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Abstract
In the last decades the prevalence of non-alcoholic fatty 
liver disease (NAFLD) has increased as a consequence 
of the childhood obesity world epidemic. The liver 
damage occurring in NAFLD ranges from simple stea
tosis to steatohepatitis, fibrosis and cirrhosis. Recent 
findings reported that fatty liver disease is related to 
early atherosclerosis and cardiac dysfunction even in 
the pediatric population. Moreover, some authors have 
shown an association between liver steatosis and cardiac 
abnormalities, including rise in left ventricular mass, 
systolic and diastolic dysfunction and epicardial adipose 
tissue thickness. In this editorial, we provide a brief 
overview of the current knowledge concerning the asso
ciation between NAFLD and cardiac dysfunction.

Key words: Cardiac dysfunction; Non-alcoholic fatty liver 
disease atherosclerosis; Children; Cardiovascular risk

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

Core tip: Recently, growing scientific evidences suggest 
that obese children with non-alcoholic fatty liver disease 
are more predisposed to cardiovascular disease. In
terestingly, this association seems to be independent 
from adiposity. In fact, based on recent findings, it has 
been proposed that liver steatosis plays an independent 
role in determining early atherosclerosis and cardiac 
dysfunction. 

Di Sessa A, Umano GR, Miraglia del Giudice E, Santoro N. From 
the liver to the heart: Cardiac dysfunction in obese children with 
non-alcoholic fatty liver disease. World J Hepatol 2017; 9(2): 
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INTRODUCTION
Currently, non-alcoholic fatty liver disease (NAFLD) re
presents the major cause of chronic liver disease in 
childhood and is considered a multisystem disease that 
affects many extra-hepatic organs[1]. Experimental evi
dence suggests that children with NAFLD have a higher 
risk of developing end stage liver disease than the general 
population of United States of same age and gender[2]. 
Moreover, NAFLD has emerged as an independent risk 
factor for cardiovascular diseases (CVD)[3,4], including 
coronary artery disease and cardiac dysfunction[5-8]. 

The molecular mechanisms linking NAFLD to car
diovascular complications are still poorly understood[6,8]. 
Children with NAFLD display increased free fatty acids 
that may lead to myocardial lipid accumulation with 
consequent impairments in myocardial substrate meta
bolism and efficiency and, finally, cardiac dysfunction[7,8]. 
Moreover, the presence of a low-grade inflammatory state 
in these patients contributes to the release of several 
mediators that amplify this condition[6,8]. Therefore, it 
has been hypothesized that intra-hepatic fat might exert 
a key pathogenetic role in developing cardio-metabolic 
complications (Figure 1).

In the last 20 years, NAFLD has become the most 
common liver disease in pediatrics[1], as result of the 
increased prevalence of early onset obesity[2-4]. Although 
NAFLD develops in the context of insulin resistance 
related to obesity, it is possible that a parental effect 
exists. As suggested by experimental studies in rats, in 
fact, paternal and maternal obesity during preconception 
could lead to obesity, glucose metabolism abnormalities 
and liver steatosis in the offspring[5]. 

ATHEROSCLEROSIS
NAFLD represents an independent risk factor for CVD 
as it is associated with dyslipidemia, insulin resistance 
and alterations of cardiac function independent of the 
degree of obesity[3,4]. 

Recent studies[2,3,6] have shown that atherosclerosis 
and alterations of cardiac function may occur already 
during childhood, as demonstrated by the presence 
of early onset subclinical atherosclerosis as measured 
by impaired flow-mediated vasodilation and increased 
carotid artery intimal medial thickness as well as by the 
presence of abnormalities in myocardial structure and 
function in obese children and adolescents[3,4] (Table 1).

Despite this evidence, the relationship between 
NAFLD and cardiovascular alterations is still poorly 
understood. Moreover, it is unclear whether there is a 
causal relationship between intra-hepatic fat accumu
lation and alterations of cardiac dynamics or whether the 

two phenomena are just independent complications of 
obesity. 

It is possible that intra-hepatic fat accumulation may 
be a pathogenic determinant of CVD. In fact, NAFLD 
can lead to atherosclerosis by causing an abundant 
secretion from the liver of lipoproteins [large very low 
density lipoproteins (VLDL)][7], which, in obese individuals 
with NAFLD, are abundant in oxidized fatty acids[8,9]. 
The higher concentration of large VLDL results in a 
high concentration in plasma of very small LDL, which 
in turn are a major contributor to the atherosclerotic 
plaque[7], and their accumulation within the plaque would 
ultimately lead to ischemic events. NAFLD per se, in 
fact, is a hyperlipidemic state in which adipose tissue 
insulin resistance[10] and enhanced hepatic de novo 
lipogenesis[11] lead to an abnormal accumulation of fat 
in the liver, turning the hepatocytes in a fat producing 
factory. 

It is important to remember that myocardial athero
genesis occurs very early in life. Seminal studies in 
the Bogalusa cohort showed that atherosclerosis often 
begins in pediatric age[12], as demonstrated by the fact 
that fatty streaks are detected already in the aorta and 
the coronary arteries of children[6,13]. Since NAFLD can 
begin during childhood in obese children, it is reason
able to think that it can be an important determinant 
of these early events observed already in the pediatric 
population.

CARDIAC ABNORMALITIES
While, the association between NAFLD and athero
sclerosis could be easily explained by the abundance of 
circulating lipids present in obese children with NAFLD, 
it is more difficult to explain the relationship between 
NAFLD and cardiac function and geometry[14,15]. It has 
been reported that adolescents with NAFLD show an 
impaired systolic and diastolic function and an increased 
left ventricular mass compared to both healthy controls 
and age and gender matched obese adolescents without 
NAFLD[14,15] (Table 1). 

To explain this observation several pathogenic mecha
nisms have been hypothesized, including the role of 
the liver as a generator of circulating mediators that 
could be involved in the cardiac remodeling[3,11,16,17]. In 
fact, the presence of a low-grade inflammatory state 
in patients obese patients with NAFLD and insulin re
sistance contributes to release of several cytokines and 
adipokines (e.g., IL-6, TNF-alpha, visfatin, FGF-21, 
adiponectin, resistin, leptin) that amplify this condition 
and worsen the metabolic phenotype[3,11,17]. Whether the 
trigger for this condition, usually refereed to as “sterile 
inflammation”, is NAFLD or insulin resistance per se 
is unclear, but a large body of evidence suggests that 
inflammatory cytokines may be the link among fatty 
liver, insulin resistance and myocardial changes[3,17]. In 
fact, adiponectin, a strong insulin sensitizer, seems to be 
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decreased in patients with NAFLD and some studies have 
suggested that low adiponectin levels may affect cardiac 
function and atherogenic risk. In contrast, patients with 
NAFLD experience also an increased production of pro-
inflammatory and pro-atherogenic cytokines (IL-6, IL-12, 
TNF-alpha), which in turn worsens insulin resistance, 
mostly through the down-regulation of insulin-receptor-
substrate and by affecting gluconeogenesis[3,17], these 
compounds could also affect the cardiac morphology 
and dynamics. More importantly, some data suggest 
that fibroblast growth factor 21 (FGF-21), a protein 
synthetized and secreted by the liver in high amounts in 
obese subjects with fatty liver, might play a role in cardiac 
hypertrophy[16]. Some investigators have speculated 
that FGF-21 resistance occurring in NAFLD could led to 
cardiac damage in NAFLD patients[16]. 

On the other hand, given that NAFLD is associated 
with high systolic blood pressure[18] it could be also 
argued that changes in myocardial structure might be 
the consequence of high blood pressure[18]. Against the 
latter hypothesis, there is the evidence that changes in 
cardiac morphology observed in children with NAFLD 
do not resemble the cardiac adaptation consequence of 
high blood pressure[19]. In fact, hypertension increases 
left ventricular (LV) mass and changes heart morphology 
as a result of overload. Recent findings reported that 

obese children both with and without NAFLD showed 
no differences in LV mass and posterior wall thickness, 
while children with NAFLD were more likely to present 
low LV strain rate - a load - independent parameter that 
expresses LV elastance and deformation-than those 
without NAFLD. Therefore, the authors suggested that 
NAFLD affects myocardial fiber organization leading to 
systolic and diastolic dysfunction[19]. 

CONCLUSION
Besides the large amount of literature suggesting an asso
ciation between NAFLD and CVD, the pathophysiologic 
mechanisms underlying these associations are far from 
being clear, therefore, in the future more studies should 
be focused on this area of research to unravel those 
mechanisms and to develop novel therapeutic strategies. 

Moreover, we need to establish also whether NAFLD 
could be considered a marker of subclinical athero
sclerosis as well as a cardiovascular risk factor even at a 
very early age. In fact, because of its strong relationship 
with CVD, NAFLD diagnosis could represent a red flag for 
the presence of high cardiovascular risk. In this scenario 
the prevention and treatment of NAFLD may play a 
crucial role in avoiding not only end-stage liver disease 
but also CVD. 
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Bonci et al[4] Systematic review and meta-analysis
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9 studies based on adult population and 3 

studies performed in pediatric population were 
selected

Children with NAFLD were not different 
from those without for LV mass

Both children with and without NAFLD 
presented an increased LV mass compared 

to controls
However children with NAFLD presented 

higher E/e’ ratio rather those without 
NAFLD

D’Adamo et al[7] Cross-sectional study
NAFLD diagnosis performed by MRI 

Evaluation of VAT
Lipoprotein particle characterized by 

MRS

Mean age 14.6 yr
Obese African American (33)

Obese Hispanic (33)

In multiple regression analyses liver fat 
accumulation resulted independently 

and significantly related to large VLDL 
concentrations

Sert et al[14] Cross-sectional study
NAFLD diagnosis performed by 

ultrasound and elevated serum alanine 
aminotransferase

Pulsed and tissue doppler 
Echocardiography

Mean age 13.3 yr
Healthy (68)

Obese with NAFLD and elevated ALT (97)

NAFLD children showed increased CIMT 
and abnormalities of both LV structure and 

function
LV CIMT and LV mass were positively 

related to HOMA-IR in obese children with 
NAFLD

Alp et al[15] Cross-sectional study
NAFLD diagnosis performed by liver 

biopsy
Echocardiography

Tissue doppler Echocardiography
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Healthy (150)

Obese with NAFLD at United States (93)
Obese without NAFLD at United States (307)

NAFLD group had increased epicardial 
fat thickness, end-systolic thickness of the 

interventricular septum, and larger LV 
mass, as well as LV systolic and diastolic 

dysfunction
Pacifico et al[18] Cross-sectional study

NAFLD diagnosis performed by MRI
Mean age 12.5 yr

Healthy (18)
Children with NAFLD presented signs of 
left ventricular dysfunction compared to 

children without NAFLD
Subjects with a more severe NASH had a 

worse cardiac dysfunction
Singh et al[19] Liver biopsy for NASH in 41 subjects

Echocardiography
Cross-sectional study

NAFLD diagnosis performed by MRS
Echocardiography

Obese with NAFLD at MRI (54)
Obese without NAFLD at MRI (54)

Mean age 15 yr
Lean (14)

Obese with Intrahepatic triglyceride content (15)
Obese with increased Intrahepatic triglyceride 

content (15)

Obese adolescents with NAFLD show 
a worse systolic and diastolic functions 
rather than lean and obese adolescents 

without NAFLD independent from 
anthropometric parameters and blood 

pressure

Table 1  Principal features and findings of the studies regarding the association between non-alcoholic fatty liver diseas and cardiac 
dysfunction

MRI: Magnetic resonance imaging; NAFLD: Nonalcoholic fatty liver disease; MRS: Magnetic resonance spectrometry; VAT: Visceral adipose tissue; NASH: 
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Abstract
Over the last decade, the role of renin-angiotensin 
system (RAS) on the development of obesity and its 
comorbidities has been extensively addressed. Both 

circulating and local RAS components are up-regulated 
in obesity and involved in non-alcoholic fatty liver disease 
onset. Pharmacological manipulations of RAS are viable 
strategies to tackle metabolic impairments caused by 
the excessive body fat mass. Renin inhibitors rescue 
insulin resistance, but do not have marked effects on 
hepatic steatosis. However, angiotensin-converting en
zyme inhibitors and angiotensin receptor blockers (ARB) 
yield beneficial hepatic remodeling. ARBs elicit body 
mass loss and normalize insulin levels, tackling insulin 
resistance. Also, this drug class increases adiponectin 
levels, besides countering interleukin-6, tumoral necrosis 
factor-alpha, and transforming growth factor-beta 1. 
The latter is essential to prevent from liver fibrosis. 
When conjugated with peroxisome proliferator-activated 
receptor (PPAR)-alpha activation, ARB fully rescues fatty 
liver. These effects might be orchestrated by an indirect 
up-regulation of MAS receptor due to angiotensin Ⅱ 
receptor type 1 (AT1R) blockade. These associations of 
ARB with PPAR activation and ACE2-angiotensin (ANG) 
(1-7)-MAS receptor axis deserve a better understanding. 
This editorial provides a brief overview of the current 
knowledge regarding AT1R blockade effects on sensitivity 
to insulin and hepatic structural alterations as well as 
the intersections of AT1R blockade with peroxisome 
proliferator-activated receptor activation and ACE2-ANG 
(1-7) - MAS receptor axis. 

Key words: Non-alcoholic fatty liver disease; Insulin 
resistance; Angiotensin receptor blockers; MAS receptor; 
Renin-angiotensin system 
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Group Inc. All rights reserved.

Core tip: Intrahepatic renin-angiotensin system activation 
contributes to insulin resistance and non-alcoholic fatty 
liver disease onset. ANG Ⅱ interaction with angiotensin 
Ⅱ receptor type 1 (AT1R) mediates pro-inflammatory 
and pro-fibrogenic responses, besides enhancing the 
oxidative stress, which makes the liver more prone to 
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noxious liver diseases. AT1R blockers mitigate insulin 
resistance and fatty liver by enhancing beta-oxidation, 
reducing lipogenesis and controlling inflammation. The 
impact of the AT1R blockade on liver ACE2-angiotensin 
(1-7)-MAS receptor axis remains to be fully unraveled.  
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INTRODUCTION
Liver injuries can result from virus infection, alcohol and/or 
drugs abuse, and autoimmune diseases[1]. However, the 
increase in high-energy dense food availability combined 
with a sedentary lifestyle brought up unprecedented 
obesity rates, with the consequent increase in its 
comorbidities (hypertension, type 2 diabetes, and dys
lipidemias) prevalences[2]. The metabolic disturbances 
caused by obesity also impair liver structure and phy
siology, with increasing prevalence of non-alcoholic fatty 
liver disease (NAFLD) and greater susceptibility to more 
harmful types of liver diseases such as non-alcoholic 
steatohepatitis (NASH) and liver fibrosis[3,4].

Insulin resistance (IR) plays a central role in NAFLD 
pathogenesis[5]. Also, the low-grade inflammation ob
served in obese subjects and the increased adipocyte 
lipolysis are key factors for a more pronounced lipid 
droplet deposition within the hepatocytes[6]. Briefly, 
IR has opposite effects on adipose tissue and liver. On 
one hand, resistance to insulin action elicits enhanced 
lipolysis rate in the white adipose tissue as an attempt to 
compensate for the lack of glucose to be used as fuel by 
the adipocytes. Hence, increased free fatty acids (FFAs) 
are delivered to the liver[3,7]. On the other hand, insulin 
resistance impairs beta-oxidation within hepatocytes by 
reducing the expression of carnitine palmitoyltransferase 
1 in the hepatic mitochondrion, besides reducing very low-
density lipoprotein (VLDL) secretion. These conditions 
lead to unbalanced hepatic lipid metabolism as FFAs 
inflow surpasses fatty acid oxidation and lipoprotein 
exportation[8,9]. Therefore, excessive fatty acids are 
converted into triglycerides through the up-regulated 
lipogenic pathways, which accumulate as lipid droplets 
within hepatic parenchyma, characterizing the NAFLD[10].

Considering that NAFLD is currently considered as 
the hepatic manifestation of the metabolic syndrome and 
that this condition, despite benign at first, can initiate a 
harmful spectrum of liver diseases, treatments should 
target hepatic alterations, but also alleviate others com
orbidities such as hypertension, inflammation, and insulin 
resistance[11,12]. Recently, the activation of a local renin-
angiotensin system (RAS) in the liver has been linked to 
NAFLD onset and progression towards liver fibrosis[13]. In 

this way, the RAS emerges as a potential target to tackle 
hepatic alterations stemmed from obesity and other 
metabolic constraints imposed by increased body fat 
mass[14]. 

CIRCULATING RAS
From a classical view, the circulating RAS is implicated 
in the systemic hemodynamic regulation. Briefly, under 
a reduced renal perfusion, renin is secreted by the 
juxtaglomerular apparatus. This enzyme converts angio
tensinogen (produced by the liver) in angiotensin 1 (ANG 
I), which is converted into angiotensin 2 (ANG Ⅱ) by 
the angiotensin-converting enzyme (ACE). ANG Ⅱ has 
countless physiological effects such as the stimulation of 
aldosterone release, which promptly reestablishes the 
hemodynamic control by enhancing water and sodium 
retention in the kidneys[15,16]. 

ANG Ⅱ exerts its main effects by interacting with two 
main receptors: Angiotensin Ⅱ receptor type 1 (AT1R) 
or angiotensin Ⅱ receptor type 2 (AT2R). AT1R has 
an important role in tissue repair and cell proliferation. 
However, when overexpressed, mediates pro-inflamma
tory and pro-atherogenic effects. Conversely, AT2R has 
anti-inflammatory effects, mainly by down-regulating 
tumoral necrosis factor-alpha (TNF-alpha) and nuclear 
factor-kappa B (NF-KB) pathways and by exerting anti-
fibrogenic properties, besides reducing oxidative stress 
and cell proliferation[17,18]. Bearing this in mind, the 
angiotensin receptor blockers (ARBs) represents an 
evolution of the ACE inhibitors as they block exclusively 
the actions mediate by the interaction of ANG Ⅱ with the 
AT1R[19,20]. Thus, important physiological effects stemmed 
from ANG Ⅱ interaction with AT2R are maintained, 
leading to reduced atherogenesis, greater cardiac and 
endocrine pancreas functions, reduced glomerulosclerosis 
and fatty liver[21,22].

Recently, with the discovery of ACE2, another branch 
of RAS has been described. ACE2 converts ANG Ⅱ to 
ANG (1-7) and cleaves ANG I into ANG (1-9), which is 
also converted to ANG (1-7) by ACE. ANG (1-7) exerts 
its physiological effects through the MAS receptor. It can 
be argued that [ACE2-ANG (1-7)-MAS axis] counters the 
(ACE - ANG Ⅱ-AT1R axis) effects. So, ACE2/ACE balance 
is an important target to tackle metabolic diseases[23-25].  

LOCAL RAS: HEPATIC EFFECTS
Lately, apart from this circulating RAS, many local RAS 
have been described in organs such as heart, pan
creas, adipose tissue, skeletal muscle, and liver[17,26,27]. 
Animal models of obesity show raised circulating renin, 
angiotensinogen, and ANG Ⅱ[28], besides higher expression 
of ACE and AT1R in the pancreas, which inhibit important 
steps of the insulin signaling cascade and contribute to 
IR and type 2 diabetes onset[29,30]. Intrahepatic activa
tion of RAS favors NAFLD onset as it elicits greater 
triglycerides accumulation due to impaired beta-oxidation 
in conjunction with a significant fall in VLDL secretion. 
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These conditions comply with the increase of de novo 
lipogenesis (the formation of fatty acids from excessive 
dietary carbohydrate)[27,31]. Concomitantly, the increased 
production of reactive oxygen species by mitochondria 
and the raised expression of pro-inflammatory cytokines 
contribute to the progression to NASH[22]. These effects 
are mainly mediated by higher expression of ACE, ANG 
Ⅱ, and AT1R concomitant to reduced ACE2 tissue ex
pression in the hepatocytes of obese mice[32]. 

Moreover, ANG Ⅱ activates hepatic stellate cells 
(HSCs). Enhanced transforming growth factor-beta 1 
(TGF-beta1) underlies this event, which implies a higher 
susceptibility to hepatic fibrosis, once HSCs acquire a 
myofibroblast phenotype[33,34]. These harmful effects 
of ANG Ⅱ on liver structure and function are mediated 
predominantly by its interaction with the AT1R and results 
in collagen synthesis, pro-inflammatory cytokines release, 
stimulation of cell migration and proliferation[27,35]. These 
events altogether contribute to the second hit proposed by 
the two-hit theory, where inflammation and fibrogenesis 
play a decisive role in NAFLD progression to NASH[36].

Obese mice show higher hepatic steatosis rate coupled 
with insulin resistance, a pro-inflammatory adipokine 
profile, reduced hepatic beta-oxidation of fatty acids and 
enhanced lipogenesis[37]. Recently, it has been shown that 
a mouse model of NAFLD, even without obesity, presents 
with enhanced ACE/AT1R expression locally in the liver[38]. 
Rats with liver fibrosis present with favored ACE-ANG
Ⅱ-AT1R axis over ACE2-ANG (1-7)-MAS receptor axis, 
confirming that AT1R is involved with NAFLD progression 
to NASH and fibrosis[24,25]. These observations suggest 
that the local expression of AT1R is related to NASH 
onset and AT1R blockade, with the consequent ACE2 
induction, emerging as a potential approach to prevent 
liver fibrosis and chronic inflammation.  

