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Abstract
Severe alcoholic hepatitis is implicated as a costly, 

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.
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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[1]. 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[2]. 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)[1]. 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%[3]. In other studies, 
approximately 20% of individuals with chronic alcohol 
abuse are found to have AH when biopsied[4]. 

Alcoholic hepatitis is an acute-on-chronic presentation 
of liver disease with a wide ranging spectrum of mild to 
florid, life-threatening injury[5]. 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[6]. 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 

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[7]. 

It has been reported that chronic alcohol abuse and 
binge drinking are associated with development of liver 
disease[8,9]. 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[10]. 
Earlier studies implied that weekly binge drinking may 
be more deleterious than daily consumption of alcohol[2]. 
More recent studies suggest daily heavy drinkers had 
increased mortality from liver disease compared to binge 
drinkers[11]. 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[12]. 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[13]. 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[14]. 

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[15]. 
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 
CYP2E1. Ethanol catalase driven reaction in the liver per-
oxisome is negligible[16]. 

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[17]. 
NADH is increased as a byproduct of ethanol metabolism. 
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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[18]. 
Acetyl-coA induces fatty acid synthesis by serving as a 
precursor for fatty acid and cholesterol biosynthesis[19]. 
In addition, ethanol inhibits the peroxisome-proliferator-
activated receptor α and adenosine monophosphate 
activated protein kinase with stimulation of sterol 
regulatory element binding protein 1, a membrane 
bound transcription factor to promote lipogenesis[20-22]. 

Acetaldehyde is direct hepatotoxin and a known 
carcinogen[23]. Acetaldehyde form adducts that are potent 
immunogens to activate inflammatory cytokines[24,25]. 

The production of reactive oxygen species inducing 
lipid peroxidation with additional cytotoxic effects of 
ethanol metabolism induce hepatocyte necrosis[26]. 
Damage-associated molecular patterns are produced 
after cell necrosis, which trigger inflammation, fibrosis, 
and abnormal hepatocyte regeneration[27]. 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[28,29]. 

The endoplasmic reticulum (ER) regulates protein 
folding, maturation, misfolded protein degradation, and 
regulation of new protein entry[30]. 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[31]. Multiple mechanisms, 
including downstream inflammation and increased oxida-

tive ER stress from hyperhomocysteinemia activates 
nuclear factor kappa beta (NFΚΒ) and JNK to induce 
hepatocyte apoptosis via caspase activation[32,33]. 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[34,35]. 

Ethanol induces gut dysbiosis and alters the per-
meability[36]. Increased gut permeability allows the 
endotoxins to infiltrate the liver through the portal 
vein[37] (Figure 2). Endotoxin levels are measured to 
be high in patients suffering from alcoholic hepatitis[38]. 
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)[39]. This reaction stimulates mitogen-
activated protein kinases [such as extracellular signal-
regulated kinase (ERK-1/ERK-2), JNK and p38], NFΚB, 
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-α, IL-1 and IL-6)[40]. 
The enhanced inflammatory T-helper-type 1 (TH1) 
response to alcohol dehydrogenase in alcoholic hepatitis 
induces additional neutrophil recruitment[41,42]. Nicotinamide 
adenine dinucleotide phosphate-oxidase (NADPH) oxidase 
is an additional contributor to ROS[6]. 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[43]. IL-22 is stimulated by increased levels of 
IL-6 and TNF-α. 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-17[12]. 

Peripheral neutrophilia is a characteristic finding 
in alcoholic hepatitis[44]. Normally, neutrophils are re-
cruited to aid in tissue repair and recovery[45]. The innate 
immunity is impaired in patients with progressive liver 
dysfunction, contributing to multi-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[46]. 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[47]. 

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

transforming growth factor β dependent, platelet-derived 
growth factor, and independent profibrotic pathways to 
active hepatic stellate cells, which contribute to portal 
hypertension[48]. 

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[9]. 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[49,50]. 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[51-53]. 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[54]. 

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[55]. 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[56]. 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[57]. 

Caffeine consumption may have a protective effect 
against development of AH. Recent studies by Chalasani 
et al[58] 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[58]. 

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[59]. Diehl et 
al[59] 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/m2) 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[60]. 

Alcoholics with other liver co-morbidities, such as 
hepatitis B, hepatitis C, and hemochromatosis have greater 
disease severity and likelihood to develop cirrhosis[61,62]. 
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[63,64]. Patients with 
concomitant hepatitis C and alcoholism have 2- to 8-fold 
increase risk of all-cause mortality compared to patients 
without hepatitis C[65]. Alcohol abuse reduces survival 

in patients with hepatitis C, especially in women[66]. 
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[67]. 
Alcohol induced liver fibrosis in patients with hepatitis C is 
dose-dependent and exhibited patients who ingest 30-40 
g daily[68]. 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[62]. 

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[69,70]. 

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[71,72]. 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[73]. Iron deposition is found in > 
50% patients with chronic hepatitis C or heavy alcohol 
consumption, which is not typically seen in hepatitis B[74]. 

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[75]. 
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[76]. Elevated  
hepatic iron concentration is associated with higher 
mortality in alcoholic cirrhosis patients[77]. Iron accumula-
tion seen in alcoholic liver disease and hepatitis C is 
independent risk factor for hepatocellular carcinoma 
development[76]. Fifty percent of patients with hereditary 
hemochromatosis develop fibrosis with a 200-fold risk of 
hepatocellular carcinoma development[78]. 

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[79]. 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[80,81]. Mallory-
Denk bodies can be present in chronic cholestasis, Wilson’
s disease, NASH, and amiodarone toxicity. They are not 
exclusively seen in alcoholic hepatitis[82]. Patients with 
alcoholic liver disease tend to higher rates of perivenular 
fibrosis, phlebosclerosis, cholestasis, and ductal pro-
liferation compared to NASH patients[83]. Using logistic 
regression, Dunn et al[84] 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[84]. 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 
patients[85]. 

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[86]. 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[40,87]. Severe 

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[88]. 
There is a higher prevalence of patients having alcohol 
withdrawal in alcoholic hepatitis compared to alcoholic 
cirrhosis[3]. 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[23]. 

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 μmol/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[89]. 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[90]. 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[91]. 

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[92]. 

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 
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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[93]. 

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[94]. A retrospective study determined 
that an increase in MELD ≥ 2 within the first week 
of hospitalization is independently associated with in-
hospital mortality[95]. A study by Dunn et al[96] 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[97]. 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[98]. 
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[99]. Side effects of 
steroids include infections, hypokalemia, osteopenia, and 
weight gain. Fungal infections, especially Aspergillosis are 
common in the steroid treated group[100]. 

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[101]. 

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). 

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[102]. 

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-
tamyl transferase ratio > 1[103-106]. 

Metabolomic profiling
Metabolomic profiling is recently constructed to identify 
biochemical markers in liver-related disease[107]. In a 
study by Rachakonda et al[108], 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[108]. 
Another study performed by Rachakonda et al[109] 
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 α, 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[109]. 

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[110]. 

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 hepatitis[104,111-115]. 

ABSTINENCE AND MEDICATIONS TO 
PREVENT RECIDIVISM
The most important primary intervention for alcoholic 
hepatitis management is abstinence counseling[116]. 
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[5]. Two thirds of patients 
abstaining from alcohol have significant improvement 
within 90 d[117]. A 30% decrease in survival rate is seen 
in patients with compensated cirrhosis who continue to 
use alcohol compared to those who are abstinent[118,119]. 

Continued interventions, such as combination psychotherapy 
with cognitive behavioral therapy, peer driven support 
counseling, motivational enhancement therapy, and 
comprehensive medical care can reduce recividism[120]. 
Risk of recidivism is as high as 67% to 81% over the 
course of one year[121]. 

Medications to maintain abstinence have been in-
vestigated. FDA approved medications are disulfiram, 
naltrexone, and acamprosate[122]. Disulfiram was first 
approved in 1983[123]. Other agents have been explored 
due to poor tolerability and lack of evidence to support 
its efficacy[124]. Disulfram is not recommended for use 
in cirrhotic patients as the literature describes cases of 
fulminant hepatitis requiring liver transplant[125]. Naltrexone 
is an opioid antagonist used to decrease alcohol cravings, 
however it can cause hepatocellular injury[126]. 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[127]. 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[128]. 
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[129]. 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[130]. 

There are few medication options to prevent recidivism 
in advanced chronic liver disease. Baclofen is γ 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[131] performed a rando-
mized double-blinded placebo-controlled in alcoholic-

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[131]. 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[132]. 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[133]. Vitamin A, Vitamin D, thiamine, pyroxidine, 
folate, and zinc are common vitamin deficiencies 
seen in alcoholics[134]. Early studies from the Veterans’ 
Association found 100% of the 363 alcoholic hepatitis 
patients had protein calorie malnutrition[135]. 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[2,136]. Moreno et al[137] 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[137,138]. 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[139]. Multiple treatment 
options have been studied, however only prednisolone 
have remained the mainstay of therapy[91,136]. Cor-
ticosteroids have a wide range of immune modulatory 
functions including suppression of pro-inflammatory 
transcription factors: NFΚΒ and activator protein 1 (AP-1), 
which lower circulating levels of TNF-α and IL-8[140,141]. 
Prednisolone use is indicated in patients with DF > 32 
or hepatic encephalopathy, but contraindicated in active 
infection, gastrointestinal bleeding, acute pancreatitis, or 
renal failure[142,143]. 

