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KEY POINTS

� Liver catheterization with hepatic venous pressure gradient (HVPG) is the standard test for
estimating the degree of portal hypertension in patients with cirrhosis.

� Patients with cirrhosis with an HVPG � 10 mm Hg have clinically significant portal hyper-
tension and are at risk of complications.

� The assessment of changes in HVPG is the standard for investigating new drugs for the
treatment of portal hypertension.
INTRODUCTION

Cirrhosis causes an increased resistance to portal blood flow. This increased resistance
results in an increase in portal pressure that subsequently activates several pathophys-
iologic mechanisms that lead to an increased splanchnic blood inflow, which perpetu-
ates and aggravates portal hypertension despite the development of portal systemic
collaterals.1 Portal hypertension plays a causal mediation role in most complications
of cirrhosis, including variceal bleeding, ascites, kidney dysfunction, hepatic encepha-
lopathy, and infections. It is well established that the degree of portal hypertension is
closely associated with the risk of these complications.2 In addition, a decrease in portal
pressure, either in response to specific treatments to improve portal hemodynamics or
related to an improvement in the cause of cirrhosis, is associated with an improvement
in prognosis. Therefore, quantifying the degree of portal hypertension provides useful
information to estimate prognosis and to evaluate new therapies for portal hypertension.
This article addresses the applications of measuring portal pressure in cirrhosis.
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MEASURING PORTAL PRESSURE GRADIENT IN CLINICAL PRACTICE: THE HEPATIC
VENOUS PRESSURE GRADIENT
Technique

The wedge hepatic venous pressure as a readout of portal venous pressure
The portal vein is located between two capillary territories and, therefore direct mea-
surements of the portal vein pressure require the puncture of the portal vein through
the liver parenchyma, using percutaneous,3 transjugular,4 or, more recently, a trans-
gastric/transduodenal approach (under endoscopic ultrasonography guidance).5

Direct measurements are seldom used in clinical practice because of their invasive-
ness. In 1951, Myers and Taylor,6 first introduced the indirect measurement of portal
venous pressure by measuring the wedge hepatic venous pressure (WHVP). The prin-
ciple of the technique is that if a catheter is introduced, usually through the right
femoral or jugular vein into a hepatic venous radicle until it can go no further
(Fig. 1A), occluding the vein and stopping the blood flow, the static column of blood
transmits the pressure that is present in the preceding vascular territory; that is, the
hepatic sinusoids. Although this is a measurement of liver sinusoidal pressure, it re-
flects portal pressure in the absence of pre-sinusoidal obstruction.3 Note that because
WHVP reflects the pressure in the portal vein, it does not solely measure the changes
occurring in the section of the liver occluded by the catheter (ie, it does not sample a
small portion of the liver). Portal pressure is determined by the structural and functional
changes in the whole liver (because the entire liver contributes to hepatic resistance)
and by the upstream changes in the splanchnic circulation, and these are all further
modulated by the development of collaterals (Fig. 2). Therefore, WHVP measurement
Fig. 1. End-hole catheter (A) and balloon catheter (B) techniques to measure WHVP. After
occluding the hepatic vein, the static column of blood transmits the pressure of the preced-
ing vascular territory: the hepatic sinusoids. In the absence of a presinusoidal obstruction,
this equates to the pressure in the portal vein. The volume of liver transmitting pressure,
painted in purple in (A) and in yellow in (B), is much larger (and thus less prone to artifacts)
with the balloon catheter than with the end-hole catheter. Note that the WHVP measure-
ment is not sampling the specific area of liver that is coloured in the figure because
WHVP is a measure of portal pressure that depends on whole-liver hepatic resistance, portal
blood flow, and the degree of collateralization. Once WHVP is measured, the free hepatic
venous pressure (FHVP) is measured with the catheter freely floating in the hepatic vein.
This FHVP permits the determination of HVPG, which can be calculated with the equation
HVPG 5 WHVP � FHVP.



Fig. 2. Role of portal hypertension as a decision tool to select patients with early hepatocel-
lular carcinoma for liver resection. This algorithm from the EASL guidelines for the manage-
ment of liver cancer53 is based on the hierarchical model proposed by Citterio and
colleagues.54 European Association for the Study of the Liver (EASL) guidelines define clin-
ically relevant portal hypertension as HVPG > 10 mm Hg, which is equivalent to the concept
of clinically significant portal hypertension. In the original publication of this algorithm,54

portal hypertension was defined by the presence of esophageal varices or the coexistence
of low platelet count (<100 � 103/mm3) and splenomegaly (>120 mm in diameter). MELD,
Model for End-stage Liver Disease. (Figure reproduced from European Association for the
Study of the Liver. Electronic address eee, European Association for the Study of the L.
EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma. J Hepatol.
2018;69(1):182-236, with permission. (Figure 4 in original).)
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integrates the contribution of all hemodynamic pathophysiologic events occurring in
cirrhosis.
WHVP has been shown to accurately reflect portal pressure in alcoholic and viral

cirrhosis.3 However, recent data suggest that, in patients with advanced nonalcoholic
fatty liver disease (NAFLD) cirrhosis undergoing transjugular intrahepatic
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portosystemic shunt (TIPS), there is lower agreement betweenWHVP and direct portal
pressure than in patients with alcohol/hepatitis C.7 In addition, WHVP was a mean
1.3 mm Hg lower than portal pressure, suggesting that WHVP tends to underestimate
portal pressure in patients with NAFLD.7 Whether this is the case at earlier stages of
NAFLD cirrhosis is still uncertain.

