be performed for validation of results™.

Other markers, such as procalcitonin, lipopolysac-
charide, liver progenitor cell proliferation, soluble
TNF receptor 1, microRNA profiling, and IL-22 serum
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levels are being studied for clinical application towards
prognostication of alcoholic hepatitist®******],

ABSTINENCE AND MEDICATIONS TO
PREVENT RECIDIVISM

The most important primary intervention for alcoholic
hepatitis management is abstinence counseling!**®.
Abstinence can improve survival in patients with alco-
holic liver disease by improving histologic features of
hepatocyte injury with reduction of portal hypertension
and progression into cirrhosis™. Two thirds of patients
abstaining from alcohol have significant improvement
within 90 d™”. A 30% decrease in survival rate is seen
in patients with compensated cirrhosis who continue to
use alcohol compared to those who are abstinent!!****%),
Continued interventions, such as combination psychotherapy
with cognitive behavioral therapy, peer driven support
counseling, motivational enhancement therapy, and
comprehensive medical care can reduce recividism!**”,
Risk of recidivism is as high as 67% to 81% over the
course of one yeart'*!),

Medications to maintain abstinence have been in-
vestigated. FDA approved medications are disulfiram,
naltrexone, and acamprosate!**”. Disulfiram was first
approved in 1983"%, Other agents have been explored
due to poor tolerability and lack of evidence to support
its efficacy!**l. Disulfram is not recommended for use
in cirrhotic patients as the literature describes cases of
fulminant hepatitis requiring liver transplant™'. Naltrexone
is an opioid antagonist used to decrease alcohol cravings,
however it can cause hepatocellular injury'**®!. Nalmefene
works in a similar mechanism of action to naltrexone, but
does not have the risk of hepatocellular injury and has a
longer half-life™*”). Acamprosate is structurally similar to
gamma amino butyric acid and is associated with reducing
alcohol withdrawal symptoms based on 15 controlled
trials. As a maintenance medication, it can decrease the
relapse rate and relapse severity compared to placebo™*®.
In a recent randomized, double-blind study in the United
States, there was no evidence of efficacy for acamprosate
compared to placebo among alcohol-dependent individuals
recruited from a primary care setting™*. These patients
did not receive extensive multidisciplinary counseling.
In the COMBINE trial, there was no substantial benefit
for patients treated with acamprosate vs naltrexone or
intensive abstinence counseling. The PREDICT study is
a randomized clinical trial conducted in Germany, which
compared its data to the COMBINE study. The primary
outcome examined the first occurrence of heavy drinking.
PREDICT found neither acamprosate nor naltrexone to
supply any additional benefit compared with placebo!*”,

There are few medication options to prevent recidivism
in advanced chronic liver disease. Baclofen is y aminobutyric
acid B-receptor antagonist, which is minimally metabolized
in the liver. It is one of the few treatments studied in
cirrhotic patients. Addolorato et al*"! performed a rando-
mized double-blinded placebo-controlled in alcoholic-
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dependent cirrhotics with baclofen 10 mg three times
daily for 12 wk in the treatment arm. Seventy-one
percent of maintained abstinence compared to 29%
in the placebo group. Baclofen may be beneficial to
achieving and maintaining abstinence safely in Child-
Pugh class A, B and C cirrhotic patients!**". Gamma
hydroxyl butyrate may be well tolerated in patients
with decompensated cirrhosis with alcohol withdrawal
symptoms due to the short half-life of 4-6 h. Further
studies need to be performed before recommendations
on efficacy and safety can be made!***, None of the
medications discussed have been studied in the context
of alcoholic hepatitis and remains a challenge to medical
practitioners.

TREATMENT

Nutritional supplementation

Patients with alcoholic hepatitis and cirrhosis have
nutritional deficiencies and sarcopenia. Protein calorie
malnutrition is associated with short and long term
mortality!*®, Vitamin A, Vitamin D, thiamine, pyroxidine,
folate, and zinc are common vitamin deficiencies
seen in alcoholics™", Early studies from the Veterans’
Association found 100% of the 363 alcoholic hepatitis
patients had protein calorie malnutrition™®. The degree
of malnutrition is associated with the severity of liver
disease. AASLD and EASL guidelines recommend
enteral nutritional therapy in AH patients, however the
evidence remains controversial®**®.. Moreno et al*” ran-
domized 136 biopsy confirmed severe alcoholic hepatitis
patients to receive either intensive enteral nutrition via
feeding tube plus methylprednisolone or conventional
nutrition plus methylprednisolone for 14 d. There is no
significant difference in the six-month survival between
the groups with 44.4% deaths in the intensive enteral
nutrition arm and 53.1% of the controls. The study
results were likely affected by being underpowered.
The mortality rate at one and six months are lower in
the intensive enteral nutrition group compared to the
control, but the results are not statistically significant.
Of note, 48.5% of the patients had the enteral tube
discontinued prematurely. Five patients had serious
adverse events related to enteral nutrition, such as
aspiration pneumonia, hyperglycemia, and hepatic
encephalopathy exacerbation. Nevertheless, this study
implies that patients receiving < 21.5 kcal/kg per day
have a significantly lower survival rate with increased
risk of infection and hepatorenal syndrome at 6 mo
compared to those with better nutritional rates. Patients
with nutritional requirements of = 65 g/d of lipids and
= 77.6 g/d of protein have better six-month survival
rates™**, Further investigation needs to be pursued to
delineate the role of nutrition in AH patients.

Corticosteroids
Patients with mild alcoholic hepatitis (DF < 32) have a
10% mortality rate when not treated with prednisolone.
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Supportive care is warranted!*?. Multiple treatment

options have been studied, however only prednisolone
have remained the mainstay of therapy"***.. Cor-
ticosteroids have a wide range of immune modulatory
functions including suppression of pro-inflammatory
transcription factors: NFKB and activator protein 1 (AP-1),
which lower circulating levels of TNF-a. and IL-8™4%**!,
Prednisolone use is indicated in patients with DF > 32
or hepatic encephalopathy, but contraindicated in active
infection, gastrointestinal bleeding, acute pancreatitis, or
renal failuret**>*,

Studies examining the combination of prednisolone
and pentoxifylline treatment produced mixed results!****!
or showed no added benefit of pentoxifylline!*****,
The Steroids or Pentoxifylline for Alcoholic Hepatitis trial
is the largest randomized clinical trial to date, which
examined the short and long term mortality of patients
with severe alcoholic hepatitis. Results show no reduction
in all cause mortality at 28 d for patients treated with
prednisolone or pentoxifylline. However, there is a non-
significant mortality benefit at 28 d in the prednisolone
treated group, which is not seen at 3 and 12 mo"*®.
Corticosteroids may have some benefit within the first
month, but cannot be generalized to a provide long term
value.

The meta-analysis of 22 randomized clinical trials
performed by Singal et af®*” show a reduction in short-
term mortality in patients with severe alcoholic hepatitis
treated with steroids vs placebo. Corticosteroids with
N-acetylcysteine (NAC) compared to corticosteroids
alone may be effective in improving short-term
mortality™*', More recently, Thursz et al**” performed a
meta-analysis of 9 randomized clinical trials comparing
the use of corticosteroids, pentoxifylline, or both for
the treatment of severe alcoholic hepatitis. They found
that corticosteroid treatment improved 28 d survival
compared to pentoxylline and control group. There is no
added benefit of treatment with combination group of
corticosteroids and pentoxifylline™".

Pentoxifylline

Pentoxifylline inhibits tumor necrosis factor, a cytokine
responsible for the inflammatory cascade initiation
seen in alcoholic hepatitis. One out of four randomized
controlled trials showed a mortality rate of 25% in
pentoxifylline treated patients with DF > 32 compared
with 46% in the placebo group. The benefit seen was
mostly to prevent hepatorenal syndrome™". It can be
an alternative for patients who have contraindications
to steroids or early renal failure, however is not recom-
mended as a first line agent.

N-acetylcysteine

Oxidative stress produced from alcoholic hepatitis depletes
gluthathione levels. NAC is an antioxidant substance,
which is a pro-drug to the precursor of gluthathione.
Moreno et al*” produced a randomized clinical trial of
NAC vs placebo, which shows no significant difference!®,
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In 2006, Phillips et al** found that corticosteroids are
superior to NAC for short-term survival. Nguyen-Khac et
al*® examined the use of NAC with corticosteroids in a
2011 randomized clinical trial. They found patients with
combination therapy have improved one-month survival
compared to patients treated with corticosteroids. There
are fewer cases of infections and hepatorenal syndrome
in the combination treatment arm. Nevertheless, there is
no significant difference in survival at 6 mo™?. Further
studies are needed to evaluate the efficacy of NAC.

Other anti-TNF alpha inhibitors

Anti-TNF alpha inhibitors, such as infliximab and etan-
ercept is not recommended for the treatment of alcoholic
hepatitis. Although early pilot studies of corticosteroids
and infliximab show an improvement in the Maddrey
score within the first month, later studies have shown
anti-TNF alpha inhibitors are associated with increased
death from infections!*>*>*%*),

Liver transplantation

Liver transplantation may be considered as a last
option for patients with alcoholic hepatitis when medical
treatment has failed or is contraindicated. Most liver
transplant centers require a minimum abstinence of six
months prior to donor allocation consideration. Given the
donor organ scarcity, the risk of recividism is feared for
patients with alcoholic hepatitis undergoing liver trans-
plantation™>,

Data regarding the 6-mo rule as a predictor of long-
term sobriety remains controversial'**”’. Based on a
systematic review, there is no difference in early alcohol
use in patients transplanted for alcoholic liver disease
vs non-alcoholic liver disease at: 6 mo (4% vs 5%)
and 12 mo (17% vs 16%). At 7 years post-OLT, 32%
of the patients with alcoholic liver disease reports using
alcohol. Although comparable rates of any alcohol use
are reported in patients transplanted for alcoholic liver
disease and non-alcoholic liver disease, the risk of heavy
drinking appears much higher in alcoholic liver disease
patients'™*®], There is a wide variation among post-liver
transplant alcohol relapse rates reported in the literature,
ranging from 20% to 50%. Heavy drinking rates range
from 10% to 20%**°\. The duration of pre-transplant
abstinence does not appear to correlate with post-
transplant survival™®, however studies for long term
follow-up of the graft in patients transplanted for alcoholic
hepatitis with continued alcohol abuse requires further
investigation.

Mathurin et al**" reports the results of a multicenter
European trial which carefully selected corticosteroid
refractory AH patients whom were deemed to have a
low risk of recividism after liver transplantation. The
episode of AH is deemed as the patient’s first liver
decompensating event. Other inclusion criteria includes:
Close and supportive family members, absence of severe
coexisting or psychiatric disorders, and a covenant to
adhere to life-long alcohol abstinence. The study reports
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no alcoholic relapse within the initial 6-mo follow-up
period. Three of 26 patients transplanted for refractory
alcoholic hepatitis later resumed drinking alcohol:
One at 720 d, one at 740 d, and one at 1140 d after
transplantation. Despite counseling by an addiction
specialist, 2 patients remained daily consumers (30 g/d
and > 50 g/d), whereas 1 consumed alcohol occasionally
(approximately 10 g/wk). None of them had graft
dysfunction™®*,

Im et alt applied inclusion criteria similar to
Mathurin’s European trial for early liver transplantation in
severe alcoholic hepatitis in the United States. The low
candidate acceptance rate (20%) and the high survival
rates for transplanted AH patients compared to controls
(89% vs 11%) is comparable to the findings in Mathurin’s
study. Two patients (25%) had alcohol use post OLT. One
patient self-reported a “slip” of 60 g and 15 g of alcohol
use at day 84 and 260, respectively. Serial urine ethanol
testing and self-reporting were negative thereafter. One
patient had alcohol relapse, which is defined as: Four or
more drinks daily or at least one drink for 4 or more days
in succession after liver transplantation. When the subject
with alcohol relapse was further analyzed, it was deemed
that the hepatic decompensation was not the patient’s
first event and the subject had poor insight to disease
prior to transplant. Limitations to the study include small
sample size (n = 9) and short follow-up period (median
= 765 d)!**%,

A three-year pilot by Lee examined 2 groups of
patients selected to receive a liver transplant: Severe
alcoholic hepatitis as the first episode of liver decom-
pensation vs alcoholic cirrhotics with = 6 mo of
abstinence. Early liver transplant provided excellent
short-term survival in both groups. There were similar
rates of alcohol relapse in both groups: 23.5% vs
29.2%. Although lacking statistical significance, patients
transplanted for AH had higher rates of harmful drinking
post-transplant compared to the control group (23.5% vs
11.5%, P = 0.42). The data was particularly concerning
given the two out of the four patients with harming
drinking patterns died secondary to recurrent alcohol use
(alcohol overdose and medication noncompliance with
graft failure, respectively)™.

Although preliminary results may appear promising,
ethical issues pertaining to organ shortage, sociocultural
concerns about judicious organ allotment, and recividism
risk remain'*®*, The feasibility of patient selection through
strict psychosocial assessment is limited by resources. An
addiction psychiatrist experienced in liver transplant may
not be readily available in all centers. Liver transplantation
for refractory severe acute alcoholic hepatitis should be
judiciously employed in highly selected individuals who
are at low risk of recidivism™®,

New therapeutic options for alcoholic hepatitis are
needed. Corticosteroid use are helpful in 50% of cases,
however they are associated with a higher rate of
infections and do not offer long term survival benefit.

162]
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Treatments targeting gut dysbiosis, innate immunity,
inflammation pathways, and apoptosis are currently
being studied (Table 1).