Studies examining the combination of prednisolone 
and pentoxifylline treatment produced mixed results[144,145] 
or showed no added benefit of pentoxifylline[146,147]. 
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[148]. 
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 al[90] 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[149]. More recently, Thursz et al[150] 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[151]. 

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[151]. 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[137] produced a randomized clinical trial of 
NAC vs placebo, which shows no significant difference[129]. 

In 2006, Phillips et al[152] found that corticosteroids are 
superior to NAC for short-term survival. Nguyen-Khac et 
al[153] 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[153]. 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[113,154,155]. 

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[156]. 

Data regarding the 6-mo rule as a predictor of long-
term sobriety remains controversial[157]. 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[158]. 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%[159]. The duration of pre-transplant 
abstinence does not appear to correlate with post-
transplant survival[160], 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[161] 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[161]. 

Im et al[162] 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)[162]. 

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)[163]. 

Although preliminary results may appear promising, 
ethical issues pertaining to organ shortage, sociocultural 
concerns about judicious organ allotment, and recividism 
risk remain[164]. 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[165]. 

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. 

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[166]. 
Patients with alcoholic hepatitis have abnormalities 
in bacterial overgrowth, intestinal mucosal damage, 
increased gut permeability with bacterial translocation, 
and resulting endotoxemia[167]. The use of probiotics 
to modify gut bacteria are studied for the treatment of 
alcoholic hepatitis. Animals studies by Wang et al[168] 
concludes Lactobacillus rhamnosus treatment reduced 
alcohol-induced hepatic inflammation by attenuation 
of TNF-α 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[169,170]. 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[99].

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[12]. IL-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[11]. 
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 CXCL[171,172]. 
Alcoholic hepatitis patients with expression of these 
chemokines in the liver are correlated with worsening 
severity of portal hypertension and patient survival[173,174]. 
Therapeutic agents targeting the reduction of CXCL and 
IL-17 with IL-22 upregulation can be a new treatment 
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strategy[54,175]. 

Liver regeneration: Granulocyte colony-stimulating 
factor
Bone marrow-derived stem cells can populate the liver 
and differentiate into hepatic cells when faced with 
liver insult. Experimental studies show that granulocyte 
colony-stimulating factor (G-CSF) promote the mobilization 
of bone marrow stem cells to ameliorate liver injury and 
enhance the proliferative capacity of hepatocytes[176]. 
G-CSF mobilizes CD 34+ cells, increases hepatocyte 
growth factor, and induces proliferation of hepatic 
progenitor cells within 7 d of administration in patients 
with alcoholic cirrhosis with biopsy proven alcoholic 
steatohepatitis[177]. In a pilot study, 46 patients with 
severe alcoholic hepatitis were randomized to receive 
G-CSF ≥ 5 μg/kg for 5 d with standard medical therapy 
(pentoxifylline with nutrition) vs standard medical therapy 
alone. Findings shows a statistically significant number of 
peripheral CD 34+ cells and improvement of Child Pugh 
score, MELD, and discriminant function for up to 3 mo in 
the G-CSF group. Ninety day survival benefit is seen in 
G-CSF group compared to placebo[178]. The addition of 
corticosteroids would be helpful in delineating the survival 
benefit. A clinical trial testing the efficacy of G-CSF in the 
management of patients with severe alcoholic hepatitis 
whom have failed corticosteroids is needed. 

FXR/obeticholic acid
FXRs are nuclear hormone receptors that participate in 
bilirubin metabolism. Bile acids are the physiologic ligands 
of FXRs, which regulate bile acid, carbohydrate, and lipid 
metabolism. In addition, they modulate liver regeneration 
after injury. FXR activation is protective against cholestatic 
and fatty liver injury. In a murine model, mice were fed 
an ethanol or control diet. FXR impairment is exhibited 
in the ethanol group. FXR agonist therapy is found to be 
hepatoprotective, likely from suppression of microsomal 
CYP2E1 enzyme upregulation[179]. FXR activation is shown 
in other studies to prevent and improve liver fibrosis in 
mice[180,181]. 

Obeticholic acid is a selective FXR. A phase 2 clinical 

trials shows obeticholic acid improved insulin sensitivity 
and markers of liver inflammation in patients with 
diabetes and nonalcoholic fatty liver disease. Phase 2 
clinical trials are exploring obeticholic acid in patients 
with alcoholic hepatitis. 

Caspase inhibitors
Alcohol exposure causes hepatocytes to release ex-
tracellular vesicles in a caspase-dependent manner to 
elicit apoptosis and macrophage activation[182]. Apoptosis 
may trigger abnormal liver tissue repair, inflammation, 
regeneration, and fibrosis[183]. Caspase inhibitors may 
decrease apoptosis and inflammation in a variety of liver 
diseases. Emricasan is a pan-capsase inhibitor studied 
in patients with hepatitis C and NASH. In clinical trials, 
emricasan significantly reduces the aminotransferase 
activity in non-cirrhotic hepatitis C patients. Similar 
trends are observed in patients with NASH and hepatitis B, 
however statistical analysis was not performed on these 
groups[184]. In NASH studies, mice fed a high fat diet 
demonstrates a five-fold increase in hepatic apoptosis 
and 1.5-fold and 1.3-fold increase in caspase-3 and 
-8, respectively. Mice with emricasan administration 
demonstrates a reduction in inflammation and fibrosis 
compared to placebo. Based on the positive preliminary 
data found in murine NASH models, clinical trials evaluat-
ing emricasan for benefit in patients with alcoholic liver 
disease are ongoing. Thus far, a phase 2 clinical trial 
concluded that Child Pugh A and B cirrhotic patients with 
baseline MELD ≥ 15 who are treated with emricasan 
showed significant improvement compared to placebo in 
MELD scores, Child-Pugh scores, bilirubin levels, and INR 
in preliminary data[185]. 

Combination therapy: Anakinra-blocks IL-1 beta 
receptor, pentoxifylline and zinc vs methylprednisolone
Alcohol-induced liver injury activates Kupffer cells, which 
stimulation production of inflammasomes and IL-1β, 
which initiate the inflammatory cascade. Effects include 
liver inflammation, steatosis, injury, and fibrogenesis. 
Pharmacological inhibition of IL-1 signaling has a 
hepatoprotective effect. There was recovery from acute-
on-chronic alcoholic liver injury[186]. Anakinra, an IL-1 

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

Table 1  New potential treatments for alcoholic hepatitis

IL: Interleukin; G-CSF: Granulocyte colony-stimulating factor; ELAD: Extracorporeal liver assist device; SAMe: S-adenosil-L-methionine.
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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[187]. 

Metadoxine
Metadoxine is an antioxidant, which aids in gluthathione 
metabolism and inhibits hepatic steatosis[188]. 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[189]. 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[190]. 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[191]. 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, 

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 
criteria[192]. 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[45]. 

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[193,194]. 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[12,195]. 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[194]. 
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[46]. 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[47]. 

CONCLUSION
Alcoholic hepatitis is increasingly recognized as a form of 
acute-on-chronic liver failure in patients with underlying 
alcohol-related disease[196,197]. 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 

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 

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

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[1]. MiRNAs 
are transcribed by the RNA polymerase Ⅱ or RNA 
polymerase Ⅱ[2-4]. 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 Ⅲ 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[2,4-6]. Alterations in miRNA 
expression profiles were described in organ development, 
aging, and cell death[7], as well as in the pathophysiology 
of complex diseases such as inflammation, fibrosis and 
cancer[8-13].

Besides their role in the regulation of gene ex-
pression, miRNAs have been described in body fluids, 
where they might serve as biomarkers[14-17]. 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[18]. Circulating miRNAs can be either 
bound to serum proteins and lipoproteins or be encircled 
in extracellular vesicles including exosomes, microvesicles 
or apoptotic bodies[17,19]. 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[20-22]. With respect to the concept of 
“liquid biopsy” which has recently been suggested as a 
novel detection tool for malignant diseases[23,24], 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[25,26]. Despite significant 
improvements regarding therapeutic options (e.g., liver 
transplantation), ALF has remained a challenging clinical 
condition with mortality rates of about 50%[27]. In this 
context, biomarkers allowing early diagnosis or estimation 
of patients’ fate might be helpful for the guidance of 
therapy[28,29]. However, routinely used serum biomarkers 
for liver injury such as AST and ALT are not liver specific 
and only have a limited prognostic value[30-32]. Therefore, 
new biomarkers are urgently needed to further improve 
patients’ individual treatment options and overall survival 

in the context of acute liver injury. 
In a pilot study on the potential of miRNAs as ALF 

biomarkers, Wang et al[18] 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[18]. 
Consistently, circulating miR-122 and miR-192 levels 
were elevated in patients with APAP-induced ALF com-
pared to healthy controls[33]. 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[33]. 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[32]. Antoine et al[29] 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[29]. 

