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Abstract
Portal hypertension is one cause and a part of a dynamic process triggered by
chronic liver disease, mostly induced by alcohol or incorrect nutrition and less
often by viral infections and autoimmune or genetic disease. Adequate staging
- continuously modified by current knowledge - should guide the prevention and
treatment of portal hypertension with defined endpoints. The main goals are
interruption of etiology and prevention of complications followed, if necessary,
by treatment of these. For the past few decades, shunts, mostly as intrahepatic
stent bypass between portal and hepatic vein branches, have played an
important role in the prevention of recurrent bleeding and ascites formation,
although their impact on survival remains ambiguous. Systemic drugs, such as
non-selective beta-blockers, statins, or antibiotics, reduce portal hypertension
by decreasing intrahepatic resistance or portal tributary blood flow or by
blunting inflammatory stimuli inside and outside the liver. Here, the interactions
among the gut, liver, and brain are increasingly examined for new therapeutic
options. There is no general panacea. The interruption of initiating factors is
key. If not possible or if not possible in a timely manner, combined approaches
should receive more attention before considering liver transplantation.
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Introduction
Portal hypertension is defined as the pathological increase of  
portal venous pressure, mainly due to chronic end-stage liver  
disease, leading to augmented hepatic vascular resistance and  
congestion of the blood in the portal venous system. This 
pathology may result in a series of complications, such as the  
formation of collateral vessels for return of the blood to the right  
atrium with potential for intestinal bleeding, formation of ascites, 
encephalopathy, and development of a hyperdynamic circula-
tion involving peripheral and splanchnic vessels1,2 associated with 
dysfunction of the kidneys3, the heart4, the lungs5, and the brain6  
(Figure 1 and Figure 2). A complex interplay among inflamma-
tory stimuli, vasoregulatory molecules, neurotransmitters, and 
ion channels maintains and drives these processes. Thus, portal  
hypertension is one cause and a part of a dynamic process  
triggered by chronic liver disease and systemic inflammation7. 
In the stage of advanced liver disease, mostly fixed structural  
changes, such as fibrosis or the formation of regenerative  
nodules, are responsible for developing and sustaining portal 
hypertension. In addition, dynamic components involving the 
regulation of blood flow in different vascular beds play a deci-
sive role in the modulation of portal pressure and its associated  
pathophysiology. Systemic therapy is aimed at the modula-
tion of these dynamic parts. Most likely, they are more or less 

similar in end-stage liver disease, regardless of the etiology of 
hepatic damage. However, in the early stages of liver disease, the  
pathological chain of events depends more on the causative  
factors, be they metabolic, infectious, or autoimmune. Thus, early 
and specific treatment is the foremost aim. During later stages of  
liver disease, distinct treatment of the initiating factors may 
still be pivotal, i.e. interruption of viremia or alcohol abuse  
(Figure 1 and Figure 2). However, this must be combined 
with measures to prevent or treat complications due to liver  
cirrhosis.

This review focuses on portal hypertension in patients with 
advanced liver disease. It will address some open questions and 
new approaches on how to stage chronic liver disease and portal  
hypertension and how to prevent some of its complications.

Staging of chronic liver disease and portal hypertension
For staging of chronic liver disease, a variety of different tools 
are available, including physical examination, laboratory tests,  
imaging techniques, and hemodynamic measurements (Figure 2). 
Imaging techniques comprise endoscopy, ultrasound, determi-
nation of liver stiffness, computed tomography, and magnetic 
resonance imaging (MRI). Physical examination includes impor-
tant parameters of the Child–Pugh classification8. If there are no 

Figure 1. Two main pathways in the development of liver disease. A. The liver (L) is primarily affected (mainly by chronic infection with 
hepatotropic viruses). This leads to liver cirrhosis and portal hypertension causing leakiness of the intestine (I) and dysbiosis, affecting 
the brain (B), and altering the splanchnic and systemic circulation, including the heart (H) and the kidneys (K). Prevention and therapy is 
interruption and/or suppression of viremia. B. Increasingly, nutrition has become the main culprit in liver disease. Here, inflammatory and 
metabolic stimuli from the gut affect the liver, visceral fat (VF), and cardiovascular system, including the heart and the kidneys, but also, 
concomitantly and early on in the process, the brain, which may support a vicious cycle of craving more food and liquids. Prevention and 
therapy is modification of food and liquid intake. Only in the later stages of liver disease do the complications of liver cirrhosis and portal 
hypertension determine pathogenesis, diagnosis, and therapy similar to A).
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Figure 2. Stages of chronic liver disease and portal hypertension. The figure depicts the diagnostic and therapeutic procedures during  
the pathogenesis and aggravation of portal hypertension for patients with suspected fibrosis/cirrhosis of the liver (A), compensated cirrhosis 
(B), and decompensated cirrhosis (C). Asc, ascites; EV, esophageal varices; FXR, farnesoid X receptor; HCC, hepatocellular carcinoma; 
HVPG, hepatic venous pressure gradient; IB, intestinal barrier; IH, intrahepatic; IHR, intrahepatic resistance; M, microbiome; MRI, magnet 
resonance imaging; NSBB, non-selective beta-blocker; SVB, splanchnic vascular bed; US, ultrasound.

signs of jaundice, ascites, or encephalopathy, the patient has a 
good chance of being in a compensated stage of cirrhosis with a  
10-year survival of above 50%, while clinical signs of decom-
pensation indicate a mortality of more than 75% within the next  
5 years9.