NEW THERAPEUTIC OPTIONS

Gut microbiota modification: Probiotics

Animal studies mimicking alcoholic hepatitis have observed
changes in microbial translocation and dysbiosis™®®.
Patients with alcoholic hepatitis have abnormalities
in bacterial overgrowth, intestinal mucosal damage,
increased gut permeability with bacterial translocation,
and resulting endotoxemia'™®”\. The use of probiotics
to modify gut bacteria are studied for the treatment of
alcoholic hepatitis. Animals studies by Wang et a/t*®®
concludes Lactobacillus rhamnosus treatment reduced
alcohol-induced hepatic inflammation by attenuation
of TNF-a production via inhibition of TLR-4 and TLR-5
mediated endotoxin activation. A pilot study with mild
alcoholic hepatitis patients who received Bifidobacterium
bifidum and Lactobacillus plantarum 8PA3 for five
days shows significantly reduced ALT, AST, lactate
dehydrogenase, total bilirubin, and restoration of gut flora
compared to placebo. Other studies have showed that
alcoholic cirrhotics have cytokine reduction with reduced
liver disease severity and hospitalization when treated
with probiotic VSL#3"%*%, Rifaximin is studied for the
role of bacterial overgrowth in decompensated alcoholic
cirrhotics. Rifamixin administered for 28 d decreased
endotoxemia in the systemic and splenic circulation
with reduction in portal hypertension. Currently, there
are clinical trials examining the role of Lactobacillus
rhamnosus, rifaximin, fecal microbiota transplantation,
and antibiotics in AH patients™’,

Immune modulators

Chronic ethanol stimulation increases the production of
inflammatory cytokines and chemokines to induce liver
injury. Multiple mechanisms are proposed to modulate
the innate immune system. It is not clear if animal and
cellular models can be extrapolated for use in humans.
Based on animal studies, IL-22 is a hepatoprotective
cytokine. Chronic-binge ethanol fed mice treated with
recombinant IL-22 protein induced activation of hepatic
STAT3 to prevent alcohol-induced steatosis, liver injury,
and oxidative stress in a study by Ki et al*?. I.-22 down
regulates the expression of fatty acid transport protein.
It is found to have antioxidant, apoptotic, proliferative,
and antimicrobial properties with minimal side effects™".
IL-17 levels produced by TH17 cells are elevated in
patients with alcoholic hepatitis. IL-17 induces neutrophil
recruitment and stimulates hepatic stellate cells to
secrete chemokines, such as IL-8 and CXCLM"*72,
Alcoholic hepatitis patients with expression of these
chemokines in the liver are correlated with worsening
severity of portal hypertension and patient survival>*"%,
Therapeutic agents targeting the reduction of CXCL and
IL-17 with IL-22 upregulation can be a new treatment
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Table 1 New potential treatments for alcoholic hepatitis

Treatment Class Mechanism of action

Probiotics Gut microbiota modification Reduction of bacterial endotoxins and translocation

IL-22 recombinant protein Immune modulation Hepatoprotective: Antioxidant, apoptotic, proliferative, and
antimicrobial properties

G-CSF Growth factor Liver regeneration

Obeticholic acid Farnesoid X receptor Improvement in cholestasis

Emricasan Caspase inhibitor Apoptosis, inflammation, and fibrosis inhibitor

Anakinra (Pentoxifylline + Zinc) IL-1 receptor Decreases hepatic inflammation

SAMe Glutathione precursor Decreases oxidative stress

Metadoxine Antioxidant Decreases oxidative stress and steatosis

ELAD Extracorporeal human hepatic cell-based liver treatment Toxin removal, reduction of inflammation, liver regeneration

IL: Interleukin; G-CSF: Granulocyte colony-stimulating factor; ELAD: Extracorporeal liver assist device; SAMe: S-adenosil-L-methionine.

strategy™*'”®. trials shows obeticholic acid improved insulin sensitivity

and markers of liver inflammation in patients with
Liver regeneration: Granulocyte colony-stimulating diabetes and nonalcoholic fatty liver disease. Phase 2
factor clinical trials are exploring obeticholic acid in patients

Bone marrow-derived stem cells can populate the liver with alcoholic hepatitis.

and differentiate into hepatic cells when faced with

liver insult. Experimental studies show that granulocyte Caspase inhibitors

colony-stimulating factor (G-CSF) promote the mobilization Alcohol exposure causes hepatocytes to release ex-
of bone marrow stem cells to ameliorate liver injury and tracellular vesicles in a caspase-dependent manner to
enhance the proliferative capacity of hepatocytes™’®. elicit apoptosis and macrophage activation!**”. Apoptosis
G-CSF mobilizes CD 34+ cells, increases hepatocyte may trigger abnormal liver tissue repair, inflammation,
growth factor, and induces proliferation of hepatic ~ regeneration, and fibrosis"*!. Caspase inhibitors may
progenitor cells within 7 d of administration in patients ~ decrease apoptosis and inflammation in a variety of liver
with alcoholic cirrhosis with biopsy proven alcoholic ~ diseases. Emricasan is a pan-capsase inhibitor studied
steatohepatitis'*’”. In a pilot study, 46 patients with in patients with hepatitis C and NASH. In clinical trials,
severe alcoholic hepatitis were randomized to receive emricasan significantly reduces the aminotransferase
G-CSF = 5 ug/kg for 5 d with standard medical therapy activity in non-cirrhotic hepatitis C patients. Similar
(pentoxifylline with nutrition) vs standard medical therapy ~ trends are observed in patients with NASH and hepatitis B,
alone. Findings shows a statistically significant number of howeveifsztatlstlcal analysis was not performed on these
peripheral CD 34+ cells and improvement of Child Pugh groups™™. In NASH stuc!les, mmeI fed a h'gh fat d'e,’t
score, MELD, and discriminant function for up to 3 mo in demonstrates a five-fold m;rease in .hepatlc apoptosis
the G-CSF group. Ninety day survival benefit is seen in and 1'5-f0|.d and 1.'3-f0|.d increase n caspgs.e-B a.nd
G-CSF group compared to placebo!™™. The addition of -8, respectively. Mice _W|tr_1 e_mﬂrlcasan_admlnlsTEratlo_n
corticosteroids would be helpful in delineating the survival Ssnn:;;rs;drattgspgg:lfgcggge;n OI: t?\?n;(?stilg\?ea;rilirl:i?asrlys/
benefit. A clinical trial testing the efficacy of G-CSF in the

t of patients with lcoholic hepatiti data found in murine NASH models, clinical trials evaluat-
managemen ,0 pa |e_n s Wi . seyere aicoholic hepatitis ing emricasan for benefit in patients with alcoholic liver
whom have failed corticosteroids is needed.

disease are ongoing. Thus far, a phase 2 clinical trial
concluded that Child Pugh A and B cirrhotic patients with
FXR/obeticholic acid baseline MELD = 15 who are treated with emricasan
FXRs are nuclear hormone receptors that participate in - showed significant improvement compared to placebo in

bilirubin metabolism. Bile acids are the physiologic ligands ~ MELD scores, Child-Pugh scores, bilirubin levels, and INR
of FXRs, which regulate bile acid, carbohydrate, and lipid in preliminary data"®.,

metabolism. In addition, they modulate liver regeneration

after injury. FXR activation is protective against cholestatic Combination therapy: Anakinra-blocks IL-1 beta

and fatty liver injury. In a murine model, mice were fed  receptor, pentoxifylline and zinc vs methylprednisolone
an ethanol or control diet. FXR impairment is exhibited  Alcohol-induced liver injury activates Kupffer cells, which
in the ethanol group. FXR agonist therapy is found to be  stimulation production of inflammasomes and IL-1p,

hepatoprotective, likely from suppression of microsomal which initiate the inflammatory cascade. Effects include
CYP2E1 enzyme upregulation'’”*, FXR activation is shown liver inflammation, steatosis, injury, and fibrogenesis.
in other studies to prevent and improve liver fibrosis in Pharmacological inhibition of IL-1 signaling has a
micel!8%81], hepatoprotective effect. There was recovery from acute-

Obeticholic acid is a selective FXR. A phase 2 clinical on-chronic alcoholic liver injury™®®. Anakinra, an IL-1
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receptor antagonist combined with pentoxifylline and
zinc is being studied in phase 2 and 3 clinical trials to
examined the efficacy against corticosteroids.

S-adenosil-L-methionine

S-adenosil-L-methionine (SAMe) is a direct precursor of
glutathione, which serves as a major physiologic defense
mechanism against oxidative stress. A recent pilot study
randomized two groups of twenty patients each with
severe alcoholic hepatitis treated with prednisolone 40
mg daily vs prednisolone 40 mg with intravenous SAMe
800 mg for 28 d. After the first week, intravenous SAMe
regimen was converted to oral doses of 1200 mg/d for
two months. The response rate measured by the Lille's
score is significantly improved in the prednisolone and
SAMe (95% of patients) compared to the prednisolone
only group (65%). Hepatorenal syndrome occurred in
20% patients in the prednisolone group, but none in the
combination treatment group. Difference between the
groups regarding 28-d mortality could not be inferred.
Although not statistically significant, the six-month
survival rate is 90% in the prednisolone plus SAMe group
vs 75% in the prednisolone group. Larger trials are
needed to validate the study results™®”,

Metadoxine

Metadoxine is an antioxidant, which aids in gluthathione
metabolism and inhibits hepatic steatosis™®®, The
addition of metadoxine with corticosteroids is found to
improve 30 and 90 d survival rates. The metadoxine
and corticosteroid group is found to have a better treat-
ment response based on Lille’s score, lower rates of
hepatorenal syndrome, and decreased development and/
or progression of hepatic encephalopathy compared to
the corticosteroid group. There are no significant adverse
side effects®!. Another study combined metadoxine
with either prednisone or pentoxifylline for 30 d. The
group receiving metadoxine combined with prednisolone
or pentoxifylline had increased three and six-month
survival rate of 50% compared to the 20% survival rate
in the prednisolone or prednisone only group. The rates
of hepatorenal syndrome and hepatic encephalopathy
development are significantly less in the metadoxine
group, however infections are not!*”, Additional studies
with a greater sample size are needed to increase the
power of future studies.

ELAD

There are ongoing Phase 3 clinical trials of ELAD for acute
severe alcoholic hepatitis™™, Patients with acute renal
failure, severe coagulopathy, and MELD > 28 have worse
outcomes with ELAD. There are no survival differences
between the ELAD over the control group in day 28 and
91. Pre-specified exploratory analysis of 101 patients <
age 47 showed an improved 3-mo survival in the ELAD
group compared to the control group (81.4% vs 67.2%).
When analyzed for patients less than 50 years old, creat-
inine < 1.3 mg/dL, bilirubin = 16 mg/dL, and INR < 2.5,
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the 3-mo survival rate was 94% in the ELAD group and
68% in the control group. The most recent ELAD trial,
VTL-308 incorporates the new inclusion and exclusion
criterial*®®., The preliminary results are eagerly awaited.
There are limitations to the use of ELAD, including high
cost and stringent inclusion criteria. Patients are usually
monitored in the intensive care use with frequent
monitoring and blood draws. Currently, there are limited
centers performing ELAD research and the patient
selection criteria excludes: Alcohol use > 6 wk, persons
> 50 years old, severe coagulopathy, and advanced renal
failure.

Many therapies have been studied for alcoholic hepatitis
without proven efficacy. Treatment with antioxidants,
including vitamin E and silymarin do not have a survival
benefit in alcoholic hepatitis or cirrhosis patients. Colchi-
cine, amlodipine, propylthiouracil, anabolic steroids, and
insulin and glucagon combinations are not effective in
patients with alcoholic hepatitis™®.

FUTURE RESEARCH

Most of the understanding of alcoholic liver disease
pathogenesis stem from animal models of alcoholic liver
disease recreated via ad libitum or intragastric ethanol
feeding. Recent publications propose a new model of
ad libitum feeding with 40% intake of caloric intake
from a Western diet high in cholesterol and saturated
fat combined with 60% ethanol via intragastric infusion
to simulate a “true” model of alcohol hepatitis, where
contributing factors such as obesity and alcohol abuse
are taken into account. This model recreates findings
seen in chronic alcoholic liver disease with superimposed
alcoholic hepatitis when a weekly binge dose of ethanol
is added. However, the model could not emulate the
acute-on-chronic hepatic decompensation seen in
alcoholic hepatitis!*****, The search for molecular targets
through genomic studies holds the future direction of
answering unsolved questions about alcoholic hepatitis
pathogenesis. Further study of IL-22's antioxidant, anti-
apoptotic, anti-steatosis, antibacterial, proliferative effect,
and other hepatoprotective properties in conjunction
with the inflammatory and immunomodulatory function
of corticosteroids is underway!'****!, Recent literature
highlights the use of biospecimens (i.e., liver tissue,
peripheral serum, stool) for in vitro and in vivo studies
as a new approach to finding targets for therapy!'**.
New findings eludicated under such methods, include
impaired bacterial killing from monocyte oxide burst
dysfunction and defective T cell function in AH subjects.
Although the reversal of defective monocyte oxidative
burst is not restored by the IFN-gamma, the negative
regulator of Janus Kinase responsible for suppressing
cytokine signalling-1 was discovered to have increased
expression!*®!, Restoration of T-cell interferon gamma
production, reduction in production of IL-10 producing
T cells, and improvement in neutrophil antibacterial
function occurs when antibodies against PD1 and TIM3
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are blocked™".

CONCLUSION

Alcoholic hepatitis is increasingly recognized as a form of
acute-on-chronic liver failure in patients with underlying
alcohol-related disease™*®'*”), Patients with severe
alcoholic hepatitis remain a challenging population
to treat. New treatment options for AH involving gut
microbiota modification, immune modulation, promotion
of liver regeneration, apoptosis inhibitors, farnesoid
receptors, and ELAD appear promising thus far, however
the research is still in the preliminary phases. Currently,
early liver transplantation for severe AH failing standard
medical therapy is not universally implemented and
further investigation is warranted. Solving the complex
pathophysiology of alcoholic hepatitis through transla-
tional studies with clinical application is challenging. The
study of new animal model simulating “true” AH and
use of genomic analysis to provide molecular targets
are emerging into present day practice. The utilization
of clinical trials fuelled by constant evolving concepts
discovered via translational research will help determine
the endpoints and safety of the new therapeutic options
to bridge the gap of a disease with high morbidity and
mortality.
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Abstract

MicroRNAs (miRNAs) are small RNAs regulate gene
expression by inhibiting the turnover of their target
mRNAs. In the last years, it became apparent that
miRNAs are released into the circulation and circulating
miRNAs emerged as a new class of biomarkers for
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various diseases. In this review we summarize available
data on the role of circulating miRNAs in the context
of acute and chronic liver diseases including hepato-
cellular and cholangiocellular carcinoma. Data from
animal models are compared to human data and current
challenges in the field of miRNAs research are discussed.