The free hepatic venous pressure and the hepatic venous pressure gradient
Once WHVP is measured, the catheter is withdrawn to measure the free hepatic
venous pressure (FHVP), which provides an internal zeroing for portal pressure and al-
lows calculating the portal pressure gradient across the liver. Using this internal zero
provides several additional advantages. Because the measurements are expressed as
a gradient, the potential variations introduced by the height of the external zero (nor-
mally a water column at the level of the midaxillary line of the patient) are neutralized. In
addition, it discounts the variation induced by the intra-abdominal pressure, which
might be significant in patients with ascites or obesity.4

In 1979, Groszmann and colleagues8 described a variation of the technique in which
the FHVP and the WHVP were obtained by deflating and inflating a balloon at the tip of
the catheter (Fig. 1B). This variation offers several advantages. Firstly, inflation and
deflation of a balloon is much simpler than moving the catheter in and out of the
wedged position. Secondly, it permits repeated pressure measurements of hepatic
venous pressure gradient (HVPG) without moving the catheter, thus decreasing arti-
facts. Thirdly, the volume of the liver circulation transmitting the portal pressure is
much larger than that attained by wedging the catheter, which reduces the variability
of the measurements9 (see Fig. 1B). A specifically designed balloon catheter that im-
proves the rate of direct cannulation of the hepatic vein has recently been
developed.10

Guidelines for reliable HVPG measurements have been published by different
research groups,11–15 and there have been new, recent attempts of standardization
with the use of HVPG as a surrogate marker for drug development in NAFLD.16–19

These studies have shown the feasibility of homogenizing the quality of HVPG mea-
surements in multicenter studies.

The Controversy of Internal Zeroing

In recent years, and especially since the introduction of TIPS, many reports have used
the right atrial pressure (RAP) as the internal zero reference to calculate portal pres-
sure gradient (hepatic-atrial pressure gradient [HAPG]),20 the rationale being that in
a small number of patients, the anatomy of the hepatic vein does not allow a free-
floating position of the catheter. In addition, because the esophageal varices drain
mainly through the azygos vein near the right atrium, it could be hypothesized that
the gradient between WHVP and RAP better reflects the hemodynamics of these vari-
ces. However, in a large cross-sectional study, La Mura and colleagues21 showed that
the HAPG had a poor agreement with HVPG. More importantly, although HVPG
response to pharmacologic therapy showed an excellent predictive value for bleeding
risk and survival, the response measured with HAPG did not.21 This issue is still a
source of controversy. A subsequent more recent study showed high variability in
FHVP measurement depending on the position of the tip of the catheter and hepatic
vein morphology, thereby recommending the use of HAPG.20 However, until data
showing a prognostic value of HAPG become available, HVPG measured with the
FHVP should be the standard for diagnosis and prognosis prediction.
Another source of controversy has been the use of inferior vena cava (IVC) pressure

rather than FHVP as the internal reference, especially when the difference between the
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FHVP and IVC pressure is >2 mm Hg, because this suggests that the catheter is not in
a fully free-floating position, or it is causing a partial obstruction of the hepatic vein.
This question was addressed in a recent study showing that, even in these cases,
HVPG calculated with the FHVP offers a better prognostic estimate than HVPG calcu-
lated with IVC.22

Complications and Tolerance

Only 1% of patients show major complications at the puncture site, including local
bleeding, hematoma, and more rarely arteriovenous fistulae or Horner syndrome in the
case of jugular puncture. Because of these risks, ultrasonographic guidance should al-
ways be used when available. Supraventricular arrhythmias may also occur because of
the passage of the catheter through the right atrium,13 but they are self-limiting in more
than 90% of cases.
Catheterization of the hepatic vein can be performed under light sedation (midazo-

lam, up to 0.02 mg/Kg),23 and overall is well tolerated, although this can decrease with
longer procedures (such as those assessing hemodynamic response to drugs) and is
associated with worse tolerance.24 Higher doses of midazolam or deep sedation
significantly alter pressure measurements.4,23

APPLICATIONS OF HEPATIC VENOUS PRESSURE GRADIENT IN CIRRHOSIS
Differential Diagnosis of Portal Hypertension

Cirrhosis is themost common cause of portal hypertension in theWestern world and is
often easily diagnosed with specific clinical history, laboratory data, and imaging find-
ings. However, in certain clinical contexts, alternative differential diagnosis exists.25

Examples of these are the presence of varices without obvious morphologic changes
of cirrhosis, where the main differential is noncirrhotic portal hypertension,25,26 or as-
cites of unclear origin. In the latter, HVPG measurement might help differentiate be-
tween a cardiac origin (increase in both FHVP and WHVP, with normal HVPG, but,
with progression to cardiac cirrhosis, HVPG might increase), tumoural ascites (normal
FHVP, WHVP, and HVPG) or ascites caused by portal hypertension in the setting of
cirrhosis (increased HVPG).
Table 1 shows how HVPG measurements can aid in classifying portal hypertension

according to the cause and the location of the increased resistance to portal flow.

Risk Stratification in Cirrhosis

Compensated cirrhosis
The natural history of liver cirrhosis can be divided into two main phases: a long,
compensated phase (median survival of 12 years) and a much shorter decompen-
sated phase (median survival of 2 years).27 Although there are excellent prognostic
models to predict outcomes in patients with decompensated cirrhosis,28,29 tools for
risk stratification in compensated cirrhosis are limited. A major driver for decompen-
sation in patients with cirrhosis is the development of clinically significant portal
hypertension (CSPH), defined as an HVPG � 10 mm Hg. This definition is based on
cross-sectional studies that found that patients with an HVPG < 10 mm Hg did not
develop esophageal varices or complications related to portal hypertension.30 More
importantly, longitudinal studies have also shown that the 5-year risk of progression
to decompensation is minimal (<10%) in patients without CSPH, whereas, in patients
with CSPH, the risk increases to 30-40%.2 This concept was initially described in se-
ries in which the main causes were untreated hepatitis C and alcohol,2 and has
recently been confirmed in patients with nonalcoholic steatohepatitis (NASH)–related
cirrhosis.19 The impact of the degree of portal hypertension showed a remarkable



Table 1
Hepatic vein pressure measurements in the different types of portal hypertension

Type of PHa

Hepatic Vein Pressure
Measurement

Wedged
(WHVP)

Free
(FHVP)

Gradientb

(HVPG)