BLOCKADE OF AT1 RECEPTOR EFFECTS 
ON INSULIN RESISTANCE AND FATTY 
LIVER
The impact of pharmacological manipulations of the 
RAS system on insulin resistance and liver structure is a 
new field of study. Evidence from animal studies shows 
that aliskiren (a direct renin inhibitor) rescued insulin 
resistance and hepatic steatosis, though its effects are 
not more advantageous than ARBs[39,40].

Angiotensin-converting enzyme inhibitors (ACEi) inhibit 
ANGⅠ to ANGⅡ conversion and, therefore, enhances 
the availability of bradykinin[41]. This peptide yields cardio
vascular protection by stimulating the release of important 
vasodilatators such as nitric oxide and prostacyclin[42]. 
Bradikinin reduces the hepatic expression of glucose-6 
- phosphatase and phosphoenolpyruvate carboxykinase, 
inhibiting hepatic gluconeogenesis. Furthermore, isolated 
myocytes and adipocytes treated with bradykinin 
exhibited improved glucose uptake due to greater glucose 
transporter 4 translocation to the cell membrane[43]. These 
events show that by enhancing bradykinin availability, 

ACEi are able to mitigate insulin resistance and counter 
NAFLD. Even though ACEi represent a potent approach as 
it combines benefits from bradykinin and ANGⅡ inhibition, 
ARBs preserve AT2R-mediated benefits and favor ACE2-
ANG (1-7)-MAS receptor axis. These properties make 
ARBs an attractive option to treat metabolic impairments.  

Olmesartan, a pure ARB, reduced body mass and 
hepatic triglyceride content, besides recovering the ex
pression of hepatic antioxidant enzymes and sensitivity 
to insulin in rats[44,45]. The recovery of uncoupling protein 2 
expression is put forward as the main mechanism that 
enhances hepatic lipid metabolization and antioxidant 
capacity after the blockade of AT1R[44]. Amelioration 
of IR after olmesartan treatment is also perceived in 
humans[46].

Irbesartan, another ARB, and an ACEi (perindopril) 
prevented obese Zucker rats from developing fatty liver in 
a recent study. Both treatments elicited a marked reduction 
in hepatic steatosis percentage, with no difference with 
the lean control group[47]. A remarkable reduction in 
hepatic expression of TNF-alpha, interleukine-6, and TGF-
beta1 is produced by enhanced ACE2-ANG (1-7)-MAS 
receptor, leading to the alleviation of hepatic IR and, 
consequently, reducing fatty liver[25]. Furthermore, low 
TGF-beta1 expression complies with the marked re
duction in liver fibrosis in obese animals treated with 
irbesartan[44]. In agreement to this, losartan, an ARB, led 
to anti-proliferative and anti-fibrogenic effects in ANG Ⅱ 
stimulated HSCs in vitro. Once again, a marked reduction 
in TGF-beta1 expression and AT1R down-regulation 
explain these findings[48].

It was recently proposed a synergistic action between 
hepatic cholesterol metabolism and intrahepatic RAS 
activation in the physiopathology of NAFLD. In this 
context, chronic local RAS activation in the liver augments 
the extracellular matrix synthesis and disrupts LDL 
metabolism by impairing LDL receptor functioning. These 
alterations seem to rely on AT1R activation by ANG Ⅱ. 
In agreement to this, telmisartan, an ARB that is also a 
partial peroxisome proliferator-activated receptor (PPAR)-
gamma agonist, prevented from lipid deposition and 
overrode the translocation of SCAP/SREBP-2 complex 
from the endoplasmic reticulum to Golgi, blocking LDL 
receptor gene transcription in HepG2 cells[31].

Animal studies show that telmisartan rescues the 
sensitivity to insulin, markedly reduces hepatic steatosis 
and augments the numerical density of mitochondria per 
area of hepatic tissue in diet-induced obese mice[49]. These 
events rely on PPAR-alpha activation in the liver coupled 
with dual AT1R blockade/partial PPAR-gamma agonist 
properties, which determine enhanced adiponectin levels, 
favored beta-oxidation over lipogenesis and reduced 
HSCs activity[49,50].

Also, telmisartan limits hepatic fibrosis by enhancing 
mRNA levels of ACE2 and MAS receptor concomitant 
to reducing ACE, AT1R, collagen type Ⅱ and TGF-beta1, 
besides blocking HSCs activation in bile duct-ligated rats[51]. 
However, some effects are stemmed from the partial 
PPAR-gamma agonist property, such as IR alleviation, 
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reduced oxidative stress, and hepatic lipid deposition[52]. 
It is likely that the favored activity of the ACE2-ANG 

(1-7)-MAS receptor action under the AT1R blockade 
mediates the beneficial findings[25]. With regard to this, 
the infusion of ANG (1-7) in bile duct-ligated rats elicited 
fibrosis attenuation by the suppression of HSCs activity, 
while the use of MAS receptor antagonist confirmed these 
findings as the animals presented with a maximization of 
liver fibrosis, supported by higher expression of collagen 
and TGF-beta1[53]. Figure 1 illustrates the main pathways 
related to ARBs effects on the liver.

CONCLUSION
Increasing rates of obesity and NAFLD have drawn 
the attention of the scientific community to strategies 
to treat these metabolic diseases. Local RAS is up-
regulated in the liver from obese individuals and in lean 
individuals with fatty liver. Among the pharmacological 
manipulations of RAS, AT1R blockade is considered the 
best approach as it favors AT2R effects and seems to 
activate indirectly the ACE2-ANG (1-7)-MAS receptor 
axis, with additional beneficial effects. The combination 
of AT1R blockers with oral ANG (1,7) treatment seems 
to be a promising approach to treating NAFLD and NASH 
and prevent liver fibrosis.
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Abstract
Many patients with hepatocellular carcinoma (HCC) 
are diagnosed in an advanced stage, so they cannot 
be offered the option of curative treatments. The 
results of systemic chemotherapy are unsatisfactory 
and this has led to molecular targeted approaches. 

HCC develops in chronically damaged tissue due to 
cirrhosis in most patients. Several different cell types 
and molecules constitute a unique microenvironment 
in the liver, which has significant implications in tumor 
development and invasion. This, together with genome 
instability, contributes to a significant heterogeneity which 
is further enhanced by the molecular differences of the 
underlying causes. New classifications based on genetic 
characteristics of the tissue microenvironment have 
been proposed and key carcinogenic signaling pathways 
have been described. Tumor and adjacent tissue 
profiling seem biologically promising, but have not yet 
been translated into clinical settings. The encouraging 
first results with molecular - genetic signatures should be 
validated and clinically applicable. A more personalized 
approach to modern management of HCC is urgently 
needed.

Key words: Systemic; Chemotherapy; Hepatocellular 
carcinoma; Prognosis
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Core tip: The complete failure of chemotherapy in 
previous years gradually shifted hepatocellular car
cinoma (HCC) treatment to the molecular targeted 
therapies. The initial-albeit limited - effectiveness of 
the currently approved systemic therapy, sorafenib, is 
due to the successful combination of targeting cancer 
cells and their microenvironment. Trials on drugs other 
than sorafenib, alone or in combination with drugs 
or transcatheter arterial chemoembolization were dis
appointing. Recently, genomic based analyses in HCC 
patients have proposed subclasses, based on molecular 
characteristics and a proliferative or non-proliferative 
genotypes. Combined targeted therapies, driven by 
specific molecular signatures for treatment selection and 
monitoring, potentially with immunotherapy, could be a 
future personalized approach. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents globally 
the fifth most common cancer and is considered the 
third most frequent cause of cancer related death[1]. 
In recent years there has been a significant progress 
in clarifying pathogenesis, etiology, and risk factors for 
hepatocarcinogenesis. Understanding the importance of 
underlying cirrhosis in the majority of HCCs led to more 
integrated approach, as in the majority of cases we 
have to deal with two diseases, cirrhosis and cancer.

The adoption of the barcelona-clinic liver cancer 
(BCLC) classification[2,3] offered the opportunity to better 
categorize HCC patients and select the best treatment 
option according to tumor stage, degree of liver function 
impairment and patient characteristics. The outcomes 
for surgical resection have improved and specific factors, 
as tumor and liver function characteristics, are being 
taken into account before the patient is referred for an 
operation[4]. Moreover, the widespread application of the 
Milan criteria in the field of transplantation, has changed 
the transplant procedure from an experimental approach 
to a standard of care therapy for HCC, which can treat 
at the same time the tumor and the underlying pre-
neoplastic process (namely cirrhosis)[5].

Despite screening patients at risk[6], adopting regular 
surveillance rules and the impressive improvements in 
imaging, still many patients with HCCs are diagnosed 
in an advanced stage, thus being ineligible for radical 
treatments [transplantation, resection or Radiofrequency 
ablation (RFA)] or even for ablative techniques [trans
catheter arterial chemoembolization (TACE)] that can also 
provide survival benefit[7]. 

Patients with advanced HCC, especially if complicated 
with advanced cirrhosis, have a dismal prognosis. 
Several therapeutic efforts on this group of patients gave 
disappointing results in the past. The complete failure 
of systemic chemotherapy in previous years gradually 
shifted HCC treatment to the molecular targeted therapies. 
The first successful trials of sorafenib[8,9] provided a 
meaningful survival benefit in patients with advanced 
HCC, leaving at the same time many unresolved issues. 
This review attempts to present the effort of the scientific 
research to address the problem of HCC in multiple levels 
and to critically evaluate the inadequacies of the current 
trials of systemic treatments.

THE STORY OF NEAR-FAILED SYSTEMIC 
TREATMENTS
Initial approaches with systemic therapy were ineffective, 

as HCC is refractory to conventional chemotherapy and 
poorly tolerable in the context of liver cirrhosis due to 
altered drug metabolism and toxicity. Initial evidence for 
some efficacy of the anti-estrogen agent Tamoxifen in 
small trials were not confirmed in larger clinical trials and 
the drug has been abandoned[10].

More interesting data came in to light with clinical 
studies of Somatostatin and its long acting analogues 
for advanced HCC with very promising initial results[11,12], 
given the antiproliferative activity of the hormone 
and the positivity of HCC in somatostatin receptors in 
roughly 40% of the tumors[13]. Further publications have 
documented that somatostatin leads to apoptosis and 
has antineoplastic properties. Nevertheless, randomized 
trials - mainly from western countries - did not identify 
a clear survival benefit and this treatment is no longer 
recommended. There has been criticism for the meth
odology of these trials and the heterogeneity of selected 
patient population[14]. 

Sorafenib, the only currently approved systemic 
treatment, that demonstrated statistically significant 
improvement in overall survival and prolonged time to 
progression in two large randomized controlled trials 
(Sharp and Asian Pacific)[8,15]. The efficacy of Sorafenib 
has been attributed to blockade of multiple kinases, 
most of them involved in the VEGF, PDGF, c-Kit and 
B-Raf and p38 signaling pathways[16]. Despite the low 
response rates and the associated toxicity, the drug 
showed survival benefit in Child’s A patients with a good 
performance status. 

The safety and efficacy of this treatment was 
further investigated in the Gideon trial (global phase 
Ⅳ, ongoing), focusing on patients with Child’s B that 
were under represented in the registration trials. The 
interim analysis showed better outcomes for patients 
on the full dose (800 mg) as compared to the reduced 
(400 mg) dose, without significant differences in safety 
profile[17,18]. However, the median life expectancy of 
patients under Sorafenib treatment is generally less than 
one year, and this clearly needs to be improved. For 
the time being there are no validated factors to predict 
effectiveness or the possibility of adverse effects[19]. 

More issues are still open, as what to do when the 
patient fails to respond or is intolerant to Sorafenib, or 
if Sorafenib could have a role as adjuvant treatment 
to other modalities like TACE. More data are expected 
and towards this direction is a recent study showed 
that tumor associated neutrophils (TAN) mediate the 
intratumoral infiltration of macrophages and Tregs by 
secreting the chemotactic C-C motif ligands CCL2 and 
CCL17. Thus neovascularization is being stimulated, 
and HCC growth and metastasis are promoted, all 
contributing to resistance to Sorafenib[20]. Thus, TAN 
infiltration is proposed as a potential biomarker. 

Sunitinib, a potent multi-targeted receptor tyrosine 
kinase inhibitor of VEGFR, PDGFR, and c-KIT, reached to 
phase Ⅲ study as compared to Sorafenib. The trial was 
terminated prematurely due to higher incidence of side 
effects in the sunitinib arm, besides demonstrating no 
superiority over sorafenib[21]. 
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Brivanib is a potent and selective inhibitor of VEGFR 
and FGFR and pre-clinical studies have shown in vivo 
antitumor activity[22]. Three phase Ⅲ studies have been 
conducted, yielding negative results. The BRISK-FL study 
tested the efficacy of Brivanib vs Sorafenib, in patients 
with advanced HCC without prior systemic treatment[23]. 
The BRISK-PS study tested Brivanib vs placebo in 
patients that failed or were intolerant to Sorafenib[24]. 
In both studies Brivanib failed to improve OS but it did 
improve time to tumor progression (TTP), indicating some 
anti-tumor activity. Due to these results, a phase Ⅲ trial 
in which Brivanib was used as an adjuvant to TACE was 
terminated prematurely[25].

Linifanib is a multi-targeted receptor tyrosine kinase 
inhibitor effective on VEGFR and PDGFR. A phase Ⅲ trial 
with 1035 patients comparing Sorafenib with Linifanib, 
showed similar overall survival in advanced HCC with a 
more favorable safety profile for Sorafenib; predefined 
superiority and non-inferiority overall survival boundaries 
were not met by Linifanib, which was more toxic than 
Sorafenib[26]. 

Erlotinib is an orally active inhibitor of epidermal 
growth factor receptor (EGFR) tyrosine kinase. A phase 
Ⅲ randomized trial (SEARCH) with 720 HCC patients 
(Child A cirrhosis) were assigned to Sorafenib/Erlotinib 
or Sorafenib/placebo[27]. The median OS and TTP were 
similar in both groups, thus adding Erlotinib to Sorafenib 
did not improve survival, but increased toxicity instead. 

Dovotinib, a VEGFR, PDGFR, FGFR inhibitor was com
pared head to head with Sorafenib, in a randomized 
study in the Asian-Pacific in patients with advanced HCC. 
Although Dovotinib was well tolerated, it failed to show 
greater efficacy than sorafenib, and thus there will be no 
phase Ⅲ trial[28]. 

In patients who stopped Sorafenib due to disease 
progression or intolerance, a randomized phase Ⅲ trial 
assessed Ramucirumab, a recombinant monoclonal 
IgG1 and VEGFR-2 blocking antibody (REACH). Despite 
acceptable safety profile, the study drug did not reached 
statistically significant survival benefit vs placebo[29]. 
However, a sub-population with αFP > 400 ng/mL might 
have benefited from this 2nd line treatment and this is 
explored in an ongoing trial. Recently Codrituzumab, 
a humanized monoclonal antibody against Glypican-3 
which is expressed in HCC, was studied vs placebo in a 
phase Ⅱ randomized trial without showing any clinical 
benefit[30]. 

Tivantinib is an oral selective small MET tyrosine kinase 
inhibitor with antitumor activity in MET-high patients. A 
phase Ⅱ randomized placebo-controlled study in patients 
with advanced HCC, Child’s A score and intolerant or 
progressing under the first line treatment, showed 
some promising results on time to progression, but with 
notable neutropenia in some patients[31]. A phase Ⅲ 
study in patients with advanced HCC expressing high 
levels of c-MET after Sorafenib failure is underway.  

Mammalian target of rapamycin (mTOR) regulates 
cell growth, metabolism and aging in response to nu
trients, cellular energy state and growth factors[32]. It is 

frequently up-regulated in cancer, including HCC, and is 
associated with poor differentiation and bad prognosis. 
Blocking this pathway appears an attractive option for 
HCC treatment. It is well known from the research on 
transplantation - given its immunosuppressive properties 
- that mTOR inhibitors (Sirolimus) are associated with 
better clinical outcomes in patients transplanted for 
HCC[33,34]. 

Preliminary data in the non-transplant setting with 
Sirolimus and Everolimus treatment in HCC patients were 
encouraging. In the EVOLVE-1 phase Ⅲ study, patients 
with advanced HCC and failure/intolerance to Sorafenib, 
randomized to Everolimus or placebo[35]. Everolimus did 
not improve OS with no difference to TTP vs placebo. 
Moreover, Everolimus led to hepatitis B virus (HBV) re
activation in 37% of the cases despite preventive antiviral 
therapies. A recent phase Ⅱ randomized trial of the 
combination of Everolimus with Sorafenib vs Sorafenib 
alone, in patients with advanced HCC with Child’s score 
≤ 7, showed that the combination was not more bene
ficial; in contrast it was more toxic[36].

TACE is the treatment of choice for intermediate 
stage HCC. However, following TACE the hypoxic micro
environment promotes up-regulation of proangiogenic 
factors as VEGF and PDGF. This is the theoretical basis 
for the combination of TACE with drugs that inhibit 
angiogenesis, as Sorafenib and Birivanib. A recent review 
and meta-analysis reported that this combined app
roach may bring benefit to unresectable HCC in terms 
of TTP but not OS[37]. Recent studies (START, SOCRATES) 
that investigated the efficacy and safety of Sorafenib 
as an adjuvant to TACE displayed good tolerability and 
interesting response rate[38,39]. Clearly a better defined 
population of advanced HCC -that might have the maximal 
benefit from this approach- should be tested in clinical 
trial. Unfortunately, the recently published SPACE trial[40] 
showed that despite the combination of DC beads TACE 
with Sorafenib was feasible, this combination did not 
actually improve time to tumor progression in interme
diate HCC.

Beyond TACE, efficacy and safety of Sorafenib was 
studied in a randomized phase Ⅲ trial vs placebo, in 
patients with HCC after resection or local ablation (STORM 
trial)[41]. The recurrence free survival was identical in the 
two arms, whereas side effects were significantly more 
frequent in patients receiving Sorafenib in whom dose 
modification was necessary in 90% of the cases. 

The combination of Sorafenib with other cytotoxic 
agents was tested to improve the disappointing results 
of conventional chemotherapy. In a phase Ⅱ trial[42] the 
combination of Sorafenib/Doxorubicin was compared 
to Doxorubicin alone in Child-A cirrhotic patients with 
advanced HCC. The trial showed that the combination 
was better than doxorubicin alone as regards time to 
progression and overall survival. Whether there is benefit 
of the combination or this is an effect of sorafenib itself, 
will be clarified in an on-going phase Ⅲ trial.

The efficacy and safety of GEMOX (Gemcitabin/
Oxaliplatin) plus sorafenib, followed by sorafenib mono
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therapy was examined in a small trial with 49 patients 
diagnosed with advanced HCC[43]. This approach was 
found effective (overall survival 15.7 mo) with mana
geable toxicity, and these results should be validated in 
a larger controlled trial. The data of a subsequent phase 
Ⅱ randomized study on this combination, as well as the 
results of a single arm phase Ⅱ study combining sorafenib 
with oxaliplatin/capecitabin, showed modest synergistic 
effect[44]. Further combinations that were tested, such as 
sorafenib with EGFR inhibitors or with mTOR inhibitors, 
both failed to show any meaningful antitumor activity. 

Finally, the combination of Sorafenib with Octreotide 
was tested in a phase Ⅱ study, recruiting 50 patients 
with advanced HCC and Child-Pugh score A or B[45]. 
The combination was well tolerated and displayed TTP 
7 mo and median overall survival 12 mo. Nevertheless 
these results have not been confirmed in a larger phase 
Ⅲ study as yet. We believe that this combination could 
provide an option for patients with inadequate response 
or intolerance to sorafenib (Figure 1). 

The apparent failure of phase Ⅲ trials beyond sora
fenib, was disappointing but not discouraging for the 
scientific community (Table 1). Factors contributing to 
this failure and were related to drug toxicity (especially 
in cirrhotic patients), lack of significant antitumoural 
potency, lack of our understanding on diverse mecha
nisms of tumor progression and metastasis or bio
markers predictive of the efficacy of therapy[16]. Study 
design was another weak point for some trials. Trials in 
patients with advanced HCC should also pay attention to 
specific factors as portal vein invasion, the extrahepatic 
metastases, and the degree of liver impairment.  

EXPLORING THE ETIOPATHOGENESIS 
Molecular and phenotypic diversity of HCC - Oncogenic 
pathways
Beyond the success and wide adoption of the BCLC 
system on staging and prognosis of HCC[46], recently new 
molecular classifications based on genetic characteristics 
of the tissue microenvironment have been proposed. 
However, HCC is a heterogeneous disease and each tumor 
is a result of unique combination of several genomic 
defects that lead to a significant diversity in the pathways 

of carcinogenesis. It is documented that several differ
ences exist not only amongst different patients, but also 
between different tumor nodules in the same liver, and 
even differences in the same nodule.