Endoscopy is still the best method to assess the existence of  
varices in the upper intestinal tract as well as their size and  
potential to bleed or rebleed10. While in any patient with suspected 
liver cirrhosis a standard examination used to include endoscopy, 
new guidelines recommend abstaining from early endoscopy 
in patients with liver stiffness <20 kPa and platelet count  
>150 G/L11,12. These patients have a high probability of being 
free of esophageal varices13. However, endoscopy retains its  
central role as the entrance test for the initiation of primary and 
secondary prophylaxis of variceal bleeding in patients with 
higher stiffness values or a lower platelet count, and it is still 

the central method for the assessment of variceal bleeding and  
hemostasis12.

In addition, elastographic techniques enable estimation of 
the degree of liver fibrosis via transient elastography (TE),  
acoustic radiation force impulse imaging (ARFI), or shear wave 
elastography (SWE)14,15. Determination of liver stiffness has by 
now become an important tool for screening of fibrosis and portal  
hypertension in patients with liver disease. Fibrosis leads to 
an increased stiffness of the liver. In organs with higher stiff-
ness, shear waves travel with a higher speed through tissues. By  
delivering pulses, shear waves can be induced to assess their  
speed as an indirect measure of fibrosis. There are different  
systems using mechanical 50 Hz pulses (TE), a focused  
ultrasound pulse to deform internal tissue (AFRI and SWE), or a 
two-dimensional gradient-recalled-echo sequence analyzed by  
certain algorithms (magnetic resonance [MR] elastography).
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The most extensive experience to date exists for TE, a stand-
alone technique based on shear wave speed measurement, not  
integrated into ultrasound devices16–18. Values below 5.2–9.5 
kPa (TE) or 1.22–1.63 m/s (ARFI) can rule out significant liver 
fibrosis, whereas higher values may be falsely positive with 
respect to cirrhosis assessment because of obstructive cholesta-
sis, liver congestion, severe liver inflammation, or infiltrative liver  
disease16,17. However, many of these obscuring conditions can 
be assessed or ruled out by using ultrasound-based techniques 
such as SWE or AFRI. SWE has shown slightly better sensitiv-
ity and specificity for liver fibrosis and portal hypertension when  
compared to TE19. Nevertheless, observing standardized condi-
tions like fasting state is important20. By combining liver and  
spleen SWE, portal hypertension can be excluded with a very 
high probability21 on the one hand or assessed in its clinically  
significant form on the other22. Furthermore, ultrasound-based  
techniques allow for hepatocellular carcinoma (HCC) screening.

The different systems have pros and cons. TE is available in many 
centers and is excellently validated but may have a high failure 
rate in obese patients or in patients with ascites. AFRI allows  
ultrasound guidance for the region of interest but is less  
validated, and high body weight may also be a problem. MR  
elastography allows one to cover a large sampling volume, but it 
is affected by iron deposition, high body mass index, and massive  
ascites23.

Ultrasound allows a more sensitive and specific assessment of 
ascites than clinical examination together with assessment of  
size, surface, and echotexture of the liver.

Similar to ultrasound, computed tomography and MRI are  
relevant for the diagnosis of HCC. This is important, since liver 
fibrosis or cirrhosis is a precancerous condition. Of all imaging 
devices, MRI has the broadest potential for staging liver disease 
with respect to morphology, including the biliary system, tissue 
texture, perfusion, formation of collaterals, function of hepatic 
cells24–26, and quantification of steatosis or fibrosis27,28. However, 
it is expensive and not always available. We recently showed how 
MRI can be used to measure fat-free muscle area as a prognostic 
marker of sarcopenia, correlated with survival29 in patients with 
liver cirrhosis.

Among hemodynamic measurements, assessment of the hepatic 
venous pressure gradient (HVPG)30 is the most important in  
chronic liver disease. Developed in the 1950s31 and later modi-
fied by Groszmann et al.32, it has become the gold standard for 
indirect assessment of the degree of portal hypertension. The  
HVPG value closely correlates with the portal vein pressure, 
especially in alcoholic liver disease33, which in turn shows a sig-
nificant correlation with blood pressure in esophageal varices34. 
HVPG values above 5 mmHg are regarded as portal hypertension.  
Measurement of the HVPG adds prognostic information to 
standard laboratory and clinical evaluations in advanced liver  
disease35,36. Patients with compensated cirrhosis and HVPG  
<10 mmHg have a rather low risk of developing varices or  
decompensation of liver function37. It is generally accepted 
that esophageal varices do not bleed if HVPG remains below  

12 mmHg and that a reduction of HVPG by more than 20%, 
regardless of the baseline value, considerably reduces the risk of 
bleeding from varices. Thus, measurement of HVPG has repeat-
edly been advocated as a means to tailor the treatment for variceal  
bleeding35,38. There is a good correlation between liver stiffness, 
as assessed by TE, and HVPG39. Values below 14 kPa exclude  
clinically significant portal hypertension (HVPG ≥10 mmHg) with 
high sensitivity and specificity40.