Prehepatic (portal vein thrombosis) Normal Normal Normal

Presinusoidal (cirrhosis attributed to cholestatic liver
disease, schistosomiasis, and idiopathic portal
hypertension)c

Normal Normal Normal

Sinusoidal (cirrhosis attributed to alcohol/HCV/NASH) Normal

Postsinusoidal Sinusoidal obstruction syndrome (hepatic
veno-occlusive disease)

Normal

Budd-Chiari syndrome Unable to catheterize hepatic
vein

Posthepatic Right heart failure Normal

Abbreviations: FHVP, free hepatic venous pressure; HCV, hepatitis C virus; NASH, nonalcoholic stea-
tohepatitis; PH, portal hypertension.

a PH is classified by the site of increased resistance to blood flow.
b Gradient or HVPG is calculated by subtracting the FHVP from theWHVP: HVPG =WHVP - FHVP.
c In advanced stages of presinusoidal causes of PH, the WHVP and HVPG may increase.
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consistency across these studies: for every 1 mm Hg that the baseline HVPG was
higher, the risk of decompensation increased by 11%.2,31

The development of CSPH also has major therapeutic consequences. Firstly, in pa-
tients without CSPH, treatments specifically designed to decrease portal pressure are
unlikely to have a role in the management of cirrhosis, thus the main goal is to target its
cause. Secondly, and as detailed later in this article, in those patients that have already
reached the threshold of CSPH, elimination of the cause of cirrhosis does not always
result in a regression of portal hypertension to levels less than 10 mm Hg.32–35 There-
fore, these patients require, in addition to etiologic treatments, specific treatments to
decrease portal pressure to prevent decompensation. Thirdly, reaching the threshold
of CSPH has an impact on the pathophysiology of portal hypertension. Only after
reaching the threshold of CSPH does the increased portal blood inflow become a rele-
vant contributor to increasing portal pressure.36 Consequently, only patients with
CSPH are likely to benefit from treatments to reduce splanchnic blood flow, such as
nonselective b-blockers (NSBBs).36,37 A recent randomized controlled trial (RCT),
focused on patients with compensated cirrhosis with CSPH, showed a major
decrease in the risk of decompensation with the use of NSBBs.38 The results of this
trial have markedly increased the relevance of identifying patients with CSPH. Howev-
er, performing HVPG in every patient with compensated cirrhosis is unfeasible, thus
highlighting the relevance of non-invasive methods to identify patients with CSPH,
who would then benefit from treatment with b-blockers. This topic is covered
elsewhere.39

Decompensated cirrhosis
HVPG measurements have also been shown to predict prognosis in patients with
decompensated cirrhosis.40–42 An HVPG � 16 mm Hg is independently associated
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with increased mortality in series of patients with overall decompensated
cirrhosis,40,43–45 and in patients with acute variceal bleeding, an HVPG of � 20 mm
Hg is an independent predictor of rebleeding and of mortality.46–48 These findings
are relevant to understanding the role of portal pressure causing further decompensa-
tion. However, alternative risk prediction models such as Model for End-stage Liver
Disease (MELD)28 or Child-Pugh29,48 are more commonly used to predict prognosis
in different clinical scenarios of decompensated cirrhosis.

Risk of decompensation after liver surgery
Patients with hepatocellular carcinoma (HCC) in the context of compensated cirrhosis
and normal liver function are frequently considered for curative surgery if this is tech-
nically feasible. However, many of these patients have asymptomatic CSPH. An initial
small series identified an HVPG � 10 mm Hg as an independent predictor of overt
cirrhosis decompensation after liver surgery.49 Subsequent studies and a recent
meta-analysis50,51 confirmed that the presence of CSPH was a negative prognostic
marker in patients undergoing surgery for HCC. The odds of 3-year and 5-year mor-
tality were roughly double in patients with CSPH compared with patients without
CSPH, and the odds of clinical decompensation after surgery were increased by
approximately three times in patients with CSPH.
However, recent guidelines52,53 modulate the message of avoiding liver resection in

early HCC with CSPH, acknowledging that advances in surgical techniques have
allowed for good outcomes in patients with CSPH that have preserved liver function
requiring a minor extension hepatectomy (<3 segments).54 Latest European Associa-
tion for the Study of the Liver (EASL) recommendations are based on the model pro-
posed by Citterio and colleagues54 and are summarized in Fig. 2.

Surgical risk in extrahepatic surgery
Cirrhosis is associated with increased morbidity and mortality in extrahepatic surgery.
These patients have an increased risk of complications, including infections, renal failure,
decompensation, blood transfusion, reintervention, and mortality.55 Because portal hy-
pertension incirrhosis isassociatedwithmarked systemicandsplanchnichemodynamic
changes that can contribute to postsurgical complications, it is plausible that measuring
portal pressure could help in estimating the surgical risk in cirrhosis. This possibility was
tested in a multicenter study including 140 patients with cirrhosis undergoing extrahe-
patic surgery.56HVPGwas independently associatedwith transplant-free survival. An al-
gorithm to predict 30-day, 90-day, and 1-year transplant-free survival was provided
(Fig. 3), which could help in decisionmaking. This study also sets a conceptual rationale
for assessing the role of preemptive TIPS before surgery in patients with severe portal
hypertension.