Cancer cells and stem cells have similar capacity as 
regards self-renewal, indefinite division, and generation 
of heterogeneous cell population. The concept of cancer 
stem cell, referring to a subset of cells bearing stem cell 
characteristics that is indispensable for tumour develop
ment and perpetuation, has been recently adopted[47]. 
Cancer stem cells are now considered an important target 
for the eradication of HCC. Furthermore, a 20%-40% of 
HCC subtypes show progenitor signature suggesting that 
these tumours derive from liver progenitor cell. These 
subtypes are highly aggressive and correlate with early 
recurrence after treatment and metastatic potential, thus 
correlated to worse prognosis. CD133 antigen (prominin-1) 
has been identified as a cancer stem cell marker in various 
cancers, including HCC. Patients with increased CD133 
levels have shorter overall survival and higher recurrence 
rates compared to those with low expression. Recent 
data showed that IL-6/STAT3 signalling induced CD133 
expression, through function co-operation with NF-κΒ and 
hypoxia-inducible factor 1 alpha (HIF-1α) during hepa
tocarcinogensis[48] (Figure 2A).

Recently genomic based analyses in HCC patients 
have identified subclasses, based on molecular chara
cteristics and proliferative and non-proliferative genotypes 
have been proposed[49]. The proliferative subclass - which 
is associated with a poor outcome - has been linked to 
the activation of RAS, mTOR, and/or IGF signaling. This 
has been further categorized into two phenotypic groups: 
The Wnt/TGF-β group (activation of these pathways) and 
the progenitor cell group. In the former, the activation 
of the Wnt and the TGF-β was the predominant feature, 
while the latter was enriched in progenitor cell, epithelial 
cell adhesion molecule and cytoskeletal markers and was 
associated with increased α-fetoprotein at early stages[50]. 
On the other hand, the non-proliferative subclass was a 
heterogeneous one, with patients sharing only β-katenin 
in their molecular profiles[51]. The prognostic implica
tions of these subclasses have been studied but there 
is no consensus on it and there is no translational clinical 
research has been done yet.

The paradigm from the management of other can
cers such as colorectal cancer and non-small lung cell 
carcinoma, where mutations of K-Ras and EGFR drive 
the therapeutic choices, supports this new approach[52]. 
Unfortunately, HCC is still away from this path despite 
the success of sorafenib, a multi kinase inhibitor, which 
seems a proof towards the right direction. A key point 
may be that in HCC an average of 30-40 mutations were 
estimated per tumor, with 5-8 of them being the driver 
mutations[49] affecting cellular homeostasis and involved 
in the development of malignant phenotype. 

A recent elegant study performing exome sequenc
ing analysis of 243 surgically resected HCCs revealed 
mutational signatures associated with specific risk 
factors, as combined tobacco and alcohol use, or aflatoxin 

Drug n  (patients) OS (mo) HR

SOR/Exp arm
First line completed (Sorafenib standard)
   Brivanib 1155   9.9/9.5   1.06
   Sunitinib 1074 10.2/7.9 1.3
   Sorafenib/Erlotinib   720   8.5/9.5   0.92
   Linifanib 1035   9.8/9.1   1.04
Second line completed (placebo standard)
   Brivanib   395   8.2/9.4   0.89
   Everolimus   546   7.3/7.6   1.05
   Ramucirumab   565   7.6/9.2   0.86

Table 1  Randomized Phase Ⅲ trials in advanced hepatocellular 
carcinoma

OS: Overall survival; SOR: Sorafenib arm.
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B1. The researchers identified 161 putative driver genes 
associated with 11 recurrent pathways[53]. Moreover, a 
molecular 5 gene score (based on combined expression 
level of HN1, RAN, RAMP3, KRT19, and TAF9) was 
studied in surgical resected samples of 314 HCC, and 
was found significantly associated with outcomes[54]. Also 
recent data show that it is possible to modulate gene 
expression profiles (interfering with histone acetylation) 

and thus increase the sensitivity to chemotherapeutic 
agents[55]. 

Activation of telomerase is the earliest and most 
frequent alteration in the process of HCC development 
(mutations in TERT promoter in 60% - most frequently 
mutated gene - associated with increased telomerase 
expression)[56]. Genes as TP53 and CTNNB1 are also 
frequently mutated in HCC, whereas inactivating muta

2008 2013

2012 2015

Figure 1  Serial computed tomography scans of a hepatocellular carcinoma patient with multiple co-morbidities precluding radical treatment, surviving 7 
years with sequential approach in systemic treatment (Octreotide long acting release, followed by sorafenib). Despite an increase in tumor size, it is evident 
the central necrosis related to Sorafenib treatment (which was commenced when it became available).
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tions in TP53 are commonly found (especially with 
HBV etiology). Recently identified alterations in genes 
encoding metabolic enzymes, chromatin remodelers 
and a high rate of mTOR pathway activations could offer 
potential therapeutic targets[57]. Members of the Wnt 
pathway (crucial for hepatocarcinogensesis) are involved 
in the process of cell differentiation, which is frequently 
altered in cancer cells, whereas failure to control oxidative 
stress can favor additional DNA mutations and cellular 
damage. 

Key carcinogenic signaling pathways have been 
described for HCC: Wnt/β-katenin [that can be trig
gered via both catenin β1 (CTNNB1)-dependent and 
CTNNB1 independent pathways][58], a proliferation 
and hepatoblastoma-like pathway[59]. Nevertheless, 
their molecular signature is broad and for the time 
being this knowledge is unlikely to have clinical app
lication. Notch signaling is important for normal liver 
development and aberrant Notch signaling is related to 
hepatocarcinogenesis (Figure 2B). Chromatin remodeling 
is important for the maintenance of DNA integrity, which 
is in turn crucial for cellular homeostasis. Aberrant 
chromatin remodeling has been implicated with HCC 
pathogenesis[57] as well as genes that are involved in 
oxidative stress (which induces mutations).

In respect to the receptor signaling pathways, RAS/
MAPK pathway is activated in all patients with advanced 
HCC and in a large proportion of those with an early stage 
HCC[60]. PI3/AKT/mTOR and MAPK pathways related 
to proliferation, apoptosis and survival, as well as pro 
inflammatory cytokines (IL1, TNFα) and growth factors, 
such as TGFβ (tumor stroma, progression, metastasis), 
are potential future clinical targets in HCC therapeutics 
(Figure 2B).

Very recently, IL-35 expression was found to correlate 
with HCC aggressiveness, conferring the rational for 
another novel therapeutic target[61]. IFG-1R signalling 
is activated in a proportion of patients with HCC and 
its targeting had demonstrated antitumor activity in ex
perimental models; however a phase Ⅱ trial with an anti-
IFG-1R monoclonal antibody did not show clinical benefit 
in unselected patients[62]. Finally, dysregulation of MET 
receptor and its ligand HGF, are crucial for hepatocyte 
regeneration after liver injury and are common events 
in HCC patients[49]. Activation of MET is found in half of 
advanced HCCs, and this pathway is currently tested in 
clinical trials. A MET inhibitor, cabozantinib, was found to 
suppress tumour growth and metastasis in a phase Ⅱ 
study[63] and is further tested in a phase Ⅲ second line 
clinical trial (in patients with high MET expression, treated 
with tivantinib).

Tissue microenvironment and the role of cirrhosis
Scientific basis: Chronic liver injury triggers a sequence 
of cell death, inflammation, compensatory regeneration 
and genetic damage, which drives the development of 
HCC. In the majority of cases, HCC develops in chro
nically damaged tissue due to cirrhosis-irrespective of 
etiology - whereas the other malignancies develop on 

an otherwise healthy tissue. This, together with genome 
instability, contributes to a significant heterogeneity 
which is further enhanced by the molecular differences 
of the underlying causes, i.e., viral, alcohol, metabolic[52]. 
Moreover, epithelial plasticity is an important parameter 
in HCC, as strong inducers of epithelial to mesenchymal 
transition like TGFβ are able to co-ordinate both fibro
genesis and carcinogenesis, showing rising cytokine 
levels in cirrhosis as well as late stage HCC[64]. 

Several different cell types and molecules constitute 
a microenvironment in the liver, which has significant 
implications in tumor development and invasion. Myeloid 
cells, including macrophages and neutrophils are the 
most abundant cells in the tumor microenvironment[65]. 
Tumor-associated macrophages acquire protumorigenic 
properties in primary and metastatic sites and support 
cancer development and progression, by stimulating cell 
proliferation and survival, angiogenesis, invasive behavior 
and suppression of cytotoxic T lymphocytes responses[66]. 
Tumor-associated neutrophils exhibit both antitumoral 
and protumoral functions. Dendritic cells, the main type 
of antigen presenting cells, play an important role in T 
cell priming. The generation and protective antitumour 
immunity depends on dendritic cell maturation and anti
gen presentation[67]. 

It is generally accepted that dysregulated micro
environment affects tumorigenesis, based on the 
concept that chronic inflammation is associated with 
cancer[68]. Moreover, the stromal microenvironment 
has been recognized as a crucial element for cancer 
metastasis in general. A reasonable hypothesis is 
that an altered liver microenvironment, through repro
gramming of the inflammatory milieu, may contribute 
to hepatocarcinogenesis, taking in account that HCC 
is an inflammation-associated cancer[69]. This microe
nvironment plays a major role in anti-tumor immunity. 

Therapeutic implications: The effectiveness of the 
currently approved systemic therapy, sorafenib, is due to 
the successful combination of targeting cancer cells and 
their microenvironment, as a result of multiple kinases 
inhibition. Between sorafenib targets, an increasing 
amount of evidence has suggested that HSC are key 
regulators of hepatocarcinogenesis through a variety 
of mechanisms, including direct effects on malignant 
hepatocytes, and indirect via modulation of the peri-
tumoral stroma and immune responses[70]. Moreover, 
activated stellate cells produce extracellular matrix. 

Laminin-332 is produced and excreted by these 
cells in HCC but not in the surrounding non-neoplastic 
liver; this stimulates chemotaxis and migration of HCC 
cells in experimental models and promotes proliferation 
as well[52]. An association between Ln-332 and Keratin 
-19 has been documented, the latter being a marker of 
cholangiocytes[71]. 

VEGF not only regulates tumor angiogenesis but also 
has important immunomodulatory functions. It inhibits 
dendritic cell maturation in vitro and in vivo, through 
activation of NFκB. Additionally VEGF may regulate T-cell 
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differentiation and its cytotoxic function and can enhance 
expression of immune checkpoint molecules[72]. This 
provides the rational of combining anti-VEGF therapy 
with checkpoint inhibitors. 

Another area of active research is on the effect of 
mTOR inhibitors on advanced HCC in the non-transplant 
setting. Recent data showed that mTOR inhibition 
improves FGFR targeting[73] and reduces the activity 
level of Golgi protein 73, which is a serum marker for 
HCC[74]. However, the first results of trials with mTOR 
inhibitors were less than encouraging. Despite poten
tial applications, the role of the whole tissue micro
environment is difficult to be reduced to the effect of just 
one molecule or protein.  

Immunity and implications
Scientific basis: Inflammation affects every single step 
of tumourigenesis from initiation, to tumor promotion 
and metastatic progress. Cancer development and its 
response to treatment are significantly influenced by 
innate and adaptive immunity, which either promote or 
attenuate tumourigenesis[66]. Various types of immune 
and inflammatory cells are present within tumours; these 
affect malignant cells through production of cytokines, 
chemokines, growth factors, prostaglandins and reactive 
oxygen and nitrogen species[68].

The liver has been considered as an immunologically 
advantaged organ. A profound clinical paradigm is 
the development of tolerance in the context of trans
plantation. It is equipped with several myeloid and non-
myeloid cell populations which affect both innate and 
adaptive responses in physiological conditions as well as 
in the context of defense against tumors[75].

Kupffer cells represent the largest macrophage popula
tion in the human body and together with sinusoidal 
endothelial and hepatic stellate cells, play a critical role 
in physiology and disease. Local immunosuppression by 
these cells is induced by pro-inflammatory cytokines[69] 
whereas different immune cell subtypes have been 
related to antitumor immunity in HCC. Kupffer cells in 
analogy to the two subtypes of macrophages are now 
characterized as M1 and M2 types. In the case of HCC 
M2 cells are detrimental and M1 demonstrate anti-
tumoral activity, contrary to the opposite effects of those 
cell subpopulations have in inflammation.

Among immunosuppressive cell populations, myeloid 
derived suppressor cells and T regulatory cells have 
the key role in cancer immunosurveillance[76]. A pro
minent humoral cytokine profile occurs in metastatic 
liver milieu and a shift towards anti-inflammatory/ 
immunosuppressive responses is significant for HCC 
metastases[77].

Therapeutic implications: The liver is a privileged 
organ with respect to immune function and possesses a 
unique form of immune regulation: Tolerance is induced 
to avoid chronic inflammation caused by antigens coming 
from the portal vein blood. This may hampers an effective 
immune response against cancer cells[78]. Moreover this 

is a challenge on the use of conventional immunotherapy 
is challenged. Immunotherapy trials have so far given 
suboptimal results. On the other hand, spontaneous 
immune responses as well as tumor regression have 
been reported in relation to systemic inflammatory re
sponses[79]. This could as well be a result of M1 effect as 
previously mentioned.  

Adaptive immune responses are well described in 
various conventional HCC treatments and are related to 
their effects. This has been extensively investigated in 
patients undergoing ablative therapies (TACE, RFA), and 
provide the theoretical basis for combined approaches. 
This applies to cytotoxic agents as well, and experience 
with sorafenib in experimental and clinical level is a 
paradigm.

While growing tumors acquire mutations, some of 
which create neoantigens that influence the response of 
patients to immune checkpoint inhibitors[80]. There are 
other studies supporting that cancers with high rate of 
somatic mutations respond best to immune check point 
blockade by triggering tumor rejection via activation 
of cytotoxic T-lymphocytes, a recent approach with 
acknowledged success in recent years in melanoma and 
non-small cell lung cancer[81]. 

Preclinical and clinical studies have shown potential 
benefit of modulating immunogenicity of HCC and 
relevant approaches are currently being tested[82]. The 
rational to target immune-checkpoints is based on data 
that HCCs may evade the immune system by expressing 
molecules as PD-1, CTLA-4, TIM-3, LAG-3 and many 
more. Despite the fact that the blockade of PD-1 and 
CTLA-4 is already providing encouraging results in initial 
trials, overall the therapeutic relevance of blocking these 
agents is unclear[72]. 

CONCLUSION
HCC is one of the most lethal cancers and management 
still deems ineffective. Apart from the problems in 
prevention or early diagnosis, there are no persuasive 
answers for those (many) patients with advanced neo
plasms. Systemic treatment was disappointing in the 
past, somehow improved with Sorafenib but with many 
weaknesses and grey zones, whereas the trials of new 
compounds beyond Sorafenib provided suboptimal 
results.  

The complexity and heterogeneity of HCC patho
genesis is disregarded in treatment decisions. Is a 
personalized approach feasible with the limitations of 
current knowledge? Tumor and adjacent tissue profiling 
seems biologically significant, but not yet translated 
into the clinical setting. The role of liquid biopsy, i.e., 
detection of circulating tumor cells, a hot topic in tumor 
biology is also inadequately explored in the case of HCC. 

Nevertheless, encouraging first results with molecular 
- genetic signatures are promising towards -at least-
prognosis. Additionally, miRNAs which are important 
regulators of gene expression, have been associated 
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with the occurrence of HCC. In addition, miRNAs are 
of potential value not only in diagnosis but also in the 
management of HCC. 

Clinical scoring systems incorporating molecular 
profile characteristics, may better stratify patients at risk 
for HCC but further prospective validation is needed. 
The ideal future approach would be combined targeted 
therapies - driven by specific molecular signatures for 
the selection and the monitoring during treatment- 
potentially incorporating immunotherapeutic modalities, 
such as vaccination and/or check-point blockade.
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Abstract
AIM
To investigate predictors for fibrosis specifically in a high 
risk population of morbidly obese patients, including 
detailed evaluation of lifestyle. 

METHODS
We conducted a cross-sectional study among morbidly 
obese patients attending the bariatric clinic at the Tel-
Aviv Medical Center between the years 2013-2014 with 
body mass index (BMI) above 40 or above 35 with 
co-morbidity. Patients with serum hepatitis B surface 
antigen or anti-hepatitis C virus antibodies, genetic liver 
diseases, autoimmune disease or high alcohol intake (≥ 
30 g/d in men or ≥ 20 g/d in women) were excluded 
from the study. Liver fibrosis was estimated by transient 
elastography (FibroScan®), using the ‘‘XL’’ probe. We 
collected data on age and gender, education, smoking 
status and amount, medical history, nutrition and lifestyle 
habits. All these data were collected using structured 
and validated questionnaires. Fasting blood test were 
available for a subsample. 

RESULTS
Fibroscan was performed on a total of 91 patients, 
of which 77 had a valid examination according to the 
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accepted criteria. Of those, 21% had significant fibrosis 
(F2) and 39% had advanced or severe fibrosis (F3 or 
F4). In multivariate analysis, male gender and BMI had 
a positive association with advanced fibrosis; the OR for 
fibrosis F ≥ 2 was 7.93 (95%CI: 2.36-26.64, P = 0.001) 
for male gender and 1.33 (1.11-1.60 kg/m2, P = 0.002) 
for BMI. The OR for fibrosis F ≥ 3 was 2.92 (1.08-7.91, 
P  = 0.035) for male gender and 1.17 (1.03-1.33, P  = 
0.018) for BMI. Subjects were categorized to subgroups 
based on the combination of male gender and BMI of 40 
and above. A significant dose response association with 
stiffness level was noted across these categories, with 
the highest stiffness among men with a higher BMI (P 
= 0.001). In addition, a significant positive correlation 
between pack-years cigarette smoking and liver stiffness 
was demonstrated among men (r  = 0.54, P = 0.012).

CONCLUSION
In the morbidly obese population, a higher BMI, male 
gender and degree of smoking in men bears a greater 
risk for advanced nonalcoholic fatty liver disease. 

Key words: Non-alcoholic fatty liver disease; Morbid 
obesity; Fibrosis; Fibroscan; Diet

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

Core tip: The presented results indicate that male 
gender and a higher body mass index (BMI) are risk 
factors for advanced fibrosis in morbidly obese patients. 
There is also a positive correlation between cigarette 
smoking and liver stiffness in men. Our study highlights 
the fact that even in the upper BMI ranges, higher BMI 
bears greater risk for advanced disease. Therefore, in 
the morbidly obese population it may seem useful to 
emphasize the importance of weight reduction, even 
within the range of obesity. 

Zelber-Sagi S, Shoham D, Zvibel I, Abu-Abeid S, Shibolet O, 
Fishman S. Predictors for advanced fibrosis in morbidly obese 
non-alcoholic fatty liver patients. World J Hepatol 2017; 9(2): 
91-98  Available from: URL: http://www.wjgnet.com/1948-5182/
full/v9/i2/91.htm  DOI: http://dx.doi.org/10.4254/wjh.v9.i2.91

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most 
common liver disease in the developed[1] and developing 
countries[2,3] with estimated prevalence of 20%-40%, 
and is predicted to become the leading indication for 
liver transplantation in the United States[4]. NAFLD is 
tightly associated with the metabolic syndrome and its 
complications. Obesity is the most important risk factor 
for NAFLD, which affects as much as 74% of obese 
individuals[5]. Two large electronic databases have demon
strated a clear association between a higher body mass 
index (BMI), diabetes and male gender and the risk for 

NAFLD[6]. Furthermore, among morbidly obese patients, 
who are candidates for bariatric surgeries, the prevalence 
is even higher and reaches 96%[7-10].

NAFLD encompasses a wide spectrum of histolo
gical and clinical manifestations, ranging from simple 
steatosis to steatohepatitis, fibrosis and cirrhosis[11]. It is 
estimated that approximately 6%-13% of patients with 
simple steatosis progress to steatohepatitis, of which 
approximately 10%-29% reach liver cirrhosis within 10 
years[12]. Moreover, non-alcoholic steatohepatitis cirrhosis 
is a known risk factor for hepatocellular carcinoma[4]. 
Given the relative high prevalence of severe fibrosis 
(12%) in morbidly obese patients[7-10], this population is 
especially prone to a detrimental course. Therefore, it is 
of upmost importance to identify those patients with high 
likelihood for advanced fibrosis who may later develop 
cirrhosis and hepatocellular carcinoma. 

Several studies have aimed to find predictors and risk 
factors for advanced fibrosis, although most of them did 
not focus on morbidly obese population. In a study of 
103 NAFLD patients who underwent serial liver biopsies 
to follow fibrosis progression rate[13], only type-2 diabetes 
mellitus (T2DM), BMI and initial stage of fibrosis were 
associated with a higher rate of disease progression. Of 
note, in this study only 68% of patients were obese. Sub-
analysis of 3041 subjects from the Rotterdam study[14] 
revealed that liver stiffness above 8 kilopascals (kPa), as 
measured by FibroScan, was strongly associated with 
steatosis and T2DM. In this cohort the average BMI was 
27, thus not representing a morbidly obese population. 
With respect to lifestyle and other co-morbidities, smoking 
and obstructive sleep-apnea were demonstrated to be 
positively associated with liver fibrosis[15,16]. Once again, 
most of the patients were not morbidly obese with an 
average BMI of 34 and 28 respectively.

