
Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i25.8005

World J Gastroenterol  2014 July 7; 20(25): 8005-8010
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

8005 July 7, 2014|Volume 20|Issue 25|WJG|www.wjgnet.com

Peculiar characteristics of portal-hepatic hemodynamics of 
alcoholic cirrhosis

Massimo Bolognesi, Alberto Verardo, Marco Di Pascoli

Massimo Bolognesi, Alberto Verardo, Marco Di Pascoli, De-
partment of Medicine, University of Padua, Azienda Ospedaliera 
Università di Padova, 35128 Padova, Italy
Author contributions: Bolognesi M, Verardo A and Di Pascoli 
M have given substantial contributions to conception and design 
of the review, for drafting the article and revising it; all authors 
have given final approval of the version to be published.
Correspondence to: Massimo Bolognesi, MD, PhD, Depart-
ment of Medicine, University of Padua, Azienda Ospedaliera 
Università di Padova, Clinica Medica 5, Via Giustiniani 2, 35128 
Padova, Italy. massimo.bolognesi@unipd.it
Telephone: +39-49-8212383  Fax: +39-49-8754179
Received: October 24, 2013    Revised: December 31, 2013
Accepted: February 26, 2014
Published online: July 7, 2014

Abstract
Alcohol-related cirrhosis is a consequence of heavy 
and prolonged drinking. Similarly to patients with cir-
rhosis of other etiologies, patients with alcoholic cir-
rhosis develop portal hypertension and the hepatic, 
splanchnic and systemic hemodynamic alterations that 
follow. However, in alcoholic cirrhosis, some specific 
features can be observed. Compared to viral cirrhosis, 
in alcohol-related cirrhosis sinusoidal pressure is gener-
ally higher, hepatic venous pressure gradient reflects 
portal pressure better, the portal flow perfusing the 
liver is reduced despite an increase in liver weight, 
the prevalence of reversal portal blood flow is higher, 
a patent paraumbilical vein is a more common finding 
and signs of hyperdynamic circulations, such as an in-
creased cardiac output and decreased systemic vascu-
lar resistance, are more pronounced. Moreover, alcohol 
consumption can acutely increase portal pressure and 
portal-collateral blood flow. Alcoholic cardiomyopathy, 
another pathological consequence of prolonged alcohol 
misuse, may contribute to the hemodynamic changes 
occurring in alcohol-related cirrhosis. The aim of this 
review was to assess the portal-hepatic changes that 

occur in alcohol-related cirrhosis, focusing on the differ-
ences observed in comparison with patients with viral 
cirrhosis. The knowledge of the specific characteristics 
of this pathological condition can be helpful in the man-
agement of portal hypertension and its complications in 
patients with alcohol-related cirrhosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Patients with alcoholic cirrhosis develop portal 
hypertension and hemodynamics alterations similarly 
to patients with cirrhosis of other etiologies, but some 
specific features can be observed. Compared to viral 
cirrhosis, sinusoidal pressure is generally higher, hepatic 
venous pressure gradient reflects portal pressure better, 
the portal flow perfusing the liver is reduced despite 
an increase in liver weight, the prevalence of reversal 
portal blood flow is higher, a patent paraumbilical vein 
is a more common finding and signs of hyperdynamic 
circulations, such as an increased cardiac output and 
decreased systemic vascular resistance, are more pro-
nounced.
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INTRODUCTION
Alcoholic liver disease is a consequence of  heavy and 
prolonged drinking that can progress from hepatic 
steatosis through to steatohepatitis, liver fibrosis and 
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eventually cirrhosis. The molecular pathogenesis is a 
multifactorial process involving alcohol metabolism and 
secondary mechanisms such as oxidative stress, endo-
toxin, cytokines and immune regulators[1]. Similarly to 
patients with cirrhosis of  other etiologies, patients with 
alcoholic cirrhosis are prone to develop portal hyperten-
sion. Several studies show that only one third of  patients 
with alcoholic cirrhosis are hospitalized before decom-
pensation, and in the first year after discharge they have 
a 6% risk of  developing variceal bleeding, a 4% risk of  
developing hepatic encephalopathy and a 20% risk of  
developing ascites[2]. The main factor leading to decom-
pensation of  alcohol-related cirrhosis is the persistence 
of  regular alcohol consumption.

The aim of  this review is to assess the portal-hepatic 
changes that occur in alcohol-related cirrhosis, focusing 
on the differences observed in comparison with patients 
with viral cirrhosis.