Assessment of the Hemodynamic Response to Drug Therapy for Portal
Hypertension

Several cohort studies have shown that, if the HVPG decreases to less than 12mmHg,
either by pharmacologic therapy57,58 or spontaneously (because of an improvement in
liver disease),41 esophageal variceal bleeding is markedly reduced. This pressure
threshold of 12 mm Hg is less precise for predicting bleeding from fundal gastric vari-
ces, and occasionally bleeding may occur below this threshold.59 In addition, even if
this target is not achieved, a decrease in HVPG of at least 20%58,60,61 from baseline
levels offers substantial protection from variceal bleeding in the long-term. In patients
surviving a bleeding episode, achievement of these targets (reduction <12 mm Hg
or >20% from baseline) constitutes a strong independent predictor of protection
from subsequent variceal bleeding, reduces the risk of other portal hypertension–



Fig. 3. Nomogram for 30-day, 90-day, and 1-year transplant-free survival predictions in pa-
tients with cirrhosis undergoing extrahepatic surgery, according to HVPG, American Society
of Anesthesiologists (ASA) class, and low-risk versus high-risk surgery. To calculate the risk
score, first estimate the points contributed by each variable using the points scale at the
top. Then add all points and bring the total number of points to the second scale, which
estimates the transplant-free survival. The high-risk group of surgeries included cardiovascu-
lar, thoracic, and open abdominal surgeries, whereas the low-risk group included laparo-
scopic and abdominal wall surgeries, orthopedic surgeries, and others. (Reproduced from
Reverter E, Cirera I, Albillos A, et al. The prognostic role of hepatic venous pressure gradient
in cirrhotic patients undergoing elective extrahepatic surgery. J Hepatol. 2019;71(5):942-950,
with permission. (Figure 2 in original).)
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related complications (eg, ascites, spontaneous bacterial peritonitis), and is associ-
ated with an improved survival.60–63 Interestingly, this survival benefit could not be
attributed to an improvement in liver function.64 In compensated patients, a decrease
by 10% in HVPG might be enough to achieve protection from complications of
cirrhosis.38,65,66

The clinical application of the prognostic value of changes in HVPG is hampered by
the need for repeated measurements of HVPG, and by the fact that a significant num-
ber of patients might bleed before a second HVPG measurement is taken.67 Two
studies have shown that evaluation of the acute HVPG response to intravenous pro-
pranolol therapy is a useful tool in predicting the prognosis in patients treated with
nonselective b-blockers for the prevention of first bleeding or rebleeding.65,68 The
acute HVPG response to propranolol was independently associated with survival in
these patients.68 The threshold reduction in HVPG that defines a good response
(associated with decreased bleeding and mortality) in these studies was a decline
of 10-12% from baseline (instead of the 20% decrease that applies when using the
chronic response).

Issues in defining what constitutes a clinically relevant decrease in portal pressure
Although the studies mentioned earlier are of capital conceptual relevance because
they show that decreasing portal pressure improves prognosis in cirrhosis, there is
no biological rationale or clinical evidence to suggest that there is a minimal threshold
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of portal pressure decrease that yields a clinical benefit. If the association between the
HVPG and prognosis is a continuum,2,31 then likely the association between a reduc-
tion in portal pressure and improved prognosis is also a continuum, and recent data
(Ref.69, published in abstract form) suggest that even reductions in portal pressure
of 1 mm Hg could have therapeutic benefit. It has been questioned whether HVPG
has enough resolution to detect differences as low as 1 mm Hg (which would be
<7% in a patient, for example, with a baseline HVPG of 15 mm Hg). When considering
the variation in before and after HVPGmeasurements in the placebo groups of several
recent trials,17,70,71 such differences, or even substantially greater differences, cannot
be detected at the individual level. However, in the context of a randomized clinical
trial, in which only the mean group responses (but not individual responses) have an
interpretation,72 differences as small as 1 mm Hg between placebo and treated pa-
tients can be detected with only 40-50 patients per treatment arm.

Hepatic venous pressure gradient measurements to guide pharmacologic therapy for
portal hypertension
A relevant question is whether there is any benefit in monitoring pharmacologic ther-
apy for portal hypertension with HVPG in day-to-day practice. One of the limitations of
this approach is that the relative invasiveness and the cost of HVPG limit the possibility
of obtaining several measurements at different time points to assess the response to a
drug (such as is done with arterial hypertension, a physiologic variable with wide phys-
iologic variability, where repeated measurements or 24-hour monitoring are used to
assess response and escalate therapy).73

In the context of trials, it precludes conducting several crossover studies, which
would be required to reliably detect individual treatment responses.72 These consid-
erations require caution over approaches to tailoring pharmacologic therapy accord-
ing to individual HVPG response or to indicate an escalation of therapy in
nonresponders, and emphasizes the notion that these strategies should be exten-
sively validated in RCTs before being implemented in practice. In addition, although
the patients achieving a target reduction in portal pressure with b-blockers have
much better prognosis than hemodynamic nonresponders, the labeling of these pa-
tients as nonresponders led to the (wrong) concept that these patients do not benefit
from b-blockers.74 Randomized trials showing the benefits of b-blockers compared
with placebo were conducted without guiding treatment according to HVPG
response.75 Because these were parallel randomized trials, conclusions regarding
the benefits of NSBBs apply to the whole group of patients treated in those trials,
and it cannot be inferred that the efficacy of NSBBs was limited to hemodynamic
responders.
To our knowledge, three RCTs have compared HVPG-guided therapy with alterna-

tive treatments, one in patients with compensated cirrhosis and two for the secondary
prevention of variceal bleeding.
The 2019 PREDESCI trial compared b-blockers with placebo for the prevention of

decompensation in patients with CSPH.38 During baseline HVPG study, the acute he-
modynamic response to propranolol was tested, and those patients that were re-
sponders received propranolol (or placebo), and nonresponders received carvedilol
(or placebo). This optimization of the use of b-blockers, which would be unfeasible
in practice, was likely unnecessary. With current knowledge about the hemodynamic
effects of propranolol and carvedilol,76 hemodynamic response to b-blockers in
compensated patients can be optimized by treating all patients with carvedilol.
In a multicenter randomized trial in Germany, TIPS was compared with a medical/

endoscopic treatment arm guided by HVPG as first-line therapy for the prevention
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of variceal rebleeding.77 In this treatment arm, patients achieving a good hemody-
namic response to b-blockers plus nitrates were treated with drug therapy only,
whereas nonresponders were switched to endoscopic variceal ligation only. Rebleed-
ing in the HVPG-guided treatment arm was higher than in the TIPS arm and
not relevantly different from the rebleeding risk reported in previous RCTs in the
same setting.
Finally, in an open single-center randomized trial,78 172 patients were randomized

to pharmacologic HVPG-guided therapy (using nadolol alone, nadolol plus nitrates,
or nadolol plus prazosin to optimize the response, adding ligation in those nonre-
sponders after the third HVPG measurement) or to empiric treatment with b-blockers
plus nitrates plus ligation. Rebleeding and survival were better in the HVPG-guided
group. Therefore, the evidence to use HVPG-guided therapy, is very limited and of
questionable applicability because of the need for repeated (up to 3) HVPG
measurements.