Since the introduction of the Child–Turcotte classification8  
and its modification according to Pugh et al.41, it has been  
repeatedly shown that, in patients with liver cirrhosis, laboratory 
values reflecting hepatocyte function, e.g. uptake and secretion of 
bilirubin or synthesis of proteins, allow prediction of the probabil-
ity of survival. Thus, serum levels of bilirubin, albumin, or clotting 
factors have been used for decades to stage chronic liver disease.  
They are part of the model for end-stage liver disease (MELD)  
system42 as well as of the Child–Pugh classification41.

The MELD consists of serum levels of bilirubin and creatinine 
and prothrombin time determined as an international normalized 
ratio (INR). Initially developed to determine the prognosis of 
patients receiving a transjugular intrahepatic portosystemic shunt  
(TIPS)42,43, it is now used to assess organ allocation prior-
ity for liver transplantation. It can be calculated easily, has been  
validated prospectively in different cohorts, and contains no  
clinical parameters based on subjective assessment. Neverthe-
less, MELD is only slightly superior to the Child–Pugh model in  
the prediction of survival44,45. The addition of further parameters 
such as sodium46, hepatic encephalopathy45, or sarcopenia47 to 
MELD has been described to further improve prognosis with  
marginal effects.

Impairment of kidney function, such as sodium handling,  
occurs early in patients with liver disease48, and elevated creatinine 
levels—or, more importantly, an increase in serum creatinine 
by ≥0.3 mg/dL - are independent markers for negative patient  
outcome49.

Patients with liver cirrhosis are prone to systemic inflamma-
tion, where mostly cytokines of the innate immune system are  
involved50. This paves the way towards fatal dysfunction of 
organs, now coined acute-on-chronic liver failure (ACLF)51. Thus, 
signs of inflammation, such as high leukocyte count and elevated  
C-reactive protein, are additional important prognostic  
parameters52. Interestingly, there is a subgroup of patients who, 
even after TIPS insertion, show an increased or unchanged liver 
stiffness. These are patients with high levels of proinflamma-
tory cytokines. They have a bad outcome53. Thus, dynamics in  
liver stiffness may be an easy read-out to assess inflamma-
tion and prognosis in TIPS patients. Furthermore, the individual  
genetic background with respect to genes coding for proteins 
involved in the immune response may predispose patients to  
infections, ACLF, and decompensation54–58.

Many of the above-mentioned parameters are part of staging 
systems for liver cirrhosis designed to distinguish between  
compensated and decompensated disease at different states59. If it 
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is true that the intestine is important for the initiation and perpetu-
ation of liver disease (see below), we will also need some sort of 
staging for intestinal dysfunction in patients with liver disease in 
the future.

The different staging systems mentioned above, such as the  
degree of fibrosis, HVPG, ongoing etiology, Child–Pugh, 
dynamics of kidney dysfunction, or signs of inflammation, are 
partly interrelated. Thus, HVPG increases with the degree of  
cirrhosis60,61 or the degree of decompensation as assessed by the 
Child–Pugh score. However, the correlation is loose, and the  
prognostic value of HVPG is partly independent of the Child– 
Pugh system62,63. Therefore, there is always the question of how 
to integrate different parameters or scores into an appropriate and 
simple bedside system. Clinical judgment is quite accurate for  
advanced liver disease. Jaundice and ascites are markers of bad 
prognosis. In this situation, bleeding, infections, overt encepha-
lopathy, and deterioration of kidney function denote high risk 
of death. Determination of HVPG and/or of liver stiffness may 
improve long-term prognosis in patients with compensated  
cirrhosis59, and HVPG alone is an independent prognostic 
marker in patients with decompensated cirrhosis and variceal  
bleeding36,62,63. In the future, we will probably have to adapt to 
more complex systems59,64 which might improve prognosis and  
therapy. No matter which stage of disease, the interruption of  
etiology, be it alcohol intake or viremia, is crucial.

As with all staging systems in medicine, the question arises as to 
whether these surrogates or biomarkers can guide the prevention 
or treatment of relevant clinical endpoints in patients with portal 
hypertension. The following sections will address some issues in 
this puzzle.