Key words: Liver disease; Acute liver failure; MicroRNA;
Liver fibrosis; Hepatocellular carcinoma; Autoimmune
hepatitis; Cholangiocarcinoma
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Core tip: In this article, we aim to review the role of
circulating microRNAs (miRNAs), a class of small non-
coding RNAs involved in various pathological processes,
in the context of liver disease. The focus is on current
and future applications of miRNAs as potential diagnostic
and prognostic biomarkers in the field of acute liver
failure, liver fibrosis and cirrhosis, autoimmune liver disease
as well as liver cancer.

Loosen SH, Schueller F, Trautwein C, Roy S, Roderburg C. Role
of circulating microRNAs in liver diseases. World J Hepatol
2017; 9(12): 586-594 Available from: URL: http://www.wjgnet.
com/1948-5182/full/v9/i12/586.htm DOI: http://dx.doi.org/10.4254/
wjh.v9.i12.586

INTRODUCTION

MicroRNAs (miRNAs) are small RNAs that do not encode
for proteins, but regulate gene expression'!. MiRNAs
are transcribed by the RNA polymerase II or RNA
polymerase ™%, The resulting 500-3000 nucleotides
long transcripts (pri-miRNAs) are cleaved in a second
step by the “microprocessor complex” into approximately
70 nucleotides long precursor miRNAs (pre-miRNA),
which are actively exported from the nucleus into the
cytoplasm. Finally, pre-miRNAs are processed by the
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RNase Il endonuclease “Dicer” into approximately 22
nucleotides long double stranded miRNAs, which bind
to the Argonaute protein and are integrated into the
“"RNA-induced silencing complex”, Within this complex,
miRNAs bind the 3’ or 5’ untranslated region of the
target mRNAs, leading to a transcriptional or translational
repression of the target mRNA®*®!, Alterations in miRNA
expression profiles were described in organ development,
aging, and cell death™”, as well as in the pathophysiology
of complex diseases such as inflammation, fibrosis and
cancer’® ",

Besides their role in the regulation of gene ex-
pression, miRNAs have been described in body fluids,
where they might serve as biomarkers™ ", Based on
their extraordinary stability, their less complex chemical
structure and their lack of post-processing modifications,
circulating miRNAs were suggested as “optimal” serum
based biomarkers"®. Circulating miRNAs can be either
bound to serum proteins and lipoproteins or be encircled
in extracellular vesicles including exosomes, microvesicles
or apoptotic bodies!’*?. As exosomes can be released
by various hepatic cells (e.g., hepatocytes and Kupffer
cells) and can be transferred to other recipient cells to
regulate expression profiles in these cells, they were
suggested to play an important role in hepatic cell-cell-
communication and in the pathophysiology of different
liver diseases. Findings that miRNAs encircled in these
vesicles are well protected from degradation furthermore
highlight the potential of exosomal miRNAs to serve as
potent biomarkers®®??, With respect to the concept of
“liquid biopsy” which has recently been suggested as a
novel detection tool for malignant diseases™™**!, miRNA
might thus function as a potential “liquid biopsy” not only
for malignant but also benign liver disease.

In this review, we evaluated studies indexed in
Medline between 2006 and 2016. The terms “microRNA",
“liver”, “liver failure”, “fibrosis”, “cirrhosis”, “hepatocellular
carcinoma”, “cholangiocarcinoma”, “autoimmune hepatitis”,
“primary sclerosing cholangitis”, “primary biliary cholan-
gitis”, “biomarker”, “diagnostic”, “prognostic” and com-

binations of these terms were used.

ACUTE LIVER FAILURE

Acute liver failure (ALF) is characterized by a massive
loss of liver cell function based on various etiologies
(e.g., drug intoxication, viral or autoimmune hepatitis
(AIH), Wilson's disease or Budd-Chiari syndrome) with-
out preexisting liver disease!**, Despite significant
improvements regarding therapeutic options (e.g., liver
transplantation), ALF has remained a challenging clinical
condition with mortality rates of about 50%""\. In this
context, biomarkers allowing early diagnosis or estimation
of patients’ fate might be helpful for the guidance of
therapy®**. However, routinely used serum biomarkers
for liver injury such as AST and ALT are not liver specific
and only have a limited prognostic value®*>%, Therefore,
new biomarkers are urgently needed to further improve
patients’ individual treatment options and overall survival
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in the context of acute liver injury.

In a pilot study on the potential of miRNAs as ALF
biomarkers, Wang et a'*® demonstrated that liver specific
miR-122 and miR-192 were elevated in sera of mice after
acute Acetaminophen (APAP) intoxication compared to
controls. Of note, miR-122 and miR-192 serum levels
were increased in a dose- and exposure duration-
dependent manner and were detectable significantly
earlier than the classic serum aminotransferases'®.
Consistently, circulating miR-122 and miR-192 levels
were elevated in patients with APAP-induced ALF com-
pared to healthy controls™®. Moreover, miR-122 serum
levels returned earlier to normal when compared to
ALT, indicating that circulating miR-122 might have a
shorter half-life in comparison to ALT®?. High throughput
sequencing of miRNAs in sera of patients with APAP
overdose revealed 36 miRNAs to be elevated compared
to healthy controls. Besides the already described
miR-122 and miR-192, miR-483, miR-194 and miR-210
were additionally found to be increased in the sera of
these patients™. Antoine et a*®' demonstrated in a large
cohort of patients with APAP-induced ALF that increased
miR-122 serum levels are detectable very early after liver
intoxication when serum ALT levels are still unaffected.
Furthermore, levels of circulating miR-122 enabled
the prediction of liver injury development with a high

accuracy™,

An increasing number of studies have investigated
circulating miRNAs regarding their prognostic potential
for acute liver injury. Just recently, Russo et af*" applied
a microarray based expression analysis using a panel
of 1733 miRNAs and 1658 pre-miRNAs in sera of 78
drug-induced liver injury (DILI) patients. These patients
showed elevated serum levels of miR-122, miR-1246,
-4270, -4433, -4463, -4484, -4532 and pre-miR-4767
as well as decreased serum levels of miR-455-3p, -1281
and pre-miR-4274 compared to healthy controls. Out
of these, miR-122, miR-4463 and miR-4270 had a
prognostic value as decreased serum levels correlated
with the decease of DILI patients within 6 mo. In this
study, low albumin (less than 2.8 g/L) and low miR-122
serum levels (less than 7.89 relative fluorescent units)
had a sensitivity of 100% and a specificity of 57% for
the prediction of death in DILI patients™*. The prognostic
value of miRNA profiles were further investigated in
a retrospective study on patients with ALF caused by

viral hepatitis, toxic liver injury, Budd-Chiari syndrome,
[26]

Wilson’s disease, AIH or indeterminate etiology

In this study, serum levels of miR-122, miR-21 and
miR-221 were found to be significantly increased in
patients that showed a spontaneous recovery from ALF
compared to non-recovered patients'®®. Increased levels
of circulating miR-122, miR-21 and miR-221 in patients
with a spontaneous recovery from ALF were further
associated with increased hepatocyte proliferation and
liver tissue regeneration due to decreased expression
of the respective miRNAs target genes in the liver like
heme-oxygenase-1 (miR-122), programmed cell death 4

(miR-21), p27 and p57 (MiR-221)%%,
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Table 1 Summary of circulating miRNAs as diagnostic biomarkers in various liver diseases

Medical condition miRNA Serum levels # of patients Method for determination Ref.
Acute liver failure (drug induced) miR-122 1 53 qPCR Starkey Lewis et al™

1 6 RNA sequencing, qPCR Krauskopf et al™

T 129 qPCR Antoine et al™

1 78 miRNA microarray Russo et al™
miR-192 T 58] PCR Starkey Lewis et al™

T 6 RNA sequencing, gPCR Krauskopf et al™
miR-483 T 6 RNA sequencing, qPCR Krauskopf et al™
miR-194 T 6 RNA sequencing, qPCR Krauskopf et al™
miR-210 T 6 RNA sequencing, qPCR Krauskopf et al™

miR-4532 T 78 miRNA microarray Russo et al™

miR-455-3p l 78 miRNA microarray Russo et al™

miR-1281 l 78 miRNA microarray Russo et al™
Liver fibrosis (CHC) miR-122 1 53 qPCR Cermelli et al'™”
miR-34a 1 53 qPCR Cermelli et al'™”
Liver fibrosis (NAFLD) miR-122 1 34 qPCR Cermelli et al™”

1 28 qPCR Salvoza et al™
miR-34a 1 34 qPCR Cermelli et al'™”

1 28 qPCR Salvoza et al™

Liver cirrhosis miR-513-3p 1 67 miRNA microarray, qPCR Roderburg et al*”
miR-571 1 67 miRNA microarray, qPCR Roderburg et al*”
miR-29 l 67 miRNA microarray, qPCR Roderburg et al*!
ATH miR-21 1 46 miRNA microarray, gPCR Migita et al”)
miR-122 1 46 miRNA microarray, gPCR Migita et al”)
PSC miR-1281 1 40 miRNA microarray, gPCR Voigtlander et al*”
miR-126 1 40 miRNA microarray, qPCR Voigtlander et al*”
miR-200c l 30 miRNA microarray, qPCR Bernuzzi et al"*”
PBC miR-505-3p ! 10 RNA sequencing, q°CR Ninomiya et al®™
miR-197-3p | 10 RNA sequencing, gPCR Ninomiya et al®™
miR-122 1 207 RNA sequencing, q°PCR Tan et al®
miR-141 1 207 RNA sequencing, q°CR Tan et al®
miR-26b 1 207 RNA sequencing, qPCR Tan et al®™
HCC miR-21 1 101 gPCR Xu et al®™

1 90 gPCR Ge et al'”

1 121 qPCR Tomimaru et al'®

1 457 miRNA microarray, qPCR Zhou et al'®®
miR-121 1 101 qPCR Xu et al®™
miR-223 1 101 qPCR Xu et al®™

1 457 miRNA microarray, gPCR Zhou et al™
miR-16 ! 90 qPCR Ge et al'”

! 40 qPCR El-Abd et al®
miR-122 1 457 miRNA microarray, qPCR Zhou et al®™
miR-26a 1 457 miRNA microarray, qPCR Zhou et al®™
miR-192 1 457 miRNA microarray, gPCR Zhou et al®

CCA miR-21 1 25 RNA sequencing, q°CR Correa-Gallego et al™

1 94 qPCR Kishimoto et al™
miR-221 1 25 RNA sequencing, PCR Correa-Gallego et al™
miR-150 1 15 qPCR Wang et al””
miR-224 1 30 qPCR Huang et al”™

miRNA: MicroRNA; CHC: Chronic hepatitis C; NAFLD: Non-alcoholic fatty liver disease; qPCR: Quantitative RT-PCR; AIH: Autoimmune hepatitis; PSC:
Primary sclerosing cholangitis; PBC: Primary biliary cholangitis; HCC: Hepatocellular carcinoma; CCA: Cholangiocarcinoma; 1: High circulating levels; |:

Low circulating levels.

In summary, measurement of circulating miRNAs
might represent important serum biomarkers for ALF
and help to improve the prediction of patients’ prognosis
even at an early time point after liver injury. Table 1
summarizes potential diagnostic biomarker for ALF.

LIVER FIBROSIS AND CIRRHOSIS

Liver fibrosis and liver cirrhosis represent the most
common end-points of chronic liver diseases such as
alcoholic steatohepatitis, non-alcoholic steatohepatitis,
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and viral hepatitis, which are all associated with a high
morbidity and mortality. Currently, histology is considered
the gold standard for the diagnosis and staging of liver
fibrosis and/or cirrhosis. However, this procedure is
related to a number of problems, including the risks for
serious complications during liver biopsy, sampling errors
and biases, variabilities in histopathologic interpretation
and significant financial costs. Thus, alternative non-
invasive strategies for the evaluation of liver fibrosis/
cirrhosis are of increasing interest. In this context,
besides other markers, circulating miRNAs have been
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considered by many authors as promising serum based
biomarkers with a potential for being used in clinical
routine.

In the past, an overwhelming amount of data
supporting a role for miRNAs in the development and
progression of chronic liver diseases into liver cirrhosis and
finally hepatocellular carcinoma (HCC) was presented
(reviewed e.g., in®*). Based on these data, the group
of EI-Ahwany analyzed serum levels of different miRNAs
with an established role in the activation of hepatic
stellate cells (HSC) in sera of 66 subjects with early stage
liver fibrosis and 65 subjects with late-stage fibrosis™®.
Forty healthy subjects served as normal controls. In
line to their role in the activation of HSC, serum con-
centrations of miR-138, miR-140, miR-143, miR-325,
miR-328 and miR-349 were significantly elevated in
patients with fibrosis compared to healthy controls.
ROC analysis revealed a sensitivity and specificity of
miR-138 of 89.3% and 71.43% for prediction of early
stage fibrosis and of 89.3% and 93.02% for prediction
of late stage fibrosis, respectively, demonstrating that
analyses of circulating miRNAs might be helpful to
detect even early stages of liver fibrosis. Besides these
miRNAs, several groups demonstrated that levels of
miR-34a, one of the best investigated miRNAs in the
context of chronic liver diseases, are elevated in patients
with liver fibrosis® % In a large cohort of patients,
Cermelli et al®” described elevated levels of miR-34a
in patients with both hepatitis C (CHC)- and NAFLD-
dependent liver fibrosis. Interestingly, levels of miR-34
were independent of the viral load but reflected the
stage of disease in both disease entities. In this study,
miR-34a correlated with AST/ALT levels, stage of fibrotic
disease, inflammatory activity and serum lipids in NAFLD
patients, highlighting that levels of circulating miRNAs
might reflect specific aspects in the pathophysiology of
chronic liver diseases””. In line with this assumption, we
described elevated levels of miR-513-3p and miR-571
in patients with alcohol- or hepatitis C-induced liver
cirrhosis. However, only serum level of miR-571 reflected
the disease severity in liver cirrhosis, while miR-513-3p
was independent on the stage of fibrosis or inflammatory
activity in these patients*”’. Besides these up-regulated
miRNAs, a down-regulation of circulating miR-29 was
found in patients with chronic liver injury and liver fib-
rosis. Levels of miR-29 correlated with the stage of
liver fibrosis, MELD score and disease entity™", In the
context of alcohol induced liver injury, microarray based
screening of exosomal miRNAs revealed an up-regulation
of miRNA-192, miRNA-122, miRNA-30a, miRNA-744,
miRNA-1246, miRNA 30b and miRNA-130a in blood
sera of chronic alcohol-fed mice compared to healthy
controls*?, Moreover, ROC curve analyses indicated a
diagnostic potential of miRNA-192, miRNA-122, and
miRNA-30a for the identification of alcohol-induced liver
injury™,

Recently, the group of Matsuura et al**! attempted
to determine whether circulating miRNAs might be used
to estimate disease progression in chronic hepatitis C
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patients. One hundred and thirty CHC patients were
prospectively followed. In this study, reduced plasma
levels of the let7-family reflected a more advanced
fibrosis stage whereas elevated concentrations of miR-
122-5p were indicative for an increased inflammatory
activity, but not for the degree of liver fibrosis*?. In
another large cohort of CHC-patients, Trebicka et a/**
demonstrated that circulating miR-122 levels positively
correlated with an enhanced inflammatory activity but
negatively with liver fibrosis, which was most probably
due to the loss of liver cells (as the major source of
miR-122) during chronic liver injury. Interestingly,
miR-122 serum levels were associated with the survival
of CHC-cirrhosis patients independent of the MELD
score, sex and age™!, underscoring the potential of this
liver specific miRNA in the diagnosis of liver fibrosis and
cirrhosis.