Assessment of New Therapeutic Agents for the Treatment of Portal Hypertension

The rationale for the development of new drugs for the treatment of portal hyperten-
sion has been that the patients’ disease phenotypes can be modified by decreasing
portal pressure. Therefore, the effect of a candidate drug on HVPG has been used
to triage new drugs to be subsequently assessed in randomized trials with clinical
end points.79,80 The considerations made earlier to quantify what is a relevant
decrease in portal pressure also apply for trial design. Furthermore, additional read-
outs of potential hemodynamic effects (either beneficial or harmful) such as liver blood
flow (with clearance techniques) or azygos blood flow, might contribute in clarifying
the potential of the drug for the management of patients with cirrhosis and portal hy-
pertension.79,80 In addition, although HVPG measurements are still needed for proof-
of-concept studies (phase II clinical trials), HVPG reduction is not yet an
accepted surrogate for drug approval in phase III trials. For this, more evidence
relating changes in HVPG with outcomes at each of the stages and substages of
compensated and decompensated cirrhosis would be needed.
Achieving such validation would be relevant in patients with compensated cirrhosis,

because the rate of clinical events is low. Having a surrogate end point such as HVPG
would facilitate the early completion of trials and faster approval of drugs that can pre-
vent cirrhosis decompensation. This validation is close to being available. In the trial by
Groszmann and colleagues37 comparing timolol versus placebo for the prevention of
the development of varices, timolol did not achieve a decrease in portal pressure
compared with placebo, and timolol did not provide clinical benefit. However, a spon-
taneous decrease in portal pressure was associated with improvement in the risk of
decompensation.2 In the trial by Villanueva and colleagues,38 comparing b-blockers
with placebo to prevent decompensation, b-blockers did achieve a moderate
decrease in portal pressure (�1.9 mm Hg compared with placebo), and b-blocker
treatment was associated with a hazard ratio of 0.6 for decompensation-free survival
(w40% relative reduction), which was within the range of expected benefit observed
with a spontaneous decrease in portal pressure in the timolol trial.69 A reasonable pro-
visional proposal could combine the efficacy of the new drug decreasing portal pres-
sure with the overall profile of the drug (favourable or unfavourable depending on
convenience of administration, potential additional benefits, side effects, and costs)
to define an area of potential drug approval, as depicted in Fig. 4.
In settings such as secondary prophylaxis of bleeding, in which relevant clinical end

points are frequent, the relevance of HVPG as a surrogate would be much lower.79

Therefore, trials in secondary prophylaxis can be efficiently designed and conducted



Fig. 4. A proposal for potential drug approval to treat portal hypertension in compensated
cirrhosis combining the capacity of the drug to decrease portal pressure with the overall
profile in terms of safety, easiness of administration, and costs. Drugs inducing mild de-
creases in portal pressure but associated with an overall favourable profile could be consid-
ered for approval. Drugs with less favourable profile require stronger portal pressure–
reducing effects to be considered for approval based on HVPG response.
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based on relevant clinical outcomes, without the need for surrogate end points such
as HVPG response.81 However, HVPG studies would obviously be required in trials
assessing a therapeutic arm of HVPG-guided therapy and could provide useful addi-
tional explanatory information to understand the effects (or lack thereof) of novel drugs
on relevant clinical endpoints.
In addition, HVPG has also been proposed as a potential endpoint to assess the ef-

fects of etiologic treatments.82 Because disease progression is reflected as an in-
crease in portal pressure, the assumption for using HVPG as a readout in these
trials would be that an improvement in the underlying disease that causes cirrhosis
would be associated with a decrease in portal pressure. Although this is a reasonable
assumption (as discussed next) changes in HVPG might be slow after removing the
causative agent and might not capture in full the potential benefit of suppressing
the activity of the underlying liver disease. Therefore, HVPG is probably much better
suited to assess hemodynamic drugs, which act through a vasoactive mechanism,
rather than to assess the effects of etiologic treatments for cirrhosis.

Assessment of the Regression of Portal Hypertension After Treating the
Underlying Liver Disease

Several studies have assessed the effects on portal pressure of treating the underlying
liver disease, and how these relate to prognosis. By assessing the liver as a whole,
including the potential functional changes in the hepatic microvasculature, the assess-
ment of HVPG changes after therapy might provide a more comprehensive under-
standing of the effects of therapy rather than histology.18

A landmark prospective study by Vorobioff and colleagues41 conducted in patients
with cirrhosis related to alcohol, with esophageal varices but no previous bleeding,
showed that alcohol abstinence is followed by a sustained decrease in portal pres-
sure, which was associated with improved outcomes (bleeding and survival). Because
none of these patients had received any form of prophylaxis for their first variceal
bleeds, the study suggests that this improvement was the result of a reversible
component of the disease.
In patients with cirrhosis from viral causes (mainly hepatitis C), several studies have

assessed in recent years the impact of curing the viral disease on portal hypertension,
initially with interferon-based therapies, in which only a small proportion of patients
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achieved sustained viral response (SVR)34 and more recently with direct antivirals,
which achieve SVR in most patients with cirrhosis.32,33,35,83,84

Collectively, these studies show consistent results that can be summarized as fol-
lows. Patients without CSPH at the time of viral eradication do not progress to
CSPH and remain compensated. In patients in whom SVR is achieved when CSPH
is already present, even if most patients show some degree of decrease in HVPG,
only a fraction (w30%) regress to an HVPG < 10 mm Hg in the short term. The higher
the baseline HVPG, the lower the probability of regressing to non-CSPH. Patients
remain at risk of decompensation if CSPH persists after SVR, although a decrease
in HVPG > 10% after SVR is associated with decreased risk of decompensation.
The decrease in portal pressure probably continues over the years, and the proportion
of patients regressing to non-CSPH increases with time. This last result is still difficult
to interpret, because in these studies only a small subset of patients were assessed for
long-term HVPG response, likely representing a selected group of patients not expe-
riencing events in the interim. Altogether, these results suggest that most patients with
CSPH at baseline, even if they achieve SVR, require treatment of portal hypertension
(nowadays with b-blockers) to prevent decompensation. Again, this suggests the
need for noninvasive markers to identify post-SVR patients with persistent CSPH.
This topic is covered elsewhere.