Decrease of portal pressure by shunt procedures
The most effective measure to reduce portal hypertension is to 
circumvent the increased intrahepatic resistance in liver cirrhosis 
and bypass the blood into the inferior vena cava by portacaval,  
mesocaval, or proximal splenorenal shunts. Controlled trials 
evaluating the potential of a surgical open shunt procedure were 
mainly performed to assess their effect on the prevention of  
bleeding from varices. They date back to the 1960s65–67, but the 
most current long-term follow-up studies have been published 
as recently as 2012 and 201468,69. The indication for open shunt  
procedures was almost exclusively prevention of bleeding. 
Although open surgical shunts may have advantages in young 
patients with severe portal hypertension, recurrent bleeding, 
and good liver function, this surgical procedure has been more 
or less abandoned and surgical experience is waning. This is 
mainly owing to its invasiveness, perioperative mortality, and an 
increased risk of liver failure and/or encephalopathy due to loss of  
liver perfusion with portal venous blood. Accordingly, it has never 
been convincingly shown that surgical shunts improve survival. 
By contrast, transjugular insertion of an intrahepatic stent  
between a branch of the portal vein and a branch of the hepatic 
vein (TIPS) is less invasive and has become an established  
treatment approach in portal hypertension and its complica-
tions. After a learning period in different pioneering centers70,  
the procedure is now established worldwide. In most patients, 

TIPS implantation reduces portal pressure by more than 50%, as 
assessed by the portal pressure gradient. The degree of reduction 
depends on the diameter of the stent36,70. TIPS prevents variceal 
rebleeding in the vast majority of patients. According to many 
controlled trials and respective meta-analyses, TIPS is superior to 
ligation of varices with or without the addition of beta-blockers71.  
Yet the combination of ligation and beta-blockers (see below) 
is still considered the procedure of choice for rebleeding  
prophylaxis11, mainly because TIPS patients with decompen-
sated cirrhosis (bilirubin >3–5 mg/dL) are suboptimal candi-
dates for shunt insertion, as they have a relatively high risk of  
liver and mental function deterioration. In the elective situa-
tion, TIPS implantation is therefore mainly used as a potential 
rescue procedure for the treatment of rebleeding of esopha-
geal varices or the treatment of refractory ascites. According to  
randomized trials, around 20% of patients receiving local  
endoscopic rebleeding prophylaxis have to be switched to TIPS 
implantation because of refractory ascites or recurrent bleeding  
events36,72–74. Thus, in patients with variceal bleeding and ascites, 
early placement of a small lumen-covered TIPS should be  
earnestly considered as early therapy.

One disadvantage of TIPS is shunt occlusions of bare stents, a 
rare event after shunt operation75. However, this problem has been  
solved to a large extent by the introduction of polytetrafluor-
oethylene-covered stents76,77. Furthermore, there is evidence that 
the placement of small-diameter, covered stents (8 mm) reduces 
the encephalopathy rate36,78, while its protection from rebleed-
ing remains. But, unfortunately, even small covered stents are 
still burdened with the risk of encephalopathy36. Although TIPS  
insertion is now the most efficient method to reduce portal  
hypertension and to prevent bleeding in patients with liver  
cirrhosis, it does not improve survival as compared to patients  
receiving a non-shunt approach71, at least in the elective situa-
tion. This also holds true for the most recent trials comparing  
non-selective beta-blockers (NSBB) with or without ligation to 
TIPS with covered stents36,73,79.

Trials suggest that pre-emptive or “early” TIPS inser-
tion is beneficial in high-risk patients, mainly those with 
active bleeding, decompensated liver cirrhosis, and/or HVPG  
>20 mmHg62,80,81, with respect to not only hemostasis and early 
rebleeding but also long-term survival. However, this strategy 
still needs to be established and proven in broad clinical practice. 
Currently, early TIPS insertion for acute variceal hemorrhage 
is neither always available nor widely applied in the real-world  
scenario82. The positive effect of TIPS insertion for the preven-
tion of bleeding in patients with liver cirrhosis declines with 
increasing temporal distance to the index bleeding event in the  
acute83 and elective36 situation, i.e. for the treatment of bleeding 
in patients with liver cirrhosis, suitable patients together with the 
appropriate time window84 have to be identified.

TIPS has a positive impact on hemodynamic changes in liver  
cirrhosis. Central blood volume and cardiac output increase after 
shunt placement85,86. This is associated with a deactivation of the 
renin–angiotensin–aldosterone system (RAAS) and improve-
ment of impaired kidney sodium excretion in liver cirrhosis70,85,87. 
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It explains the positive effect of TIPS insertion for the mobi-
lization of refractory ascites. While this method was initially  
developed to prevent intestinal hemorrhage in liver cirrhosis, the 
number of patients receiving stents for the treatment of ascites 
now surpasses the bleeding indication according to our own  
experience53 (unpublished data of groups from Bonn/Freiburg). 
There is an ongoing debate on the role of TIPS, especially with 
respect to the survival of ascitic patients, in comparison to  
paracentesis with albumin infusion88. Analysis of the early studies 
using bare stents already suggested that TIPS improves trans-
plant-free survival in patients with refractory ascites89. A recent  
randomized study with limited patient numbers using covered 
stents showed a highly significant improvement of transplant- 
free survival in patients who had received covered TIPS for  
recurrent ascites when compared to paracentesis with albumin90.

Taken together, TIPS, especially with technically improved  
stents, has become well established in the prevention and  
treatment of intestinal bleeding and ascites in patients with liver 
cirrhosis. However, the selection of patients is key. By contrast, 
hardly any centers exist that still perform shunt surgery for  
portal hypertension.

Shunts, including TIPS, bypass the increased hepatic resist-
ance in patients with liver cirrhosis and exert their beneficial 
effect by a shift of the blood pool from the splanchnic to the 
central venous compartment. Most drugs, by contrast, act 
more by blunting stimuli that are activated or overactivated in 
liver cirrhosis. Some of these are addressed in the following  
paragraphs.