An increasing number of studies have investigated 
circulating miRNAs regarding their prognostic potential 
for acute liver injury. Just recently, Russo et al[34] 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[34]. 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, 
Wilson’s disease, AIH or indeterminate etiology[26]. 
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[26]. 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)[26]. 
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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, 

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 

Medical condition miRNA Serum levels # of patients Method for determination Ref.

Acute liver failure (drug induced) miR-122 ↑   53 qPCR Starkey Lewis et al[33]

↑     6 RNA sequencing, qPCR Krauskopf et al[32]

↑ 129 qPCR Antoine et al[29]

↑   78 miRNA microarray Russo et al[34]

miR-192 ↑   53 PCR Starkey Lewis et al[33]

↑     6 RNA sequencing, qPCR Krauskopf et al[32]

miR-483 ↑     6 RNA sequencing, qPCR Krauskopf et al[32]

miR-194 ↑     6 RNA sequencing, qPCR Krauskopf et al[32]

miR-210 ↑     6 RNA sequencing, qPCR Krauskopf et al[32]

miR-4532 ↑   78 miRNA microarray Russo et al[34]

miR-455-3p ↓   78 miRNA microarray Russo et al[34]

miR-1281 ↓   78 miRNA microarray Russo et al[34]

Liver fibrosis (CHC) miR-122 ↑   53 qPCR Cermelli et al[37]

miR-34a ↑   53 qPCR Cermelli et al[37]

Liver fibrosis (NAFLD) miR-122 ↑   34 qPCR Cermelli et al[37]

↑   28 qPCR Salvoza et al[38]

miR-34a ↑   34 qPCR Cermelli et al[37]

↑   28 qPCR Salvoza et al[38]

Liver cirrhosis miR-513-3p ↑   67 miRNA microarray, qPCR Roderburg et al[40]

miR-571 ↑   67 miRNA microarray, qPCR Roderburg et al[40]

miR-29 ↓   67 miRNA microarray, qPCR Roderburg et al[41]

AIH miR-21 ↑   46 miRNA microarray, qPCR Migita et al[47]

miR-122 ↑   46 miRNA microarray, qPCR Migita et al[47]

PSC miR-1281 ↑   40 miRNA microarray, qPCR Voigtländer et al[48]

miR-126 ↑   40 miRNA microarray, qPCR Voigtländer et al[48]

miR-200c ↓   30 miRNA microarray, qPCR Bernuzzi et al[49]

PBC miR-505-3p ↓   10 RNA sequencing, qPCR Ninomiya et al[50]

miR-197-3p ↓   10 RNA sequencing, qPCR Ninomiya et al[50]

miR-122 ↑ 207 RNA sequencing, qPCR Tan et al[51]

miR-141 ↑ 207 RNA sequencing, qPCR Tan et al[51]

miR-26b ↑ 207 RNA sequencing, qPCR Tan et al[51]

HCC miR-21 ↑ 101 qPCR Xu et al[58]

↑   90 qPCR Ge et al[62]

↑ 121 qPCR Tomimaru et al[64]

↑ 457 miRNA microarray, qPCR Zhou et al[68]

miR-121 ↑ 101 qPCR Xu et al[58]

miR-223 ↑ 101 qPCR Xu et al[58]

↑ 457 miRNA microarray, qPCR Zhou et al[68]

miR-16 ↓   90 qPCR Ge et al[62]

↓   40 qPCR El-Abd et al[63]

miR-122 ↑ 457 miRNA microarray, qPCR Zhou et al[68]

miR-26a ↑ 457 miRNA microarray, qPCR Zhou et al[68]

miR-192 ↑ 457 miRNA microarray, qPCR Zhou et al[68]

CCA miR-21 ↑   25 RNA sequencing, qPCR Correa-Gallego et al[74]

↑   94 qPCR Kishimoto et al[75]

miR-221 ↑   25 RNA sequencing, qPCR Correa-Gallego et al[74]

miR-150 ↑   15 qPCR Wang et al[77]

miR-224 ↑   30 qPCR Huang et al[76]

Table 1  Summary of circulating miRNAs as diagnostic biomarkers in various liver diseases

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; ↑: High circulating levels; ↓: 
Low circulating levels.
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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[35]). Based on these data, the group 
of El-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[36]. 
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[37-39]. In a large cohort of patients, 
Cermelli et al[37] 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[37]. 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[40]. 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[41]. 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[42]. Moreover, ROC curve analyses indicated a 
diagnostic potential of miRNA-192, miRNA-122, and 
miRNA-30a for the identification of alcohol-induced liver 
injury[42].

Recently, the group of Matsuura et al[43] attempted 
to determine whether circulating miRNAs might be used 
to estimate disease progression in chronic hepatitis C 

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[43]. In 
another large cohort of CHC-patients, Trebicka et al[44] 
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[45], 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[46], 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[47].

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[48]. 
Moreover, Bernuzzi et al[49] 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[50]. However, this study was performed in a 
very small cohort of patients (n = 10) and needs further 
validation. In another study, Tan et al[51] 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[52,53]. 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[54]. 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[55]. 
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[56], 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[57,58]. Nevertheless, as 
shown before, circulating levels of miR-122 were also 
described for different non-malignant hepatic diseases[59], 
arguing for a rather unspecific characteristic of this miRNA. 
Interestingly, expression levels of miR-122 were de-
creased in HCC tissue samples[60], 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[61]. 
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[62,63]. In contrast non-malignant 
liver conditions such as NAFLD and chronic hepatitis C 
showed increased miR-16 serum levels[37], making the 

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 al[64] 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[64]. However, elevated levels of 
circulating miR-21 were also described in patients with 
different other types of gastrointestinal cancer[65,66]. 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[67]. 

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 al[68] 
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[69]. 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)[70].

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[71]. Likewise, high 
serum levels of miR-122 were found to independently 
predict a poor overall survival in a cohort of 122 HCC 
patients[72].

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[73]. 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)[74]. 
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[75]. Interestingly, serum levels of miR-21 
decreased after surgical tumor resection[75]. In another 
rather small study including a total of 30 CCA patients, 
Bernuzzi et al[49] 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[76] and miR-150[77].

Some studies have also evaluated a potential use 
of miRNAs as a prognostic tool for CCA. Analyzing 103 
patients with CCA, Cheng et al[78] 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 qPCR and micro-
array based measurements naturally depend on the 
design of miRNA specific primers or microarray probes, 
similarities between different miRNAs might result in 

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[79]). 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.

REFERENCES
1 Landgraf P, Rusu M, Sheridan R, Sewer A, Iovino N, Aravin A, 

Pfeffer S, Rice A, Kamphorst AO, Landthaler M, Lin C, Socci 
ND, Hermida L, Fulci V, Chiaretti S, Foà R, Schliwka J, Fuchs U, 
Novosel A, Müller RU, Schermer B, Bissels U, Inman J, Phan Q, 
Chien M, Weir DB, Choksi R, De Vita G, Frezzetti D, Trompeter 
HI, Hornung V, Teng G, Hartmann G, Palkovits M, Di Lauro R, 
Wernet P, Macino G, Rogler CE, Nagle JW, Ju J, Papavasiliou FN, 
Benzing T, Lichter P, Tam W, Brownstein MJ, Bosio A, Borkhardt A, 
Russo JJ, Sander C, Zavolan M, Tuschl T. A mammalian microRNA 
expression atlas based on small RNA library sequencing. 
Cell 2007; 129: 1401-1414 [PMID: 17604727 DOI: 10.1016/
j.cell.2007.04.040]

2 Krol J, Loedige I, Filipowicz W. The widespread regulation of 
microRNA biogenesis, function and decay. Nat Rev Genet 2010; 
11: 597-610 [PMID: 20661255 DOI: 10.1038/nrg2843]

3 Borchert GM, Lanier W, Davidson BL. RNA polymerase III 
transcribes human microRNAs. Nat Struct Mol Biol 2006; 13: 
1097-1101 [PMID: 17099701 DOI: 10.1038/nsmb1167]

4 Macfarlane LA, Murphy PR. MicroRNA: Biogenesis, Function 
and Role in Cancer. Curr Genomics 2010; 11: 537-561 [PMID: 
21532838 DOI: 10.2174/138920210793175895]

5 Ha M, Kim VN. Regulation of microRNA biogenesis. Nat Rev 
Mol Cell Biol 2014; 15: 509-524 [PMID: 25027649 DOI: 10.1038/
nrm3838]

6 Ryan BM, Robles AI, Harris CC. Genetic variation in microRNA 
networks: the implications for cancer research. Nat Rev Cancer 
2010; 10: 389-402 [PMID: 20495573 DOI: 10.1038/nrc2867]