In summary, circulating miRNAs might represent
diagnostic and prognostic biomarkers in patients with
liver fibrosis or cirrhosis.

AUTOIMMUNE LIVER DISEASE

Although autoimmune liver diseases have gained rising
importance in the field of hepatology due to its increasing
incidence over the last decades*, only very few studies
have evaluated the involvement of circulating miRNAs in
AIH, primary sclerosing cholangitis (PSC) and primary
biliary cholangitis (PBC).

To our knowledge only one study investigating
circulating miRNAs in patients with AIH exists to date.
In this study, serum samples of 46 type-1 AIH patients
were screened for 2555 miRNAs using a microarray
system and compared to patients with chronic hepatitis
C and healthy controls. Circulating levels of miR-21
and miR-122 were significantly higher in AIH patients
compared to both control groups. Interestingly, the authors
observed a strong decrease of miR-21 and miR-122 levels
after treatment with glucocorticoids, indicating a potential
role of these miRNA not only as a diagnostic marker but
also as a marker to assess treatment response!*”.

In PSC patients, serum levels of miR-1281 and
miR-126 were shown to be significantly increased com-
pared to healthy controls. Importantly, the elevation
of these miRNAs in PSC patients was also significantly
higher compared to CCA patients, arguing that miR-1281
and miR-126 might reflect disease-specific processes
of PSC that do not or to a lesser extend occur during
malignant transformation of bile duct cells into CCA™,
Moreover, Bernuzzi et al* described miR-200c as sig-
nificantly down-regulated in patients with PSC in large
screening approach including 667 miRNAs.

In PBC patients, a deep sequencing approach
revealed circulating levels of miR-505-3p and miR-197-
3p as significantly decreased when compared to healthy
controls®®. However, this study was performed in a
very small cohort of patients (n = 10) and needs further
validation. In another study, Tan et a/®!! establish a
diagnostic serum miRNA panel in a cohort of 207 PBC
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patients using a stepwise logistic regression model. The
panel, consisting of miR-122, miR-141 and miR-26b,
had an AUC of 0.905 for the discrimination between
PBC patients and healthy control, which was superior to
established biomarkers for PBC such as AP and ANA.

In summary, the role of circulating miRNA in autoim-
mune liver disease has so far only been analyzed in a
very limited number of studies with comparatively small
cohort sizes. Thus, further studies are needed to make a
clear statement on the potential role of serum miRNAs as
a biomarker for AIH, PSC and PBC.

LIVER CANCER

Circulating miRNAs have also become of increasing
interest as biomarkers for hepatic and hepatobiliary
malignancies. The following section reviews the emerging
role of circulating miRNAs in the field of HCC and cholan-
giocarcinoma (CCA).

HCC

HCC represents the most common primary tumor of
the liver and shows a steadily increasing incidence rate
in most areas of the world®>**!, Despite being the sixth
most common type of cancer worldwide, HCC is the
second leading cause of cancer related death among men
worldwide, corroborating the dismal prognosis of this
disease™. Even in medically developed countries such as
the United States, HCC patients face a 1-year and 5-year
survival rate of less than 50% and 10%, respectively®™.
Since early detection of HCC is essential to provide
patients with a potentially curative therapeutic approach
and established tumor markers such as AFP feature a
limited diagnostic potential especially at an early stage of
disease, circulating miRNAs as biomarkers for HCC might
help to improve the disease’s poor prognosis.

As the most abundantly expressed miRNA in human
liver tissue®®®, miRNA-122 was found to be up-regulated
in serum samples of HCC patients, showing a sensitivity
and specificity of 81.6% and 83.3%, respectively when
compared to healthy controls”*®, Nevertheless, as
shown before, circulating levels of miR-122 were also
described for different non-malignant hepatic diseases®”,
arguing for a rather unspecific characteristic of this miRNA.
Interestingly, expression levels of miR-122 were de-
creased in HCC tissue samples®”, suggesting a potential
mechanism of miRNA secretion from HCC cells into the
bloodstream.

Moreover, serum levels of exosomal miR-18a, miR-221,
miR-222 and miR-224 were significantly higher whereas
exosomal miR-101, miR-106b, miR-122 and miR-195
were significantly lower in patients with HCC compared
to patients with chronic hepatitis B or liver cirrhosis®".
Furthermore, circulating levels of miR-16 were shown to
be down-regulated in patients with HCC, correlating with
tumor size and were further able to discriminate HCC
from chronic HCV patients’®®”. In contrast non-malignant
liver conditions such as NAFLD and chronic hepatitis C
showed increased miR-16 serum levels™”, making the
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down-regulation of serum miR-16 levels in HCC a fairly
specific marker for liver cancer. Serum levels of miR-21
represent a further promising tool for the diagnosis of
HCC. Tomimaru et af®*? showed that circulating levels of
miR-21 can reliably distinguish between HCC patients
and healthy controls as well as patients with chronic
hepatitis and are superior to the diagnostic potential of
AFP. They also found a decrease of miR-21 serum levels
after tumor resection, underlining the potential specificity
of this miRNA for HCC'®". However, elevated levels of
circulating miR-21 were also described in patients with
different other types of gastrointestinal cancer®®, A
recently published meta-analysis on circulating levels of
miR-21 described a pooled sensitivity of 81.2% with a
specificity of 84.8% for the diagnosis of HCC'*”.,

Given the fact that the diagnostic power of a single
miRNA is limited, various panels consisting of more than
one circulating miRNAs have been evaluated as well.
Using a microarray to screen 723 miRNAs, Zhou et af®®
found a panel of seven miRNAs (miR-122, miR-192,
miR-21, miR-223, miR-26a, miR-27a and miR-801)
that distinguished between HCC and healthy controls
(AUC = 0.941), chronic hepatitis B (AUC = 0.842) and
liver cirrhosis (AUC = 0.884) even at an early stage of
disease (BCLC 0) in three independent cohorts of 934
participants. In comparison to AFP, another miRNA
panel of seven miRNAs (miR-29a, miR-29c, miR-133a,
miR-143, miR-145, miR-192, and miR-505) was shown
to have a superior AUC regarding the diagnosis of small-
size (AUC = 0.833 vs AUC = 0.727) and early-stage (AUC
= 0.824 vs AUC 0.754) HCCs. This panel did also have
the ability to detect AFP-negative HCC patients™®”’. Similar
results were obtained for a panel consisting of miR-15b
and miR-130 that showed a sensitivity of 98.2% with a
specificity of 91.5% for the diagnosis of HCC and had
detection sensitivity of 96.7% for patients with low AFP
serum levels (< 20 ng/mL)".

Circulating miRNAs might also help to assess patients’
outcome and their likelihood to benefit from different
treatment options (surgery, systemic treatment, locally
ablative treatment) in order to find a personalized
therapy for individual patients. For instance, serum levels
of miR-221 correlated with tumor size and tumor stage
and patients with high levels of circulating miR-221
showed a significantly reduced overall survival compared
to patients with lower miR-221 levels!, Likewise, high
serum levels of miR-122 were found to independently
predict a poor overall survival in a cohort of 122 HCC
patients’.,

CCA

Although CCA represents a rare type of cancer in most
parts of the world, it shares a very unfavorable prognosis
with a 5-year survival rate of less than 5% for advanced
disease stage’?!. Again, early detection of CCA is ne-
cessary to offer patients a surgical tumor resection, which
is the only potentially curative treatment option, but
the established tumor markers CA19-9 and CEA have a
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restricted diagnostic power. Besides the available data on
their potential role as a biomarker for HCC, miRNAs have
also been evaluated in few studies as a diagnostic tool for
CCA.

Based on a CCA tissue expression analysis, which
revealed 262 regulated miRNAs in tumor samples,
circulating levels of miR-21 and miR-221 were found
to be significantly elevated in patients with intrahepatic
CCA, showing a high discrimination ability of miR-21
between patients and healthy controls (AUC = 0.94)"4.
Nevertheless, these results are limited due to a small
number of analyzed patients (n = 25). MiR-21 was
further evaluated in a cohort of 94 patients with biliary
tract cancer (BTC) and showed an AUC of 0.93 and
0.83 for the differentiation between BTC and healthy
controls and BTC and non-malignant bile duct disease,
respectively”, Interestingly, serum levels of miR-21
decreased after surgical tumor resection”®. In another
rather small study including a total of 30 CCA patients,
Bernuzzi et a*® identified circulating miR-483-5p and
miR-194 as dysregulated in CCA patients. Furthermore,
serum levels of miR-483-5p and miR-222 were able
to discriminate between PSC and CCA patients. Other
circulating miRNAs that were shown to be dysregulated
in CCA patients are miR-224" and miR-150""".

Some studies have also evaluated a potential use
of miRNAs as a prognostic tool for CCA. Analyzing 103
patients with CCA, Cheng et al’® described decreased
serum levels of miR-106 as a predictor for poor survival.
Moreover, elevated levels of circulating miR-26a cor-
related with disease stage and were reported to be an
independent prognostic marker for CCA patients.

In summary, circulating miRNAs are of increasing
interest for the diagnosis and prognosis of liver cancer.
Although reliable data on serum/plasma miRNAs in the
field of CCA are limited, circulating miRNAs are likely
to play a decisive role for an early detection and the
prediction of survival for both analyzed types of liver
cancer in future. However, as the diagnostic and pro-
gnostic power of a single miRNA is limited, panels of
different miRNA are needed to exceed the established
biomarkers for liver cancer. In this context, larger studies
will help to further evaluate and verify potential miRNAs
for these purposes.

CONCLUSION

Circulating miRNAs represent a promising new tool for
the diagnosis and prediction of prognosis for various
acute and chronic liver diseases. Despite their obvious
potential as biomarkers, there are several problems that
prevent the use of circulating miRNAs as diagnostic tools
in clinical routine. Most importantly, despite years of
intensive research no consensus on optimal protocols for
standardization of sample collection, data normalization
and analysis was reached until now. As gPCR and micro-
array based measurements naturally depend on the
design of miRNA specific primers or microarray probes,
similarities between different miRNAs might result in
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further difficulties regarding the comparison between
studies. Moreover, data normalization issues mainly
arise from the lack of a valid intrinsic RNA housekeeping
gene for human serum samples and high inter-platform
differences in miRNA quantification efficacy contribute to
a poor comparability between studies. Finally, most studies
are carried out as single center study including only a
small number of patients. Therefore, next generation
sequencing might have an important impact on the
validation of miRNA profiles, as it allows mostly sequence
independent, parallel measurement and detection of
overall numbers of a broad spectrum of different miRNAs
(reviewed e.g., in”®). Thus, only if these present limi-
tations can be overcome, circulating miRNAs might take
the next step to be finally implemented in diagnostic
algorithms or be used to estimate the clinical fate of

patients with acute or chronic liver diseases.
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Abstract

AIM

To study mortality, length of stay, and total charges in
morbidly obese adults during index hospitalization for
orthotopic liver transplantation.

METHODS

The Nationwide Inpatient Sample was queried to obtain
demographics, healthcare utilization, post orthotopic
liver transplantation (OLT) complications, and short term
outcomes of OLT performed from 2003 to 2011 (n# =
46509). We divided patients into those with [body mass
index (BMI) = 40] and without (BMI < 40) morbid obesity.
Multivariable logistic regression analysis was performed
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to characterize differences in in-hospital mortality, length
of stay (LOS), and charges for OLT between patients with
and without morbid obesity after adjusting for significant
confounders. Additionally, propensity matching was
performed to further validate the results.

RESULTS

Of the 46509 patients who underwent OLT during the
study period, 818 (1.8%) were morbidly obese. Morbidly
obese recipients were more likely to be female (46.8%
vs 33.4%, P = 0.002), Caucasian (75.2% vs 67.8%, P
= 0.002), in the low national income quartile (32.3% vs
22.5%, P = 0.04), and have = 3 comorbidities (modified
Elixhauser index; 83.9% vs 45.0%, P < 0.001). Morbidly
obese patient also had an increase in procedure related
hemorrhage (P = 0.028) and respiratory complications (P
= 0.043). Multivariate and propensity matched analysis
showed no difference in mortality (OR: 0.70; 95%CI:
0.27-1.84, P = 0.47), LOS (B: -4.44; 95%CI: -9.93,
1.05, P = 0.11) and charges for transplantation (B:
$15693; 95%CI: -51622-83008, # = 0.64) between the
two groups. Morbidly obese patients were more likely to
have transplants on weekdays (81.7%) as compared to
those without morbid obesity (75.4%, P = 0.029).