SUMMARY

HVPG reflects disease severity and has strong prognostic value with regard to survival
and decompensation in patients with cirrhosis. Furthermore, repeated measurements
of HVPG provide information on the response to the medical treatment to decrease
portal pressure and represent an essential tool for drug development for
portal hypertension. Moreover, because changes in HVPG also correlate with the
extent of structural changes in the liver, assessing the trajectory of HVPG after etio-
logic therapies (mainly hepatitis C) has provided new insights into the patterns and
clinical consequences of portal hypertension regression after removing the causative
agent of cirrhosis. Because of the wide range of applications of this measurement,
hepatologists should be familiar with the procedure for assessing HVPG and interpre-
tation of the results.

CLINICS CARE POINTS
� Various methods for measuring or estimating the portal hepatic pressure gradient exist but
catheterization remains the gold standard.

� Clinically significant portal hypertension (CSPH) defined as hepatic venous pressure gradient
(HVPG) � 10mmHg is the threshold above which many of the complications from cirrhosis
occur.

� Assessing the trajectory of CSPH after the underlying etiology of cirrhosis has been treated
can help predict ongoing occurrences of such complications.
DISCLOSURE

Dr J.G. Abraldes reports grants and personal fees from Gilead, and personal fees from
Intercept, Lupin, Ferring, Boehringer-Ingelheim, and Genfit outside the submitted
work. Drs D. Veldhuijzen van Zanten and E. Buganza declare no conflicts.



Role of HVPG in Cirrhosis Management 339
REFERENCES

1. Groszmann RJ, Abraldes JG. Portal hypertension: from bedside to bench. J Clin
Gastroenterol 2005;39(4 Suppl):S215.

2. Ripoll C, Groszmann R, Garcia-Tsao G, et al. Hepatic venous pressure gradient
predicts clinical decompensation in patients with compensated cirrhosis. Gastro-
enterology 2007;133(2):481–8.

3. Perello A, Escorsell A, Bru C, et al. Wedged hepatic venous pressure adequately
reflects portal pressure in hepatitis C virus-related cirrhosis. Hepatology 1999;
30(6):1393–7.

4. Reverter E, Blasi A, Abraldes JG, et al. Impact of deep sedation on the accuracy
of hepatic and portal venous pressure measurements in patients with cirrhosis.
Liver Int 2014;34(1):16–25.

5. Samarasena JB, Huang JY, Tsujino T, et al. EUS-guided portal pressure gradient
measurement with a simple novel device: a human pilot study. VideoGIE 2018;
3(11):361–3.

6. Myers JD, Taylor WJ. An estimation of portal venous pressure by occlusive cath-
eterization of an hepatic venule. J Clin Invest 1951;30:662.

7. Ferrusquia-Acosta J, Bassegoda O, Turco L, et al. Agreement between wedged
hepatic venous pressure and portal pressure in non-alcoholic steatohepatitis-
related cirrhosis. J Hepatol 2020. https://doi.org/10.1016/j.jhep.2020.10.003.

8. Groszmann RJ, Glickman M, Blei AT, et al. Wedged and free hepatic venous
pressure measured with a balloon catheter. Gastroenterology 1979;76(2):253–8.

9. Zipprich A, Winkler M, Seufferlein T, et al. Comparison of balloon vs. straight cath-
eter for the measurement of portal hypertension. Aliment Pharmacol Ther 2010;
32(11–12):1351–6.

10. Ferlitsch A, Bota S, Paternostro R, et al. Evaluation of a new balloon occlusion
catheter specifically designed for measurement of hepatic venous pressure
gradient. Liver Int 2015;35(9):2115–20.

11. Groszmann RJ, Wongcharatrawee S. The hepatic venous pressure gradient: any-
thing worth doing should be done right. Hepatology 2004;39(2):280–2.

12. Bosch J, Abraldes JG, Berzigotti A, et al. The clinical use of HVPG measurements
in chronic liver disease. Nat Rev Gastroenterol Hepatol 2009;6:576–82.

13. Abraldes JG, Sarlieve P, Tandon P. Measurement of portal pressure. Clin Liver Dis
2014;18(4):779–92.

14. Tandon P, Ripoll C, Assis D, et al. The interpretation of hepatic venous pressure
gradient tracings - excellent interobserver agreement unrelated to experience.
Liver Int 2016;36(8):1160–6.

15. Reiberger T, Schwabl P, Trauner M, et al. Measurement of the hepatic venous
pressure gradient and transjugular liver biopsy. J Vis Exp 2020;(160). https://
doi.org/10.3791/58819.

16. Chalasani N, Abdelmalek MF, Garcia-Tsao G, et al. Effects of belapectin, an inhib-
itor of Galectin-3, in patients with nonalcoholic steatohepatitis with cirrhosis and
portal hypertension. Gastroenterology 2020;158(5):1334–45.e5.

17. Garcia-Tsao G, Bosch J, Kayali Z, et al. Randomized placebo-controlled trial of
emricasan for non-alcoholic steatohepatitis-related cirrhosis with severe portal
hypertension. J Hepatol 2020;72(5):885–95.