7 Bandiera S, Pfeffer S, Baumert TF, Zeisel MB. miR-122--a key 
factor and therapeutic target in liver disease. J Hepatol 2015; 62: 
448-457 [PMID: 25308172 DOI: 10.1016/j.jhep.2014.10.004]

8 Jiang X, Tsitsiou E, Herrick SE, Lindsay MA. MicroRNAs and 
the regulation of fibrosis. FEBS J 2010; 277: 2015-2021 [PMID: 
20412055 DOI: 10.1111/j.1742-4658.2010.07632.x]

9 Szabo G, Bala S. MicroRNAs in liver disease. Nat Rev Gastro
enterol Hepatol 2013; 10: 542-552 [PMID: 23689081 DOI: 
10.1038/nrgastro.2013.87]

10 Singh RP, Massachi I, Manickavel S, Singh S, Rao NP, Hasan S, 
Mc Curdy DK, Sharma S, Wong D, Hahn BH, Rehimi H. The role 
of miRNA in inflammation and autoimmunity. Autoimmun Rev 
2013; 12: 1160-1165 [PMID: 23860189 DOI: 10.1016/j.autrev. 
2013.07.003]

11 Wagner W, Wein F, Roderburg C, Saffrich R, Diehlmann A, 
Eckstein V, Ho AD. Adhesion of human hematopoietic progenitor 
cells to mesenchymal stromal cells involves CD44. Cells 
Tissues Organs 2008; 188: 160-169 [PMID: 18160820 DOI: 
10.1159/000112821]

Loosen SH et al . Role of circulating miRNAs in liver diseases



592 April 28, 2017|Volume 9|Issue 12|WJH|www.wjgnet.com

12 Furer V, Greenberg JD, Attur M, Abramson SB, Pillinger MH. The 
role of microRNA in rheumatoid arthritis and other autoimmune 
diseases. Clin Immunol 2010; 136: 1-15 [PMID: 20223711 DOI: 
10.1016/j.clim.2010.02.005]

13 Lin S, Gregory RI. MicroRNA biogenesis pathways in cancer. Nat 
Rev Cancer 2015; 15: 321-333 [PMID: 25998712 DOI: 10.1038/
nrc3932]

14 Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, 
Pogosova-Agadjanyan EL, Peterson A, Noteboom J, O’Briant KC, 
Allen A, Lin DW, Urban N, Drescher CW, Knudsen BS, Stirewalt 
DL, Gentleman R, Vessella RL, Nelson PS, Martin DB, Tewari M. 
Circulating microRNAs as stable blood-based markers for cancer 
detection. Proc Natl Acad Sci USA 2008; 105: 10513-10518 [PMID: 
18663219 DOI: 10.1073/pnas.0804549105]

15 Lawrie CH, Gal S, Dunlop HM, Pushkaran B, Liggins AP, 
Pulford K, Banham AH, Pezzella F, Boultwood J, Wainscoat JS, 
Hatton CS, Harris AL. Detection of elevated levels of tumour-
associated microRNAs in serum of patients with diffuse large B-cell 
lymphoma. Br J Haematol 2008; 141: 672-675 [PMID: 18318758 
DOI: 10.1111/j.1365-2141.2008.07077.x]

16 Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y, 
Chen J, Guo X, Li Q, Li X, Wang W, Zhang Y, Wang J, Jiang X, 
Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H, Shang X, Gong 
T, Ning G, Wang J, Zen K, Zhang J, Zhang CY. Characterization 
of microRNAs in serum: a novel class of biomarkers for diagnosis 
of cancer and other diseases. Cell Res 2008; 18: 997-1006 [PMID: 
18766170 DOI: 10.1038/cr.2008.282]

17 Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-Berestein G, Sood 
AK, Calin GA. MicroRNAs in body fluids--the mix of hormones 
and biomarkers. Nat Rev Clin Oncol 2011; 8: 467-477 [PMID: 
21647195 DOI: 10.1038/nrclinonc.2011.76]

18 Wang K, Zhang S, Marzolf B, Troisch P, Brightman A, Hu Z, 
Hood LE, Galas DJ. Circulating microRNAs, potential biomarkers 
for drug-induced liver injury. Proc Natl Acad Sci USA 2009; 106: 
4402-4407 [PMID: 19246379 DOI: 10.1073/pnas.0813371106]

19 Creemers EE, Tijsen AJ, Pinto YM. Circulating microRNAs: novel 
biomarkers and extracellular communicators in cardiovascular 
disease? Circ Res 2012; 110: 483-495 [PMID: 22302755 DOI: 
10.1161/CIRCRESAHA.111.247452]

20 Sato K, Meng F, Glaser S, Alpini G. Exosomes in liver pathology. 
J Hepatol 2016; 65: 213-221 [PMID: 26988731 DOI: 10.1016/
j.jhep.2016.03.004]

21 Momen-Heravi F, Bala S, Kodys K, Szabo G. Exosomes derived 
from alcohol-treated hepatocytes horizontally transfer liver specific 
miRNA-122 and sensitize monocytes to LPS. Sci Rep 2015; 5: 
9991 [PMID: 25973575 DOI: 10.1038/srep09991]

22 Yu X, Odenthal M, Fries JW. Exosomes as miRNA Carriers: 
Formation-Function-Future. Int J Mol Sci 2016; 17: pii: E2028 
[PMID: 27918449 DOI: 10.3390/ijms17122028]

23 Yin CQ, Yuan CH, Qu Z, Guan Q, Chen H, Wang FB. Liquid 
Biopsy of Hepatocellular Carcinoma: Circulating Tumor-Derived 
Biomarkers. Dis Markers 2016; 2016: 1427849 [PMID: 27403030 
DOI: 10.1155/2016/1427849]

24 Ansari J, Yun JW, Kompelli AR, Moufarrej YE, Alexander JS, 
Herrera GA, Shackelford RE. The liquid biopsy in lung cancer. 
Genes Cancer 2016; 7: 355-367 [PMID: 28191282 DOI: 10.18632/
genesandcancer.127]

25 Lee WM. Acute liver failure. Semin Respir Crit Care Med 2012; 
33: 36-45 [PMID: 22447259 DOI: 10.1055/s-0032-1301733]

26 John K, Hadem J, Krech T, Wahl K, Manns MP, Dooley S, Batkai 
S, Thum T, Schulze-Osthoff K, Bantel H. MicroRNAs play a role 
in spontaneous recovery from acute liver failure. Hepatology 2014; 
60: 1346-1355 [PMID: 24913549 DOI: 10.1002/hep.27250]

27 Mendizabal M, Silva MO. Liver transplantation in acute liver 
failure: A challenging scenario. World J Gastroenterol 2016; 22: 
1523-1531 [PMID: 26819519 DOI: 10.3748/wjg.v22.i4.1523]

28 Ostapowicz G, Fontana RJ, Schiødt FV, Larson A, Davern TJ, 
Han SH, McCashland TM, Shakil AO, Hay JE, Hynan L, Crippin 
JS, Blei AT, Samuel G, Reisch J, Lee WM. Results of a prospective 
study of acute liver failure at 17 tertiary care centers in the United 

States. Ann Intern Med 2002; 137: 947-954 [PMID: 12484709]
29 Antoine DJ, Dear JW, Lewis PS, Platt V, Coyle J, Masson M, 

Thanacoody RH, Gray AJ, Webb DJ, Moggs JG, Bateman DN, 
Goldring CE, Park BK. Mechanistic biomarkers provide early and 
sensitive detection of acetaminophen-induced acute liver injury at 
first presentation to hospital. Hepatology 2013; 58: 777-787 [PMID: 
23390034 DOI: 10.1002/hep.26294]

30 Giannini EG, Testa R, Savarino V. Liver enzyme alteration: a 
guide for clinicians. CMAJ 2005; 172: 367-379 [PMID: 15684121 
DOI: 10.1503/cmaj.1040752]

31 Robles-Díaz M, Medina-Caliz I, Stephens C, Andrade RJ, 
Lucena MI. Biomarkers in DILI: One More Step Forward. Front 
Pharmacol 2016; 7: 267 [PMID: 27597831 DOI: 10.3389/
fphar.2016.00267]

32 Krauskopf J, Caiment F, Claessen SM, Johnson KJ, Warner RL, 
Schomaker SJ, Burt DA, Aubrecht J, Kleinjans JC. Application 
of high-throughput sequencing to circulating microRNAs reveals 
novel biomarkers for drug-induced liver injury. Toxicol Sci 2015; 
143: 268-276 [PMID: 25359176 DOI: 10.1093/toxsci/kfu232]

33 Starkey Lewis PJ, Dear J, Platt V, Simpson KJ, Craig DG, Antoine 
DJ, French NS, Dhaun N, Webb DJ, Costello EM, Neoptolemos 
JP, Moggs J, Goldring CE, Park BK. Circulating microRNAs as 
potential markers of human drug-induced liver injury. Hepatology 
2011; 54: 1767-1776 [PMID: 22045675 DOI: 10.1002/hep.24538]