Given the scarce data regarding risk factors for 
advanced fibrosis in morbidly obese population, the aim 
of the present study was to investigate predictors for 
fibrosis, specifically in this high risk population, including 
detailed evaluation of lifestyle. To none invasively assess 
liver fibrosis we used transient elastography (FibroScan®), 
which is a validated tool to determine liver stiffness[17], 
and was demonstrated to be one of the most accurate 
tests for the non-invasive evaluation of liver fibrosis in 
NAFLD with a clinical prognostic value[18]. 

MATERIALS AND METHODS
We conducted a cross-sectional study among morbidly 
obese patients attending the bariatric clinic at the Tel-Aviv 
Medical Center between the years 2013-2014 with BMI 
above 40 or above 35 plus at least one co-morbidity (i.e., 
hypertension, type 2 diabetes, cardiovascular disease, 
lung disease and respiratory disorders), according to 
the Israeli Health Ministry indications published on 
2013 (http://www.health.gov.il/hozer/mr33_2013.
pdf). Patients with serum HBsAg or anti-hepatitis C 
virus antibodies, genetic liver diseases, autoimmune 
disease or high alcohol intake (≥ 30 g/d in men or ≥ 
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20 g/d in women)[19,20] were excluded from the study. All 
procedures performed in this study were approved by the 
institutional research committee of the Tel-Aviv Medical 
Center and in accordance with the ethical standards of 
the 1964 Helsinki Declaration and its later amendments 
or comparable ethical standards. Informed consent was 
obtained from all participants included in the study.

Liver stiffness measurement
Liver stiffness measurement (LSM) was measured using 
the ‘‘XL’’ probe. LSM were considered representative only 
if they had at least 10 valid acquisitions with a success 
rate > 60%[21]. All measurements were taken by the 
same operator (experience, > 10000 measurements) 
which was blinded to other parameters of the patients. As 
previously described[22], the examination was performed 
with the patient lying down in the dorsal decubitus posi
tion with the right arm in maximal abduction. The tip of 
the probe transducer was placed on the skin, between 
the ribs at the level of the right lobe of the liver. The 
results were expressed in kPa and each LSM corresponds 
to the median of 10 validated measurements. The cut-off 
values for fibrosis stage were according to the suggested 
best cutoffs to distinguish between fibrosis levels among 
NAFLD patients[23,24]: < 7.1; F0-F1: 7.1-9.5 kPa; F2: 
9.6-11.5; F3: > 11.5; and F4: Significant fibrosis was 
defined as F ≥ 2, and advanced fibrosis was defined as 
F ≥ 3[25-27].

Demographic, health and lifestyle data
We collected data on age and gender, education, smoking 
status and amount, medical history including diabetes 
and medical treatment, nutrition, lifestyle habits and 
health status. All these data were collected using a 
structured and uniform questionnaire completed by all 

participants, tailored for the current study based on 
validated questionnaires used in national Israeli surveys[28]. 
Fasting blood test were available for a subsample of 
40-48 patients. 

Statistical analysis
Statistical analyses were performed using SPSS version 
22 (SPSS Inc., Chicago, IL, United States) software. 
Continuous variables are presented as means ± SD. To 
test differences in continuous variables between the two 
groups the independent samples t-test or the Mann-
Whitney U test were performed. Associations between 
nominal variables were performed with the Pearson χ2 
test. The Pearson correlation was used for the evalua
tion of the correlation between liver stiffness and other 
measurements. A multivariate logistic regression analysis 
was performed to test the adjusted association between 
significant liver stiffness and potential predictors. Using 
a receiver operating characteristic curve, the best BMI 
cutoff point to predict significant fibrosis was 40, which 
represents grade-3 obesity. To test the combined effect 
of male gender and BMI of 40 and above (high BMI), we 
created a new variable with three categories: Lower BMI 
plus female gender, either male gender or high BMI, both 
male gender and high BMI. One way ANOVA of variance 
was used to test the difference in the distribution of 
liver stiffness between the categories with a P for trend 
test. Pearson χ2 test was used to test the association 
between these categories and the categories of fibrosis 
severity with a P for trend test. P < 0.05 was considered 
statistically significant for all analyses.

RESULTS
Description of the study population 
A total of 201 consecutive patients were recruited, 
of which 91 agreed to undergo Fibroscan exam, and 
77 patients had a valid examination according to the 
accepted criteria[21]. As depicted in Table 1, the average 
BMI was 41.71 ± 4.68 kg/m2, with a range between 
32.25 to 56.36 kg/m2, 48 had a BMI of 40 and above. 
Alcohol consumption was very low and no patient had to 
be excluded due to excessive consumption. The available 
blood tests indicated impaired fasting glucose and mildly 
elevated triglycerides and ALT levels. Most patients (60%) 
had some level of fibrosis (F2 and above) according to 
the Fibroscan examination. Of note, 39% of the patients 
had advanced or severe fibrosis (F3 or F4), 21% had 
significant fibrosis (F2) and only 40% of the patients had 
minimal or no fibrosis (F0-F1) (Figure 1). 

Comparison between subjects with significant or 
advanced fibrosis and subjects with minimal or no 
fibrosis
Male gender was significantly more prevalent in subjects 
with fibrosis level of F2 and above or F3 and above, as 
compared to subjects with minimal or no fibrosis (63% 
vs 22.6%, P < 0.001 and 63.3% vs 36.2%, P = 0.020, 
respectively) (Tables 2 and 3). In addition, BMI was 

Variable n 1 Mean ± SD

Age (yr) 77     42.4 ± 12.98
Gender (male) % 77 46.8
BMI (kg/m2) 77 41.71 ± 4.68
Glucose (mg/dL) (< 100) 48 116.81 ± 35.08
Total cholesterol (mg/dL) (< 200) 42 191.97 ± 34.46
LDL (mg/dL) 42 112.80 ± 33.05
HDL (mg/dL) 40   44.19 ± 11.87
TG (mg/dL) (< 150) 42 182.38 ± 56.36
ALT (U/L) (5-39) 47   44.28 ± 44.49
AST (U/L) (7-40) 47   28.91 ± 20.11
Success rate % 77   84.31 ± 13.55
Stiffness 77 10.24 ± 6.27
Sedentary time2 (min/d) 77   263.84 ± 176.56
Daily activity (score3) 77 20.56 ± 3.47
Alcohol servings/week 77   0.66 ± 1.67
Current or past smokers % 77 48.1

Table 1  Clinical characteristics of the study population

1Indicates on the number of people with available measure; 2Time spent 
by using a computer, watching television or reading; 3Climbing stairs, 
short walking and house-keeping chores, etc. The higher the score the 
lower is the activity (1-every day, 5-never). BMI: Body mass index; LDL: 
Low density lipoprotein; HDL: High density lipoprotein; ALT: Alanine 
aminotransferase; AST: Aspartate transaminase; TG: Triglycerides.

Zelber-Sagi S et al . Fibrosis in morbidly obese
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significantly higher in subjects with fibrosis level of F2 
and above or F3 and above as compared to subjects with 
minimal or no fibrosis (42.99 ± 5.11 kg/m2 vs 39.82 ± 
3.16 kg/m2, P < 0.001 and 42.32 ± 5.3 kg/m2 vs 40.68 
± 3.96 kg/m2, P = 0.023, respectively) (Tables 2 and 
3). No other significant differences were noted between 
groups in nutritional, physical activity and biochemical 
parameters (Tables 2 and 3). Of note, there was no 
correlation between ALT and fibrosis (correlation r = 0.17, 
P = 0.253). 

Multivariate analysis for the prediction of significant or 
advanced fibrosis
In multivariate analysis, including age, gender and BMI, 
the positive association between male gender (OR = 

7.93, 95%CI: 2.36-26.64, P = 0.001) and BMI (OR = 
1.33, 95%CI: 1.11-1.60, P = 0.002) and fibrosis F ≥ 
2 was maintained. Similarly, the positive association 
between male gender (OR = 2.92, 95%CI: 1.08-7.91, 
P = 0.035) and BMI (OR = 1.17, 95%CI: 1.03-1.33, P 
= 0.018) and fibrosis F ≥ 3 was maintained (Table 4). 

The dose response association of the combined 
categories of BMI of 40 and above (grade 3 obesity) and 
male gender with fibrosis level 
Subjects were categorized to subgroups based on the 
combination of gender and BMI of 40 and above: Sub
group (1) women and BMI below 40; subgroup (2) either 
men or BMI of 40 and above; subgroup (3) both men 
and BMI of 40 and above. A significant dose response 
association was noted across these categories for stiff
ness as a continuous variable (P for trend = 0.001) (Figure 
2A), for the rate of subjects with F ≥ 2 (P for trend < 
0.001) (Figure 2B) and for the rate of subjects with F ≥ 
3 (P for trend = 0.011) (Figure 2C). The highest stiffness 
or prevalence of significant/advanced fibrosis was among 
men with a higher BMI.

Cigarette smoking and fibrosis level
Twenty one of the men and 16 of the women were 
current or past smokers. Among them, there was a sig
nificant positive correlation between cigarette smoking 
measured by pack-years (number of packs multiplied 
with the number of years of smoking) and liver stiffness 
(r = 0.37, P = 0.025). However, stratification by gender 

Variable F < 2 (n  = 31) F ≥ 2 (n  = 46) P

Gender (men) % 22.6 63 < 0.001
Age (yr)   42.32 ± 13.89     42.96 ± 12.29    0.838
Education (yr) 13.13 ± 2.05 13.78 ± 2.9    0.281
BMI (kg/m2) 39.82 ± 3.16   42.99 ± 5.11 < 0.001
Type 2 diabetes drugs (%) 19.4 17.4    0.827
All sugared soft drinks (cups/d)   1.76 ± 2.74     1.38 ± 2.24    0.502
Carbonated sugared drinks intake (cups/d)   0.99 ± 1.52     0.89 ± 1.98    0.816
Diet carbonated drinks intake (cups/d)   0.46 ± 0.98   0.88 ± 1.6    0.196
Coffee intake (cups/d)   2.22 ± 1.87     1.77 ± 1.74    0.287
Alcohol servings/week   0.97 ± 1.80     0.46 ± 1.56    0.189
Current or past smokers (%) 48.4 47.8    0.961
Fruits intake (portions/d)   1.71 ± 1.35     1.74 ± 1.31    0.924
Vegetables intake (portions/d)   2.77 ± 2.38     2.64 ± 1.93    0.788
Fried food intake (portions/d)   1.18 ± 1.25     1.08 ± 0.77    0.690
Leisure time physical activity (min/wk)      189 ± 83.06     237.69 ± 437.89   0.733
Sedentary time1 (min/d) 264.19 ± 171.7     263.61 ± 181.65    0.989
Daily activity (score2) 20.19 ± 2.83     20.8 ± 3.85    0.452
Glucose (mg/dL) 113.72 ± 42.35   119.42 ± 28.13    0.580
Total cholesterol (mg/dL) 202.68 ± 37.79 182.24 ± 28.6    0.054
LDL (mg/dL) 121.52 ± 38.77   104.04 ± 23.97    0.088
HDL (mg/dL)   46.55 ± 11.42     41.83 ± 12.13    0.213
Triglycerides (mg/dL) 170.73 ± 60.25      192 ± 52.3    0.228
ALT (U/L)   34.89 ± 37.77     50.66 ± 48.13    0.237
AST (U/L)     26.4 ± 24.47     30.78 ± 16.43    0.467
GGT (U/L)   22.52 ± 12.01     43.06 ± 23.53    0.090

Table 2  Comparison between subjects with fibrosis degree F < 2 and subjects with significant fibrosis degree F ≥ 2 (mean ± SD, 
unless otherwise stated)

1Time spent by using a computer, watching television or reading; 2Climbing stairs, short walking and house-keeping chores, etc. The higher the score 
the lower is the activity (1-every day, 5-never). BMI: Body mass index; LDL: Low density lipoprotein; HDL: High density lipoprotein; ALT: Alanine 
aminotransferase; AST: Aspartate transaminase; GGT: Glutamyl transpeptidase.
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Figure 1  Distribution of liver stiffness levels according to Fibroscan.
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reveled that this association existed among men (r = 
0.54, P = 0.012) (Figure 3), but not among women (r = 
-0.10, P = 0.716). 

DISCUSSION
The presented results indicate that male gender and 
a higher BMI are risk factors for advanced fibrosis in 
morbidly obese patients. Notably, there is also a posi
tive correlation between cigarette smoking measured 
by pack-years and liver stiffness in men. Our data 
corroborate previous publications[5,7-10], demonstrating 
high rate of NAFLD with significant percent of severe 
(F4) fibrosis in morbidly obese patients, which in our 
population reached approximately 25% of the patients. 
Given the magnitude of the disease in the morbidly 
obese patients, only few attempts have been performed 
to stratify the risk for advanced fibrosis in this unique 

population, mostly among patients undergoing bariatric 
surgery. Ong et al[29] have found in 212 consecutive 
morbidly obese patients in whom liver biopsy was taken 
during bariatric surgery, that waist to hip ratio and AST 
levels were independently associated with severe fibrosis. 
In our cohort, liver enzymes were not predictive of 
advanced fibrosis. In another study[7] which obtained liver 
biopsy from 181 patients undergoing bariatric surgery, 
only age was significantly associated with advanced 
disease (moderate and severe fibrosis), in contrast to our 
results which did not show such an association (Tables 
2 and 3). In line with our results, Dixon et al[8] have 
found in 105 consecutive biopsied bariatric patients that 
advanced fibrosis was associated with male gender and 
not with the presence of T2DM. In contrast, Beymer et 
al[9] has found T2DM as the only predictor to advanced 
fibrosis. This discrepancy may be explained by systemic 
insulin resistance characterizing most of the patients in 
the aforementioned cohorts who have not developed 
overt diabetes yet. This assumption is supported by 
the higher C-peptide level found in patients with ad
vance fibrosis in Dixon’s cohort[8]. Interestingly, a recent 
cohort analyzing 134 South Indian patients have found 
arterial hypertension as a sole independent risk factor for 
fibrosis[30].

In our study we have extended the search for ad
vanced liver fibrosis predictors toward diet elements, 
eating behavior and lifestyle variables, all of which have 
shown an association with obesity in general[31] and 
some of them with NAFLD in particular[32]. Whereas the 

Variable F < 3 (n  = 47) F ≥ 3 (n  = 30) P

Gender (male) % 36.2 63.3 0.020
Age (yr) 42.47 ± 14        43.07 ± 11.09 0.836
Education (yr)    13.19 ± 2.59      14.03 ± 2.55 0.166
BMI (kg/m2)    40.68 ± 3.96    42.32 ± 5.3 0.023
Type 2 diabetes drugs (%) 17 20 0.741
All sugared soft drinks (cups/d)      1.64 ± 2.45        1.37 ± 2.46 0.635
Carbonated sugared drinks intake (cups/d)        0.9 ± 1.55        0.98 ± 2.16 0.850
Diet carbonated drinks intake (cups/d)      0.73 ± 1.44        0.68 ± 1.33 0.890
Coffee intake (cups/d)      1.96 ± 1.88        1.93 ± 1.69 0.951
Alcohol (servings/wk)      0.87 ± 1.76        0.33 ± 1.47 0.152
Current or past smokers (%) 48.9 46.7 0.846
Fruits intake (portions/d)      1.57 ± 1.25      1.97 ± 1.4 0.204
Vegetables intake (portions/d)      2.43 ± 2.11        3.12 ± 2.07 0.162
Fried food intake (portions/d)      1.12 ± 1.12        1.12 ± 0.75 0.999
Leisure time physical activity (min/wk)    155.62 ± 89.96        355.71 ± 585.97 0.403
Sedentary time1 (min/d)      265.66 ± 178.79        261.00 ± 176.01 0.911
Daily activity (score2)    20.32 ± 3.49      20.93 ± 3.45 0.452
Glucose (mg/dL)         117 ± 39.93      116.53 ± 27.08 0.964
Total cholesterol (mg/dL)    197.75 ± 37.39 180.41 ± 25 0.083
LDL (mg/dL)    117.81 ± 35.94      101.61 ± 22.00 0.087
HDL (mg/dL)      44.85 ± 11.16      42.82 ± 13.6 0.619
Triglycerides (mg/dL)    176.28 ± 55.14      194.57 ± 58.84 0.328
ALT (U/L)        36.5 ± 33.26        55.76 ± 56.26 0.147
AST (U/L)      26.89 ± 21.99        31.89 ± 17.11 0.409
GGT (U/L)      29.89 ± 26.25          43.4 ± 16.96 0.241

Table 3  Comparison between subjects with fibrosis degree F < 3 and subjects with advanced fibrosis degree F ≥ 3 (mean ± SD, 
unless otherwise stated)

1Time spent by using a computer, watching television or reading; 2Climbing stairs, short walking and house-keeping chores, etc. The higher the score 
the lower is the activity (1-every day, 5-never). BMI: Body mass index; LDL: Low density lipoprotein; HDL: High density lipoprotein; ALT: Alanine 
aminotransferase; AST: Aspartate transaminase; GGT: Glutamyl transpeptidase.

Variable Model 1: F ≥ 2 Model 2: F ≥ 3

OR (95%CI) P OR (95%CI) P
Age (yr) 1.03 (0.99-1.08) 0.153 1.03 (0.98-1.07) 0.246
Gender (male)   7.93 (2.36-26.64) 0.001 2.92 (1.08-7.91) 0.035
BMI (kg/m2) 1.33 (1.11-1.60) 0.002 1.17 (1.03-1.33) 0.018

Table 4  Multivariate analysis for the prediction of significant 
or advanced fibrosis

The models are adjusted for all variables listed in the model. BMI: Body 
mass index.
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association between active and passive smoking and 
NAFLD has been already demonstrated[33], we succeeded 
to show a significant positive correlation between cigarette 
smoking measured by pack-years and liver stiffness in 
men (Figure 2). Our findings are corroborated by the data 
of the Multicenter Nonalcoholic Steatohepatitis Clinical 
Research Network generated from 1081 patients[16], in 
which multivariate analysis has demonstrated 1.6 fold 
increased odds for advanced fibrosis among those with 
a smoking history of ≥ 10 pack-years. Among non-
diabetics, a history of ≥ 10 pack-years was associated 
with even a higher chance of 2.5 fold for advanced fibrosis. 
Multiple mechanisms may be involved in smoking injury, 

such as insulin resistance, oxidative stress and hypoxia[16]. 
Further studies are needed to confirm this finding among 
morbid obese patients and to elucidate this phenomenon.

We failed to find an association between liver stiffness 
and dietary parameters or eating patterns in this study. 
This lack of association may stem from potential sources 
of bias that need to be considered. First, recall and 
reporting bias may exist, especially on lifestyle habits 
and partially because of social desirability among obese 
population[34]. The bias was minimized by the use of 
structured and validated questionnaires. Also, no informa
tion about the purpose and the hypotheses of the study 
was provided to the participants in order to minimize the 
report bias. In addition, the interview was performed 
before receiving the results of the Fibroscan and thus 
the information bias is expected to be non-differential. 
Second, a measurement of liver stiffness is not the gold 
standard for the assessment of liver fibrosis. However, 
the Fibroscan test with the XL transducer is adjusted for 
patients with obesity and morbid obesity and compared 
with the standard transducer leads to lower rates of test 
failure (1.1% vs 16%) and an established validity[17,21]. 
However, among obese subjects, unreliable results may 
still be observed with the XL probe[35]. Nevertheless, 
despite this disadvantage, Fibroscan was demonstrated 
to be one of the most accurate tests for the non-invasive 
diagnosis of liver fibrosis in NAFLD[18].

In conclusion, our study highlights the fact in even 
in the upper BMI ranges, higher BMI bears greater risk 
for advanced disease. In addition, male gender may a 
risk factor for advanced disease in the morbidly obese 
population. The suggested association with the degree 
of smoking in men will have to be confirmed in further 
studies with a larger sample size. 
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this population is especially prone to a detrimental course of nonalcoholic fatty 
liver disease (NAFLD). Therefore, it is of upmost importance to identify those 
patients with high likelihood for advanced fibrosis who may later develop cirrhosis 
and hepatocellular carcinoma. 

Research frontiers
The presented results indicate that male gender and a higher body mass index 
(BMI) are risk factors for advanced fibrosis in morbidly obese patients. There is 
also a positive correlation between cigarette smoking and liver stiffness in men.

Innovations and breakthroughs
Their study highlights the fact in even in the upper BMI ranges, higher BMI 
bears greater risk for advanced disease. In addition, male gender may be a risk 
factor for advanced disease in the morbidly obese population.

Applications
This study may indicate that weight reduction, even a modest one within the 
morbid obesity range, may be helpful in prevention of advanced fibrosis in 
morbid obese patients. Men may need more closer monitoring of fibrosis, and if 
supported by larger studies, may be advised to undergo smoking cessation. 

Terminology
NAFLD encompasses a wide spectrum of histological and clinical manifestations, 
ranging from simple steatosis to steatohepatitis, fibrosis and cirrhosis.