PORTAL-HEPATIC HEMODYNAMICS
In cirrhosis, portal pressure increases because of  en-
hanced resistance to portal outflow[3-5] and an increase 
in splanchnic blood flow[6,7]. Several vasoactive systems 
and molecules activated in portal hypertension, first of  
all nitric oxide (NO)[8,9], determine a marked splanchnic 
vasodilatation, which is responsible for the increased 
splanchnic blood flow and the onset of  hyperdynamic 
circulation. This is characterized by increased cardiac 
output and heart rate, splanchnic arterial vasodilata-
tion and reduced arterial blood pressure[10-13]. Central 
blood volume is reduced, because of  its displacement to 
splanchnic circulation, resulting into a central hypovole-
mia[14]. These events lead to a secondary and massive ac-
tivation of  counter-regulatory systems, mainly the renin-
angiotensin-aldosterone system and the sympathetic 
nervous system[15,16]. However, in cirrhosis, the presence 
of  autonomic dysfunction causes a reduced sensitivity to 
vasoconstrictors in the systemic and splanchnic vessels 
that contributes to the splanchnic vasodilatation and hy-
perdynamic circulation caused by NO and other vasodi-
lating systems[17-20].

In alcoholic cirrhosis, portal vein pressure is in-
fluenced by the consumption of  alcohol: Klein et al[21] 
showed that after one year of  abstinence, portal vein 
pressure and the size of  esophageal varices almost halved. 
Resuming oral alcohol intake significantly increased por-
tal pressure and portal-collateral blood flow, worsening 
the portal hypertensive syndrome[21]. In patients with 
alcohol-induced cirrhosis, besides the chronic effects on 
the liver tissue and hemodynamics, ethanol can acutely 
increase portal pressure and portal-collateral blood flow. 
The increase in hepatic venous pressure gradient is maxi-
mum at 15 min and remains significant at 45 min after 
oral ethanol intake[22]. Hepatocyte swelling, a character-
istic of  alcoholic liver disease observed after the acute 
administration of  alcohol[23-25], may determine an acute 
increase in intrahepatic resistance and, in turn, increased 

portal pressure.
Specific-features of  alcohol-related cirrhosis are listed 

in Table 1.
Some studies have reported a higher portal pressure 

in patients with alcoholic cirrhosis compared with pa-
tients with viral cirrhosis at the same stage[26-28]. However, 
this finding may also relate to the methods used to deter-
mine portal pressure (vide infra).

In a study conducted by our group[29] the portal flow 
perfusing the liver per gram of  liver tissue was lower in 
patients with alcoholic cirrhosis compared with patients 
with viral cirrhosis. On the other hand, despite a similar 
degree of  severity of  the disease, liver weight was higher 
in alcoholic cirrhosis. These findings suggest a more 
marked sinusoidal distortion and consequent higher si-
nusoidal resistance in alcoholic cirrhosis. Indeed, patients 
with alcohol-related liver disease show a marked reduc-
tion in relative sinusoidal area compared to patients with 
non-alcoholic cirrhosis. Moreover, only in patients with 
alcohol-related cirrhosis and markedly reduced sinusoidal 
area, portal pressure correlated inversely with sinusoidal 
area; this was not the case in patients with non-alcoholic 
liver disease[30]. These data are supported by another study 
in which portal venous tissue blood flow was evaluated in 
cirrhosis of  different etiologies by Computerized Tomog-
raphy[31]. In alcohol-related cirrhosis, portal venous and 
total hepatic tissue blood flow were significantly lower 
compared to hepatitis C virus (HCV)-related cirrhosis[31].

Reversal blood flow is a negative prognostic index 
in patients with liver cirrhosis. It is generally associated 
with the transit of  blood from the portal vein to extra-
hepatic shunts or with the onset of  ascites[32,33]. Hepato-
fugal flow is a characteristic feature of  alcoholic cirrhosis, 
while it is not commonly observed in viral cirrhosis[33]. 
In patients with alcohol-related cirrhosis, reversal por-
tal blood flow correlates with a more severe degree of  
hepatic failure[33-36]. The reason why reversal blood flow 
has a higher prevalence in alcoholic liver cirrhosis may 
relate, at least to some extent, to the association between 
alcohol-related etiology and portal-systemic shunts and 
pericentral fibrosis[33].

In patients with portal hypertension, portal-systemic 
collaterals develop as a consequence of  the increased 
resistance to flow[37,38]. A patent paraumbilical vein is a 
common portal-systemic collateral in cirrhosis and its 
prevalence is significantly higher in patients with alcohol-
related cirrhosis compared to those with viral cirrho-
sis[29,39]. Moreover, Le Moine et al[26] found that the preva-
lence of  variceal bleeding was higher in patients with 
alcoholic cirrhosis compared to those with viral cirrhosis. 

Also the severity of  hyperdynamic syndrome seems 
to vary between patients with cirrhosis of  different eti-
ologies. A study including patients with both alcoholic 
and HCV-related cirrhosis showed that splanchnic arterial 
vasodilatation is more marked in the alcoholic group. As 
expected, in both groups cardiac output was higher and 
systemic vascular resistance lower compared to healthy 
volunteers, but the pathological modifications were more 
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pronounced in the alcoholic group. Moreover, the hepatic 
congestion index measured by ultrasound was increased 
only in alcoholic patients with cirrhosis and ascites[40].