CONCLUSION

Morbid obesity may not impact in-hospital mortality
and health care utilization in OLT recipients. However,
morbidly obese patients may be selected after careful
assessment of co-morbidities.

Key words: Deceased donors; Outcome; Complications;
Economics; Selection criteria

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Morbid obesity is a relative contraindication to
orthotopic liver transplantation. Previous studies, mostly
in the pre-MELD era, suggested worsened outcomes in
these patients. As the prevalence of obesity continues to
increase, so will the number of patients who are morbidly
obese requiring liver transplantation. Utilizing the Nation-
wide Inpatient Sample which is the largest publicly
available database in the United States, we did not find
any difference in mortality, or healthcare utilization
when comparing those with and without morbid obesity
receiving liver transplantation. Our findings suggest that
in highly selected patients, morbid obesity may not be a
significant contraindication to transplantation.
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impact healthcare utilization for orthotopic liver transplantation: A
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INTRODUCTION

There has been a great deal of attention given to the
outcomes of orthotopic liver transplantation (OLT) in
obese patients, with varying reports on morbidity and
mortality. A study by Nair et al"! investigated graft and
patient survival in obese patients receiving OLT in the
United States between 1988 through 1996 using the
United Network for Organ Sharing database. They found
that primary graft non-function and immediate 1-year
and 2-year mortality were higher in morbidly obese
individuals. They also found increased 5-year mortality
in morbidly [body mass index (BMI) of 35.1-40 kg/m?]
obese patients. Contrary to that, Pelletier et ai?, reported
no increased risk of post-transplant mortality in obese or
morbidly obese patients recruited from 2001 to 2004.
The disparities between the aforementioned studies by
Nair et at! and Pelletier et af*! can likely be attributed to
the Nair et ai™ study occurring in the pre-MELD era as
compared to within or just before the application of MELD
by Pelletier.

Greater peri-operative morbidity and increased
post-operative length of stay appears to be a fairly con-
sistent finding in the morbidly obese patients in various
studies”*!. A few studies do report increased wound
related and infectious complications in patients with
morbid obesity after transplantation™®. In one study,
obese patients surprisingly did not require prolonged
ventilation support as compared to non-obese patients™®.

Studies have also shown socioracial disparities in OLT
utilization. In addition to race, women, older patients,
individuals with non-commercial insurance, individuals in
certain geographic locations (as defined by donor service
areas), and those with alcoholic liver disease have been
shown to receive lower rates of transplantation!”.

Large population based studies from United States
on health care utilization and short term outcomes of
liver transplantation in morbidly obese patients were not
found. We hypothesized that provided selected carefully
morbidly obese patients undergoing liver transplantation
may not have different healthcare utilization and short
term outcomes. We studied the health care utilization, in-
hospital morbidity, mortality and direct charges for care
in morbidly obese patients receiving OLT in the United
States during 2003-2011.

MATERIALS AND METHODS

Database information

The Nationwide Inpatient Sample (NIS) is the largest
publicly available database in the United States. It contains
data from over 8 million hospital stays each year, and
allows users to track and analyze trends and outcomes
of health care. The NIS database is the largest all-payer
inpatient care database in the United States, representing
an approximately 20% stratified sample of 1044 non-
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federal hospitals in 47 states™.

The information was collected from the NIS database
from years 2003 to 2011 among all adult (age > 18 years)
in-patients with a procedure code for liver transplantation
as determined by International Classification of Disease-
Clinical Modification, Ninth Revision, (ICD-CM) codes.
According to weighted estimate, 47185 adult patients
were identified who underwent liver transplantation with
ICD-CM procedure code 50.59 (other liver transplantation,
i.e., non-auxiliary).

The NIS database has limited clinical variables, but it
provides a large sample size representative of the United
States. Moreover, it is reliable in terms of hard end-points
such as inpatient mortality and hospital length of stay.
Another unique feature of this database is information
on the direct charges for hospital stay, which have not
been studied in the past among obese liver transplant
recipients. Additional data collected including healthcare
utilization were, age, gender, race, income (National
Quartile), type of insurance, type of hospital (rural/urban
non-teaching vs urban teaching), hospital size, hospital
region, and Modified Elixhauser index based on pre-OLT
comorbid medical conditions)™. This index counts the
number of comorbidities present from a list of 29. We
modified it by removing liver failure and morbid obesity.

We divided the patients into those with morbid
obesity (BMI = 40) and with a BMI < 40. The following
ICD-9 codes were used for morbid obesity, 278.01,
V85.4, V85.41, V85.42, \V85.43, V85.44 and V85.45.
Patients without one of the previous codes present were
assumed to have a BMI under 40. We chose a BMI
cutoff of 40 as previous studies have shown that when
compared to lower BMIs, there is a higher sensitivity and
specificity when accounting for correct documentation™.
Variables studied among two groups were the pre-OLT
comorbidities and post-OLT complications. We divided the
post OLT complications into two distinct categories, i.e.,
systemic and technical. Systemic complications included
those which were among broader groups of events for
which timing was indeterminate (i.e., cardiovascular
complications, Post-LT infections, etc.). Technical com-
plications were felt to be related to the actual surgery
itself™,

Outcomes and predictors

We studied outcomes including mortality during the
hospitalization for OLT, length of hospital stay, total direct
charges for care (without professional fees) among
patients with and without morbid obesity. The NIS
quantifies inpatient discharges and does not link patients
across hospital discharges. As such, patients with multiple
discharges may have been counted multiple times if they
had multiple hospitalizations where the procedure code
for OLT was documented.

The major pre-, intra, and postoperative compli-
cations were identified using ICD-9-CM diagnostic codes
(appendix 1). As the ICD-9-CM coding system does
not include transplant-specific codes for many of the
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postoperative variables that are of particular interest, the
best available codes were used.

This study was exempted from review by The Ohio
State University Institutional Review Board.

Statistical analysis

SAS 9.3 (SAS Institute, Cary, NC) was used to perform
all analyses, employing appropriate survey estimation
commands and strata weights. Weighted frequencies and
percentages were calculated for all categorical variables;
means and 95%CIs were calculated for continuous vari-
ables. Differences between patients with and without
morbid obesity (BMI = 40) were analyzed using »* tests
or student’s t-tests, as appropriate. Variables significantly
associated with morbid obesity on univariate analysis
were included in all multivariate models. We performed
a multivariate logistic regression for mortality, while
multivariate linear regression was used for length of stay
and total hospital charges.

Propensity scores were calculated using a multivariate
logistic regression model for morbid obesity containing
all demographic variables (Age, Gender, Race, Income,
Insurance, Hospital Location, Teaching Status, Size,
and Region), and comorbid conditions (29 Elixhauser
comorbidities excluding obesity and liver failure).

Patients with and without morbid obesity were then
matched 1:1 using a greedy matching algorithm with
a caliper of 0.2 times the standard deviation of the
propensity scores. One hundred and fourty-three pairs
were formed. One hundred and fourty-three of the
original 145 (unweighted number) patients with morbid
obesity were matched with a control. Note that our cohort
contains 168 patients with morbid obesity; however, only
145 of the 168 were eligible for matching due to missing
data primarily within the race variable.

The gmatch macro written by the Mayo Clinic was
used for the matching. The statistical methods of this
study were reviewed by Alice Hinton from the Ohio
State University (http://www.mayo.edu/research/depart-
ments-divisions/department-health-sciences-research/
division-biomedical-statistics-informatics/software/
locally-written-sas-macros).

RESULTS

Demographics

After weighting, the NIS represented 46509 patients
who underwent liver transplantation from 2003 through
2011. Of these patients, 818 (1.8%) were morbidly
obese. The demographic and hospital characteristic
variables are shown in Table 1. The groups were similar
with regards to age, type of insurance, type and region of
hospital. There were more females among the morbidly
obese group (46.8%) as compared to without morbid
obesity (33.4%), P = 0.002. There were more transplant
recipients belonging to white race (75.2% vs 67.8%, P
= 0.002) and low national income quartile (32.3% vs
22.5%, P = 0.04) among morbidly obese patients as
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Table 1 Demographic and hospital characteristics in morbidly
obese and non-morbidly obese patients who underwent a liver

transplant

No morbid obesity Morbid obesity  P-value
n = 45691 n =818
Age (mean, CI) 5323 (52.84,53.61) 53.33 (52.05,54.61) 0.87
Gender 0.002
Male 30444 66.64% 435 53.21%
Female 15242 33.36% 383 46.79%
Race 0.002
White 25668 67.81% 544 75.15%
Black 2975 7.86% 2 4.49%
Hispanic 5638 14.90% 127 17.60%
Other 3571 9.43% 20 2.75%
Income (National 0.04
Quartile)
Low 9947 22.46% 258 32.30%
Moderate 11190 25.27% 213 26.63%
High 11816 26.69% 167 20.87%
Very high 11324 25.58% 161 20.20%
Type of insurance 0.11
Medicare 11817 25.99% 246 30.10%
Medicaid 6487 14.27% 74 8.99%
Private 24983 54.95% 441 53.93%
Other 2179 4.79% 57 6.97%
Type of hospital 0.95
Rural/urban 233 0.51% <10 0.48%
non-teaching
Urban teaching 45069 99.49% 814 99.52%
Hospital size 0.25
Small/ medium 6492 14.33% 88 10.74%
Large 38809 85.67% 730 89.26%
Hospital region 0.43
Northeast 7865 17.21% 118 14.42%
Midwest 9953 21.78% 206 25.24%
South 15116 33.08% 319 39.02%
West 12757 27.92% 174 21.32%
Admission day 0.02
Week day 34444 75.39% 668 81.72%
Weekend 11247 24.62% 149 18.28%
Modified <0.01
elixhauser index'
<3 25123 54.98% 131 16.06%
=3 20568 45.02% 686 83.94%

'After excluding liver failure and obesity.

compared to those without morbid obesity. In addition,
morbidly obese transplant recipients had significantly
more comorbid conditions with = 3 conditions (n = 686;
83.9%) on the modified Elixhauser index than those
without morbid obesity (n = 20568; 45.0%), P < 0.001.
Lastly, morbidly obese patients were more likely to have
transplants on weekdays (81.7%) as compared to those
without morbid obesity (75.4%, P = 0.028).

Post OLT complications

Table 2 shows the various post OLT complications in
patients who underwent liver transplantation. Among
systemic post OLT complications, there were signifi-
cantly more respiratory complications in morbidly obese
patients (4.87% vs 1.05%, P = 0.04) after transplant.
Contrary to that, hemorrhage complicating a procedure
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was significantly higher in non-morbidly obese patients
(11.80% vs 7.04%, P = 0.03) as compared to morbidly
obese patients. However, all other post OLT complications
were equally distributed in the two groups. Similarly,
hepatic artery thrombosis (P = 0.05), anastomotic
biliary leaks (P = 0.08), and accidental laceration during
a procedure (P = 0.06) were more frequent in non-
morbidly obese, though they did not reach statistical
significance. Overall, complication rates were equally
distributed in the two groups.

Multivariate analysis

Table 3 shows the adjusted odds ratio (aOR) for mortality
and p-coefficients for length of stay and charges for
liver transplantation in the non-morbidly obese and
morbidly obese groups. Non-morbidly obese patients
had a 5.27% mortality whereas the mortality among
morbidly obese transplant recipients was 4.83% (aOR:
0.98; 95%CI: 0.50-1.92, P = 0.95). The average length
of stay in non-morbidly obese patients was 20.9 d and in
morbidly obese patients it was 18.7 d (B: -3.90; 95%CI:
-7.94-0.14, P = 0.06). The average total charges for
transplantation was $342324 and $378452 in non-
morbidly obese and morbidly obese patients, respectively
(B: $612; 95%CI: -54780-56004, P = 0.98). Data was
adjusted for gender, race, income, modified Elixhauser
comorbidity index, weekend admission, and diabetes.

Propensity based analysis

In order to further endorse our findings, a matched
cohort on the basis of morbid obesity status was then
created using propensity scores. The propensity score
analysis was not able to account for the weighting in
the dataset. Before weights were taken into account
168 of the OLT patients were morbidly obese. Of the
168 patients 143 (85%) were matched 1:1 with a non-
morbidly obese patient on the basis of propensity scores.
Thus, in this cohort, there were a total of 286 patients
divided equally into two groups based on morbid obesity
status (143 patients each in morbidly obese and non-
morbidly obese groups). After propensity matching,
no differences between pre- and post OLT variables in
the two groups were statistically significant (appendix
2). This allowed analysis of outcomes based on morbid
obesity status alone, thereby reducing selection bias
based on various other characteristics. Analysis showed
no significant difference in mortality (OR: 0.70; 95%CI:
0.27-1.84, P = 0.47), LOS (B: -4.44; 95%CI: -9.93-1.05,
P = 0.11) or charges for transplantation (B: $15693;
95%CI: -51622-83008, P = 0.64) between two groups
(Table 4).

DISCUSSION

In this Nationwide Inpatient Sample database study
we found that the diagnosis of morbid obesity may not
have a significant impact on the health care utilization
in the liver transplant cohort. We found that 1.8% of
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Table 2 Complications of patients who underwent a liver transplant

No morbid obesity Morbid obesity P-value
n = 45691 n =818
Systemic complications
Any 20546 44.97% 394 48.20% 0.5253
Post LT infection 13308 29.13% 297 36.26% 0.2103
Cardiovascular complication 781 1.71% 25 3.05% 0.3858
Infections, surgical wound 2035 4.45% 35 4.29% 0.9301
Cardiac complications 1972 4.32% 49 6.00% 0.2737
Peripheral vascular complications 152 0.33% 0 0.00% =
Respiratory complications 481 1.05% 40 4.87% 0.0433
Digestive system complications 95 0.21% <10 1.12% 0.2376
Other postoperative infection 2035 4.45% 35 4.29% 0.9301
Pulmonary insufficiency following surgery 269 0.59% <10 0.57% 0.9654
Unspecified intestinal obstruction 145 0.32% 0 0.00% -
Stroke 149 0.33% 0 0.00% -
Postoperative shock 69 0.15% <10 0.57% 0.4556
Post LT complication 9927 21.73% 142 17.40% 0.1441
Technical complications

Any 16044 35.11% 263 32.27% 0.4206
Hepatic artery thrombosis 8940 19.57% 113 13.80% 0.0531
History of exploratory laparotomy exploratory laparotomy 221 0.48% <10 0.57% 0.8483
Anastomotic leak of biliary tree 1442 3.16% 49 6.00% 0.0837
Perforation of the intestine 148 0.32% 0 0.00% =
Hemorrhage complicating a procedure 5390 11.80% 58 7.04% 0.0278
Accidental laceration during a procedure 965 2.11% <10 0.67% 0.0611
Tatrogenic pulmonary embolism and infarction 169 0.37% 20 2.49% 0.0862
Tatrogenic pneumothorax 691 1.51% <10 1.14% 0.6429
Hematoma 3487 7.63% 65 7.94% 0.8931
Seroma complicating a procedure 74 0.16% <10 1.15% 0.2145
Disruption of wound 25 0.06% 0 0.00% -
Disruption of internal operation wound 179 0.39% 0 0.00% -
Disruption of external operation wound 378 0.83% 20 2.43% 0.1632

Variables are expressed as weighted frequency (percentage) and differences between the groups are analyzed with ° tests. LT: Liver transplantation.