Peer-review
This is an interesting and well-organized study. The results are clearly presented. 
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Abstract
AIM
To determine the impact of transjugular intrahepatic 
porto-systemic shunt (TIPS) on post liver transplantation 
(LT) outcomes.

METHODS
Utilizing the United Network for Organ Sharing (UNOS) 
database, we compared patients who underwent LT 
from 2002 to 2013 who had underwent TIPS to those 
without TIPS for the management of ascites while on 
the LT waitlist. The impact of TIPS on 30-d mortality, 
length of stay (LOS), and need for re-LT were studied. 
For evaluation of mean differences between baseline 
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characteristics for patients with and without TIPS, we 
used unpaired t -tests for continuous measures and χ 2 
tests for categorical measures. We estimated the impact 
of TIPS on each of the outcome measures. Multivariate 
analyses were conducted on the study population to 
explore the effect of TIPS on 30-d mortality post-LT, 
need for re-LT and LOS. All covariates were included in 
logistic regression analysis.

RESULTS
We included adult patients (age ≥ 18 years) who 
underwent LT from May 2002 to September 2013. Only 
those undergoing TIPS after listing and before liver 
transplant were included in the TIPS group. We excluded 
patients with variceal bleeding within two weeks of 
listing for LT and those listed for acute liver failure or 
hepatocellular carcinoma. Of 114770 LT in the UNOS 
database, 32783 (28.5%) met inclusion criteria. Of these 
1366 (4.2%) had TIPS between the time of listing and 
LT. We found that TIPS increased the days on waitlist 
(408 ± 553 d) as compared to those without TIPS (183 
± 330 d), P  < 0.001. Multivariate analysis showed that 
TIPS had no effect on 30-d post LT mortality (OR = 
1.26; 95%CI: 0.91-1.76) and re-LT (OR = 0.61; 95%CI: 
0.36-1.05). Pre-transplant hepatic encephalopathy added 
3.46 d (95%CI: 2.37-4.55, P < 0.001), followed by 2.16 
d (95%CI: 0.92-3.38, P = 0.001) by TIPS to LOS. 

CONCLUSION
TIPS did increase time on waitlist for LT. More im
portantly, TIPS was not associated with 30-d mortality 
and re-LT, but it did lengthen hospital LOS after trans
plantation.  

Key words: Transjugular intrahepatic porto-systemic 
shunt; Shunt; Liver; Transplantation; Ascites; Model for 
end-stage liver disease; Mortality; Transjugular
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Core tip: The study was completed to determine the 
impact of transjugular intrahepatic porto-systemic shunt 
(TIPS) on post liver transplantation (LT) outcomes. 
Utilizing the United Network for Organ Sharing data
base, we compared patients who underwent LT from 
2002 to 2013 who had undergone TIPS to those without 
TIPS for the management of ascites while on the LT 
waitlist. The impact of TIPS on 30-d mortality, length 
of stay (LOS), and need for re-LT were studied. TIPS 
was not commonly used in patients with ascites on 
the waitlist but did increase time on waitlist for LT. 
More importantly, TIPS was not associated with 30-d 
mortality and re-LT, but it did increase hospital LOS 
after transplantation.  
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INTRODUCTION
Transjugular intrahepatic portosystemic shunts (TIPS) 
play an important role in the treatment of recurrent 
esophageal varices, bleeding gastric varices and re­
fractory ascites. Multiple randomized trials and meta-
analyses have reported the superiority of TIPS over large 
volume paracentesis in controlling refractory ascites with 
no effect on long-term survival[1-8]. One study compared 
149 patients with refractory ascites allocated to TIPS 
and 156 to paracentesis with significant improvement in 
the TIPS population regarding transplant-free survival of 
cirrhotic patients with refractory ascites[6].

A few single-center studies have reported the impact 
of TIPS on liver transplant metrics[9-11]. When comparing 
TIPS vs non-TIPS patients, studies revealed comparable 
transfusion requirements and operative time between the 
two cohorts and also demonstrated operative mortality 
and early graft function not to be influenced by TIPS 
placement[9,10]. In fact, TIPS may offer an advantage in 
reducing ascites at the time of transplantation, which in 
turn may expedite the transplant time[11]. 

Other single center studies explored the impact of 
TIPS on post-transplant survival and found no significant 
difference[12-14]. Guerrini et al[15], however, found that 
patients who underwent TIPS pre-liver transplantation 
(pre-LT) had a lower risk of mortality at 1 year after LT. 
These potential advantages associated with the use of 
TIPS, however, are balanced by technical complications 
associated with it at time of LT[16]. 

Previously, most single center studies and meta-
analyses evaluating the utility of TIPS in the context of 
LT have explored the survival at 1 year or longer[12-14]. 
It appears that TIPS may improve portal hypertension 
related issues in immediate post-transplant setting by 
reducing the flow of blood in the collateral circulation, 
thus improving portal supply to the graft[15]. Keeping 
in mind the mechanism by which TIPS may be helpful 
or disadvantageous, it’s prudent to study short-term 
outcomes such as 30-d mortality and re-LT.

We utilized the United Network for Organ Sharing 
(UNOS) database to determine if TIPS had an influence 
on short-term outcomes of LT. We hypothesized that 
TIPS is not associated with an increase in 30-d post LT 
mortality and rate of re-LT. 

MATERIALS AND METHODS
Data collection
A retrospective cohort study was performed on adult LT 
candidates who were registered in the Organ Procure–
ment and Transplant Network (OPTN) Standard Trans­
plant Analysis and Research Database (Reference: 
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UNOS/Organ Procurement and Transplantation Network 
Standard Transplant Analysis and Research Database. 
Available from: https://optn.transplant.hrsa.gov/data/
about-data/, Accessed September 6, 2013). The study 
was approved by the Nationwide Children’s Hospital 
Institutional Review Board with a waiver of individual 
consent (IRB14-00716). The UNOS/OPTN liver database 
was queried for all patients with cirrhosis listed from May 
2002 to September 2013. Each first-time LT candidate 
listed was tracked until death. All patients with TIPS for 
ascites who ultimately underwent LT were included in this 
sample.

The data available from the UNOS Registry included 
status of TIPS in patients with ascites. Other variables 
included in analysis were gender, age, diabetes mellitus, 
body mass index (BMI) at listing, cold ischemia time (CIT), 
waitlist hepatic encephalopathy, etiology of liver disease 
(alcoholic vs other), model for end-stage liver disease 
(MELD) score at listing, MELD score at LT; biochemical 
tests including serum creatinine, bilirubin, albumin, and 
international normalized ratio (INR). We studied various 
outcomes including mortality at 30-d, need for re-LT and 
hospital length of stay (LOS) during admission for LT. 

Study sample
We included adult patients (age ≥ 18 years) who under­
went LT from May 2002 to September 2013 [i.e., after 
the inception of the MELD score and use of expanded-
polytetrafluoroethylene (ePTFE) covered TIPS]. Only 
those undergoing TIPS after listing and before liver 
transplant were included in the TIPS group. We excluded 
patients with variceal bleeding within two weeks of 
listing (in order to exclude TIPS for variceal bleed) for LT 
and those listed for acute liver failure or hepatocellular 
carcinoma. After application of exclusion criteria (Figure 1) 
the analytic sample consisted of 32783/114770 (28.5%) 
patients with ascites who underwent LT and had a known 

TIPS status. Among these 32783 patients with ascites, 
1366 patients underwent TIPS while 31417 patients did 
not undergo TIPS.

Statistical analysis 
All values were expressed as means ± SD for continuous 
measures, and counts and percentages for categorical 
variables. For all analyses, a P-value < 0.05 was con­
sidered statistically significant. For evaluation of mean 
differences between baseline characteristics for patients 
with and without TIPS, we used unpaired t-tests for 
continuous measures and χ2 tests for categorical mea­
sures. We estimated the impact of TIPS on each of the 
outcome measures. Multivariate analyses were con­
ducted on the study population to explore the effect of 
TIPS on 30-d mortality post-LT, need for re-LT and LOS. 
All covariates were included in logistic regression analysis. 
All analyses were performed using Stata/MP, version 13.1 
(College Station, TX: StataCorp LP). The statistical review 
of this study was performed by a biomedical statistician.

RESULTS
Study population
After applying the inclusion/exclusion criteria a total of 
32783 patients with ascites from database were selected. 
A total of 1366 (4.2%) underwent TIPS for management 
of refractory ascites while awaiting LT (Figure 1). Those 
without TIPS (n = 31417) were selected as a control 
group for comparison.  

Demographics such as gender, age and BMI were 
comparable in the two groups; albumin and CIT were 
also equally distributed (Table 1). Patients with TIPS on 
waitlist had a lower mean MELD score at time of listing 
(16.6 ± 6.7) as compared to those without TIPS (19.7 
± 8.9), (P < 0.001). Plausibly, TIPS group had a lower 
creatinine, bilirubin and INR. Interestingly, the MELD 
score at transplantation was higher in the TIPS group 
(23.2 ± 9.2) as compared to without TIPS group (22.6 ± 
9.8) (P = 0.03). Plausibly, there were less patients with 
severe hepatic encephalopathy (HE) in the TIPS group (n 
= 68; 4.9%) as compared to without TIPS (n = 2218; 
7%) (P = 0.01). 

On univariate analysis (Table 2), we found that 
TIPS increases the days on LT waitlist (408 ± 553 d) 
as compared to those without TIPS (183 ± 330 d), (P 
< 0.001). TIPS group had comparable 30-d post LT 
mortality as compared to non-TIPS group (46; 3.51% vs 
915; 3.05%; P = 0.34). There was also a comparable re-
LT rate at 30 d (15; 1.1% vs 560; 1.78%; P = 0.06) and 
hospital LOS (17.58 vs 16.62; P = 0.12) between the 
two groups.

Thirty-days post LT mortality predictors
On logistic regression, TIPS had no effect on 30-d post 
LT mortality (OR = 1.26; 95%CI: 0.91-1.75). However, 
the significant predictors of mortality at 30-d were ad­
vanced age (OR = 1.02; 95%CI: 1.01-1.03, P < 0.001), 

114770 patients entered 
waitlist 2002 or later

81987 patients excluded:
   < 18 yr = 7952
   No ascites = 29204
   Variceal bleed = 2391
   ALF = 1623
   Prior TIPS = 8405
   Without TIPS status = 3241232783 patients had known 

TIPS status at waitlist entry

1366 with TIPS 
on waitlist

31417 without 
TIPS on waitlist

Figure 1  Flow diagram of inclusion criteria. TIPS: Transjugular intrahepatic 
porto-systemic shunt; ALF: Acute liver failure.
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low serum albumin (OR = 0.88; 95%CI: 0.79-0.98, P = 
0.029), and increasing CIT (OR = 1.04; 95%CI: 1.02-1.05, 
P < 0.001). Another predictor of 30-d mortality was 
bilirubin (OR = 1.014; 95%CI: 1.004-1.024; P = 0.008 
(Table 3).

TIPS and re-LT at 30 d
On logistic regression, TIPS was not associated with re-LT 
at 30 d (OR = 0.61; 95%CI: 0.36-1.05). Predictors of re-
LT at 30 d included advanced age (OR = 0.97; 95%CI: 
0.96-0.98; P < 0.001), creatinine (OR = 0.87; 95%CI: 
0.77-0.99; P = 0.032) and CIT (OR = 1.05; 95%CI: 
1.03-1.07; P < 0.001) (Table 4).

TIPS and LOS 
Advanced HE (grade 3-4) on waitlist contributed most 
days to LOS (β = 3.46; 95%CI: 2.37-4.55, P < 0.001), 
followed by TIPS (β = 2.16; 95%CI: 0.92-3.38, P = 
0.001). Other factors that contributed to LOS were black 
race (β = -1.58; 95%CI: -2.46 to -0.69, P < 0.001) and 
advanced age (β = 0.09; 95%CI: 0.06-0.11, P < 0.001). 
High MELD score, INR, albumin, BMI and CIT also sig­
nificantly contributed to LOS after LT (Table 5). 

DISCUSSION
The most important finding of the current study is that 
TIPS for the treatment of ascites in the MELD era for LT 
is not associated with heightened 30-d mortality or the 
need for re-transplantation. However, hospital LOS was 
increased in patients with TIPS which may point to post-
operative morbidity. TIPS was found to increase time on 
waitlist in patients with ascites. 

Our findings of safety of TIPS in terms of short term 
mortality and need for re-LT is in line with multiple other 
studies, as these also did not find any difference in 
operative time, transfusion and LOS[9,12,14,17]. One of the 
largest retrospective studies of 207 patients explored the 
impact of TIPS on post-transplant survival and graft loss 
and found no significant difference[12]. In fact, a recent 
study went even further to find lower risk of mortality in 
TIPS group at 1 year after LT[15]. 

Our study holds many advantages to prior studies 
including the use of a national database and large sample 
size. Furthermore, our study had increased homogeneity 
as it was limited to those undergoing TIPS for refractory 

Variables TIPS on 
waitlist (n  = 
1366; % or 
mean ± SD)

Non TIPS on 
waitlist (n  = 
31417; % or 
mean ± SD) 

P -values 

Male candidate 943 (69) 21374 (68)   0.43
Candidate race < 0.001
   White  1072 (78.4)    23063 (73.4)
   Black    75 (5.4)    2865 (9.1)
   Other 219 (16)      5489 (17.4)
Diabetes mellitus 380 (28)      7769 (24.8)    0.009
ALD    311 (22.7)   6615 (21)  0.13
Hepatic encephalopathy  0.01
   None    373 (27.3)      8409 (26.7)
   Grade 1-2    925 (67.7)    20790 (66.1)
   Grade 3-4    68 (4.9) 2218 (7)
Arterial hypertension      68 (14.8)      2254 (19.7)  0.01
Age 53.5 ± 8.5   53.6 ± 9.3  0.65
MELD score at listing 16.6 ± 6.6 19.66 ± 8.8 < 0.001
Creatinine   1.2 ± 0.8     1.4 ± 1.2 < 0.001
Bilirubin   4.1 ± 6.3   6.61 ± 9.0 < 0.001
INR   1.5 ± 0.4     1.7 ± 0.8 < 0.001
Albumin   2.9 ± 0.6     2.9 ± 0.6  0.66
BMI at list entry
   Continuous (kg/m2) 28.8 ± 5.6   28.8 ± 5.7  0.89
   Dichotomous (≥ 26 kg/m2)    905 (66.4)    20747 (66.2)  0.85
Cold ischemia time
   Continuous (h)   7.1 ± 3.7     6.9 ± 3.5  0.03
   Dichotomous (> 12 h)    66 (5.0)    1360 (4.5)  0.38
MELD score at 
transplantation

23.1 ± 9.1   22.6 ± 9.7  0.03

Table 1  Demographics and clinical variables categorized by 
transjugular intrahepatic porto-systemic shunt status

TIPS: Transjugular intrahepatic porto-systemic shunt; ALD: Alcoholic 
liver disease; MELD: Model for end-stage liver disease; INR: International 
normalized ratio; BMI: Body mass index.

TIPS on waitlist 
(n  = 1366) % 
or mean ± SD

No TIPS on waitlist 
(n  = 31417) % 
or mean ± SD 

P -values

Days on LT waitlist      408 ± 552.6      183 ± 330.5 < 0.001
Mortality within 30 d 46 (3.5) 915 (3.0)    0.344
Length of hospital stay 17.58 ± 22.4 16.62 ± 22.1    0.118
Re-LT at 30 d 15 (1.1) 560 (1.8)  0.06

Table 2  Comparison of various outcomes on univariate 
analysis on waitlist and post liver transplant

TIPS: Transjugular intrahepatic porto-systemic shunt; LT: Liver trans
plantation.

Variable OR (95%CI) P -values

TIPS 1.26 (0.90-1.75)  0.17
Male candidate 0.83 (0.71-0.95)  0.01
Candidate race
   White Ref.
   Black 1.08 (0.85-1.37)  0.54
   Other 1.08 (0.90-1.29)  0.40
Diabetes mellitus 1.12 (0.95-1.31)  0.17
ALD 0.89 (0.74-1.07)  0.22
Hepatic encephalopathy
   None Ref.
   Grade 1-2 0.86 (0.73-1.01)  0.06
   Grade 3-4 1.12 (0.85-1.47)  0.41
Age 1.02 (1.01-1.03) < 0.001
MELD score 1.02 (1.00-1.04)  0.05
Creatinine 1.03 (0.97-1.10)  0.33
Bilirubin 1.01 (1.00-1.02)    0.008
INR 0.97 (0.86-1.09)  0.59
Albumin 0.88 (0.79-0.98)  0.03
BMI 1.00 (0.99-1.02)  0.86
Cold ischemia time 1.04 (1.02-1.05) < 0.001

Table 3  Multivariable logistic regression analysis to assess the 
impact of transjugular intrahepatic porto-systemic shunt on 
30-d mortality after liver transplant

TIPS: Transjugular intrahepatic porto-systemic shunt; ALD: Alcoholic 
liver disease; MELD: Model for end-stage liver disease; INR: International 
normalized ratio; BMI: Body mass index.

Mumtaz K et al . Impact of TIPS on LT outcomes
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ascites and was limited to a study period in the post-
MELD era and with more homogeneity in shunt type (i.e., 
ePTFE covered).  

Existing literature on LOS is variable with certain 
studies describing intra-operative complications in 
patients who have undergone TIPS[16]. On the other 
hand, additional studies have not found TIPS to affect 
the LOS in post LT setting[14,18]. It has been shown in our 
study that advanced HE (grade 3-4) on waitlist cirrhotics 
contributes the most to LOS adding 3.5 d followed by 
TIPS insertion which prolonged stay by an average of 2.16 
d. This finding is remarkable given encephalopathy is a 
known complication of TIPS[7,8]. We can hypothesize that 
TIPS insertion may contribute to ongoing encephalopathy 
and therefore increase length of hospital stay. 

Among other predictors of increased LOS were ad­
vanced age, high MELD score and CIT. All these factors 
are recognized predictors of increased LOS and reported 
in literature[19,20]. Of note, the TIPS group in our study 
began with a lower MELD score at the time of listing but 
had higher MELD scores at the time of LT. This finding 
suggests patients undergoing TIPS were able to survive 
longer on the wait list with continued progression of liver 
disease at the time of LT. More advanced disease among 
TIPS patients would explain increased LOS post-LT.

We found that increased time on the waitlist in the 
TIPS group was consistent with findings from single 
center studies[18]. Several randomized controlled trials 
and a meta-analysis of individual patient data also found 
TIPS superior to repeated paracentesis in increasing time 
on waitlist and therefore transplant free survival[2,5,6]. 
The increased time on LT wait list may be explained by 

decreased portal hypertension produced by the TIPS 
and mortality associated with complications of portal 
hypertension. One study found that TIPS lowered mor­
tality rate while on waitlist and decreased need for trans­
plantation[21]. Hence, it is possible TIPS can be utilized 
as a bridge to transplant and even to improve waitlist 
survival of listed patients.

Our findings demonstrate the challenge of using 
TIPS in patients who need to undergo LT. Following TIPS 
placement, this patient population has an increased 
wait time for LT, yet suffers comparable immediate post 
procedural mortality as their non-TIPS counterparts. This 
longer time on the waitlist may allow for other decom­
pensated non-TIPS patients with higher MELD scores to 
undergo LT first. Thus, it appears that a disparity is created 
where the patient population requiring more advanced 
treatment of ascites (i.e., TIPS) have increased time on 
waitlist through improvement of the MELD score and 
therefore experience a delay in transplantation. Based on 
our findings, we propose an idea to potentially provide 
special circumstances to patients requiring TIPS on the 
waitlist for LT as their outcomes after transplantation are 
not influenced by placement of the shunt. An example of 
special circumstances could be exceptional MELD points 
to avoid further delay in LT.

Limitations of our study are mainly related to availability 
of variables in the UNOS database. This database only 
lists TIPS status at the time of LT recipient registration 
and does not provide information on control and recur­
rence of tense ascites, post TIPS encephalopathy, intra- 
and post-LT information such as operative time and blood 

Variable OR (95%CI) P -values

TIPS   0.61 (0.36-1.05)   0.07
Male candidate   1.02 (0.85-1.24)   0.81
Candidate race
   White Ref.
   Black   1.22 (0.91-1.64)   0.18
   Other   1.05 (0.83-1.32)   0.69
Diabetes mellitus   0.98 (0.78-1.21)   0.83
ALD   0.98 (0.78-1.24)   0.90
Hepatic encephalopathy
   None Ref.
   Grade 1-2   0.92 (0.76-1.13)   0.44
   Grade 3-4   1.02 (0.69-1.51)   0.91
Age   0.97 (0.96-0.98)  < 0.001
MELD score   0.99 (0.97-1.02)   0.51
Creatinine   0.87 (0.77-0.99)   0.03
Bilirubin   0.99 (0.98-1.02)   0.54
INR   1.01 (0.86-1.18) 0.9
Albumin   1.03 (0.89-1.19)   0.65
BMI 1.005 (0.98-1.02)   0.54
Cold ischemia time   1.05 (1.03-1.07)  < 0.001

Table 4  Multivariable logistic regression analysis to assess the 
impact of transjugular intrahepatic porto-systemic shunt on 
retransplantation

TIPS: Transjugular intrahepatic porto-systemic shunt; ALD: Alcoholic 
liver disease; MELD: Model for end-stage liver disease; INR: International 
normalized ratio; BMI: Body mass index.