Modification of portal pressure by non-specific drugs
New and old pathogenetic concepts showed that advanced liver 
cirrhosis with portal hypertension is a systemic disease involving 
most organs. It remains a challenge to counter this. The interrup-
tion of etiology is the most important step, mainly with respect 
to the progression of liver disease but also with respect to an 
immediate portal pressure-lowering effect. This holds true for 
the interruption of hepatitis C91–93 or abstinence from alcohol94.  
Since chronic alcoholism is now the most frequent cause of  
liver cirrhosis and portal hypertension in most countries, we need a 
more holistic approach to alcohol use disorders95,96. 

In the following sections, we refer to medical treatments that are  
not curative but may have beneficial adjuvant effects.

Non-selective beta-blockers (NSBB)
The concept of treating portal hypertension with NSBB was 
introduced nearly four decades ago1 by a French group under the  
hypothesis that the portal tributary blood flow is increased in 
liver cirrhosis with portal hypertension and that NSBB decrease 
portal flow and pressure by reducing the cardiac index and 
splanchnic vasodilatation. The concept proved to be right, but 
the achieved reduction in portal pressure is only about 15% on  
average36,97. Numerous randomized controlled studies have  
documented the privileged place of NSBB in the treatment of  
portal hypertension, mainly for the prevention of first bleed-
ing and, combined with endoscopic ligation, for recurrent  

bleeding11,98. However, for the prevention of first bleeding, sole  
ligation of esophageal varices is at least equivalent99 if not  
better100 than NSBB, especially in patients with large varices11. 
The combination of NSBB and ligation has no advantage in 
this setting. Although it has been known since the mid-1990s101  
that only patients with adequate pressure reduction (>20% or to 
<12 mmHg), as assessed by HVPG, are sufficiently protected from 
rebleeding, no suitable controlled studies have been published 
that address the question of whether the application of NSBB  
tailored by hemodynamic control (HVPG measurement) is 
superior to the application of NSBB in any patient for primary  
bleeding prophylaxis. Unfortunately, sufficient (>20%) portal  
pressure reduction is achieved in only around 40% of  
patients36,102, and almost one-third of patients with liver cirrhosis 
have contraindications to NSBB, experience side effects, or are 
non-compliant99.

A recent study on rebleeding prevention suggests that patients 
with liver cirrhosis who show a hemodynamic response to 
NSBB have an improved survival compared to those who fail to  
respond103. However, the debate remains controversial as to 
whether or not the continuation of NSBB may even worsen 
the outcome in non-responders104,105. This has never been  
systematically evaluated. It is worth noting that it has been  
argued in this context that NSBB, besides their effect on  
splanchnic hemodynamics, modulate systemic inflamma-
tion in liver cirrhosis106. This might explain why patients with  
cirrhosis and ACLF who had received NSBB within 3 months 
before admission (half of them were kept on NSBB also after  
admission) fared somewhat better than those without NSBB, but 
long-term survival was not different107.

A French publication108 initiated the debate of whether NSBB 
should be omitted in patients with refractory ascites, in whom 
they may cause deleterious hemodynamic dysfunction, or in 
patients after infection of ascites109. To date, most experts agree 
that only a systolic blood pressure below 90 mmHg and signs of  
worsening kidney function are caveats for continuation of  
NSBB11, at least in higher dosages110.

The type of NSBB for patients with liver cirrhosis has become 
an issue since it has been shown that, in patients with cirrho-
sis, carvedilol, a NSBB with additional alpha-1 adrenoceptor- 
blocking properties, induces a better hemodynamic response97,111, 
as determined by HVPG drop, than propranolol or nadolol 
and prevents the progression of small esophageal varices112, an  
effect not found with propranolol. Retrospective data even  
asserted the prolongation of survival in patients with cirrhosis 
and ascites receiving carvedilol113, while a recent letter analyzing 
several clinical studies drew the conclusion that carvedilol may 
even increase mortality compared to propranolol and nadolol114.  
All this has to be considered with caution until sufficient rand-
omized trials with predefined endpoints have been performed.  
Current data are too limited115. Regardless of the NSBB type used, 
particular attention must be given to the hemodynamic status of 
a patient with liver cirrhosis, especially in the case of concomi-
tant severe ascites, kidney dysfunction, reduced cardiac output,  
and/or infection.
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In summary, NSBB kept their place for decades in the manage-
ment of portal hypertension, mainly for the prevention of first or 
recurrent bleeding from varices. They may have an additional 
pleiotropic effect on reducing infectious stimuli from the gut.  
Caution is required in patients with severely decompensated  
cirrhosis or hemodynamic instability.