Table 3 Results of multivariate linear/logistic regression for mortality, length of stay and charges for liver transplantation in study cohort

Outcomes No morbid obesity Morbid obesity Adjusted OR/p-coefficient  P-value
n = 45691 (%) n = 818 (%) (95%CI)

Mortality 2407 (5.27%) 39 (4.83%) 0.98 (0.50-1.92) 0.95

Length of stay in days, mean (CI) 209 (18.7-23.1) 18.7 (15.5-22) 39" (-7.94-0.14) 0.06

Total charges, mean (CI) 342324 (305778-378870) 378452 (320453-436452) 612 (-54780-56004) 0.98

I[S—C()efficien’ts. Data was adjusted for gender, race, income, modified Elixhauser comorbidity score, weekend admission, and diabetes.

patients who underwent liver transplantation from 2003
to 2011 were morbidly obese, i.e., BMI = 40. Moreover,
morbidly obese transplant recipients were more likely to
be females, Caucasian, low national income quartile, and
had OLT surgeries on weekdays; they also had more pre-
transplant comorbid conditions based on the modified
Elixhauser index. The majority of post-OLT complications,
except procedure related hemorrhage and respiratory
complications were equally distributed in all transplant
recipients. Despite these differences, in pre- and post-
liver transplant issues, no difference in mortality, LOS
or charges for transplantation was observed in the two
groups.

In our study the incidence of morbidly obese OLT
recipients is equal to previous studies by Nair et ai'!
but less than Pelletier et al”!. However, the prevalence
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of morbid obesity reported in the general population is
approximately 6.4%. This discrepancy is likely due to
the plausible super-selective nature of transplantation
candidacy. Obese candidates are at a higher risk for
mortality may now be more readily identified and
carefully selected. Whereas obesity in itself is not an
indication for invasive pre-cardiac screening, obesity-
related comorbidities such as coronary artery disease,
hypertension, and dyslipidemia may warrant cardiac
catheterization or additional testing™?. This allows for
detection of morbidly obese individuals with severe
cardiac disease which precludes liver transplantation.

We found no statistically significant difference between
healthcare utilization in our cohort of morbidly obese and
non-morbidly obese patients. Previous studies have shown
that individuals referred for OLT were more likely to have
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Table 4 Analysis of outcomes in the propensity matched sample

Outcomes No morbid obesity Morbid obesity Adjusted OR/B-coefficient P-value
n =143 n =143 (95%ClI)

Mortality 10 (7.04%) <10 (4.93%) 0.70 (0.27-1.84) 047

Length of stay in days, mean (CI) 241 (19.5-28.7) 19.6 (16.8-22.5) -4.44 (-9.93-1.05)" 0.11

Total charges, mean (CI) 388530 (344027-33033) 395518 (349932-441105) 15693 (—E‘>‘l622—83008)l 0.64

!B-coefficients.

private insurancest*®. As would be expected, the majority hypothesize that multiple factors may be influencing this

of individuals who receive liver transplantation also had outcome. First, selection criteria is more stringent since
private insurances (55% and 54% for non-morbidly the development of the MELD system. In addition, as
obese and morbidly obese, respectively); however, there the prevalence of obesity in the United States continues
was no overall difference between the two groups among to increase, surgeons and other physicians are more

utilization of Medicaid, Medicare, and others (P = 0.11). experienced in the nuances of providing care for these
The vast majority of both groups of liver recipients were patients. Lastly, it is also possible that our short-term
transplanted at urban teaching hospitals (> 99%, P = outcomes are not reflective of the long-term outcomes in
0.95), similar to trends reported in other studies*.. There these patients.

also was no statistically significant difference between Our study did have some important limitations. First,
groups for hospital size (P = 0.24) or hospital region (P = this was a retrospective study based on diagnostic codes

0.43). Current guidelines from the American Association and utilizing a database. As we previously mentioned,
for the Study of Liver Disease consider morbid obesity there were no variable data points, and all our collected
a relative contraindication to liver transplantation™. information was dependent upon documentation of the
Previously reported data on outcomes in morbidly obese presence or absence of pathology.

transplant recipients has been contradictory, with some Another limitation is that we only investigated out-
studies showing equivalent outcomes™®*”! while others comes during the index hospitalization of transplantation.
showed increased post-operative complications!*®! and We did not have data for re-admissions and long term
decreased survivall, Importantly, we found that there was outcomes of transplantation. Though we assume the
no statistically significant increase in mortality for morbidly majority of poor outcomes would happen during or
obese liver transplant recipients. This contrasts data from shortly post-operatively, it would be interesting to follow
previous studies which suggest higher rates of mortality in the outcomes over a longer period of time and see if any
morbidly obese patients after transplant. The differences meaningful differences occur.

reported in peri-operative mortality and morbidity in An important consideration in the data we used is
studies can potentially be explained by heterogeneity its dependence upon diagnostic coding and accurate
amongst the obese and morbidly obese patients. Also the documentation for validity, and was therefore vulnerable
sample size and effect of era may be responsible for the to selection bias. Previous papers have theorized that

variability in outcomes. accurate reporting of obesity as comorbidity has his-
Obesity has been shown to be protective in patients torically been inferior to recent reporting. As obesity has
in many settings, including the intensive care unit and been increasingly recognized as a public health epidemic,

in patients with severe sepsis*®®®. There are multiple health care providers would be more likely to accurately
hypotheses for the improved outcomes seen in obese document obesity™.

patients in these settings. It has been demonstrated Lastly, our method of data collection did not allow
that obesity leads to loss of tissue homeostasis and for stratifying patients by disease severity, etiology of
development of an inflammatory response characterized cirrhosis, or donor factors based on donor risk index.
by an accumulation of pro-inflammatory type-1 phenotype Therefore, survival analyses may be of constrained
macrophagest*?4. However, critical illness instigates the generalizability due to these limitations.

accumulation of alternatively activated M2 macrophages In conclusion, patients with morbid obesity under-
with a more anti-inflammatory role. It has also been going OLT have increased respiratory complications
observed that critically ill obese patients with ARDS have and = 3 comorbidities based on modified Elixhauser
reduced levels of inflammatory cytokines®, The shift comorbidity index. Based on NIS database we found that

to an anti-inflammatory milieu may partially explain a health care utilization during admission for OLT is similar
protective role of obesity in LT patients. Another possible in morbidly obese and non-morbidly obese patients.
explanation relates to the nutritional reserves possessed Keeping in mind the limitations of NIS database, morbidly
by obese patients, which may help them tolerate the obese patients may be selected for OLT carefully after
increased metabolic demands of critical illness™*. assessing their comorbidities. Further studies are needed

We also found no statistically significant difference to evaluate long term outcomes in these patients in
in either length of stay or total hospital charge. We era of MELD score based allocation of liver, which may
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affect how patients are selected for transplantation in the
future.

COMMENTS

Background

There have been varying reports on the morbidity and mortality in obese patients
undergoing orthotopic liver transplantation (OLT). Consistently, studies have
shown greater peri-operative morbidity as well as increased post-operative
length of stay. Studies have also shown socioracial disparities in OLT utilization.
Despite this, there have not been any large population based studies from United
States on health care utilization and short term outcomes of liver transplantation
in morbidly obese patients. The authors hypothesized that provided selected
carefully morbidly obese patients undergoing liver transplantation may not have
different healthcare utilization and short term outcomes.

Research frontiers

The need for liver transplantation continues to rise, as is the prevalence of
obesity. The results of this study contribute to clarifying that carefully selected
morbidly obese patients may be acceptable candidates for liver transplantation.

Innovations and breakthroughs

In this study, there was no difference in mortality, length of stay, or charges
between morbidly obese and non-morbidly obese individuals receiving liver
transplantation. This differs from previous reports.

Applications
This study suggests that morbidly obese patients may be selected for liver
transplantation after carefully assessing their comorbidities.

Peer-review

This is a very interesting study performed on a great United States database
based on more than 46000 patients undergoing liver transplantation. The
retrospective study indicated that morbid obesity might not impact in-hospital
mortality and health care utilization in OLT recipients.
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Abstract

AIM

To assess for passive expansion of sub-maximally dilated
transjugular intrahepatic portosystemic shunts (TIPS)
and compare outcomes with maximally dilated TIPS.

METHODS

Polytetrafluoroethylene covered TIPS (Viatorr) from
July 2002 to December 2013 were retrospectively
reviewed at two hospitals in a single institution. Two
hundred and thirty patients had TIPS maximally dilated
to 10 mm (mTIPS), while 43 patients who were at
increased risk for hepatic encephalopathy (HE), based on
clinical evaluation or low pre-TIPS portosystemic gradient
(PSG), had 10 mm TIPS sub-maximally dilated to 8 mm
(smTIPS). Group characteristics (age, gender, Model for
End-Stage Liver Disease score, post-TIPS PSG and clinical
outcomes were compared between groups, including
clinical success (ascites or varices), primary patency,
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primary assisted patency, and severe post-TIPS HE.
A subset of fourteen patients with smTIPS underwent
follow-up computed tomography imaging after TIPS
creation, and were grouped based on time of imaging
(< 6 mo and > 6 mo). Change in diameter and cross-
sectional area were measured with 3D imaging software
to evaluate for passive expansion.

RESULTS

Patient characteristics were similar between the smTIPS
and mTIPS groups, except for pre-TIPS portosystemic
gradient, which was lower in the smTIPS group (19.4
mmHg % 6.8 vs 22.4 mmHg £ 7.1, P = 0.01). Primary
patency and primary assisted patency between smTIPS
and mTIPS was not significantly different (P = 0.64 and
0.55, respectively). Four of the 55 patients (7%) with
smTIPS required TIPS reduction for severe refractory
HE, while this occurred in 6 of the 218 patients (3%) with
mTIPS (P = 0.12). For the 14 patients with follow-up
computed tomography (CT) imaging, the median imaging
follow-up was 373 d. There was an increase in median
TIPS diameter, median percent diameter change, median
area, and median percent area change in patients with
CT follow-up greater than 6 mo after TIPS placement
compared to follow-up within 6 mo (8.45 mm, 5.58%,
56.04 mm’, and 11.48%, respectively, 2 = 0.01).

CONCLUSION

Passive expansion of smTIPS does occur but clinical out-
comes of smTIPS and mTIPS were similar. Sub-maximal
dilation can prevent complications related to over-
shunting in select patients.

Key words: Variceal hemorrhage; Portal hypertension;
Transjugular intrahepatic portosystemic shunts; Ascites;
Sub-maximal dilation; Underdilated; Passive expansion;
Hepatic encephalopathy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Sub-maximal dilation of transjugular intrahepatic
portosystemic shunts (TIPS) is a method to reduce
the risk of over-shunting and hepatic encephalopathy.
The current study is a retrospective review to compare
clinical outcomes of sub-maximally dilated TIPS (smTIPS)
with maximally dilated TIPS (mTIPS) and assess for
passive expansion of smTIPS. The study demonstrated
that passive expansion of smTIPS does occur, however
shunts may not fully expand and expansion may occur
even after 6 mo. Clinical outcomes of smTIPS and mTIPS
were similar, suggesting sub-maximal dilation may be an
acceptable method to prevent complications related to
over-shunting in select patients.

http://www.wjgnet.com/1948-5182/full/v9/i12/603.htm DOI:
http://dx.doi.org/10.4254/wjh.v9.112.603

INTRODUCTION

Transjugular intrahepatic portosystemic shunt (TIPS)
is an established treatment for the sequelae of portal
hypertension, particularly variceal hemorrhage and
refractory ascites. Two major complications can arise
following TIPS placement: Shunt dysfunction and hepatic
encephalopathy (HE)™. Shunt dysfunction occurs from
stenosis and the consequent rise in portosystemic gradient
(PSG) resulting in relapse of clinical manifestations of
portal hypertension!**®. In the era of bare metal stents,
TIPS dysfunction was a major problem that led to relatively
low primary patency rates, typically less than 50% at one
year™>71, However, expanded polytetrafluoroethylene (PTFE)
covered TIPS have improved patency rates and clinical
outcomes compared to bare metal TIPS™**'%. Primary
patency rates at two years have now been shown to range
from 62%-89%""1**4,

Despite these advances, HE remains a pertinent
post-procedural complication as portosystemic shunt
physiology can trigger or worsen HE!"*®l, New or
progressive post-TIPS HE of any severity has been shown
to occur in 5%-35% of patients, while severe post-TIPS
HE that does not respond to medical management and
requires TIPS reduction or occlusion, occurs in up to 7%
of patients™%>1€],

Given the potential conflicting relationship between
portal decompression and HE, efforts have been made
to develop techniques to balance the desired thera-
peutic effect while minimizing over-shunting™'”). One
such technique is to sub-maximally dilate a 10 mm
TIPS™*), Sub-maximal dilation theoretically allows for
further dilation of the TIPS in the event that the initial
portal decompression is insufficient while avoiding over-
shunting™®'®*®!, However, this technique would only be
effective if the sub-maximally dilated TIPS do not expand
significantly over time. Published data suggest the
continued outward radial force of the TIPS stent may lead
to passive expansion to its nominal diameter, limiting the
value of initial gradient calibration®***”, The current study
is a retrospective review to compare clinical outcomes
of sub-maximally dilated TIPS (smTIPS) with maximally
dilated TIPS (mTIPS) at a single large academic institution
and assess for passive expansion of smTIPS in a sub-set
of patients with follow-up cross-sectional imaging.