18. Garcia-Tsao G, Fuchs M, Shiffman M, et al. Emricasan (IDN-6556) lowers portal
pressure in patients with compensated cirrhosis and severe portal hypertension.
Hepatology 2019;69(2):717–28.

http://refhub.elsevier.com/S1089-3261(21)00002-7/sref1
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref1
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref2
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref2
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref2
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref3
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref3
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref3
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref4
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref4
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref4
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref5
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref5
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref5
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref6
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref6
https://doi.org/10.1016/j.jhep.2020.10.003
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref8
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref8
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref9
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref9
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref9
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref10
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref10
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref10
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref11
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref11
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref12
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref12
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref13
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref13
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref14
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref14
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref14
https://doi.org/10.3791/58819
https://doi.org/10.3791/58819
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref16
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref16
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref16
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref17
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref17
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref17
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref18
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref18
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref18


Veldhuijzen van Zanten et al340
19. Harrison SA, Abdelmalek MF, Caldwell S, et al. Simtuzumab is ineffective for pa-
tients with bridging fibrosis or compensated cirrhosis caused by nonalcoholic
steatohepatitis. Gastroenterology 2018;155(4):1140–53.

20. Rossle M, Blanke P, Fritz B, et al. Free hepatic vein pressure is not useful to calcu-
late the portal pressure gradient in cirrhosis: a morphologic and hemodynamic
study. J Vasc Interv Radiol 2016;27(8):1130–7.

21. La Mura V, Abraldes JG, Berzigotti A, et al. Right atrial pressure is not adequate
to calculate portal pressure gradient in cirrhosis: a clinical-hemodynamic correla-
tion study. Hepatology 2010;51(6):2108–16.

22. Silva-Junior G, Baiges A, Turon F, et al. The prognostic value of hepatic venous
pressure gradient in patients with cirrhosis is highly dependent on the accuracy
of the technique. Hepatology 2015;62(5):1584–92.

23. Steinlauf AF, Garcia-Tsao G, Zakko MF, et al. Low-dose midazolam sedation: an
option for patients undergoing serial hepatic venous pressure measurements.
Hepatology 1999;29(4):1070–3.

24. Casu S, Berzigotti A, Abraldes JG, et al. A prospective observational study on
tolerance and satisfaction to hepatic haemodynamic procedures. Liver Int
2015;35(3):695–703.

25. Berzigotti A, Abraldes JG, Tandon P, et al. Ultrasonographic evaluation of liver
surface and transient elastography in clinically doubtful cirrhosis. J Hepatol
2010;52(6):846–53.

26. Seijo S, Reverter E, Miquel R, et al. Role of hepatic vein catheterisation and tran-
sient elastography in the diagnosis of idiopathic portal hypertension. Dig Liver
Dis 2012;44(10):855–60.

27. D’Amico G, Garcia-Tsao G, Pagliaro L. Natural history and prognostic indicators
of survival in cirrhosis: a systematic review of 118 studies. J Hepatol 2006;44(1):
217–31.

28. Jepsen P, Watson H, Macdonald S, et al. MELD remains the best predictor of mor-
tality in outpatients with cirrhosis and severe ascites. Aliment Pharmacol Ther
2020;52(3):492–9.

29. Kok B, Abraldes JG. Child-Pugh classification: time to abandon? Semin Liver Dis
2019;39(1):96–103.

30. Garcia-Tsao G, Groszmann RJ, Fisher RL, et al. Portal pressure, presence of
gastroesophageal varices and variceal bleeding. Hepatology 1985;5(3):419–24.

31. Sanyal AJ, Harrison SA, Ratziu V, et al. The natural history of advanced fibrosis
due to nonalcoholic steatohepatitis: data from the simtuzumab trials. Hepatology
2019;70(6):1913–27.

32. Lens S, Alvarado-Tapias E, Marino Z, et al. Effects of all-oral anti-viral therapy on
HVPG and systemic hemodynamics in patients with hepatitis C virus-associated
cirrhosis. Gastroenterology 2017;153(5):1273–83.e1.

33. Lens S, Baiges A, Alvarado E, et al. Clinical outcome and hemodynamic changes
following HCV eradication with oral antiviral therapy in patients with clinically sig-
nificant portal hypertension. J Hepatol 2020;73(6):1415–24.

34. Lens S, Rincon D, Garcia-Retortillo M, et al. Association between severe portal
hypertension and risk of liver decompensation in patients with hepatitis c, regard-
less of response to antiviral therapy. Clin Gastroenterol Hepatol 2015;13(10):
1846–53.e1.

35. Mandorfer M, Kozbial K, Schwabl P, et al. Changes in hepatic venous pressure
gradient predict hepatic decompensation in patients who achieved sustained
virologic response to interferon-free therapy. Hepatology 2020;71(3):1023–36.

http://refhub.elsevier.com/S1089-3261(21)00002-7/sref19
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref19
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref19
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref20
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref20
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref20
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref21
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref21
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref21
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref22
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref22
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref22
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref23
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref23
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref23
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref24
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref24
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref24
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref25
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref25
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref25
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref26
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref26
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref26
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref27
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref27
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref27
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref28
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref28
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref28
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref29
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref29
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref30
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref30
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref31
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref31
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref31
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref32
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref32
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref32
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref33
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref33
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref33
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref34
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref34
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref34
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref34
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref35
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref35
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref35


Role of HVPG in Cirrhosis Management 341
36. Villanueva C, Albillos A, Genesca J, et al. Development of hyperdynamic circula-
tion and response to beta-blockers in compensated cirrhosis with portal hyper-
tension. Hepatology 2016;63(1):197–206.

37. Groszmann RJ, Garcia-Tsao G, Bosch J, et al. Beta-blockers to prevent gastro-
esophageal varices in patients with cirrhosis. N Engl J Med 2005;353(21):
2254–61.

38. Villanueva C, Albillos A, Genesca J, et al. Beta blockers to prevent decompensa-
tion of cirrhosis in patients with clinically significant portal hypertension (PRE-
DESCI): a randomised, double-blind, placebo-controlled, multicentre trial.
Lancet 2019;393(10181):1597–608.