Statins: a potential therapy for portal hypertension?
NSBB primarily target the dysfunctional cardiovascular system 
outside the diseased liver. In the last two decades, clinical research 
has concentrated on the paradox that patients with liver cirrho-
sis exhibit splanchnic and systemic vasodilatation while their 
blood perfusion through the liver is hampered by an increased 
and unopposed activation of intrahepatic contractile cells, apart 
from structural changes due to fibrosis, capillarization of sinu-
soids, or regenerative nodules116. A crucial step in this process 
is the activation and transdifferentiation of hepatic stellate cells 
in the space of Disse together with a dysfunction of sinusoidal  
cells117 caused by numerous different stimuli reaching the liver. 
Many more recent strategies for the treatment of portal hyper-
tension aim to modulate this chronic intrahepatic hyper-respon-
sive inflammatory process and its defects. Here, statins have 
been the focus for many years. There are numerous reports 
on the pleiotropic effects of these drugs apart from their LDL 
cholesterol-lowering benefit, some of which are relevant for  
liver disease118–121. Important among these are increased intrahe-
patic formation of the vasodilator nitric oxide122, downregulation 
of signaling molecules that activate hepatic stellate cells122–124 
by reduced prenylation of small GTPases, modulation of the 
crosstalk between hepatic stellate cells and endothelial cells, 
upregulation of transcription factors that restore intrahepatic  
endothelial function125, and downregulation of intrahepatic inflam-
matory cytokines126,127. All of these effects explain the reduction 
of intrahepatic resistance with a drop in portal pressure122,128,129 
and blunting of collagen formation in experimental liver  
cirrhosis123,126,127. A first randomized clinical trial on rebleeding 
prophylaxis in patients with liver cirrhosis who had succumbed 
to variceal hemorrhage could not confirm the hypothesis 
that the addition of statins to standard rebleeding prophy-
laxis (ligation and NSBB) further reduces the probability of  
rebleeding. However, compared to placebo, survival was better 
in the statin group130. Mortality of the bleeding events and the  
infection rate were lower in patients receiving statins. This may 
be explained by the observation that statins have anti-inflam-
matory and immunomodulatory effects (for further details,  
see 118).

Large retrospective studies have shown that statins reduce the 
risk of cirrhosis and its decompensation in chronic hepatitis  
B- and hepatitis C-associated liver disease131–134, possibly because 
of their anti-inflammatory effect within the liver126,127. Thus,  
statins might primarily find their role as an adjuvant treatment 
to retard the progression of cirrhosis and portal hypertension 
with its complications in patients in whom a timely interrup-
tion of the etiology of chronic liver disease was not possible. In 
these patients, the potential hepatotoxicity of statins is a minor  
problem135,136. However, in patients with decompensated  
cirrhosis, particular attention must be paid to adverse events130.  

Animal studies found that nitric oxide-donating statins may be as 
effective but less toxic137.

Modulation of the intestine
Intrahepatic resistance, portal tributary blood flow, and for-
mation of spontaneous shunts determine portal pressure116,138.  
Intrahepatic resistance has a structural (fibrosis, alteration of the 
vascular architecture) and a non-structural (intrahepatic vascular 
tone) component. Gut-derived stimuli such as certain pathogen 
-associated molecular patterns (PAMPS) (lipopolysaccha-
ride, endotoxin) may play an important role in this interplay.  
They impair intrahepatic endothelial function by influenc-
ing nitric oxide release138,139 or stimulate signaling pathways 
of intrahepatic contractile cells and of fibrogenesis by induc-
ing inflammation, e.g. activation of Kupffer cells and other  
macrophages140,141 using sensing protein families such as Nod-like 
receptors or Toll-like receptors142,143. Especially in fatty liver 
disease, an early increase in portal pressure may be caused by 
functional non-structural changes of the intrahepatic vascular  
bed144. Many questions in this context are not resolved. We will 
touch on some aspects in the following paragraphs.

Alcohol is the most common cause of progressive liver  
dysfunction and portal hypertension in the Western world145, 
although only a minority of heavy drinkers develop liver  
cirrhosis146,147. Early research on the mechanism of alcohol-
induced liver damage focused on direct or indirect hepatotoxic 
effects of ethanol and its oxidative and non-oxidative metabo-
lites, such as acetaldehyde or fatty acid ethyl esters148. The  
handling of fatty acids by hepatocytes was also studied, since  
hepatic steatosis is an important pre-stage of alcoholic liver  
cirrhosis. There is abundant literature on this, but it is mostly 
based on animal and cell culture models. Later, endotoxin from 
the outer membrane of Gram-negative bacteria was more and 
more regarded as a cofactor for the pathogenesis of alcoholic liver  
disease148,149 as a gut-derived stimulus. Further research showed 
that it mediates intrahepatic inflammation via Toll-like receptor 
4 on macrophages150, which in turn are a trigger for portal  
hypertension140. Thus, the intestine has become a prime target  
for research on alcoholic liver disease and the catchword of  
today is gut–liver axis.

Our intestine, mainly the colon, is host to an enormous number 
of microorganisms, such as bacteria, fungi, Archaea, and  
viruses151. Most of these microorganisms are commensals with 
a symbiotic function. Their number equals the total amount of 
cells of our own body, and they create an internal ecosystem in  
addition to the surrounding world.