34 Russo MW, Steuerwald N, Norton HJ, Anderson WE, Foureau 
D, Chalasani N, Fontana RJ, Watkins PB, Serrano J, Bonkovsky 
HL. Profiles of miRNAs in serum in severe acute drug induced 
liver injury and their prognostic significance. Liver Int 2016; Epub 
ahead of print [PMID: 27860186 DOI: 10.1111/liv.13312]

35 Lemoinne S, Thabut D, Housset C, Moreau R, Valla D, Boulanger 
CM, Rautou PE. The emerging roles of microvesicles in liver 
diseases. Nat Rev Gastroenterol Hepatol 2014; 11: 350-361 [PMID: 
24492276 DOI: 10.1038/nrgastro.2014.7]

36 El-Ahwany E, Nagy F, Zoheiry M, Shemis M, Nosseir M, Taleb 
HA, El Ghannam M, Atta R, Zada S. Circulating miRNAs as 
Predictor Markers for Activation of Hepatic Stellate Cells and 
Progression of HCV-Induced Liver Fibrosis. Electron Physician 
2016; 8: 1804-1810 [PMID: 26955452 DOI: 10.19082/1804]

37 Cermelli S, Ruggieri A, Marrero JA, Ioannou GN, Beretta L. 
Circulating microRNAs in patients with chronic hepatitis C and 
non-alcoholic fatty liver disease. PLoS One 2011; 6: e23937 [PMID: 
21886843 DOI: 10.1371/journal.pone.0023937]

38 Salvoza NC, Klinzing DC, Gopez-Cervantes J, Baclig MO. 
Association of Circulating Serum miR-34a and miR-122 with 
Dyslipidemia among Patients with Non-Alcoholic Fatty Liver 
Disease. PLoS One 2016; 11: e0153497 [PMID: 27077736 DOI: 
10.1371/journal.pone.0153497]

39 Yamada H, Suzuki K, Ichino N, Ando Y, Sawada A, Osakabe 
K, Sugimoto K, Ohashi K, Teradaira R, Inoue T, Hamajima N, 
Hashimoto S. Associations between circulating microRNAs 
(miR-21, miR-34a, miR-122 and miR-451) and non-alcoholic fatty 
liver. Clin Chim Acta 2013; 424: 99-103 [PMID: 23727030 DOI: 
10.1016/j.cca.2013.05.021]

40 Roderburg C, Mollnow T, Bongaerts B, Elfimova N, Vargas 
Cardenas D, Berger K, Zimmermann H, Koch A, Vucur M, Luedde 
M, Hellerbrand C, Odenthal M, Trautwein C, Tacke F, Luedde 
T. Micro-RNA profiling in human serum reveals compartment-
specific roles of miR-571 and miR-652 in liver cirrhosis. PLoS 
One 2012; 7: e32999 [PMID: 22412969 DOI: 10.1371/journal.
pone.0032999]

41 Roderburg C, Urban GW, Bettermann K, Vucur M, Zimmermann 
H, Schmidt S, Janssen J, Koppe C, Knolle P, Castoldi M, Tacke 
F, Trautwein C, Luedde T. Micro-RNA profiling reveals a role for 
miR-29 in human and murine liver fibrosis. Hepatology 2011; 53: 
209-218 [PMID: 20890893 DOI: 10.1002/hep.23922]

42 Momen-Heravi F, Saha B, Kodys K, Catalano D, Satishchandran 
A, Szabo G. Increased number of circulating exosomes and their 
microRNA cargos are potential novel biomarkers in alcoholic 
hepatitis. J Transl Med 2015; 13: 261 [PMID: 26264599 DOI: 
10.1186/s12967-015-0623-9]

Loosen SH et al . Role of circulating miRNAs in liver diseases



593 April 28, 2017|Volume 9|Issue 12|WJH|www.wjgnet.com

43 Matsuura K, De Giorgi V, Schechterly C, Wang RY, Farci 
P, Tanaka Y, Alter HJ. Circulating let-7 levels in plasma and 
extracellular vesicles correlate with hepatic fibrosis progression 
in chronic hepatitis C. Hepatology 2016; 64: 732-745 [PMID: 
27227815 DOI: 10.1002/hep.28660]

44 Trebicka J, Anadol E, Elfimova N, Strack I, Roggendorf M, 
Viazov S, Wedemeyer I, Drebber U, Rockstroh J, Sauerbruch T, 
Dienes HP, Odenthal M. Hepatic and serum levels of miR-122 
after chronic HCV-induced fibrosis. J Hepatol 2013; 58: 234-239 
[PMID: 23085648 DOI: 10.1016/j.jhep.2012.10.015]

45 Waidmann O, Köberle V, Brunner F, Zeuzem S, Piiper A, 
Kronenberger B. Serum microRNA-122 predicts survival in 
patients with liver cirrhosis. PLoS One 2012; 7: e45652 [PMID: 
23029162 DOI: 10.1371/journal.pone.0045652]

46 Jepsen P, Grønbæk L, Vilstrup H. Worldwide Incidence of 
Autoimmune Liver Disease. Dig Dis 2015; 33 Suppl 2: 2-12 
[PMID: 26641102 DOI: 10.1159/000440705]

47 Migita K, Komori A, Kozuru H, Jiuchi Y, Nakamura M, Yasunami 
M, Furukawa H, Abiru S, Yamasaki K, Nagaoka S, Hashimoto 
S, Bekki S, Kamitsukasa H, Nakamura Y, Ohta H, Shimada M, 
Takahashi H, Mita E, Hijioka T, Yamashita H, Kouno H, Nakamuta 
M, Ario K, Muro T, Sakai H, Sugi K, Nishimura H, Yoshizawa K, 
Sato T, Naganuma A, Komatsu T, Oohara Y, Makita F, Tomizawa 
M, Yatsuhashi H. Circulating microRNA Profiles in Patients with 
Type-1 Autoimmune Hepatitis. PLoS One 2015; 10: e0136908 
[PMID: 26575387 DOI: 10.1371/journal.pone.0136908]

48 Voigtländer T, Gupta SK, Thum S, Fendrich J, Manns MP, 
Lankisch TO, Thum T. MicroRNAs in Serum and Bile of Patients 
with Primary Sclerosing Cholangitis and/or Cholangiocarcinoma. 
PLoS One 2015; 10: e0139305 [PMID: 26431155 DOI: 10.1371/
journal.pone.0139305]

49 Bernuzzi F, Marabita F, Lleo A, Carbone M, Mirolo M, Marzioni 
M, Alpini G, Alvaro D, Boberg KM, Locati M, Torzilli G, Rimassa 
L, Piscaglia F, He XS, Bowlus CL, Yang GX, Gershwin ME, 
Invernizzi P. Serum microRNAs as novel biomarkers for primary 
sclerosing cholangitis and cholangiocarcinoma. Clin Exp Immunol 
2016; 185: 61-71 [PMID: 26864161 DOI: 10.1111/cei.12776]

50 Ninomiya M, Kondo Y, Funayama R, Nagashima T, Kogure T, 
Kakazu E, Kimura O, Ueno Y, Nakayama K, Shimosegawa T. 
Distinct microRNAs expression profile in primary biliary cirrhosis 
and evaluation of miR 505-3p and miR197-3p as novel biomarkers. 
PLoS One 2013; 8: e66086 [PMID: 23776611 DOI: 10.1371/
journal.pone.0066086]

51 Tan Y, Pan T, Ye Y, Ge G, Chen L, Wen D, Zou S. Serum micro-
RNAs as potential biomarkers of primary biliary cirrhosis. PLoS 
One 2014; 9: e111424 [PMID: 25347847 DOI: 10.1371/journal.
pone.0111424]

52 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. 
Global cancer statistics, 2012. CA Cancer J Clin 2015; 65: 87-108 
[PMID: 25651787 DOI: 10.3322/caac.21262]

53 McGlynn KA, London WT. The global epidemiology of hepato-
cellular carcinoma: present and future. Clin Liver Dis 2011; 15: 
223-243, vii-x [PMID: 21689610 DOI: 10.1016/j.cld.2011.03.006]

54 Venook AP, Papandreou C, Furuse J, de Guevara LL. The 
incidence and epidemiology of hepatocellular carcinoma: a global 
and regional perspective. Oncologist 2010; 15 Suppl 4: 5-13 
[PMID: 21115576 DOI: 10.1634/theoncologist.2010-S4-05]

55 Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular 
carcinoma incidence, mortality, and survival trends in the United 
States from 1975 to 2005. J Clin Oncol 2009; 27: 1485-1491 
[PMID: 19224838 DOI: 10.1200/JCO.2008.20.7753]

56 Esau C, Davis S, Murray SF, Yu XX, Pandey SK, Pear M, Watts 
L, Booten SL, Graham M, McKay R, Subramaniam A, Propp S, 
Lollo BA, Freier S, Bennett CF, Bhanot S, Monia BP. miR-122 
regulation of lipid metabolism revealed by in vivo antisense 
targeting. Cell Metab 2006; 3: 87-98 [PMID: 16459310 DOI: 
10.1016/j.cmet.2006.01.005]