Variable β (95%CI) P -values

TIPS 2.16 (0.92-3.38)     0.001
Male candidate -1.99 (-2.52-1.46)  < 0.001
Candidate race
   White Ref.
   Black -1.58 (-2.46-0.69)  < 0.001
   Other  0.11 (-0.53-0.77)   0.72
Diabetes mellitus  0.52 (-0.05-1.10)   0.07
ALD  0.17 (-0.44-0.79)   0.57
Hepatic encephalopathy
   None Ref.
   Grade 1-2 -0.10 (-0.66-0.46)   0.73
   Grade 3-4 3.46 (2.37-4.55)  < 0.001
Age 0.09 (0.06-0.11)  < 0.001
MELD score 0.37 (0.31-0.44)  < 0.001
Creatinine  0.05 (-0.21-0.31)   0.71
Bilirubin    0.03 (-0.008-0.08) 0.1
INR -1.06 (-1.50-0.61)  < 0.001
Albumin -0.63 (-1.01-0.24)     0.001
BMI   -0.05 (-0.100-0.01)   0.01
Cold ischemia time 0.36 (0.29-0.43)  < 0.001
Constant   7.83 (5.38-10.27)  < 0.001

Table 5  Ordinary least squares regression to assess the 
impact of transjugular intrahepatic porto-systemic shunt on 
length of hospital stay after liver transplant

TIPS: Transjugular intrahepatic porto-systemic shunt; ALD: Alcoholic 
liver disease; MELD: Model for end-stage liver disease; INR: International 
normalized ratio; BMI: Body mass index.

Mumtaz K et al . Impact of TIPS on LT outcomes
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product transfusion requirements. Waitlist mortality, 
intensive care unit stay, and complications of TIPS place­
ment such as TIPS migration and endovascular stenting 
were also not available to us. Due to these database 
limitations we cannot directly measure the number of 
patients on waitlist undergoing TIPS or the waitlist 
mortality. As a result, days on waitlist had to be used as 
a surrogate measure for waitlist mortality and transplant 
free survival. 

In conclusion, we found that TIPS had no effect on 
the 30-d mortality after LT and the need for re-LT. TIPS 
increased time on LT waitlist while also increasing length 
of hospital stay post-LT. It was found that TIPS is not 
a commonly used intervention for the management of 
ascites in patients on the waitlist for LT. With TIPS not 
influencing 30-d mortality and need for re-LT, it appears 
that more patients may benefit from its use. However, 
one of the downsides of using TIPS could be a potential 
delay in LT due to improvement in MELD score. These 
important factors must be considered and discussed 
with patients before pursuing TIPS procedure. 

COMMENTS
Background
Prior studies exploring the role of transjugular intrahepatic porto-systemic shunt 
(TIPS) with regards to cirrhotic patients being evaluated for liver transplant 
were limited by small sample sizes, single center studies, and heterogeneous 
study groups that resulted in poor generalizability. Further, these studies were 
completed prior to advent of expanded-polytetrafluoroethylene covered stents 
and introduction of model for end-stage liver disease allocation system. Here 
the authors would like to utilize the United Network for Organ Sharing (UNOS) 
database to address the effect of TIPS on waitlist times, liver transplantation (LT) 
morbidity and mortality, and hospital length of stay. 

Research frontiers
Since its inception, TIPS has been touted as a potential bridge to LT by possibly 
improving transplant free survival. Studies such as that performed by Berry et 
al have recently used the UNOS data base to confirm TIPS’ role in improving 
transplant free survival and support the notion that TIPS is a bridge to LT. 

Innovations and breakthroughs
To our knowledge no study has utilized the UNOS database in exploring post-LT 
outcomes in the TIPS population. The study confirmed findings of prior single 
center studies that TIPS does not significantly affect post-LT outcomes. Of note, 
their large study group size adds power and improves generalizability of these 
findings. Short term outcomes were their primary focus given the concern for 
potential for intra-operative LT complications in patients who have undergone 
TIPS.

Applications
The authors’ findings support prior single center and more recent meta-
analyses and database reviews in confirming increased transplant free survival 
while not affecting post-LT outcomes. The study supports the notion that TIPS 
can be utilized as a bridge to transplantation. Prospective studies will be 
necessary to further elucidate the influence of TIPS on LT outcomes and the 
potential detriments resulting from prolonged waitlist times.

Terminology
CIT: Cold ischemia time; ePTFE: Expanded-polytetrafluoroethylene; HE: 
Hepatic encephalopathy; LOS: Length of hospital stay; LT: Liver transplantation; 
LVP: Large volume paracentesis; MELD: Model for end-stage liver disease; 
TIPS: Transjugular intrahepatic porto-systemic shunt; UNOS: United Network 

for Organ Sharing. 
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Abstract
AIM
To examine patient-centered outcomes with vasopressin 
(AVP) use in patients with cirrhosis with catecholamine-
refractory septic shock. 

METHODS
We conducted a single center, retrospective cohort 
study enrolling adult patients with cirrhosis treated for 
catecholamine-resistant septic shock in the intensive 
care unit (ICU) from March 2011 through December 
2013. Other etiologies of shock were excluded. Multivari
able regression models were constructed for seven and 
28-d mortality comparing AVP as a second-line therapy 
to a group of all other vasoactive agents. 

RESULTS
Forty-five consecutive patients with cirrhosis were 
treated for catecholamine-resistant septic shock; 21 
received AVP while the remaining 24 received another 
agent [phenylephrine (10), dopamine (6), norepine
phrine (4), dobutamine (2), milrinone (2)]. In general, 

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4254/wjh.v9.i2.106

World J Hepatol  2017  January 18; 9(2): 106-113
ISSN 1948-5182 (online)

© 2017 Baishideng Publishing Group Inc. All rights reserved.



107 January 18, 2017|Volume 9|Issue 2|WJH|www.wjgnet.com

Myc LA et al . Vasopressin use in cirrhosis patients

no significant differences in baseline demographics, 
etiology of cirrhosis, laboratory values, vital signs or ICU 
mortality/severity of illness scores were observed with 
the exception of higher MELD scores in the AVP group 
(32.4, 95%CI: 28.6-36.2 vs  27.1, 95%CI: 23.6-30.6, 
P  = 0.041). No statistically significant difference was 
observed in unadjusted 7-d (52.4% AVP vs  58.3% and 
P  = 0.408) or 28-d mortality (81.0% AVP vs  87.5% 
non-AVP, P  = 0.371). Corticosteroid administration 
was associated with lower 28-d mortality (HR = 0.37, 
95%CI: 0.16-0.86, P  = 0.021) independent of AVP use. 

CONCLUSION
AVP is similar in terms of patient centered outcomes 
of seven and 28-d mortality, in comparison to all other 
vasopressors when used as a second line vasoactive 
agent in catecholamine resistant septic shock. Large-scale 
prospective study would help to refine current consensus 
standards and provide further support to our findings.

Key words: Portal hypertension; Vasopressor; Liver; 
Intensive care unit; Hepatology

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

Core tip: Although the management of septic shock has 
evolved dramatically in recent decades, data regarding 
optimal vasopressor therapy in critically-ill patients 
with cirrhosis is less robust and is based largely on con
sensus expert opinion. We found no difference in 7-d 
or 28-d mortality with vasopressin use when compared 
to all other vasoactive agents as a second line agent 
in catecholamine-resistant septic shock. Further large-
scale studies are needed to refine current consensus 
standards and provide further support to our findings.

Myc LA, Stine JG, Chakrapani R, Kadl A, Argo CK. Vasopressin 
use in critically ill cirrhosis patients with catecholamine-resistant 
septic shock: The CVICU cohort. World J Hepatol 2017; 9(2): 
106-113  Available from: URL: http://www.wjgnet.com/1948-5182/
full/v9/i2/106.htm  DOI: http://dx.doi.org/10.4254/wjh.v9.i2.106

INTRODUCTION
The management of septic shock has evolved since 
the inception of the Surviving Sepsis Campaign and 
the adoption of early goal-directed therapy, with short-
term mortality rates improving markedly over the past 
decade[1]. Improved outcomes appear to have extended 
to special populations as well, including patients with 
cirrhosis of the liver, a population in which sepsis has 
traditionally been characterized by extremely high 
mortality rates of nearly 100% in some studies, well 
above those of the general population which approximate 
40% at 28-d[2-4]. Concurrent with the development of 
bundled care protocols, the incorporation of arginine 

vasopressin (AVP) into the management of septic shock 
has generated significant clinical and research interest. 
Based on reports of inappropriately low levels of circulating 
AVP coupled with apparent AVP-hypersensitivity in 
patients with cirrhosis and septic shock, exogenous AVP 
was seen as potentially restorative of both vascular tone 
and catecholamine-sensitivity in septic states[5-7].

Current recommendations for AVP use in managing 
septic shock largely derive from the published results of 
the Vasopressin and Septic Shock Trial (VASST) which 
reported no significant difference in 28-d mortality in 
patients with septic shock treated with vasopressin 
vs norepinephrine[4]. Nevertheless, the authors did 
report improved 28-d mortality in a pre-specified sub-
group of patients with less severe septic shock as well 
as decreased norepinephrine requirements in patients 
receiving AVP, leading to the adoption of exogenous AVP 
use as an ungraded recommendation into the Surviving 
Sepsis Guidelines.

Appreciating these general recommendations, it 
remains unclear what role exogenous AVP may serve in 
patients with cirrhosis given the unique characteristics 
of septic shock in this population. Although low levels 
of AVP coinciding with AVP-vasosensitivity have been 
reported in patients with cirrhosis, the distinctive features 
of septic shock in this population including hyperdynamic 
circulation, relative adrenal insufficiency, blood volume 
sequestration in the splanchnic venous plexus, and 
hypothermia together with underlying thrombocytopenia 
and varying degrees of hepatic dysfunction introduce 
ambiguity as to whether the generic Surviving Sepsis 
guidelines ought to be applied to patients with cirr
hosis[2,3,8-10]. Data regarding AVP and AVP analogue use 
in patients with cirrhosis and septic shock are sparse. 

Recently published guidelines addressing manage
ment of critically ill patients with cirrhosis do incorporate 
AVP use for treatment of persistent hypotension, how
ever this recommendation relies largely on studies of 
terlipressin in non-cirrhotic populations[11]. In this respect, 
it should be noted that only 11.3% of the patients 
enrolled in the VASST study had any liver disease at all. 
While AVP may have salient effects in this population 
relating to improved hemodynamics, mobilization of 
large splanchnic blood volume, norepinephrine sparing, 
and improved catecholamine resistance, potential 
adverse effects specific to the cirrhotic state cannot be 
excluded and may include acute-on-chronic liver failure, 
worsening thrombocytopenia and hyponatremia, and 
decreased cardiac output[4,12-17]. Decreased cardiac 
output may be particularly significant in this population, 
which may be more dependent on oxygen delivery for 
oxygen consumption[18]. Together, such hepatic, renal and 
hematologic effects of AVP may be disproportionately 
detrimental in a vulnerable cirrhotic population often 
characterized by baseline hyponatremia and throm
bocytopenia complicating underlying hepatic dysfunction.

In this single center retrospective cohort study, 
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we aimed to characterize 7-d and 28-d mortality 
outcomes of AVP use in patients with cirrhosis and 
catecholamine-refractory septic shock (CRSS). Secon
darily, we aimed to investigate the effect of AVP on 
24-h changes in important laboratory parameters in
cluding aminotransferases, total bilirubin and platelet 
concentrations as well as heart rate. We hypothesized 
that use of AVP as a second vasopressor in cirrhosis 
patients with catecholamine-resistant septic shock would 
be associated with increased mortality when compared 
with cirrhosis patients receiving an alternate adjunct 
vasoactive agent (e.g., norepinephrine, phenylephrine, 
dopamine).

MATERIALS AND METHODS
Cohort selection
All adult patients with cirrhosis treated for CRSS shock 
requiring medical intensive care unit (ICU) care between 
March 4, 2011 and December 31, 2013 were identified 
through the University of Virginia Clinical Data Repository 
using billing and administrative codes in conjunction 
with data derived from medication administration reports. 
Cirrhosis of the liver was confirmed by direct histological 
examination of liver biopsy or by biochemical and imaging 
findings suggesting advanced liver disease with portal 
hypertension. Catecholamine-resistant septic shock was 
defined as a clinical requirement for ≥ 2 vasopressors 
(the first of which had to be a catecholaminergic agent) 
for hypotension attributable to an infectious origin on 
the basis of either culture data or clear clinical suspicion. 
Patients with cirrhosis meeting this definition of CRSS 
were included in our analysis. Patients with other etiologies 
of shock (e.g., hemorrhagic, obstructive, etc.) were 
excluded, as were patients who received AVP as the first 
vasopressor agent, patients who received vasopressors 
in the peri-transplant setting or for purposes of tolerating 
renal replacement therapy, or patients who were initiated 
on vasopressor therapy at an undetermined time prior to 

interhospital transfer to our facility (Figure 1).
Baseline patient characteristics were reviewed, 

including demographics, medical comorbidities (coro
nary artery disease, congestive heart failure, chronic 
obstructive pulmonary disease, chronic kidney disease, 
diabetes, hypertension), smoking and alcohol use, 
etiology of liver disease with portal hypertensive com
plications (ascites, and hepatic encephalopathy), vital 
signs (heart rate, minimum mean arterial pressure, 
temperature, maximum respiratory rate) and laboratory 
values. MELD score was calculated using the standard 
formula: 11.2 × ln(INR) + 9.57 × ln[creatinine (mg/dL)] 
+ 3.78 × ln[bilirubin (mg/dL)] + 6.43 with a lower limit 
of 1.0 for all variables[19]. ICU severity of illness variables 
were also collected including fraction of inspired oxygen, 
partial pressure of arterial carbon dioxide, partial pressure 
of arterial oxygen, pH, mean number of vasopressors, 
days on vasopressors, need for continuous renal replace
ment therapy, intubation, urine output over the first 
24 h, new hemorrhage and new diagnosis of venous 
thrombosis. Illness severity scores were calculated [acute 
physiology and chronic health evaluation Ⅱ (APACHE Ⅱ), 
simplified acute physiology score (SAPSⅡ), sequential 
organ failure assessment (SOFA)]. ICU medications 
were reviewed (volume of intravenous fluid, octreotide, 
antibiotic administration, albumin administration, proton 
pump inhibitor, corticosteroids and first vasopressor use). 
Captured outcomes included mean survival, hospital and 
ICU length of stay, ventilator free days, mortality (7-d, 
28-d and 90-d), in-hospital mortality, in-ICU mortality 
and withdrawal of care. The 24-h changes in laboratory 
parameters (platelets, liver associated enzymes, heart 
rate, total bilirubin) were also extracted on the basis 
of the first available value of the parameter of interest 
available 24-48 h following vasopressor initiation. 

Statistical analysis
Subjects were sorted into two groups, those patients 
who received AVP as the second-line agent and those 
patients where another vasopressor was utilized as the 
second-line agent. The AVP group was compared to the 
non-AVP group in multiple factors including baseline patient 
demographics, medical comorbidities, smoking and 
alcohol use, etiology of liver disease, portal hypertensive 
complications, vital signs, laboratory values, severity 
of illness variables, ICU medications administered and 
patient-centered outcomes of mortality and withdrawal 
of care. Multivariable models were constructed to assess 
statistical associations and risk factors for 7-d and 
28-d mortality. Individual factors were included in the 
multivariable model if they were statistically significant 
to P < 0.10 in the univariate analysis, were clinically 
important, or have been shown in the literature to be 
of clinical significance. Univariate comparisons were 
performed using the Student-t test, Wilcoxon sign rank 
test, χ2 test, or Fisher exact test as appropriate. Multivari
able models were constructed using Cox proportional 
hazards models and analysis of maximum likelihood 
estimates. Modeling both with composite MELD score and 

273 patients
Cirrhosis + pressor(s) in ICU

45 patients
Cirrhosis + pressors + 

AVP not 1st

21 patients
AVP group

24 patients
Non-AVP

228 patients
   79 midodrine only
   38 single pressor
   33 peri/post transplant
   28 hemorrhage
   24 cardiogenic shock
   12 no cirrhosis
      6 other
      4 vasopressin first
      2 pressors started prior to Uva
      1 pressors for CRRT
      1 incomplete MAR data

Figure 1  Study enrollment. CRRT: Crrtcontinuous renal replacement 
therapycrrt; ICU: Intensive care unit; AVP: Arginine vasopressin.
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examining each variable in the MELD score independently 
were performed to ensure no one variable was dominant. 
Unadjusted, stratified Kaplan-Meier survival curves were 
constructed for 7-d and 28-d survival utilizing the log-
rank test to determine statistical significance (P ≤ 
0.05). All statistical tests for significance were two-
sided and a significance level p less than or equal to 
0.05 was considered statistically significant. All data set 
manipulation and statistical analyses were performed 
using SAS (version 9.4, Cary, NC). Institutional review 
board approval was obtained for this study.

RESULTS
Forty-five consecutive patients with cirrhosis were treated 
for catecholamine-resistant septic shock; 21 received 
AVP as the second-line vasopressor while the remaining 
24 received some other agent [phenylephrine (10), 
dopamine (6), norepinephrine (4), dobutamine (2), 
milrinone (2)]. Mean age was 57.2 ± 14.0 years. 
The cohort was 53.3% male and nearly ¾ had either 
alcoholic liver disease or chronic hepatitis C as the 
underlying etiology of cirrhosis (alcoholic alone 35.6%, 
chronic hepatitis C alone 26.7%, concomitant alcohol and 
hepatitis C 8.9%). All patients had either Child-Turcotte-
Pugh Class B (n = 8, 14.5%) or Class C (n = 37, 
85.5%) liver disease. Mean MELD score was 29.0 ± 9.0. 
Overall 7-d and 28-d mortality were 55.6% and 84.4% 
respectively, with two patients eventually undergoing 
liver transplantation at 34 and 67 d out from diagnosis of 
CRSS, respectively.

In general, no significant differences in baseline 
demographics, etiology of cirrhosis, laboratory values, 
vital signs or ICU mortality/severity of illness scores 
were observed when comparing those subjects who 
received AVP to those who received any other vasoactive 
agent, with the exception of higher MELD scores in the 
AVP group (32.4, 95%CI: 28.6-36.2 vs 27.1, 95%CI: 
23.6-30.6, P = 0.041) (Table 1). Glomerular filtration 
rates were also different between the two groups (23.9 
mL/min, 95%CI: 18.6-29.2 in the AVP group vs 40.0 
mL/min, 95%CI: 29.1-51.0 in the non-AVP group, P = 

0.013). Mean APACHE Ⅱ scores were statistically similar 
(33.5, 95%CI: 30.6-36.5 in the AVP group vs 31.8, 
95%CI: 29.4-34.2) as were SAPSⅡ (72.6, 95%CI: 
63.5-81.7 in the AVP group vs 70.3, 95%CI: 64.5-76.1 
in the non-AVP group) and SOFA (17.6, 95%CI: 15.9-19.3 
AVP vs 16.9, 95%CI: 15.9-18.0 non-AVP). Corticosteroid 
administration was also statistically similar (76.2% AVP 
vs 79.2% non-AVP) as was time to first vasopressor 
initiation (6.8, 95%CI: 4.9-8.7 h AVP vs 7.4, 95%CI: 
5.7-9.3 h non-AVP). No statistically significant difference 
was observed in unadjusted 7-d mortality (52.4% AVP vs 
58.3% and P = 0.408) or 28-d mortality (81.0% AVP vs 
87.5% non-AVP, P = 0.813) (Figure 2). There was also 
no significant change in any recorded laboratory value of 
interest as measured 24-48 h after vasopressor initiation 
(Table 2).

On adjusted multivariable analysis, AVP use was 
not associated with increased 28-d mortality (HR = 
0.77, 95%CI: 0.39-1.52, P = 0.771). Age in years 
(HR = 1.05, 95%CI: 1.01-1.08, P = 0.004) was asso
ciated with increased 28-d mortality (Table 3). In other 
words, for each addition year of age from the baseline 
cohort average, the mortality rate was increased 5%. 
Corticosteroid administration was a significant predictor 
of improved 28-d mortality (HR = 0.37, 95%CI: 0.16-0.86, 
P = 0.021). The initiation of renal replacement therapy 
was associated with lower mortality (HR = 0.40, 95%CI: 
0.19-0.85, P = 0.017). No significant difference was 
found for MELD score.