Although high-throughput techniques, as an essential new step, 
are now broadly available to investigate the association of intes-
tinal microorganisms with physiological phenomena or disease, 
the topic remains extremely complex regarding sample collection,  
analytical procedure, and evaluation of their functions as well as 
their integration and numerous interactions with human organs. 
Also, many bacterial metabolites152, including dangerous ones, 
such as ammonia or hydrogen sulfide, and beneficial ones,  
such as short-chain fatty acids, must be considered. Last not 
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least, T cells primed in the intestine can induce liver damage by 
aberrant homing in the liver153. All of these different phenomena 
increase complexity. On the other hand, there is first evidence 
that common small molecules like N-acylamide with a signal-
ing effect on G-protein-coupled receptors regulating metabo-
lism are produced by human microbiota154. Thus, in the end, a  
limited number of interacting biological structures may remain  
crucial.

It has been shown that alcohol intake affects the integrity of the 
gut from an early stage, on the one hand by altering the intesti-
nal microbiota, including the small bowel and the oral cavity155,156 

—often coined dysbiosis—and on the other hand by increas-
ing intestinal permeability157,158. As yet, it remains unclear which 
is the “chicken” and which is the “egg”, but both phenom-
ena give rise to an increased transfer of inflammatory stimuli to 
the liver, mediated via Toll-like receptors, and to alteration of 
the bile acid pool and its enterohepatic circulation (for further  
reading, see 151,159,160). Moreover, fungal dysbiosis has 
been incriminated in the induction of liver damage in alcohol  
abuse161.

A change in the individual bile acids by bacterial enzymes may 
lead to hepatobiliary injury via the induction of nuclear and  
G-protein-coupled cell surface receptors (see 162,163). Based 
on these insights, numerous approaches, recently reviewed in  
depth159,164–166, have been proposed to modulate the course of  
liver cirrhosis and portal hypertension.

Since a distinct change of the microbiota with a reduction of 
autochthonous bacteria has been found in patients with liver  
cirrhosis compared to healthy individuals167,168, ongoing trials 
are targeting intestinal dysbiosis in patients with liver cirrhosis 
via antibiotics, probiotics, or synbiotics (see 164). Most of these  
trials study surrogate markers. Results on hard clinical end-
points, such as liver failure, bleeding, or death, are still far from 
being reached. One promising randomized study169 showed 
that the probiotic VSL#3 reduced liver disease severity and  
hospitalization in patients with mainly alcoholic liver cirrho-
sis in India. Another study from India found that administration 
of this probiotic increased the response rate to propranolol with  
respect to a decrease in HVPG170.

In patients with liver cirrhosis and variceal bleeding171 and in 
patients with decompensated liver cirrhosis172,173, systemic appli-
cation of antibiotics, which affect other organs as well as the gut, 
increased survival. But direct studies on portal hemodynamics 
are sparse. Norfloxacin partially reversed the hyperdynamic state, 
while RAAS activation and portal hypertension were not influ-
enced or only to a minor degree174. Rifaximin is a non-absorbable 
antibiotic with proven effect on hepatic encephalopathy175.  
While its effect in the intestine has not been fully elucidated, 
it has been found to reduce the production and absorption of  
gut-derived toxins and inflammatory stimuli, such as ammonia 
and endotoxin (see 176). Overall, its effects in the intestine may 
be more eubiotic than antibiotic177. According to uncontrolled  

trials, rifaximin reduced plasma endotoxin levels and HVPG in 
alcohol-related decompensated liver cirrhosis178. Furthermore, it 
lowered the 5-year cumulative probability of decompensation of 
cirrhosis, including bleeding and encephalopathy, and resulted 
in better survival179. However, although the data are promising, 
they are from only one center and as yet remain uncontrolled. 
A randomized double-blind placebo-controlled trial consisting 
of a 4-week treatment with rifaximin found no effect on  
bacterial translocation, HVPG, systemic hemodynamics, kidney 
function, or vasoactive hormones, including plasma renin180, 
and a further study found that there was no short-term effect of  
rifaximin on systemic inflammatory markers or intestinal bacterial 
composition181.

Alteration of the enterohepatic circulation of bile acids in liver 
and biliary disease182–184 has also become a topic of research 
in portal hypertension (see above). Major regulators of bile 
acid homeostasis, such as the farnesoid X receptor (FXR) or 
TGR5185,186, are addressed by specific drugs. Two different 
research groups found that in animal models of cirrhosis, farnesoid 
receptor agonists reduced portal hypertension187,188. However, 
there is still a long way to go from proof of this concept in rats 
to an established treatment in the clinical situation. Bearing in 
mind that the FXR agonist obeticholic acid is already used in  
phase III trials189 for primary biliary cholangitis, particular 
emphasis should be given to determining to what extent these  
drugs may blunt portal hypertension and its complications. 
Further non-bile acid and non-steroidal FXR agonists with or 
without concomitant TGR5 activity are being tested in animal  
models188,190.

It has been shown in animals, and now even in a small series of 
humans, that transplant of fecal microbiota may reverse hepatic 
disease or its symptoms191. Furthermore, transplantation of  
stool from eubiotic rats to animals with a NASH model of  
portal hypertension significantly reduced portal pressure144.  
However, to date, it is difficult to imagine that such an approach 
will have a future in clinical routine.