57 Qi P, Cheng SQ, Wang H, Li N, Chen YF, Gao CF. Serum 
microRNAs as biomarkers for hepatocellular carcinoma in Chinese 
patients with chronic hepatitis B virus infection. PLoS One 2011; 6: 

e28486 [PMID: 22174818 DOI: 10.1371/journal.pone.0028486]
58 Xu J, Wu C, Che X, Wang L, Yu D, Zhang T, Huang L, Li H, Tan 

W, Wang C, Lin D. Circulating microRNAs, miR-21, miR-122, 
and miR-223, in patients with hepatocellular carcinoma or chronic 
hepatitis. Mol Carcinog 2011; 50: 136-142 [PMID: 21229610 DOI: 
10.1002/mc.20712]

59 Bala S, Petrasek J, Mundkur S, Catalano D, Levin I, Ward J, Alao H, 
Kodys K, Szabo G. Circulating microRNAs in exosomes indicate 
hepatocyte injury and inflammation in alcoholic, drug-induced, 
and inflammatory liver diseases. Hepatology 2012; 56: 1946-1957 
[PMID: 22684891 DOI: 10.1002/hep.25873]

60 Coulouarn C, Factor VM, Andersen JB, Durkin ME, Thorgeirsson 
SS. Loss of miR-122 expression in liver cancer correlates with 
suppression of the hepatic phenotype and gain of metastatic 
properties. Oncogene 2009; 28: 3526-3536 [PMID: 19617899 
DOI: 10.1038/onc.2009.211]

61 Sohn W, Kim J, Kang SH, Yang SR, Cho JY, Cho HC, Shim SG, 
Paik YH. Serum exosomal microRNAs as novel biomarkers for 
hepatocellular carcinoma. Exp Mol Med 2015; 47: e184 [PMID: 
26380927 DOI: 10.1038/emm.2015.68]

62 Ge W, Yu DC, Li QG, Chen X, Zhang CY, Ding YT. Expression of 
serum miR-16, let-7f, and miR-21 in patients with hepatocellular 
carcinoma and their clinical significances. Clin Lab 2014; 60: 
427-434 [PMID: 24697119]

63 El-Abd NE, Fawzy NA, El-Sheikh SM, Soliman ME. Circulating 
miRNA-122, miRNA-199a, and miRNA-16 as Biomarkers for 
Early Detection of Hepatocellular Carcinoma in Egyptian Patients 
with Chronic Hepatitis C Virus Infection. Mol Diagn Ther 2015; 
19: 213-220 [PMID: 26133725 DOI: 10.1007/s40291-015-0148-1]

64 Tomimaru Y, Eguchi H, Nagano H, Wada H, Kobayashi S, 
Marubashi S, Tanemura M, Tomokuni A, Takemasa I, Umeshita 
K, Kanto T, Doki Y, Mori M. Circulating microRNA-21 as a novel 
biomarker for hepatocellular carcinoma. J Hepatol 2012; 56: 
167-175 [PMID: 21749846 DOI: 10.1016/j.jhep.2011.04.026]

65 Li BS, Zhao YL, Guo G, Li W, Zhu ED, Luo X, Mao XH, Zou 
QM, Yu PW, Zuo QF, Li N, Tang B, Liu KY, Xiao B. Plasma 
microRNAs, miR-223, miR-21 and miR-218, as novel potential 
biomarkers for gastric cancer detection. PLoS One 2012; 7: e41629 
[PMID: 22860003 DOI: 10.1371/journal.pone.0041629]

66 Shan L, Ji Q, Cheng G, Xia J, Liu D, Wu C, Zhu B, Ding Y. 
Diagnostic value of circulating miR-21 for colorectal cancer: a 
meta-analysis. Cancer Biomark 2015; 15: 47-56 [PMID: 25524942 
DOI: 10.3233/CBM-140437]

67 Liao Q, Han P, Huang Y, Wu Z, Chen Q, Li S, Ye J, Wu X. 
Potential Role of Circulating microRNA-21 for Hepatocellular 
Carcinoma Diagnosis: A Meta-Analysis. PLoS One 2015; 10: 
e0130677 [PMID: 26114756 DOI: 10.1371/journal.pone.0130677]

68 Zhou J, Yu L, Gao X, Hu J, Wang J, Dai Z, Wang JF, Zhang Z, 
Lu S, Huang X, Wang Z, Qiu S, Wang X, Yang G, Sun H, Tang Z, 
Wu Y, Zhu H, Fan J. Plasma microRNA panel to diagnose hepatitis 
B virus-related hepatocellular carcinoma. J Clin Oncol 2011; 29: 
4781-4788 [PMID: 22105822 DOI: 10.1200/JCO.2011.38.2697]

69 Lin XJ, Chong Y, Guo ZW, Xie C, Yang XJ, Zhang Q, Li SP, 
Xiong Y, Yuan Y, Min J, Jia WH, Jie Y, Chen MS, Chen MX, 
Fang JH, Zeng C, Zhang Y, Guo RP, Wu Y, Lin G, Zheng L, 
Zhuang SM. A serum microRNA classifier for early detection of 
hepatocellular carcinoma: a multicentre, retrospective, longitudinal 
biomarker identification study with a nested case-control study. 
Lancet Oncol 2015; 16: 804-815 [PMID: 26088272 DOI: 10.1016/
S1470-2045(15)00048-0]

70 Liu AM, Yao TJ, Wang W, Wong KF, Lee NP, Fan ST, Poon RT, 
Gao C, Luk JM. Circulating miR-15b and miR-130b in serum 
as potential markers for detecting hepatocellular carcinoma: a 
retrospective cohort study. BMJ Open 2012; 2: e000825 [PMID: 
22403344 DOI: 10.1136/bmjopen-2012-000825]

71 Li J, Wang Y, Yu W, Chen J, Luo J. Expression of serum miR-221 
in human hepatocellular carcinoma and its prognostic significance. 
Biochem Biophys Res Commun 2011; 406: 70-73 [PMID: 21295551 
DOI: 10.1016/j.bbrc.2011.01.111]

72 Xu Y, Bu X, Dai C, Shang C. High serum microRNA-122 level 

Loosen SH et al . Role of circulating miRNAs in liver diseases



594 April 28, 2017|Volume 9|Issue 12|WJH|www.wjgnet.com

is independently associated with higher overall survival rate 
in hepatocellular carcinoma patients. Tumour Biol 2015; 36: 
4773-4776 [PMID: 25636448 DOI: 10.1007/s13277-015-3128-5]

73 Razumilava N, Gores GJ. Cholangiocarcinoma. Lancet 2014; 
383: 2168-2179 [PMID: 24581682 DOI: 10.1016/S0140-6736 
(13)61903-0]

74 Correa-Gallego C, Maddalo D, Doussot A, Kemeny N, Kingham 
TP, Allen PJ, D’Angelica MI, DeMatteo RP, Betel D, Klimstra 
D, Jarnagin WR, Ventura A. Circulating Plasma Levels of 
MicroRNA-21 and MicroRNA-221 Are Potential Diagnostic 
Markers for Primary Intrahepatic Cholangiocarcinoma. PLoS One 
2016; 11: e0163699 [PMID: 27685844 DOI: 10.1371/journal.
pone.0163699]

75 Kishimoto T, Eguchi H, Nagano H, Kobayashi S, Akita H, Hama 
N, Wada H, Kawamoto K, Tomokuni A, Tomimaru Y, Umeshita K, 
Doki Y, Mori M. Plasma miR-21 is a novel diagnostic biomarker 
for biliary tract cancer. Cancer Sci 2013; 104: 1626-1631 [PMID: 

24118467 DOI: 10.1111/cas.12300]
76 Huang M, Wu X, Cao H, Zhan Q, Xia M, Zhou Q, Cai X, An F. 

[Regulatory role of serum miR-224 in invasiveness and metastasis 
of cholangiocarcinoma]. Zhonghua Gan Zang Bing Za Zhi 2015; 
23: 748-753 [PMID: 26573191 DOI: 10.3760/cma.j.issn.1007-341
8.2015.10.008]

77 Wang S, Yin J, Li T, Yuan L, Wang D, He J, Du X, Lu J. Up-
regulated circulating miR-150 is associated with the risk of 
intrahepatic cholangiocarcinoma. Oncol Rep 2015; 33: 819-825 
[PMID: 25482320 DOI: 10.3892/or.2014.3641]

78 Cheng Q, Feng F, Zhu L, Zheng Y, Luo X, Liu C, Yi B, Jiang X. 
Circulating miR-106a is a Novel Prognostic and Lymph Node 
Metastasis Indicator for Cholangiocarcinoma. Sci Rep 2015; 5: 
16103 [PMID: 26534789 DOI: 10.1038/srep16103]

79 Etheridge A, Lee I, Hood L, Galas D, Wang K. Extracellular 
microRNA: a new source of biomarkers. Mutat Res 2011; 717: 
85-90 [PMID: 21402084 DOI: 10.1016/j.mrfmmm.2011.03.004]