MATERIALS AND METHODS

Hsu MC, Weber CN, Stavropoulos SW, Clark TW, Trerotola
SO, Shlansky-Goldberg RD, Soulen MC, Nadolski GJ. Passive
expansion of sub-maximally dilated transjugular intrahepatic

portosystemic shunts and assessment of clinical outcomes.
World J Hepatol 2017; 9(12): 603-612 Available from: URL:

Raishidenge ~ WJH | www.wjgnet.com

604

Approval from the Institutional Review Board was
obtained for this retrospective study, which was carried
out in full compliance with the Health Information Port-
ability and Accountability Act. An interventional radiology
database (Hi-IQ, Conexsys, Lincoln, RI) was used to
identify all TIPS placed using an expanded PTFE-covered
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Figure 1 Patient selection. CT: Computed tomography.

stent graft (Viatorr) between July 2002 and December
2013 at two hospitals in a single institution (n = 313).
The electronic medical record was used to obtain patient
characteristics, including age, gender, pre-TIPS Model
for End-Stage Liver Disease (MELD) score, and pre-
TIPS PSG, and retrospectively reviewed to assess for
measurements of clinical outcomes, including post-TIPS
PSG, clinical success, primary patency, primary assisted
patency, and severe post-TIPS HE.

Procedure
All TIPS creation was performed as previously described™?.
In patients who were considered vulnerable to post-TIPS
HE based on (1) past medical history of HE on clinical
evaluation by the referring hepatologist or interventional
radiology service; or (2) low pre-TIPS PSG that could
result in over-shunting post-TIPS as determined by the
performing interventional radiologist, a modified TIPS
creation procedure was performed. The modified TIPS
creation involved initial placement of a hominal 10 mm
TIPS stent that was sub-maximally dilated to 8 mm
(smTIPS). Following initial dilation with the 8 mm balloon,
the PSG was measured and post-TIPS portography
was repeated at the same injection rate as the initial
portogram (8-10 mL/s for 2 s for all cases). If the PSG
normalized (< 12 mmHg) and there was no venographic
evidence of elevated gradient (i.e., persistently filling
varices), then the procedure was ended. Otherwise, the
smTIPS stent was further dilated with a 10 mm balloon,
PSG measured, and portography repeated (mTIPS). Coil
embolization of persistently filling varices following TIPS
creation with normalized PSG was performed in patients
who initially presented with variceal hemorrhage.
Decision for angioplasty, thrombectomy, or stent
placement during TIPS revision was based on veno-
graphic findings and PSG measurements. All patients
received HE prophylaxis with lactulose®!. In cases of
severe post-TIPS HE refractory to medical management
(protein restriction, lactulose, and/or rifaximin), TIPS
reduction was performed with coaxial deployment of
a FLAIR stent within the existing TIPS, or with a stent
graft with parallel balloon-expandable stent as previously
described!*®.. All patients were instructed to maintain
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a protein-restricted diet. Patients with ascites were
instructed to follow a fluid-restricted, low sodium diet.

Inclusion criteria were patients with maximally dilated
10 mm PTFE-covered TIPS or 10 mm PTFE-covered
TIPS sub-maximally dilated to 8 mm, as confirmed in
the medical record (Figure 1). Of the 313 patients who
underwent TIPS creation during the study period, forty
patients were excluded due to placement of PTFE-
covered TIPS of other nominal sizes (n = 11) or patients
with post-TIPS stent deployment angioplasty diameters
that were not confirmed in the medical record (n = 29).
The remaining 273 patients had confirmed TIPS created
with 10 mm nominal diameter stent, of which 230 patients
had mTIPS created and 43 patients underwent creation
of smTIPS. In the group of patients with smTIPS, any
computed tomography (CT) imaging follow-up was iden-
tified from the medical record (n = 14) and reviewed
with TeraRecon (TeraRecon, Foster City, CA), which is an
advanced 3D imaging processing software. Using this
imaging software, two orthogonal planes were obtained
before measuring the diameter of the TIPS stent at the
hepatic venous end, mid-stent, and the portal venous
end (Figure 2). These values were then averaged to
obtain a composite measure of TIPS diameter.

For the purposes of the current study, clinical success
was defined based on the indication for TIPS placement.
In patients who had TIPS placed for varices, clinical
success was defined as absence of further episodes of
variceal hemorrhage or development of varices requiring
intervention. Patients in the varices group with less than
one month of follow-up were excluded from the clinical
success analysis (n = 6 for smTIPS; n = 21 for mTIPS).
For patients with refractory ascites requiring TIPS place-
ment, clinical success was categorized as complete
response (absence of large-volume paracentesis within
six months post-TIPS creation) or partial response
(greater than 50% decrease in frequency of large-volume
paracentesis). Patients in the ascites group with less than
six months of follow-up were excluded from the clinical
success analysis (n = 17 for smTIPS; n = 55 for mTIPS).
Primary patency was defined as the time from TIPS
creation until revision for identified stenosis, elevated
PSG (> 12 mmHg), or recurrent symptoms. Primary
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Figure 2 TeraRecon measurement of transjugular intrahepatic portosystemic shunt stent at hepatic venous end, mid-stent, and portal venous end. A: Axial
image at the hepatic venous end with cross-sectional diameter; B: Coronal image at the hepatic venous end with orthogonal plane designation; C: Sagittal image at
the hepatic venous end with orthogonal plane designation; D: Axial image at mid-stent with cross-sectional diameter; E: Coronal image at mid-stent with orthogonal
plane designation; F: Sagittal image at mid-stent with orthogonal plane designation; G: Axial image at the portal venous end with orthogonal plane designation; H:
Coronal image at the portal venous end with cross-sectional diameter; |: Sagittal image at the portal venous end with orthogonal plane designation.

assisted patency was defined as the time from TIPS
creation until shunt occlusion requiring recanalization.
Severe post-TIPS HE was defined as encephalopathy
refractory to conservative medical management requiring
TIPS reduction.

Statistical analysis

Statistical calculations were performed with GraphPad
Prism software (version 6.05; GraphPad Software; La
Jolla, CA). Unless otherwise indicated, all data were
reported as mean * SD. Categorical variables were
compared using Fisher's exact test. Continuous variables
were compared using unpaired two-tailed Student’s
t-test and Mann-Whitney test for data with a parametric
and non-parametric distribution, respectively. Primary
and primary assisted patency rates were estimated with
the Kaplan-Meier method. Patients were censored at
the time of death or liver transplantation. Patency rates
between smTIPS and mTIPS groups were compared with
the log-rank test. Severe post-TIPS HE was analyzed
on an intention-to-treat basis resulting in 12 patients
from the mTIPS group, originally dilated to 8 mm but
subsequently maximally dilated to normalize the post-
TIPS PSG, being included in the smTIPS group. A P-value
less than 0.05 was considered significant for all analyses.

RESULTS
Patient characteristics and post-TIPS PSG are presented
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in Table 1. There were 150 males and 80 females who
underwent mTIPS creation with a mean age of 54.5 years
+ 0.7 (range, 20-81). Of the 43 patients that had smTIPS
created, 23 were male with a mean age of 56.5 years +
2.3 (range 10-83). There was no statistically significant
difference between the two patient populations based
on gender or age (P = 0.17 and 0.29, respectively).
The mean pre-TIPS MELD score in patients with mTIPS
was 13.5 + 0.3 (range, 6-28) while it was 13.6 £ 0.6
(range, 6-25) for patients with smTIPS, which was not
significantly different (P = 0.82). The mean pre-TIPS PSG
was higher for patients with mTIPS (22.4 mmHg + 7.1;
range, 9-73) compared to those with smTIPS (19.4 mmHg
+ 6.8; range, 8-45), which was statistically significant (P
= 0.01). Following TIPS placement, the median PSG was
8 mmHg for both mTIPS and smTIPS (range, 2-20 and
1-13, respectively) with a mean percent decrease in PSG
of 61.0% =+ 12.4 (range, 0-89) and 59.1% =% 15.9 (range,
0-95), respectively. These were not statistically different
(P = 0.13 and 0.53, respectively). The patients with post-
TIPS PSG above the goal of 12 mmHg had a mean pre-
TIPS PSG of 33 + 13.2 (range 20-73) and experienced
a mean percent decrease in PSG following TIPS creation
of 48.3% =+ 13.1 (range, 30.8-82.2) compared to those
patients with post-TIPS PSG at or below the goal of 12
mmHg who had a mean pre-TIPS PSG of 21.1 mmHg +
5.7 (range, 8-53) and mean percent decrease in PSG of
61.6% =+ 12.6 (range, 0-95) (P < 0.01 and < 0.01) (Table 2).

Of the 43 patients with smTIPS, there were 14
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Table 1 Demographics and clinical characteristics

Sub-maximally dilated Maximally dilated P value

Total patients 43 230 NA
Male 23 150 0.17
Female 20 80

Mean age (yr) 56.5 £ 2.3 (range 10-83) 54.5 + 0.7 (range 20-81) 0.29
Mean MELD 13.6 + 0.6 (range 6-25) 13.5 + 0.3 (range 6-28) 0.82
Mean pre-TIPS PSG (mmHg) 19.4 + 6.8 (range 8-45) 224 +7.1 (range 9-73) 0.01
Median post-TIPS PSG (mmHg) 8 (range 1-13) 8 (range 2-20) 0.13
Mean percent change in PSG (%) 59.1+15.9 (range 0-95) 61.0 +12.4 (range 0-89) 0.53

MELD: Model for end-stage liver disease; TIPS: Transjugular intrahepatic portosystemic shunt; PSG: Portosystemic gradient; NA: Not applicable.

Table 2 Mean pre-transjugular intrahepatic portosystemic shunt portosystemic gradient and percent change in portosystemic

gradient in patients with post-transjugular intrahepatic portosystemic shunt portosystemic gradient above and below 12 mmHg

> 12 mmHg < 12 mmHg P value
Mean pre-TIPS PSG (mmHg) 33 +13.2 (range 20-73) 21.1+5.7 (range 8-53) <0.01
Mean percent change in PSG (%) 48.3 +13.1 (range 30.8-82.2) 61.6 +12.6 (range 0-95) <0.01

TIPS: Transjugular intrahepatic portosystemic shunt; PSG: Portosystemic gradient.

Table 3 Measurements of 8 mm transjugular intrahepatic portosystemic shunt stents on computed tomography imaging follow-up

Median diameter (mm) Median percent diameter change Median area (mm?) Median percent area change
<6mo (n=7) 8.05 (range 7.84-8.43) 0.67% 50.94 1.34%
>6mo (n=7) 8.45 (range 8.23-8.72) 5.58% 56.04 11.48%
P-value 0.01 0.01% 0.01 0.01%

had last imaging follow-up after 6 mo had a median
diameter, percent diameter change, area, and percent
area change of 8.45 mm (range, 8.23-8.72 mm), 5.58%,
Length: 8.25 mm 56.04 mm?, and 11.48%, respectively. When comparing
m:iﬁag‘f-% these two subgroups, there was a statistically significant
Min: -148 increase in diameter, percent diameter change, area, and
SDev: 139.19 percent area change (P = 0.01) (Figures 3 and 4).
Post-TIPS clinical success is summarized in Table 4.
Nine of 14 patients (64%) who had smTIPS placed for
refractory ascites experienced complete clinical success
and 11 of 14 patients (79%) experienced at least partial
clinical success. Similarly, 63 of the 98 patients (64%)
who underwent mTIPS placement for refractory ascites
Figure 3 Mid-stent measurement of sub-maximally dilated transjugular experienced complete clinical success and 89 of 98
intrahepatic portosystemic shunt 103 d (< 6 mo) following creation. patients (91%) had at least partial dlinical success. There
was no statistically significant difference in complete or
patients who had CT imaging follow-up (Table 3). Median partial clinical success between patients with smTIPS or
time to last imaging follow-up was 373 d. The diameter mTIPS (P = 1 and P = 0.17, respectively). For variceal
and cross-sectional area of initial TIPS placement was bleeding, 7 of 9 patients (78%) with smTIPS and 64
assumed to be 8 mm and 50.27 mm’, corresponding to of 75 patients (85%) with mTIPS experienced clinical
the diameter and area of the balloon used for dilation. success, which was not significantly different (P = 0.62).
Seven patients had last CT imaging follow-up within 6 Kaplan-Meier survival curves depicting primary and
mo (range, 4-172 d) and 7 patients had last CT imaging primary assisted patency rates for smTIPS and mTIPS are
follow-up after 6 mo (range, 573-2131 d). The 7 patients shown in Figures 5 and 6, respectively. Primary patency
with imaging follow-up within 6 mo had a median dia- for smTIPS and mTIPS was 85% £ 9.1% and 76% =
meter, percent diameter change, area, and percent area 5.9%, respectively, at one year, and 77% = 13 and 70%
change of 8.05 mm (range, 7.84-8.43 mm), 0.67%, + 6.9%, respectively, after two years. Primary assisted
50.94 mm’, and 1.34%, respectively. The patients that patency for smTIPS and mTIPS was 95% % 5% and
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Figure 4 Mid-stent measurement of sub-maximally dilated transjugular intrahepatic portosystemic shunt (A) 182 d and (B) 573 d following creation (> 6

mo) in the same patient.

Table 4 Clinical Success of transjugular intrahepatic porto-
systemic shunt 7 (%)

Table 5 Severe post- transjugular intrahepatic portosystemic

shunt hepatic encephalopathy 7 (%)

Sub-maximally dilated

Maximally dilated P value

Complete Clinical Success of TIPS for Ascites

Yes 9 (64) 63 (64) 1
No 5 (36) 35 (36)

Partial Clinical Success of TIPS for Ascites

Yes 11 (79) 89 (91) 0.17
No 3(21) 99

Clinical Success of TIPS for Varices

Yes 7 (78) 64 (85) 0.62
No 2(22) 11 (15)

TIPS: Transjugular intrahepatic portosystemic shunt.