Dysbiosis of the gut and alteration of intestinal permeability, 
which are associated with alcohol intake, affect not only the liver 
but also adipose tissue and the brain, with involvement of the  
autonomic nervous system as a regulating circuit, at least accord-
ing to studies in animal models192–196. Activation of the immune 
system by the gut, including Toll-like receptor signaling, with 
release of proinflammatory cytokines is now regarded as a 
broad phenomenon that not only causes organ damage but also 
induces dysregulation in the brain, resulting in an unopposed 
craving for an unhealthy diet and liquids (see 197–199). In this  
vicious cycle, portal hypertension presents as a late link to  
disease. Thus, it is eminently worthwhile to support beneficial 
change in the eating or drinking habits of patients, which are  
controlled by the brain. It has been shown that in patients  
with liver cirrhosis, weight loss200 or abstinence from alcohol94,201 
significantly reduces portal hypertension. This appears to be the 
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most important strategy to influence the gut–liver axis and portal  
hypertension (Figure 1).

Other potential options and drugs
Patients with liver cirrhosis have an increased risk of portal vein 
thrombosis. The prevalence ranges from 10 to 20%, and the 
yearly incidence is estimated to be somewhat less than 10%202. 
Anticoagulants reduce significantly the risk of occurrence203 
and recurrence204. One small randomized study found not  
only a significantly reduced occurrence of portal vein thrombo-
sis but also fewer events of decompensation and even improved 
survival in patients with advanced cirrhosis receiving low-
molecular-weight heparin over a period of nearly one year203.  
The authors explain the positive effect by better microcircula-
tion of the gut and less translocation of bacteria. Moreover, 
enoxaparin reduced intrahepatic vascular resistance and fibro-
sis in animal models of liver cirrhosis205. Further studies on the 
putative beneficial effect of anticoagulation in patients with liver  
cirrhosis are needed.

A recent comprehensive publication reviewed available studies 
on several other drugs that reduce portal hypertension, mostly 
in animal models206 and still in an experimental stage. In fact, 
many of these drugs reduce intrahepatic resistance. However, 
care has to be taken to prevent these drugs from aggravat-
ing hyperdynamic cardiovascular effects outside the liver207–209  
and from eliciting toxic effects inside the liver210–214. We have 
addressed this problem for many years122,215–223. Unfortunately, 
clinical trials in humans are lacking. A search for the one pana-
cea seems futile. The actual stage of portal hypertension and its  
etiology have to be considered. Interruption or suppression of 
viremia as a cause of chronic liver disease and portal hyperten-
sion is now possible for the hepatitis B as well as the hepatitis  
C virus. Thus, advanced liver disease and portal hypertension 
increasingly appear to be food-induced disorders rather than 
chronic infectious diseases. Here, the modulation of behavior 
is key, as it is the case with so many of the diseases of modern  
civilization. Drugs and interventions, however, retain their  
importance in treating the decompensated stage no matter  
whether initial etiology could be stopped or not (see above).

Combined and stage-dependent treatment
At the stage of compensated cirrhosis without clinical signs of 
disease, it is crucial to halt progression. This is mainly achieved 
by interruption of an etiology that perpetuates inflammation 
and fibrogenesis leading to portal hypertension. Convincing  
examples include interruption or suppression of viremia, absti-
nence from alcohol abuse, immunosuppression of autoimmune 
liver disease, use of ursodeoxycholic acid in primary biliary  
cholangitis, or venesection for hemochromatosis. In all of these 
different etiologies, early diagnosis is important. However,  
co-factors (e.g. obesity, alcohol intake, or hepatotoxic drugs)  
which aggravate hepatic damage have to be considered and 
treated.

Once portal hypertension has developed, as documented by the 
invasive or non-invasive methods outlined above, it is desir-
able to blunt its interaction with systemic hemodynamics and to 
prevent further organ dysfunction. This applies not only to the  
liver but also to the heart, kidneys, brain, and lungs. At this  
stage, reduction of portal hypertension by modulation of the  
intestine as a source of inflammatory stimuli or retarding  
inflammatory pathways may be promising strategies. Here, statins, 
NSBB, FXR agonists, probiotics, and antibiotics have been  
established or appear to be promising.

In patients with ascites and variceal hemorrhage, early place-
ment of a small lumen TIPS is an option because of its para-
mount effect on the prevention of bleeding and improvement of 
kidney function. However, once the stage of disease has become 
more advanced with threatening progress towards ACLF, survival 
is low and difficult to improve without liver transplanta-
tion. Thus, more effort must be put into early detection and  
prevention of liver disease, and more effective measures besides 
transplantation must be developed to treat decompensated  
cirrhosis. Combining small lumen TIPS with modulation of the  
systemic inflammatory response could be a possible approach.

Conclusion
Portal hypertension is a surrogate of advanced liver disease.  
Reduction of portal pressure is the most efficient step to prevent 
intestinal bleeding and treat ascites. But this has a limited impact 
on survival. Interruption or modulation of inflammatory stimuli  
leading to liver damage and dysfunction of other organs is key  
in order to prevent death or liver transplantation as ultimate  
rescue.
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