P- Reviewer: Guerrieri F, Hsieh SY, Yang ZX, Zhu X    
S- Editor: Song XX    L- Editor: A    E- Editor: Li D

Loosen SH et al . Role of circulating miRNAs in liver diseases



Joshua R Peck, Nicholas Latchana, Anthony Michaels, Adam J Hanje, Alice Hinton, Elmahdi A Elkhammas, 
Sylvester M Black, Khalid Mumtaz

ORIGINAL ARTICLE

595 April 28, 2017|Volume 9|Issue 12|WJH|www.wjgnet.com

Diagnosis of morbid obesity may not impact healthcare 
utilization for orthotopic liver transplantation: A propensity 
matched study

Retrospective Study

Joshua R Peck, Anthony Michaels, Adam J Hanje, Khalid 
Mumtaz, Division of Gastroenterology, Hepatology and Nutrition, 
the Ohio State University Wexner Medical Center, Columbus, OH 
43120, United States

Nicholas Latchana, Elmahdi A Elkhammas, Sylvester M 
Black, Department of Surgery, the Ohio State University Wexner 
Medical Center, Columbus, OH 43120, United States

Alice Hinton, Department of Biostatistics, the Ohio State 
University Wexner Medical Center, Columbus, OH 43120, United 
States

Author contributions: Peck JR and Mumtaz K, designed the 
study; Peck JR, Mumtaz K, Latchana N and Hinton A collected 
and analyzed the data; Peck JR, Latchana N, Michaels A, Hanje 
AJ, Hinton A, Elkhammas E, Black SM and Mumtaz K all 
equally contributed to writing the paper. 

Institutional review board statement: This study was IRB 
exempt.

Informed consent statement: Consent was not obtained but 
the presented data are anonymized and the risk of identification is 
low. 

Conflict-of-interest statement: None of the authors have any 
conflicts of interest to disclose.

Data sharing statement: Technical appendix, statistical code, 
and dataset available from the corresponding author at khalid.
mumtaz@osumc.edu.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 

the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Khalid Mumtaz, MD, MSc, Assistant 
Professor, Division of Gastroenterology, Hepatology and 
Nutrition, the Ohio State University Wexner Medical Center, 395 
W 12th Ave, 2nd Floor, Columbus, OH 43210, 
United States. khalid.mumtaz@osumc.edu
Telephone: +1-614-2938000
Fax: +1-614-2930861

Received: December 4, 2016 
Peer-review started: December 5, 2016 
First decision: January 21, 2017 
Revised: February 15, 2017 
Accepted: March 21, 2017
Article in press: March 22, 2017
Published online: April 28, 2017

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 (β: -4.44; 95%CI: -9.93, 
1.05, P  = 0.11) and charges for transplantation (β: 
$15693; 95%CI: -51622-83008, P  = 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.

Peck JR, Latchana N, Michaels A, Hanje AJ, Hinton A, Elkhammas 
EA, Black SM, Mumtaz K. Diagnosis of morbid obesity may not 
impact healthcare utilization for orthotopic liver transplantation: A 
propensity matched study. World J Hepatol 2017; 9(12): 595-602  
Available from: URL: http://www.wjgnet.com/1948-5182/full/v9/
i12/595.htm  DOI: http://dx.doi.org/10.4254/wjh.v9.i12.595

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[1] 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/m2] 
obese patients. Contrary to that, Pelletier et al[2], 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 al[1] and Pelletier et al[2] can likely be attributed to 
the Nair et al[1] 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[3-5]. A few studies do report increased wound 
related and infectious complications in patients with 
morbid obesity after transplantation[3,6]. In one study, 
obese patients surprisingly did not require prolonged 
ventilation support as compared to non-obese patients[6]. 

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[7]. 

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[8]. 
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)[9]. 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[10]. 
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[11]. 

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 

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 χ2 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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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 

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 β-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 (β: -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 
(β: $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 (β: -4.44; 95%CI: -9.93-1.05, 
P = 0.11) or charges for transplantation (β: $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 

No morbid obesity Morbid obesity P -value

n  = 45691 n = 818
Age (mean, CI) 53.23 (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%   32   4.49%
   Hispanic   5638 14.90% 127 17.60%
   Other   3571   9.43%   20   2.75%
Income (National 
Quartile)

   0.04

   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 
non-teaching

    233   0.51% < 10   0.48%

   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 
elixhauser index1

< 0.01

   < 3 25123 54.98% 131 16.06%
   ≥ 3 20568 45.02% 686 83.94%

Table 1  Demographic and hospital characteristics in morbidly 
obese and non-morbidly obese patients who underwent a liver 
transplant 

1After excluding liver failure and obesity.
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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 al[1] 
but less than Pelletier et al[2]. However, the prevalence 

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[12]. 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 

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
Iatrogenic pulmonary embolism and infarction     169   0.37%      20   2.49% 0.0862
Iatrogenic 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

Table 2  Complications of patients who underwent a liver transplant

Variables are expressed as weighted frequency (percentage) and differences between the groups are analyzed with χ 2 tests. LT: Liver transplantation.

Outcomes No morbid obesity 
n  = 45691 (%)

Morbid obesity 
n  = 818 (%)

Adjusted OR/β-coefficient 
(95%CI)

P -value

Mortality 2407 (5.27%)  39 (4.83%) 0.98 (0.50-1.92) 0.95
Length of stay in days, mean (CI)       20.9 (18.7-23.1) 18.7 (15.5-22)  -3.91 (-7.94-0.14) 0.06
Total charges, mean (CI)            342324 (305778-378870)         378452 (320453-436452)        6121 (-54780-56004) 0.98

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

1β-coefficients. Data was adjusted for gender, race, income, modified Elixhauser comorbidity score, weekend admission, and diabetes.
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private insurances[13]. As would be expected, the majority 
of individuals who receive liver transplantation also had 
private insurances (55% and 54% for non-morbidly 
obese and morbidly obese, respectively); however, there 
was no overall difference between the two groups among 
utilization of Medicaid, Medicare, and others (P = 0.11). 
The vast majority of both groups of liver recipients were 
transplanted at urban teaching hospitals (> 99%, P = 
0.95), similar to trends reported in other studies[14]. There 
also was no statistically significant difference between 
groups for hospital size (P = 0.24) or hospital region (P = 
0.43). Current guidelines from the American Association 
for the Study of Liver Disease consider morbid obesity 
a relative contraindication to liver transplantation[15]. 
Previously reported data on outcomes in morbidly obese 
transplant recipients has been contradictory, with some 
studies showing equivalent outcomes[16,17] while others 
showed increased post-operative complications[18] and 
decreased survival[1]. Importantly, we found that there was 
no statistically significant increase in mortality for morbidly 
obese liver transplant recipients. This contrasts data from 
previous studies which suggest higher rates of mortality in 
morbidly obese patients after transplant. The differences 
reported in peri-operative mortality and morbidity in 
studies can potentially be explained by heterogeneity 
amongst the obese and morbidly obese patients. Also the 
sample size and effect of era may be responsible for the 
variability in outcomes. 

Obesity has been shown to be protective in patients 
in many settings, including the intensive care unit and 
in patients with severe sepsis[19,20]. There are multiple 
hypotheses for the improved outcomes seen in obese 
patients in these settings. It has been demonstrated 
that obesity leads to loss of tissue homeostasis and 
development of an inflammatory response characterized 
by an accumulation of pro-inflammatory type-1 phenotype 
macrophages[21,22]. However, critical illness instigates the 
accumulation of alternatively activated M2 macrophages 
with a more anti-inflammatory role[22]. It has also been 
observed that critically ill obese patients with ARDS have 
reduced levels of inflammatory cytokines[23]. The shift 
to an anti-inflammatory milieu may partially explain a 
protective role of obesity in LT patients. Another possible 
explanation relates to the nutritional reserves possessed 
by obese patients, which may help them tolerate the 
increased metabolic demands of critical illness[24].

We also found no statistically significant difference 
in either length of stay or total hospital charge. We 

hypothesize that multiple factors may be influencing this 
outcome. First, selection criteria is more stringent since 
the development of the MELD system. In addition, as 
the prevalence of obesity in the United States continues 
to increase, surgeons and other physicians are more 
experienced in the nuances of providing care for these 
patients. Lastly, it is also possible that our short-term 
outcomes are not reflective of the long-term outcomes in 
these patients.

Our study did have some important limitations. First, 
this was a retrospective study based on diagnostic codes 
and utilizing a database. As we previously mentioned, 
there were no variable data points, and all our collected 
information was dependent upon documentation of the 
presence or absence of pathology. 

Another limitation is that we only investigated out-
comes during the index hospitalization of transplantation. 
We did not have data for re-admissions and long term 
outcomes of transplantation. Though we assume the 
majority of poor outcomes would happen during or 
shortly post-operatively, it would be interesting to follow 
the outcomes over a longer period of time and see if any 
meaningful differences occur. 