PORTAL PRESSURE MEASUREMENT
Portal pressure is currently estimated by the measurement 
of  the hepatic venous pressure gradient, which is the 
difference between wedged and free hepatic vein pres-
sure, measured by hepatic vein catheterization[41-43]. The 
method measures indirectly the sinusoidal pressure, thus 
estimating portal pressure[44,45]. Therefore, it is not able to 
detect an increase in presinusoidal resistance. Indeed, it 
has been shown that the measurement of  wedged hepatic 
vein pressure closely reflects portal pressure in patients 
with alcoholic cirrhosis, but it underestimates portal pres-
sure in patients with nonalcoholic cirrhosis[46], probably 
because of  a pre-sinusoidal component to the portal 
hypertension of  viral cirrhosis[47]. The measurement of  
wedged hepatic venous pressures in alcohol-related cir-
rhosis provides a reliable estimate of  the severity of  
portal hypertension, while hemodynamic evaluation of  
nonalcoholic cirrhosis should include direct portal vein 
pressure measurement in order to avoid underestimation 
of  the portal-hepatic gradient[46,48].

The different anatomical changes of  intrahepatic 
portal circulation in alcoholic and viral cirrhosis was 
confirmed by a meta-analysis of  the agreement between 
wedge hepatic vein pressure and portal vein pressure in 
cirrhotic patients[49]. Wedged hepatic pressure measure-
ment correlated well with direct portal pressure measure-
ment and the agreement was sufficiently good to use this 
as a surrogate measurement[49-51]. However, the agreement 
between the two measurements was lower in HCV-relat-
ed cirrhosis compared to alcohol-related cirrhosis[49]. The 
lack of  a presinusoidal component to portal hypertension 
in alcoholic cirrhosis may explain why an inverse relation-
ship between portal blood velocity and flow, and hepatic 
venous pressure gradient was reported only in a study of  
patients with alcoholic cirrhosis[52].

ALCOHOLIC CARDIOMYOPATHY
In patients with cirrhosis, progressive stages of  cardiac 
disease have been documented. Cirrhotic cardiomyopathy 
is characterized by impaired cardiac contractility during 

preload and afterload, decreased β-adrenergic receptor 
function, post-receptor dysfunction, defective excitation-
contraction coupling, conductance abnormalities[53] and 
decreased heart rate variability[54], regardless of  the etiol-
ogy of  cirrhosis. Alcohol-related cardiomyopathy, one of  
the consequences of  prolonged alcohol consumption, 
can occur in subjects both with and without cirrhosis[55,56]. 
While chronic (10-12 years) consumption of  amounts of  
ethanol as low as 25 g/d in males and 12 g/d in females 
is associated with an increased risk of  cirrhosis, > 90 g/d 
for at least 5 years seem to be needed for inducing chang-
es in cardiac structure and function[2,57-60]. The pathogen-
esis of  such dysfunction is probably related to cell death 
and modifications in myocyte homeostasis[61], including 
oxidative damage, deposition of  triglycerides, impaired 
myofilament calcium sensitivity, altered protein synthesis 
and direct effect of  acetaldehyde, a major product of  al-
cohol metabolism[62]. The dysfunction of  the autonomic 
nervous system which is typical of  alcohol misusers also 
contributes to the cardiac alterations observed in this 
condition[63]. Alcoholic cardiomyopathy is characterized 
by left ventricular hypokinesis, left ventricular dilatation, 
tachyarrhythmias (transient atrial fibrillation), QT interval 
prolongation and sudden cardiac death[64-66]. Despite the 
different pathogenesis, the distinction with cirrhotic car-
diomyopathy can be difficult, since some features, such 
as QT interval prolongation and autonomic dysfunction, 
are common. On the other hand, 4-chamber dilatation 
with normal or decreased left ventricular wall thickness 
is more commonly observed in alcohol-related cirrho-
sis[67,68], while cirrhotic cardiomyopathy is more often 
characterized by hypertrophy, at least in the early stages[69]. 
It is plausible that the cardiac dysfunction which charac-
terizes alcohol-related cardiomyopathy may contribute to 
the hemodynamic changes occurring in alcohol-related 
cirrhosis.

CONCLUSION
Alcohol-related cirrhosis is characterized by some pecu-
liar features of  portal-hepatic hemodynamics, compared 
to cirrhosis of  other etiologies. The knowledge of  the 
specific characteristics of  this condition may help in the 
management of  portal hypertension and its complica-
tions in patients with alcohol-related cirrhosis.
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Table 1  Portal-hepatic hemodynamics in alcohol-related and viral cirrhosis

Alcohol-related cirrhosis Viral cirrhosis

Increase in intrahepatic resistance Increase in sinusoidal and postsinusoidal resistance Increase also in presinusoidal resistance
Portal pressure Higher increase in sinusoidal pressure Lower increase in sinusoidal pressure
Hepatic venous pressure gradient Accurately reflects portal pressure Less accurately reflects portal pressure
Portal perfusion of the liver per gram of tissue in 
end-stage liver disease

Higher reduction Lower reduction

Reversal portal blood flow More common Rare
Patent paraumbilical vein More common Less common
Hyperdynamic circulation More pronounced Less pronounced
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