95% = 3%, respectively, at one year, and 88% % 13%
and 94% = 4%, respectively, after two years. There was
no statistically significant difference between primary or
primary assisted patency between the two groups (P
= 0.64 and 0.55, respectively). Four of the 55 patients
(7%) with smTIPS required TIPS reduction for severe
refractory HE, while this occurred in 6 of the 218 patients
with mTIPS (3%) using an intention-to-treat analysis,
although not statistically significant (P = 0.12) (Table 5).
In both smTIPS and mTIPS, the MELD scores and post-TIPS
PSG were not significantly different between patients
who experienced severe post-TIPS HE and those who did
not (Table 6).

DISCUSSION

Despite improved patency rates and reduced need for
shunt revision with PTFE-covered TIPS, HE remains a
problem following TIPS placement with some speculation
that improved patency rates may increase the incidence
of HE™*#9), HE arises when compounds derived from the
intestine that require hepatic detoxification bypass the
hepatic vascular bed in the setting of a portosystemic
shunt, and subsequently enter systemic circulation. These
compounds, typically nitrogenous in composition, travel to
the central nervous system and disturb neurotransmission,
which leads to eventual alterations in consciousness and

WJH | www.wjgnet.com

JRaishideng®

Severe post-TIPS Sub-maximally Maximally dilated P value
HE dilated

Yes 4(7) 6 (3) 0.12
No 51 (93) 212 (97)

TIPS: Transjugular intrahepatic portosystemic shunt; HE: Hepatic
encephalopathy.

behavior that manifest as HE®?, This pathogenesis is
further supported with the evidence that HE occurs with
spontaneous portosystemic shunts, even in the absence
of hepatic dysfunction or TIPS™?%, Prior investigations
have also shown that an increased volume of shunted
blood, decreased portal hepatic perfusion, and a lower
PSG following TIPS placement correlate with higher rates
Of HE[5,17,18,25]-

With knowledge of the pathogenesis of HE, different
techniques have been studied in an effort to balance the
desired therapeutic effect while minimizing over-shunting
and increased risk of HE, such as smaller diameter TIPS
or altering the goal in PSG reduction for patients with
HEP*". Another technique is sub-maximal dilation of TIPS,
which allows for further staged dilation, if necessary, and
theoretically minimizes over-shunting®***#?%1, However,
passive expansion of the TIPS may limit the effectiveness
of this technique with prior evidence, in both peripheral
circulation and TIPS, that suggests this phenomenon
should be taken into consideration. Late expansion of
bare metal nitinol stents was demonstrated after 6 mo
in peripheral arteries of an animal model””. Haskal et
al*® showed that after immediate recoil of Wallstent TIPS
stents after placement, passive expansion to nominal
diameter occurred at follow-up venography three to six
months later. Pieper et al'*®! studied 29 patients with
Viatorr TIPS sub-maximally dilated to a mean of 64% of
their nominal area, and found passive expansion to 88%
during follow-up, with significant expansion occurring within
6 mo. Finally, Gaba et af*® evaluated 41 patients with 10
mm nominal Viatorr TIPS sub-maximally dilated to 8
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Table 6 Model for End-Stage Liver Disease and post-transjugular intrahepatic portosystemic shunt portosystemic gradient for

patients with and without severe post-transjugular intrahepatic portosystemic shunt hepatic encephalopathy

Mean MELD with HE Mean MELD without HE P value Median post-TIPS PSG Median post-TIPS PSG P value
with HE (mmHg) without HE (mmHg)
Sub-maximally dilated 13.3 +2.9 (range 11-17)  13.7 £ 4.3 (range 6-25) 0.85 7.5 (range 6-8) 8 (range 1-13) 0.67
Maximally dilated 15.8 4.3 (range 12-24)  13.4 4.1 (range 6-28) 0.16 10 (range 4-11) 8 (range 2-20) 0.36

MELD: Model for End-Stage Liver Disease; HE: Hepatic encephalopathy; TIPS: Transjugular intrahepatic portosystemic shunt; PSG: Portosystemic gradient.
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Figure 5 Primary patency rates of sub-maximally dilated (8 mm) vs
maximally dilated (10 mm) transjugular intrahepatic portosystemic shunt.
On Kaplan-Meier analysis, yearly patency rates through 6 years of follow-up
after transjugular intrahepatic portosystemic shunt creation are demonstrated
with 95%Cl and number at risk.

mm, and demonstrated passive expansion with follow-
up CT median stent diameter of 9.8 mm at a median of
76 d post TIPS creation without difference in incidence of
post-TIPS HE in smTIPS vs mTIPS.

In the current study, continued passive expansion
of smTIPS was observed in the subgroup of patients
with cross-sectional imaging follow-up. Additionally, a
significant difference in the increase in median diameter
and area was observed when comparing the patients
who had last imaging follow-up after 6 mo vs those within
6 mo. No patients in this subpopulation suffered severe
refractory post-TIPS HE. While this change was statistically
significant, the magnitude of expansion was not to the
same degree as suggested by prior studies, and it also
occurred over a longer time period (> 6 mo)"**®. The
delayed and less extensive passive expansion observed in
this study, although difficult to explain, may be secondary
to dilation of the portosystemic tract with an 8 mm balloon
prior to placement of the TIPS stent-graft. While the
diameter of the balloon used to create the TIPS tract is
not always described in prior investigations, a 10 mm
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Figure 6 Primary assisted patency rates of sub-maximally dilated (8 mm)
vs maximally dilated (10 mm) transjugular intrahepatic portosystemic
shunt. On Kaplan-Meier analysis, yearly patency rates through 6 years of
follow-up after transjugular intrahepatic portosystemic shunt creation are
demonstrated with 95%Cl and number at risk.

balloon has been used previously™. It is hypothesized
that dilating the tract to only 8 mm may lead to a greater
initial counterforce on the stent from the elasticity of the
surrounding liver parenchyma and new TIPS tract with
minimal potential space, which leads to both slower and
less passive expansion. In comparison, dilating the tract
to 10 mm may hypothetically allow for a larger initial
potential space for more immediate passive expansion
of a TIPS sub-maximally dilated to 8 mm. Moreover; it
is conceivable that more fibrotic livers with decreased
compliance may differentially limit the extent of passive
expansion, although this analysis was beyond the scope
of this study.

In order to better understand whether or not passive
expansion of the TIPS over time is dlinically relevant, we
compared a variety of outcomes in patients with smTIPS
and mTIPS. The post-TIPS PSG demonstrated adequate
portal decompression with a median PSG of 8 mmHg
in both groups (P = 0.13) and no significant difference
in mean percent change in PSG (P = 0.53). Overall, the
observed rate of severe post-TIPS HE was low (4%), and
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not significantly different between mTIPS and smTIPS
(P = 0.12), suggesting the step-wise approach to TIPS
creation by assessing PSG following sub-maximal dilation
may be effective in minimizing unnecessary over-dilation
and thus, over-shunting. These findings are similar to prior
reports®®, The lack of an observable difference between
the groups may be due to passive expansion allowing
for an equilibrium to gradually develop as increasing
amounts of blood are shunted through the liver, thus,
minimizing severe refractory HE*®!, Additionally, there was
no significant difference in median post-TIPS PSG or mean
MELD between patients who suffered severe post-TIPS HE
and those who did not for patients with smTIPS or mTIPS.
Finally, no significant difference in primary and primary
assisted patency or clinical success for both ascites and
varices occurred between the two groups.

These results are somewhat contradictory to a prior
study comparing nominal 8 mm and 10 mm TIPS which
found increased rates of recurrent portal hypertensive
complications in the 8 mm group, leading to early termi-
nation of the study™. A possible explanation for the
conflicting results may be related to the small, but not
insignificant amount of passive expansion demonstrated
with smTIPS. Based on Poiseuille’s Law, volumetric flow
rate is proportional to change in diameter to the fourth
power, as well as change in pressure. It is postulated that
despite a decrease in the change in pressure across the
TIPS stent from passive expansion, the 5.6% increase in
diameter observed in patients with CT imaging > 6 mo
would disproportionately cause an increase in volumetric
flow rate. As such, gradual passive expansion may slowly
increase the amount of shunted blood and decrease the
recurrence of portal hypertensive complications, yielding
similar clinical success between the two groups obtained
in the present study. Furthermore, the nominal 8 mm
TIPS group in the same study had a higher incidence of
shunt dysfunction, a majority without angiographically
evident stenosis, than the smTIPS group in the current
study, suggesting that a fixed, smaller diameter TIPS
may provide insufficient portosystemic decompression
and that passive expansion may be more efficacious
in patients deemed to be at risk of post-TIPS HE"!,
Previously, the only mechanism to improve TIPS shunting
in patients with nominal 8 mm TIPS was to place a
parallel TIPS, as no further expansion was possible. The
current study highlights a technique that would allow
for further TIPS dilation in patients that show signs of
inadequate portal decompression following initial creation
of smTIPS, potentially obviating the need for a second
parallel TIPS.

This study has several important limitations, including
its retrospective design and data collection from a single
center. The small size of the smTIPS group (n = 43) relative
to the mTIPS group raises the possibility of a Type I error.
As a tertiary center, identification of undocumented TIPS
intervention or clinical follow-up at outside institutions is
limited. There was more severe refractory post-TIPS
HE in the smTIPS group vs the mTIPS group (7% vs
3%), although not statistically significant (P = 0.12).
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While this finding was not expected, it reflects selection
bias between the two groups. Patients who underwent
creation of smTIPS had a statistically significant lower
mean pre-TIPS PSG compared to mTIPS (P = 0.01).
This was not surprising given that patients deemed to be
higher risk for HE following TIPS creation, which included
a low pre-TIPS PSG, were preferentially selected to have
smTIPS created to reduce the risk of over-shunting, as
determined by the operating physician. Furthermore,
even though shunt physiology is a known contributing
factor for HE, the pathophysiology of HE is multifactorial
and includes other precipitating factors such as hepatic
decompensation, honcompliance with dietary restrictions,
sepsis, and medications. Additional independent risk
factors include older age, elevated serum creatinine, low
serum sodium and low albumin; however, these clinical
data were difficult to corroborate from a retrospective
review spanning 10 years”.. Only a minority (33%) of the
patients with smTIPS had subsequent CT exams during
the follow-up period. It is conceivable that this may not
be representative of the entire subgroup. Additionally,
patients did not undergo repeat angiographic TIPS
evaluation following CT evidence of passive expansion,
which would allow for repeat PSG measurement to deter-
mine the true hemodynamic consequences of passive
expansion.

In conclusion, in patients with smTIPS there was
passive expansion of 10 mm Viatorr TIPS stent-grafts
even after 6 mo, however, not all reached their nominal
diameter. The clinical outcomes, including incidence of
severe post-TIPS HE, between sub-maximally and maxi-
mally dilated 10 mm Viatorr TIPS were similar. These
findings suggest sub-maximal dilation may be an accept-
able method to prevent complications related to over-
shunting in select patients.

COMMENTS

Background

Transjugular intrahepatic portosystemic shunt (TIPS) is an established treatment
for the sequelae of portal hypertension, particularly variceal hemorrhage and
refractory ascites. Despite improved patency rates and reduced need for shunt
revision with polytetrafluoroethylene-covered TIPS, hepatic encephalopathy
(HE) remains a problem following TIPS placement with some speculation that
improved patency rates may increase the incidence of HE. HE arises when
compounds derived from the intestine that require hepatic detoxification bypass
the hepatic vascular bed in the setting of a portosystemic shunt, and subsequently
enter systemic circulation. One technique to balance portal decompression while
minimizing over-shunting is sub-maximal dilation of TIPS. While sub-maximal
dilation theoretically allows for further dilation of the TIPS in the event that the
initial portal decompression is insufficient while avoiding over-shunting, published
data suggest the continued outward radial force of the TIPS stent may lead to
passive expansion to its nominal diameter and limit the value of initial gradient
calibration.

Research frontiers

As sub-maximal dilation of TIPS has gained increased clinical use, there have
been more studies investigating the presence and effect of passive expansion
in both peripheral circulation and TIPS. Late expansion of bare metal nitinol
stents was demonstrated after 6 mo in peripheral arteries of an animal model.
Haskal et al showed that after immediate recoil of Wallstent TIPS stents
after placement, passive expansion to nominal diameter occurred at follow-
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up venography three to six months later. Pieper et al studied 29 patients with
Viatorr TIPS sub-maximally dilated to a mean of 64% of their nominal area, and
found passive expansion to 88% during follow-up, with significant expansion
occurring within 6 mo. Finally, Gaba et al evaluated 41 patients with 10 mm
nominal Viatorr TIPS sub-maximally dilated to 8 mm, and demonstrated passive
expansion with follow-up computed tomography median stent diameter of 9.8
mm at a median of 76 d post TIPS creation without difference in incidence of
post-TIPS HE in smTIPS vs mTIPS.

Innovations and breakthroughs

While the aforementioned studies focused on establishing the presence of
passive expansion, there is a lack of published data investigating the clinical
outcomes of sub-maximally dilated TIPS with maximally dilated TIPS in
addition to the presence of passive expansion. While the study showed passive
expansion does occur, not all shunts fully expanded to nominal diameter and
expansion even occurred after 6 mo, unlike prior studies. More importantly, the
comparison of clinical outcomes of smTIPS vs mTIPS showed no significant
difference in primary patency, primary assisted patency, clinical success, or
post-TIPS HE.

Applications

In patients who are at high risk for post-TIPS hepatic encephalopathy, based on
pre-TIPS encephalopathy or low pre-TIPS portosystemic gradient, sub-maximal
dilation may be an effective method to balance adequate portal decompression
with the risk of over-shunting and hepatic encephalopathy with the knowledge
that passive expansion following placement does not appear to affect clinical
outcomes.

Terminology
Sub-maximally dilated TIPS - TIPS stent grafts that are not fully dilated to
nominal diameter following deployment.

Peer-review
The study is to compare clinical outcomes of smTIPS with mTIPS. The results
suggest the method may be of significance.
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