An important consideration in the data we used is 
its dependence upon diagnostic coding and accurate 
documentation for validity, and was therefore vulnerable 
to selection bias. Previous papers have theorized that 
accurate reporting of obesity as comorbidity has his-
torically been inferior to recent reporting. As obesity has 
been increasingly recognized as a public health epidemic, 
health care providers would be more likely to accurately 
document obesity[25]. 

Lastly, our method of data collection did not allow 
for stratifying patients by disease severity, etiology of 
cirrhosis, or donor factors based on donor risk index. 
Therefore, survival analyses may be of constrained 
generalizability due to these limitations. 

In conclusion, patients with morbid obesity under-
going OLT have increased respiratory complications 
and ≥ 3 comorbidities based on modified Elixhauser 
comorbidity index. Based on NIS database we found that 
health care utilization during admission for OLT is similar 
in morbidly obese and non-morbidly obese patients. 
Keeping in mind the limitations of NIS database, morbidly 
obese patients may be selected for OLT carefully after 
assessing their comorbidities. Further studies are needed 
to evaluate long term outcomes in these patients in 
era of MELD score based allocation of liver, which may 

Outcomes No morbid obesity 
n  = 143

Morbid obesity 
n  = 143

Adjusted OR/β-coefficient 
(95%CI)

P -value

Mortality 10 (7.04%) < 10 (4.93%) 0.70 (0.27-1.84) 0.47
Length of stay in days, mean (CI)   24.1 (19.5-28.7)      19.6 (16.8-22.5)  -4.44 (-9.93-1.05)1 0.11
Total charges, mean (CI)      388530 (344027-33033)           395518 (349932-441105)      15693 (-51622-83008)1 0.64

Table 4  Analysis of outcomes in the propensity matched sample

1β-coefficients.
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affect how patients are selected for transplantation in the 
future. 
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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 mm2, and 11.48%, respectively, P = 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.
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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)[1-3]. Shunt dysfunction occurs from 
stenosis and the consequent rise in portosystemic gradient 
(PSG) resulting in relapse of clinical manifestations of 
portal hypertension[1,4-6]. 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[1,5,7]. However, expanded polytetrafluoroethylene (PTFE) 
covered TIPS have improved patency rates and clinical 
outcomes compared to bare metal TIPS[1-4,8-10]. Primary 
patency rates at two years have now been shown to range 
from 62%-89%[7,10-14].

Despite these advances, HE remains a pertinent 
post-procedural complication as portosystemic shunt 
physiology can trigger or worsen HE[1,2,8]. 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[3,10,15,16]. 

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[3,17]. One 
such technique is to sub-maximally dilate a 10 mm 
TIPS[18,19]. 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[6,16,18]. 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[6,19,20]. 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
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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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[12]. 
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 nominal 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[21]. 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[15]. All patients were instructed to maintain 

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 

Total patients
(n  = 313)

Excluded
(n  = 40)

Maximally dilated
(n  = 230)

Sub-maximally 
dilated

(n  = 43)

Not 10 mm 
diameter
(n  = 11)

Unknown 
diameter
(n  = 29)

No CT follow-up
(n  = 29)

CT follow-up
(n  = 14)

< 6 mo
(n  = 7)

> 6 mo
(n  = 7)

Figure 1  Patient selection. CT: Computed tomography.
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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 

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 

A B C

D E F

G H I

Length: 8.44 mm
Mean: 65.24
Max: 338
Min: -155
SDev: 129.34

Length: 8.32 mm
Mean: 46.60
Max: 520
Min: -122
SDev: 111.24

Length: 8.49 mm
Mean: 101.58
Max: 1020
Min: -60
SDev: 184.81

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; I: Sagittal image at the portal venous end with orthogonal plane designation.
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patients who had CT imaging follow-up (Table 3). Median 
time to last imaging follow-up was 373 d. The diameter 
and cross-sectional area of initial TIPS placement was 
assumed to be 8 mm and 50.27 mm2, corresponding to 
the diameter and area of the balloon used for dilation. 
Seven patients had last CT imaging follow-up within 6 
mo (range, 4-172 d) and 7 patients had last CT imaging 
follow-up after 6 mo (range, 573-2131 d). The 7 patients 
with imaging follow-up within 6 mo had a median dia-
meter, percent diameter change, area, and percent area 
change of 8.05 mm (range, 7.84-8.43 mm), 0.67%, 
50.94 mm2, and 1.34%, respectively. The patients that 

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%, 
56.04 mm2, and 11.48%, respectively. When comparing 
these two subgroups, there was a statistically significant 
increase in diameter, percent diameter change, area, and 
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 
experienced complete clinical success and 89 of 98 
patients (91%) had at least partial clinical success. There 
was no statistically significant difference in complete or 
partial clinical success between patients with smTIPS or 
mTIPS (P = 1 and P = 0.17, respectively). For variceal 
bleeding, 7 of 9 patients (78%) with smTIPS and 64 
of 75 patients (85%) with mTIPS experienced clinical 
success, which was not significantly different (P = 0.62).  

Kaplan-Meier survival curves depicting primary and 
primary assisted patency rates for smTIPS and mTIPS are 
shown in Figures 5 and 6, respectively. Primary patency 
for smTIPS and mTIPS was 85% ± 9.1% and 76% ± 
5.9%, respectively, at one year, and 77% ± 13 and 70% 
± 6.9%, respectively, after two years. Primary assisted 
patency for smTIPS and mTIPS was 95% ± 5% and 

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) 22.4 ± 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

Table 1  Demographics and clinical characteristics

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

> 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

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

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

Median diameter (mm) Median percent diameter change Median area (mm2) Median percent area change 

< 6 mo (n = 7) 8.05 (range 7.84-8.43) 0.67% 50.94   1.34%
> 6 mo (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%

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

Length: 8.25 mm
Mean: 49.36
Max: 421
Min: -148
SDev: 139.19

Figure 3  Mid-stent measurement of sub-maximally dilated transjugular 
intrahepatic portosystemic shunt 103 d (< 6 mo) following creation. 
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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[1-4,8,9]. 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 

behavior that manifest as HE[22]. This pathogenesis is 
further supported with the evidence that HE occurs with 
spontaneous portosystemic shunts, even in the absence 
of hepatic dysfunction or TIPS[23,24]. 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 
HE[3,17]. Another technique is sub-maximal dilation of TIPS, 
which allows for further staged dilation, if necessary, and 
theoretically minimizes over-shunting[6,16,18,26]. 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[27]. Haskal et 
al[20] 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[19] 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[28] evaluated 41 patients with 10 
mm nominal Viatorr TIPS sub-maximally dilated to 8 

Length: 8.19 mm
Mean: 172.49
Max: 333
Min: 126
SDev: 43.46

Length: 8.76 mm
Mean: 142.71
Max: 320
Min: 101
SDev: 59.52

A B

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.

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) 9 (9)
Clinical Success of TIPS for Varices
Yes   7 (78) 64 (85)      0.62
No   2 (22) 11 (15)

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

TIPS: Transjugular intrahepatic portosystemic shunt.

Severe post-TIPS 
HE

Sub-maximally 
dilated

Maximally dilated P  value

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

Table 5  Severe post- transjugular intrahepatic portosystemic 
shunt hepatic encephalopathy  n  (%)

TIPS: Transjugular intrahepatic portosystemic shunt; HE: Hepatic 
encephalopathy.
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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)[19,28]. 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 

balloon has been used previously[4]. 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 clinically 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 

Mean MELD with HE Mean MELD without HE P  value Median post-TIPS PSG 
with HE (mmHg)

Median post-TIPS PSG 
without HE (mmHg)

P  value

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

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

MELD: Model for End-Stage Liver Disease; HE: Hepatic encephalopathy; TIPS: Transjugular intrahepatic portosystemic shunt; PSG: Portosystemic gradient.
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1 yr  85 ± 9.1 13 76 ± 5.9 96
2 yr 77 ± 13 10 70 ± 6.9 66
3 yr 77 ± 13   7 62 ± 8.3 39
4 yr 77 ± 13   6 62 ± 8.3 29
5 yr 77 ± 13   4 59 ± 10 17
6 yr 38 ± 42   2 55 ± 11 10

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%CI and number at risk.

Primary patency

100

90

80

70

60

50

40

30

20

10

0

Pe
rc

en
t 

su
rv

iv
al

0         1          2          3         4         5         6          7

t/yr

Sub-maximally dilated
Maximally dilated

Primary assisted patency

P = 0.55 Sub-maximally dilated Maximally dilated
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1 yr 95 ± 5 14 95 ± 3 115
2 yr   88 ± 13 10 94 ± 4   75
3 yr   78 ± 22   7 89 ± 6   48
4 yr   78 ± 22   6 89 ± 6   29
5 yr   78 ± 22   4 89 ± 6   20
6 yr   78 ± 22   3 89 ± 6   13

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%CI and number at risk. 
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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[28]. 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[26]. 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[3]. 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[3]. 
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). 

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, noncompliance 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[2]. 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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