DISCUSSION
After adjusting for multiple confounding factors, we 
report that AVP is not associated with disparate outcomes 
when compared to all other vasoactive agents in terms 
of 7-d and 28-d mortality when used as a second line 
vasopressor in catecholamine-resistant septic shock. 
These results are particularly notable considering the 
extent to which our AVP group was comprised of patients 
with a higher severity of illness as reflected by statistically 
higher baseline MELD scores as well as severity of 
illness scores which, while not individually differing stati
stically between the two groups, nevertheless all tended 
to be higher in the AVP group. Estimated glomerular 
filtration rates were also significantly lower in the AVP 
group, however these data need to be interpreted 
with caution as several of these patients were already 
receiving some form of renal replacement therapy 
at the time of vasopressor initiation. Additionally, we 
report no statistically significant difference in the total 
number of vasoactive agents used among the groups 
with both groups receiving approximately three such 
agents during the study period, a surrogate outcome 
which may indicate that AVP did not impair attainment 
of target mean-arterial pressures when compared with 
other agents. We do acknowledge that, due to the high 
rate of transition to comfort care measures, these data 
should also be interpreted cautiously, nevertheless rates 
of changes in goals of care were essentially equivalent 

28-d survival vasopressin vs  no vasopressin groups

Logrank P  = 0.8128
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Figure 2  Twenty-eight-day survival comparing second line vasopressors 
in catecholamine-resistant septic shock.
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Vasopressin (n  = 21) No Vasopressin (n  =24) P  value

Patient demographics
   Age, yr (95%CI) 56.2 (50.2-62.3) 57.0 (50.7-63.3) 0.681
   Male gender 10 (47.6) 14 (53.9) 0.672
   Body mass index, kg/m2, (95%CI) 34.2 (30.5-37.9) 31.2 (28.0-34.3) 0.150
   Comorbidities, n (%)
      CAD 3 (14.2) 4 (16.7) 0.985
      CHF 1 (5.3) 6 (23.1) 0.103
      COPD 3 (16.7) 4 (16.7) 1.00
      CKD 6 (28.6) 7 (29.2) 0.956
      DM 7 (35.0) 8 (30.8) 0.762
      HTN 13 (61.3) 16 (66.7) 0.916
   Smoking, n (%) 5 (23.8) 5 (23.8) 0.756
   Alcohol use (active), n (%) 9 (42.9) 8 (33.3) 0.392
   Liver disease etiology, n (%)
      Alcohol 6 (28.6) 10 (41.7) 0.477
      NASH/crypto 5 (23.4) 7 (29.2) 0.240
      HBV 0 (0.0) 0 (0.0) 1.00
      HCV 3 (14.2) 3 (12.5) 0.566
      Cardiac 1 (4.8) 1 (4.2) 0.947
      Cholestatic 2 (9.5) 1 (4.2) 0.445
      AIH 0 (0.0) 1 (4.2) 0.497
      HCV/alcohol 3 (14.3) 1 (4.2) 0.329
PSE 14 (66.7) 15 (62.5) 0.927
Laboratory values and vital signs
   MELD, (95%CI) 32.4 (28.6-36.2) 27.1 (23.6-30.6) 0.041
   CTP, n (%)
      A 0 (0.0) 0 (0.0) 1.00
      B 2 (9.5) 6 (25.0) 0.074
      C 19 (90.5) 18 (75.0) 0.162
   AST, U/L, (95%CI) 429 (283-1141) 289 (90-667) 0.763
   ALT, U/L, (95%CI) 180 (79-438) 133 (24-290) 0.795
   Alk phos, U/L, (95%CI) 155 (109-200) 138 (90-185) 0.740
   Bilirubin, mg/dL, (95%CI) 15.4 (9.0-21.9) 10.0 (5.3-14.6) 0.109
   BUN, mg/dL, (95%CI) 58.0 (45.0-70.9) 48.7 (36.5-60.9) 0.222
   Platelets, k/uL, (95%CI) 84.5 (66.2-102.8) 88.8 (68.9-108.8) 0.402
   Creatinine, mg/dL, (95%CI) 3.02 (2.16-3.88) 2.50 (1.59-3.41) 0.37
   GFR, mL/min per 1.73 m2, (95%CI) 23.9 (18.6-29.2) 40.0 (29.1-51.0) 0.013
   Sodium, mmol/L, (95%CI) 135.8 (131.8-139.8) 134.1 (130.8-137.5) 0.553
   INR, (95%CI) 2.63 (1.79-3.48) 2.15 (1.82-2.47) 0.176
   Hematocrit, %, (95%CI) 25.7 (22.9-28.6) 28.0 (26.1-30.0) 0.200
   Lactate, mmol/L, (95%CI) 3.90 (2.58-5.21) 3.60 (2.52-4.68) 0.669
   WBC (max), k/uL, (95%CI) 16.1 (12.8-19.5) 16.7 (12.7-20.6) 0.607
   Heart rate, (95%CI) 106 (96-115) 110 (102-118) 0.591
   MAP (min), (95%CI) 45.1 (34.2-56.1) 50.5 (46.9-54.0) 0.197
   Temperature, C, (95%CI) 36.3 (35.5-37.1) 36.7 (35.9-37.4) 0.125
   RR (max), breaths/min, (95%CI) 35.7 (30.5-40.8) 31.8 (25.4-38.3) 0.145
ICU level of illness, (95%CI)
   FiO2 0.48 (0.36-0.59) 0.44 (0.34-0.54) 0.953
   PaCO2 35.6 (32.7-38.5) 35.7 (32.1-39.3) 0.856
   PaO2 100.2 (49.1-151.4) 70.4 (60.2-80.6) 0.235
   pH 7.30 (7.24-7.35) 7.34 (7.30-7.37) 0.149
   APACHE Ⅱ 33.5 (30.6-36.5) 31.8 (29.4-34.2) 0.306
   GCS 7.1 (5.0-9.3) 6.9 (5.2-8.6) 0.547
   SAPSⅡ 72.6 (63.5-81.7) 70.3 (64.5-76.1) 0.975
   SOFA 17.6 (15.9-19.3) 16.9 (15.9-18.0) 0.173
   Average number of vasopressors 2.9 (2.4-3.3) 3.3 (2.9-3.6) 0.357
   Days on vasopressors 6.3 (3.7-8.9) 6.3 (3.6-9.0) 0.756
   CRRT/HD, n (%) 13 (65.0) 17 (70.8) 0.762
   Intubated, n (%) 18 (85.7) 22 (91.7) 0.466
   UOP first 24 h, mL, (95%CI) 459.9 (225.8-694.0) 698.1 (383.9-1012.3) 0.067
   GI bleed, n (%) 1 (20.0) 5 (20.8) 0.948
   New VTE, n (%) 4 (20.0) 3 (12.5) 0.635
ICU medications
   Volume of IVF (L), (95%CI) 4.02 (2.52-5.53) 4.44 (2.62-6.26) 0.891
   Octreotide, n (%) 14 (66.7) 12 (52.2) 0.329
   Antibiotics, n (%) 21 (100.0) 24 (100.0) 0.790
   Choice of first vasopressor, n (%)

Table 1  Baseline patient characteristics
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in the 2 groups. Well-designed, prospective, randomized 
studies are needed to clarify whether AVP should be 
preferred as the second-line vasopressor in this patient 
population.

Potential adverse effects of AVP administration were not 
different when compared to all other vasoactive agents. 
While others have published reports suggesting acute-
on-chronic liver failure, worsening thrombocytopenia and 
a decline in cardiac output with AVP use[4,12-17] our results 
do not lend support to these concerns during early 
treatment, as we did not find any significant laboratory 

changes in these parameter between the two groups as 
measured 24-48 h after vasopressor initiation. Consonant 
with these findings, we report similar rates of de novo 
venous thromboembolic disease among the two groups. 
While direct measurement of cardiac output or cardiac 
index was not obtainable in our retrospective analysis, 
heart rate did not decline significantly after one-day of 
vasopressor therapy in the AVP group when compared 
with the non-AVP group, lessening concerns regarding 
clinically significant negative chronotropy affecting 
cardiac output in this population. Although some reports 
suggest mortality benefit with attenuation of tachycardia 
in patients with septic shock, a decline in cardiac output 
mediated by decreased heart rate may have a disparate 
and adverse effect in cirrhosis patients when compared 
to the general population given the possible underlying 
dependence of oxygen consumption on oxygen delivery 
in this population[18,20]. 

From a safety and efficacy standpoint, our findings 
confirm a salient role for AVP use in cirrhosis patients 
with CRSS and strengthen the current level of evidence 
provided in support of recent consensus guidelines for 
critical care in patients with cirrhosis which are based 
largely on data extrapolated from studies of terlipressin 
administration[11]. 

      Norepinephrine 18 (85.7) 17 (70.8) 0.412
      Dopamine 1 (4.8) 3 (12.5) 0.398
      Phenylephrine 2 (9.5) 4 (16.7) 0.207
   Albumin given, n (%) 18 (85.7) 21 (95.5) 0.954
   PPI, n (%) 18 (90.0) 19 (79.2) 0.388
   Corticosteroids, n (%) 16 (76.2) 19 (79.2) 0.701
Outcomes, (95%CI)
   Days to death 8.9 (5.2-11.4) 7.8 (4.4-11.1) 0.672
   ICU LOS, d 13.5 (8.1-18.8) 12.3 (4.4-20.3) 0.114
   Vent free days 22.6 (20.1-25.1) 15.8 (4.1-27.6) 0.633
   Mortality, n (%)
      7 d 11 (52.4) 14 (58.3) 0.408
      28 d 17 (81.0) 21 (87.5) 0.371
      90 d 18 (85.7) 21 (87.5) 0.303
   In hospital 18 (85.7) 20 (83.3) 0.654
   ICU 17 (81.0) 18 (75.0) 0.360
   Transition to comfort care 16 (76.2) 18 (75.0) 0.808

CAD: Coronary heart disease; CHF: Congestive heart failure; COPD: Chronic obstructive pulmonary diseases; CKD: Chronic kidney diseases; DM: Diabetes 
mellitus; HTN: Hypertension; NASH: Non-alcoholic steatohepatitis; HBV: Hepatitis B virus; HCV: Hepatitis C virus; AIH: Autoimmune hepatitis; PSE: 
Portosystemic encephalopathy; CTP: Child-Turcotte-Pugh score; AST: Aspartate aminotransferase; ALT: Alanine transaminase; BUN: Blood urea nitrogen; 
WBC: White blood cell; ICU: Intensive care unit; APACHE Ⅱ: Acute physiology and chronic health evaluation Ⅱ; SAPSⅡ: Simplified acute physiology 
score; SOFA: Sequential organ failure assessment; CRRT: Continuous renal replacement therapy; HD: Hemodialysis; GI: Gastrointestinal; PPI: Proton pump 
inhibitors.

Vasopressin (n  = 21) No Vasopressin (n  = 24) P  value

Platelets, k/uL, (95%CI) -18.7 (-42.3, 4.9) -13.6 (-31.6, 4.4) NS
ALT, U/L, (95%CI)      47.2 (-12.1, 106.6)      206.3 (-113.3, 525.9) NS
AST, U/L (95%CI)   236.7 (74.0, 399.4)      292.4 (-247.0, 831.8) NS
Alkaline phosphatase, U/L, (95%CI)   -10.5 (-48.7, 27.8) -19.6 (-39.5, 0.3) NS
Heart rate, (95%CI)    -6.7 (-12.3, -1.0)      0.6 (-11.8, 13.0) NS
Bilirubin, mg/dL, (95%CI)    0.45 (-0.99, 1.89)    0.87 (-0.64, 2.38) NS

Table 2  Change in laboratory parameters with vasopressor support as measured 24 h after vasopressor initiation

AST: Aspartate aminotransferase; ALT: Alanine transaminase; NS: No statistical significance.

Hazard ratio 95%CI P  value

Vasopressin1 0.77 0.39-1.52 NS
Age (yr) 1.05 1.01-1.08 0.004
CRRT 0.40 0.19-0.85 0.017
Corticosteroids 0.37 0.16-0.86 0.021
Sodium (mmol/L) 1.00 0.96-1.04 NS
Platelets (k/uL) 0.99 0.98-1.00 NS
MELD 1.04 0.98-1.09 NS

Table 3  Adjusted multivariable analysis for predictors of 
28-d all-cause mortality

1Compared to reference of non-vasopressin group (P = 0.553). CRRT: 
Continuous renal replacement therapy; NS: No statistical significance.
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On adjusted multivariable analysis, corticosteroid 
use emerged as a marked predictor of improved 28-d 
mortality with a 63% reduction in death with corticosteroid 
administration. Current Surviving Sepsis guidelines do 
recommend low-dose hydrocortisone for patients with 
septic shock unresponsive to fluid resuscitation and 60 min 
of vasopressors support. However, while the prevalence 
of adrenal insufficiency among patients with cirrhosis 
and sepsis has been generally reported as higher than 
expected, upwards of some 76% of this population, 
a recent randomized-controlled trial did not evidence 
a mortality benefit when stress-dosed steroids were 
employed in the ICU management of these patients[10]. 
In a randomized, placebo-controlled trial of 75 cirrhosis 
patients admitted to an intensive care unit with septic 
shock that was stopped early due to futility, Arabi et 
al[10] reported a 28-d mortality of 85% in the group of 
patients randomized to receive low-dose corticosteroids 
compared with 72% in the placebo-allocated group. 
While our mortality rates approximate those in the 
steroid-receiving group reported by Russell et al[21] it 
is clear that our patients suffering CRSS represented a 
more critically ill population as evidenced not only by a 
pre-specified requirement for 2 or more vasopressors, 
but also by the higher APACHE Ⅱ and SOFA scores 
which characterized our patients. While the discrepancy 
regarding steroid-benefit may be real and attributable to 
the differing populations under study, another intriguing 
hypothesis which emerged from a post-hoc substudy of 
VASST relates to a possible beneficial synergy between 
AVP and corticosteroid, with the authors of this substudy 
reporting a decrease in 28-d mortality from 44.7% to 
35.9% in patients receiving corticosteroids plus AVP 
when compared with patients receiving corticosteroids in 
addition to norepinephrine.

Finally, rates of gastrointestinal hemorrhage, including 
that from gastroesophageal varices, were also similar 
between the AVP and non-AVP groups.

Our study has several limitations. First, it is retro
spective in nature and suffers from missing data, a 
deficiency common to most retrospective analyses. 
Second, ours is a single center study with a relatively 
small sample size constraining analysis of additional 
variables. Third, we acknowledge the heterogeneity of 
the comparative group regarding the variety of second-
line agents used. However, on the other hand, a salient 
feature of this study is that the 2nd vasoactive agent 
used in the comparator group was almost exclusively 
a catecholaminergic agent, which in effect resulted in a 
study comparing second-line vasopressin use vs second-
line catecholaminergic augmentation.

Fourthly, an additional limitation relates to “cross-
over” analysis, as we did not analyze our cohort of 
patients on the basis of whether or not they received 
AVP at any time during their course. Furthermore, we 
did not investigate the possible interaction between 
AVP and corticosteroids as discussed earlier. Our study 
is also relatively underpowered given the high 28-d 
mortality rates observed and the low-even rate of 

patient survival. Other limitations include a lack of direct 
measurement of cardiac output or index with right heart 
catheterization in order to better characterize changes 
in hemodynamics following AVP administration.

Nevertheless, we provide more methodologically 
robust evidence for AVP use as a second-line vasopressor 
in catecholamine resistant septic shock and for attention 
to vasopressor selection in patients with cirrhosis. While 
further, large-scale multicenter prospective studies would 
be of benefit to refine current consensus standards, all 
potential lifesaving interventions, as long as the potential 
for iatrogenic harm is minimal, should be considered 
in this extremely sick patient population with 28-d mor
tality rates approaching 85%. Ultimately, the goal of 
correcting catecholamine-resistant septic shock in these 
patients involves both recovery from their immediate, 
life-threatening illness as well as providing for relative 
convalescence which may enable the individual patient to 
recover and receive a liver transplantation.

COMMENTS
Background
Cirrhosis patients with septic-shock requiring intensive care unit medical care 
have an exceedingly high mortality rate and are excluded from many existing 
clinical trials. Recent consensus guidelines suggest a role for vasopressin use 
in this patient population; however, this is based largely on expert opinion. 

Research frontiers
With the increasing prevalence of cirrhosis globally and improved access to 
tertiary medical care, the care of the critically ill patient with cirrhosis of the 
liver cannot be ignored. Current research and clinical care focuses largely on 
keeping the critically ill patient with cirrhosis alive in order to eventually receive 
a life-saving liver transplantation. The role of vasopressin in this population 
remains unknown. 

Innovations and breakthroughs
In the present study, the authors found that vasopressin is similar to all other 
vasopressors in terms of 7-d and 28-d mortality and in the absence of significantly 
more deleterious effects suggest a role for vasopressin use in patients with 
cirrhosis admitted to the intensive care unit with septic shock. 

Applications
The present report provides further evidence on the safety and efficacy of 
vasopressin use in patients with cirrhosis, and may suggest revisiting the 
currently available critical care guidelines.

Peer-review
This retrospective cohort adds useful information for both clinical practice and 
further academic research with the goal of impacting common patient centered 
outcomes for critically ill patients with extremely high mortality rates.

REFERENCES
1	 Pavon A, Binquet C, Kara F, Martinet O, Ganster F, Navellou JC, 

Castelain V, Barraud D, Cousson J, Louis G, Perez P, Kuteifan K, 
Noirot A, Badie J, Mezher C, Lessire H, Quantin C, Abrahamowicz 
M, Quenot JP. Profile of the risk of death after septic shock in 
the present era: an epidemiologic study. Crit Care Med 2013; 
41: 2600-2609 [PMID: 23963127 DOI: 10.1097/CCM.0b013e 
31829a6e89]

2	 Galbois A, Aegerter P, Martel-Samb P, Housset C, Thabut D, 
Offenstadt G, Ait-Oufella H, Maury E, Guidet B. Improved 

 COMMENTS

Myc LA et al . Vasopressin use in cirrhosis patients



113 January 18, 2017|Volume 9|Issue 2|WJH|www.wjgnet.com

prognosis of septic shock in patients with cirrhosis: a multicenter 
study. Crit Care Med 2014; 42: 1666-1675 [PMID: 24732239 DOI: 
10.1097/CCM.0000000000000321]

3	 Moreau R, Hadengue A, Soupison T, Kirstetter P, Mamzer MF, 
Vanjak D, Vauquelin P, Assous M, Sicot C. Septic shock in patients 
with cirrhosis: hemodynamic and metabolic characteristics and 
intensive care unit outcome. Crit Care Med 1992; 20: 746-750 
[PMID: 1597026]

4	 Russell JA, Walley KR, Singer J, Gordon AC, Hébert PC, Cooper 
DJ, Holmes CL, Mehta S, Granton JT, Storms MM, Cook DJ, 
Presneill JJ, Ayers D. Vasopressin versus norepinephrine infusion 
in patients with septic shock. N Engl J Med 2008; 358: 877-887 
[PMID: 18305265 DOI: 10.1056/NEJMoa067373]

5	 Landry DW, Levin HR, Gallant EM, Ashton RC, Seo S, D’Alessandro 
D, Oz MC, Oliver JA. Vasopressin deficiency contributes to the 
vasodilation of septic shock. Circulation 1997; 95: 1122-1125 
[PMID: 9054839]

6	 Landry DW, Levin HR, Gallant EM, Seo S, D’Alessandro D, 
Oz MC, Oliver JA. Vasopressin pressor hypersensitivity in vaso­
dilatory septic shock. Crit Care Med 1997; 25: 1279-1282 [PMID: 
9267938]

7	 Sharshar T, Blanchard A, Paillard M, Raphael JC, Gajdos P, 
Annane D. Circulating vasopressin levels in septic shock. Crit Care 
Med 2003; 31: 1752-1758 [PMID: 12794416 DOI: 10.1097/01.
CCM.0000063046.82359.4A]

8	 Wagener G, Kovalevskaya G, Minhaz M, Mattis F, Emond JC, 
Landry DW. Vasopressin deficiency and vasodilatory state in end-
stage liver disease. J Cardiothorac Vasc Anesth 2011; 25: 665-670 
[PMID: 21126886 DOI: 10.1053/j.jvca.2010.09.018]

9	 Fernández J, Escorsell A, Zabalza M, Felipe V, Navasa M, Mas A, 
Lacy AM, Ginès P, Arroyo V. Adrenal insufficiency in patients with 
cirrhosis and septic shock: Effect of treatment with hydrocortisone 
on survival. Hepatology 2006; 44: 1288-1295 [PMID: 17058239 
DOI: 10.1002/hep.21352]

10	 Arabi YM, Aljumah A, Dabbagh O, Tamim HM, Rishu AH, Al-
Abdulkareem A, Knawy BA, Hajeer AH, Tamimi W, Cherfan 
A. Low-dose hydrocortisone in patients with cirrhosis and septic 
shock: a randomized controlled trial. CMAJ 2010; 182: 1971-1977 
[PMID: 21059778 DOI: 10.1503/cmaj.090707]

11	 Nadim MK, Durand F, Kellum JA, Levitsky J, O’Leary JG, 
Karvellas CJ, Bajaj JS, Davenport A, Jalan R, Angeli P, Caldwell 
SH, Fernández J, Francoz C, Garcia-Tsao G, Ginès P, Ison MG, 
Kramer DJ, Mehta RL, Moreau R, Mulligan D, Olson JC, Pomfret 
EA, Senzolo M, Steadman RH, Subramanian RM, Vincent JL, 
Genyk YS. Management of the critically ill patient with cirrhosis: 
A multidisciplinary perspective. J Hepatol 2016; 64: 717-735 

[PMID: 26519602 DOI: 10.1016/j.jhep.2015.10.019]
12	 Leone M, Albanèse J, Delmas A, Chaabane W, Garnier F, Martin 

C. Terlipressin in catecholamine-resistant septic shock patients. 
Shock 2004; 22: 314-319 [PMID: 15377885 DOI: 10.1097/01.
shk.0000136097.42048.bd]

13	 Morelli A, Ertmer C, Lange M, Westphal M. Continuous terli­
pressin infusion in patients with septic shock: less may be best, 
and the earlier the better? Intensive Care Med 2007; 33: 1669-1670 
[PMID: 17530219 DOI: 10.1007/s00134-007-0676-1]

14	 Albanese J, Leone M, Delmas A, Martin C. Terlipressin or norepine­
phrine in hyperdynamic septic shock: A prospective, randomized 
study. Crit Care Med 2005; 33: 1897-1902 [PMID: 16148457 DOI: 
10.1097/01.CCM.0000178182.37639.D6]

15	 O’Brien A, Clapp L, Singer M. Terlipressin for norepinephrine-
resistant septic shock. Lancet 2002; 359: 1209-1210 [PMID: 
11955542 DOI: 10.1016/S0140-6736(02)08225-9]

16	 Luckner G, Dünser MW, Jochberger S, Mayr VD, Wenzel V, 
Ulmer H, Schmid S, Knotzer H, Pajk W, Hasibeder W, Mayr 
AJ, Friesenecker B. Arginine vasopressin in 316 patients with 
advanced vasodilatory shock. Crit Care Med 2005; 33: 2659-2666 
[PMID: 16276194 DOI: 10.1097/01.CCM.0000186749.34028.40]

17	 Umgelter A, Reindl W, Schmid RM, Huber W. Continuous 
terlipressin infusion in patients with persistent septic shock and 
cirrhosis of the liver. Intensive Care Med 2008; 34: 390-391 [PMID: 
17917713 DOI: 10.1007/s00134-007-0877-7]

18	 Moreau R, Lee SS, Hadengue A, Ozier Y, Sicot C, Lebrec D. 
Relationship between oxygen transport and oxygen uptake in 
patients with cirrhosis: effects of vasoactive drugs. Hepatology 
1989; 9: 427-432 [PMID: 2493414 DOI: 10.1002/hep.1840090314]

19	 Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau 
TM, Kosberg CL, D’Amico G, Dickson ER, Kim WR. A model to 
predict survival in patients with end-stage liver disease. Hepatology 
2001; 33: 464-470 [PMID: 11172350 DOI: 10.1053/jhep.2001. 
22172]

20	 Morelli A, Ertmer C, Westphal M, Rehberg S, Kampmeier T, 
Ligges S, Orecchioni A, D’Egidio A, D’Ippoliti F, Raffone C, 
Venditti M, Guarracino F, Girardis M, Tritapepe L, Pietropaoli P, 
Mebazaa A, Singer M. Effect of heart rate control with esmolol on 
hemodynamic and clinical outcomes in patients with septic shock: 
a randomized clinical trial. JAMA 2013; 310: 1683-1691 [PMID: 
24108526 DOI: 10.1001/jama.2013.278477]

21	 Russell JA, Walley KR, Gordon AC, Cooper DJ, Hébert PC, Singer J, 
Holmes CL, Mehta S, Granton JT, Storms MM, Cook DJ, Presneill 
JJ. Interaction of vasopressin infusion, corticosteroid treatment, and 
mortality of septic shock. Crit Care Med 2009; 37: 811-818 [PMID: 
19237882 DOI: 10.1097/CCM.0b013e3181961ace]

P- Reviewer: Giorgio A, Tellez-Avila F, Zhu YY    S- Editor: Qi Y    
L- Editor: A    E- Editor: Li D

Myc LA et al . Vasopressin use in cirrhosis patients



Aylhin J Lopez-Marcano, Jose M Ramia, Vladimir Arteaga, Roberto De la Plaza, Jhonny D Gonzales, 
Anibal Medina

ORIGINAL ARTICLE

114 January 18, 2017|Volume 9|Issue 2|WJH|www.wjgnet.com

Percutaneous drainage as a first therapeutic step prior to 
surgery in liver hydatid cyst abscess: Is it worth it?

Observational Study

Aylhin J Lopez-Marcano, Jose M Ramia, Vladimir Arteaga, 
Roberto De la Plaza, Jhonny D Gonzales, Anibal Medina, 
Hepato-Pancreato-Biliary Surgical Unit, Department of Surgery, 
Hospital Universitario de Guadalajara, 19002 Guadalajara, Spain

Author contributions: Lopez-Marcano AJ designed research; 
Ramia JM performed research; Lopez-Marcano AJ, Arteaga V, 
Gonzales JD and Medina A analyzed data; Lopez-Marcano AJ, 
Ramia JM and De la Plaza R wrote the manuscript.

Institutional review board statement: The protocol was 
approved by the Institutional Review Board (IRB) of the Hospital 
Universitario de Guadalajara.

Informed consent statement: I promise that all involved 
persons gave their informed consent prior to study inclusion.

Conflict-of-interest statement: None of authors have any 
conflict of interest.

Data sharing statement: No additional data are available.

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: Dr. Jose M Ramia, Hepato-Pancreato-
Biliary Surgical Unit, Department of Surgery, Hospital Univer
sitario de Guadalajara, c/Donantes de Sangre, s/n, 19002 Guadalajara, 
Spain. jose_ramia@hotmail.com
Telephone: +34-616-292056

Received: June 2, 2016
Peer-review started: June 6, 2016
First decision: July 5, 2016

Revised: October 24, 2016
Accepted: November 21, 2016
Article in press: November 22, 2016
Published online: January 18, 2017

Abstract
AIM
To delay surgery until the patient is in a better con
dition, and thus to decrease postoperative morbidity. 

METHODS
Using this algorithm we treated three patients aged 
55, 75 and 80 years. In all three patients the clinical 
presentation was fever without a clear source of infection; 
all had nonspecific symptoms such as general malaise, 
dyspnea, and abdominal discomfort in the previous 15 d. 
They came to the emergency room at our hospital due 
to deterioration of their general condition. Analytical 
tests showed leukocytosis, neutrophilia and increased 
polymerase chain reaction. In all cases an abdominal 
computed tomography (CT) was performed and liver 
hydatid abscess (LHA) was detected. The mean size of 
the LHA was 12 cm.

RESULTS
All patients underwent CT-guided percutaneous drainage. 
The purulent material obtained was cultured, and 
Klebsiella pneumoniae, Streptococcus viridans and Stre
ptococcus salivarius were identified. Antibiotic treat
ment was given adapted to antibiotic sensitivity testing. 
Surgery was performed two weeks after admission, once 
the patient’s condition had improved. All three patients 
underwent an almost total cystectomy, cholecystectomy 
and omentoplasty in the residual cavity. Complications 
were: Clavien Ⅰ (atelectasis and pleural effusion) and 
Clavien Ⅱ (transfusion). The average length of stay 
(pre and postoperative) was 23 d. At the follow-up, no 
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relapses were recorded.

CONCLUSION
LHA management is not standardized. Emergency 
surgery offers suboptimal results. Percutaneous drainage 
plus antibiotics allows improving patient’s general con
dition. This enables treating patients in greater safety 
and also reduces complications.

Key words: Hydatidosis; Review; Surgery; Abscess; 
Liver

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

Core tip: Liver hydatid abscess (LHA) management is 
not standardized. The traditional treatment is emergency 
surgery but the results are usually suboptimal because 
the patients are in poor medical condition. The initial 
treatment of LHA in septic patients with percutaneous 
drainage in combination with antibiotic therapy and 
supportive measures allows control of the infection and 
improves the patient’s general condition. This enables 
the physician to treat the patient in greater safety and 
also reduces complications.

Lopez-Marcano AJ, Ramia JM, Arteaga V, De la Plaza R, 
Gonzales JD, Medina A. Percutaneous drainage as a first 
therapeutic step prior to surgery in liver hydatid cyst abscess: Is 
it worth it? World J Hepatol 2017; 9(2): 114-118  Available from: 
URL: http://www.wjgnet.com/1948-5182/full/v9/i2/114.htm  
DOI: http://dx.doi.org/10.4254/wjh.v9.i2.114

INTRODUCTION
Cystic echinococcosis is a zoonotic disease that is found 
worldwide. It is caused by larvae of the genus Echinococcus, 
and is endemic in certain areas of the planet[1]. The liver 
is the most common location for cyst development[2]. 
Infection of the liver hydatid cyst (LHC) and pyogenic 
abscess formation is a rare but highly severe complication. 
The clinical course is insidious and it is usually diag­
nosed when the infection has progressed, affecting the  
patient’s overall condition and possibly even causing 
septic shock[3]. The treatment of liver hydatid abscess 
(LHA) is not yet standardized. Several options are 
available with the dual purpose of draining the LHA and 
treating the LHC, including simple surgical drainage, 
or surgical drainage associated with total or subtotal 
pericystectomy and percutaneous drainage[3]. We 
propose percutaneous drainage of the LHA as a first 
therapeutic step, and later, when the patient’s general 
condition improves, surgical treatment of the LHC.

MATERIALS AND METHODS
From May 1, 2007 to March 1, 2016 we treated 135 

patients with LHC, of whom 72 underwent surgery. Three 
of these patients debuted with a severe septic condition 
caused by LHA. These patients were initially treated 
with computed tomography (CT)-guided percutaneous 
drainage of the abscess, and then underwent scheduled 
surgery when their condition had improved. Their data are 
included in Table 1.

We also conducted an unlimited literature search in 
PubMed, updated on 1 January 2016, with the following 
strategy: [(echinococcosis hepatic complications) and 
(liver abscess)], which yielded 136 papers. Review of 
the abstracts found three papers related to the topic of 
the current paper, and their references were analyzed. 
The aim of this review was to assess the literature on 
the value of percutaneous drainage in LHA for delaying 
surgery until the patient is in a better overall condition, in 
order to reduce postoperative morbidity and to perform 
definitive treatment of LHC.

RESULTS
Patients 1
Male, 80 years old, came to the Emergency Department 
due to fever, dyspnea and general malaise of 15 d’s 
duration with hypotension, tachypnea and tachycardia. 
Past medical history: Mild Alzheimer’s disease. His 
analysis showed: 18610 leukocytes, 90.8% neutrophils, 
hemoglobin 8.4 g/dL, INR 1.13, Cr 0.75 mg/dL, GGT 
433 U/L, AST 35 U/L. Abdominal ultrasound showed a 
right liver lesion with calcified wall and echoes inside, 
probably detritus, compatible with LHA. Abdominal CT 
revealed a 13 cm liver mass with hypodense fluid level 
suggestive of LHA (Figure 1). CT-guided percutaneous 
drainage was performed and obtained purulent material. 
In the microbiology cultures, Klebsiella pneumoniae 
was identified. The patient received antibiotic therapy 
adjusted to antibiogram (piperacillin-tazobactam 4 g- 
0.5 g/8 h). Sixteen days later, with the patient in a 
satisfactory clinical and analytical condition, a subtotal 
cystectomy was performed after extensive cleaning of 
the cyst, cholecystectomy, bile duct exploration, closure 
of small cystobiliary communications and omentoplasty. 
Histopathology study showed the typical pericystic wall 
of LHC. After surgery, the patient suffered atelectasis 
and pleural effusion, and fungaemia (Candida Albicans) 
treated by fluconazole and requiring transfusion. He was 
discharged on postoperative day 34 (total stay: 50 d). 
He died 14 mo later of other medical causes, with no 
evidence of LHC recurrence at the CT performed one 
year after surgery.

Patients 2
Female, 75 years old. Past medical history: Hypertension 
and diabetes mellitus. She came to the Emergency 
Department due to fever and malaise of several days, 
severe, with hypotension, tachypnea and tachycardia. 
Analysis: 24610 leukocytes (95% neutrophils), Hb 10.9  
g/dL, INR 1.24, Cr 1.56 mg/dL, polymerase chain 



116 January 18, 2017|Volume 9|Issue 2|WJH|www.wjgnet.com

reaction (PCR) 315 mg/L, GGT 70 U/L and AST 47 U/L. 
Abdominal CT revealed a 12 cm abscess in the left liver 
compatible with LHA. CT percutaneous drainage was 
performed, obtaining purulent material (Figure 2). In 
microbiological cultures Streptococcus viridans was 
identified She received empiric antibiotic treatment 
adjusted later to amoxicillin/clavulanic acid (1 g/8 h) 
as a result of the antibiogram. She was admitted to 
the intensive care unit due to severe SIRS and finally 
underwent surgery after 12 d when her clinical condition 
had improved. A right subcostal laparotomy was per­
formed, revealing a LHA located in segments Ⅲ, Ⅳb, Ⅴ 

and Ⅵ. Subtotal cystectomy, cholecystectomy and bile 
duct clearance were performed. Postoperative course was 
uneventful and the patient was discharged after 5 d (total 
stay: 17 d). Histopathology showed chronic cholecystitis 
and hydatid cyst wall. No recurrence was seen at follow-
up sessions over a 6-year period.

Patients 3  
Female, 55 years old. Past medical history: Human im­
munodeficiency virus infection and pulmonary fibrosis. 
She came to the Emergency Department for high 

Figure 1  Abdominal computed tomography: Liver hydatid abscess. Figure 2  Abdominal computed tomography: Percutaneous drainage 
inside liver hydatid abscess.

Case 1 Case 2 Case 3

Sex Male Female Female
Age (yr) 80 75 55
Age 80 75 55
Clinic Fever, dyspnoea and malaise last 15 d 

duration
Poor general condition

Fever and malaise for several days
Poor general condition

High fever (> 39 ℃) accompanied by 
discomfort in right hypochondrium

Poor general condition
Analytics 18610 leukocytes, 90.8% neutrophils, 

Hgb 8.4 g/dL INR 1.13, Cr 0.75 mg/dL, 
GGT 433 U/L, AST 35 U/L

24610 leukocytes (95% neutrophils), Hgb 
10.9 g/dL, INR 1.24, Cr 1.56 mg/dL, PCR 
315 mg/L, GGT 70 U/L and AST 47 U/L

18666 leukocytes, 84.8% neutrophils, Hgb 
10.6 g/dL, INR 1.14, PCR 19.4 mg/dL, 

GGT 270 U/L, AST 379 U/L
Radiography/ultrasound A right liver lesion with calcified wall 

and echoes inside, probably detritus, 
compatible with LHA

- An abdominal mass with fluid level in 
right hypocondrium was seen

Abdominal CT An abdominal mass with fluid level in 
right hypochondrium

A 12 cm abscess in the liver compatible 
with LHA

An 11.5 cm liver mass located in segments 
Ⅵ and Ⅶ with fluid level, communicating 
with bile duct and causing inferior vena 

cava compression
Size 13 cm 12 cm 11.5 cm
Culture Klebsiella pneumoniae Streptococcus viridans Streptococcus salivarius
Time from pair to surgery 16 d 12 d 15 d
Surgery Subtotal cystectomy cholecystectomy, 

bile duct exploration, closure of small 
cystobiliary communications and 

omentoplasty

Subtotal cystectomy, cholecystectomy and 
bile duct clearance

Subtotal cystectomy and bile duct 
clearance

Morbidity Atelectasis and pleural effusion, 
fungaemia (Candida Albicans) and 

transfusion

No Red blood cell transfusion

Postsurgical stay 34 d   5 d   4 d
Total stay 50 d 17 d 19 d
Follow-up No recurrence No recurrence No recurrence

14 mo 6 yr 2.5 yr

Table 1  Clinical debut, analysis, diagnostic methods, surgery, morbidity and follow-up of our cases

CT: Computed tomography; LHA: Liver hydatid abscess; PCR: Polymerase chain reaction.
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fever (>39 ℃) accompanied by discomfort in right 
hypochondrium, with hypotension, tachypnea and tachy­
cardia. Analytical results: 18666 leukocytes, 84.8% 
neutrophils, Hgb 10.6 g/dL, INR 1.14, PCR 19.4 mg/dL, 
GGT 270 U/L, AST 379 U/L. Abdominal radiography 
revealed an abdominal mass with fluid level in right hypo­
chondrium. Abdominal CT showed a 11.5 cm liver mass 
located in segments Ⅵ and Ⅶ with fluid level (Figure 3), 
communicating with the bile duct and causing inferior vena 
cava compression. Empirical broad spectrum antibiotic 
therapy (piperacillin-tazobactam) was given. CT-guided 
percutaneous drainage was performed obtaining purulent 
material. Streptococcus salivarus was identified in micro­
biological cultures. Antibiotic therapy was changed to 
amoxicillin/clavulanic acid (1 g/8 h) as a result of the 
antibiogram. ERCP plus sphincterotomy was performed 
because of a frank intrabiliary rupture identified on CT. 
She was scheduled for surgery 15 d after coming to our 
center. After right subcostal incision, an 11-cm LHC was 
found in segments Ⅶ and Ⅷ attached to the diaphragm, 
right hepatic vein and inferior cava vein. A subtotal 
cystectomy was performed. Postoperatively, the patient 
required red blood cell transfusion and was discharged 
on the fourth day (total stay: 19 d). Histopathology 
showed a pericystic wall with fibrosis, inflammation and 
calcification. No recurrence was seen at the last follow-up 
visit 2.5 years later.

DISCUSSION
The most severe complications of LHC are rupture, 
biliary fistula and infection of the cyst, evolving into a 
liver hydatid abscess[4]. LHA has a prevalence of about 
25%. In Manterola’s series it was the most frequent 
complication (24.6%), but in ours it accounted for only 
4.1%[3]. We attribute this huge difference to the lack of 
a generally accepted worldwide definition of LHA. Some 
authors define LHA as any hydatid cyst which presents 
purulent content if opened during surgery, but others 
require bacterial growth in microbiological cultures 
in both cases with or without infectious symptoms. 
Our idea is that LHA should be defined not only in the 
presence of pus or positive cultures but always with 

severe infectious symptoms such as high fever, malaise, 
or even septic shock. The infection that provokes LHA 
may be primary, due to the invasion of bacteria from 
small bile ducts communicating into the cyst or rarely 
through the hematogenous route, or secondary, due to 
a communication through a fistula with the peritoneal 
cavity, bronchi, digestive tract, or skin, and after con­
servative surgery or incomplete PAIR[4].  

LHA patients are generally asymptomatic or have 
nonspecific clinical manifestations. Diagnosis is often 
made due to the clinical manifestations of other complica­
tions such as acute cholangitis, peritonitis, pericarditis 
or bronchobiliary fistula[5]. In the days prior to diagnosis 
all our patients reported nonspecific and insidious 
symptoms such as fever, malaise, dyspnea, abdominal 
discomfort and a progressive and significant deterioration 
in their general condition. The scarcity of symptoms of 
LHA (compared with pyogenic liver or intra-abdominal 
abscess) is probably due to the action of the pericystic 
wall offering theoretical protection against infectious 
dissemination[6].  

Usually, the first tool for diagnosing LHA is ultra­
sound. The ultrasound image of the LHA may not be 
characteristic, and differential diagnosis should include 
uncomplicated cyst type Ⅰ Gharbi, liver abscess from 
another origin, or infected simple cyst[7]. In one of the 
cases reported here abdominal radiography provided 
important clues for diagnosis. CT was the best diagno­
stic method in our short series, but no evidence-based 
medicine information can be drawn from only three cases.

The management of LHA is not standardized. Simple 
surgical drainage of the cyst has been described, but 
this technique may need subsequent additional surgical 
procedures; if cyst surgery is not performed, relapse and 
chronic complications due to the persistence of residual 
cyst cavity are frequent[6]. The most widely accepted 
approach is non-scheduled conservative surgery, usually 
subtotal pericystectomy including opening of the cavity, 
exhaustive cleaning of the cyst, eradication of the 
parasite and closing of the cystobiliary fistulas. But this 
type of surgery could be suboptimal because the patient 
is often in a poor clinical condition, and in fact LHA is a 
risk factor for postoperative complications (especially 
infections) in patients undergoing surgery for LHC[8]. 
To our knowledge, percutaneous drainage of the cyst, 
supportive measures and intravenous antibiotics as a 
therapeutic bridge to more radical and safer surgery have 
not been described previously. Here we present three 
patients treated with this approach in whom we were 
able to control the infection and improve the patients’ 
clinical condition prior to scheduled surgery two weeks 
later. What is more, we were able to perform an ERCP in 
one of our patients with a frank intrabiliary rupture. The 
improved medical condition allowed us the possibility of 
resecting a greater quantity of cyst, thus reducing the 
risk of possible relapse. 

To conclude, percutaneous drainage of LHA as a 
bridge to surgery may be a valid procedure especially 

Figure 3  Abdominal computed tomography: Liver hydatid abscess.
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in patients at high surgical risk due to septic conditions. 
With this approach we were able to control the infection 
with antibiotics and perform surgery once the patient’s 
overall condition had improved.
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the liver hydatid cyst (LHC) and pyogenic abscess formation is a rare but highly 
severe complication. 
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