39. Mandorfer M, Hernandez-Gea V, Garcia-Pagan JC, et al. Noninvasive diagnos-
tics for portal hypertension: a comprehensive review. Semin Liver Dis 2020;
40(3):240–55.

40. Merkel C, Bolognesi M, Bellon S, et al. Prognostic usefulness of hepatic vein cath-
eterization in patients with cirrhosis and esophageal varices. Gastroenterology
1992;102(3):973–9.

41. Vorobioff J, Groszmann RJ, Picabea E, et al. Prognostic value of hepatic venous
pressure gradient measurements in alcoholic cirrhosis: a 10-year prospective
study. Gastroenterology 1996;111(3):701–9.

42. Ripoll C, Banares R, Rincon D, et al. Influence of hepatic venous pressure
gradient on the prediction of survival of patients with cirrhosis in the MELD Era.
Hepatology 2005;42(4):793–801.

43. Patch D, Armonis A, Sabin C, et al. Single portal pressure measurement predicts
survival in cirrhotic patients with recent bleeding. Gut 1999;44(2):264–9.

44. Berzigotti A, Rossi V, Tiani C, et al. Prognostic value of a single HVPG measure-
ment and Doppler-ultrasound evaluation in patients with cirrhosis and portal hy-
pertension. J Gastroenterol 2011;46(5):687–95.

45. La Mura V, Garcia-Guix M, Berzigotti A, et al. A new prognostic algorithm based
on stage of cirrhosis and HVPG to improve risk-stratification after variceal
bleeding. Hepatology 2020;72(4):1353–65.

46. Monescillo A, Martinez-Lagares F, Ruiz-del-Arbol L, et al. Influence of portal hy-
pertension and its early decompression by TIPS placement on the outcome of
variceal bleeding. Hepatology 2004;40(4):793–801.

47. Moitinho E, Escorsell A, Bandi JC, et al. Prognostic value of early measurements
of portal pressure in acute variceal bleeding. Gastroenterology 1999;117(3):
626–31.

48. Abraldes JG, Villanueva C, Banares R, et al. Hepatic venous pressure gradient
and prognosis in patients with acute variceal bleeding treated with pharmaco-
logic and endoscopic therapy. J Hepatol 2008;48(2):229–36.

49. Bruix J, Castells A, Bosch J, et al. Surgical resection of hepatocellular carcinoma
in cirrhotic patients: prognostic value of preoperative portal pressure. Gastroen-
terology 1996;111(4):1018–22.

50. Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of surgical treatment for
early hepatocellular carcinoma: resection versus transplantation. Hepatology
1999;30(6):1434–40.

51. Berzigotti A, Reig M, Abraldes JG, et al. Portal hypertension and the outcome of
surgery for hepatocellular carcinoma in compensated cirrhosis: a systematic re-
view and meta-analysis. Hepatology 2015;61(2):526–36.

52. Heimbach JK, Kulik LM, Finn RS, et al. AASLD guidelines for the treatment of he-
patocellular carcinoma. Hepatology 2018;67(1):358–80.

http://refhub.elsevier.com/S1089-3261(21)00002-7/sref36
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref36
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref36
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref37
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref37
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref37
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref38
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref38
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref38
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref38
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref39
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref39
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref39
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref40
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref40
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref40
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref41
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref41
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref41
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref42
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref42
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref42
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref43
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref43
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref44
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref44
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref44
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref45
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref45
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref45
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref46
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref46
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref46
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref47
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref47
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref47
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref48
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref48
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref48
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref49
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref49
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref49
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref50
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref50
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref50
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref51
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref51
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref51
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref52
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref52


Veldhuijzen van Zanten et al342
53. European Association for the Study of the Liver. EASL clinical practice guidelines:
management of hepatocellular carcinoma. J Hepatol 2018;69(1):182–236.

54. Citterio D, Facciorusso A, Sposito C, et al. Hierarchic interaction of factors asso-
ciated with liver decompensation after resection for hepatocellular carcinoma.
JAMA Surg 2016;151(9):846–53.

55. Simonetto DA, Shah VH, Kamath PS. Surgery in patients with cirrhosis: as much
an art as science. Hepatology 2020. https://doi.org/10.1002/hep.31643.

56. Reverter E, Cirera I, Albillos A, et al. The prognostic role of hepatic venous pres-
sure gradient in cirrhotic patients undergoing elective extrahepatic surgery.
J Hepatol 2019;71(5):942–50.

57. Groszmann RJ, Bosch J, Grace ND, et al. Hemodynamic events in a prospective
randomized trial of propranolol versus placebo in the prevention of a first variceal
hemorrhage [see comments]. Gastroenterology 1990;99(5):1401–7.

58. Feu F, Garcia-Pagan JC, Bosch J, et al. Relation between portal pressure
response to pharmacotherapy and risk of recurrent variceal haemorrhage in pa-
tients with cirrhosis. Lancet 1995;346(8982):1056–9.

59. Stanley AJ, Jalan R, Ireland HM, et al. A comparison between gastric and oeso-
phageal variceal haemorrhage treated with transjugular intrahepatic portosyste-
mic stent shunt (TIPSS). Aliment Pharmacol Ther 1997;11(1):171–6.

60. Abraldes JG, Tarantino I, Turnes J, et al. Hemodynamic response to pharmaco-
logical treatment of portal hypertension and long-term prognosis of cirrhosis.
Hepatology 2003;37(4):902–8.

61. Turco L, Villanueva C, La Mura V, et al. Lowering portal pressure improves out-
comes of patients with cirrhosis, with or without ascites: a meta-analysis. Clin
Gastroenterol Hepatol 2020;18(2):313–27.e6.

62. Albillos A, Banares R, Gonzalez M, et al. Value of the hepatic venous pressure
gradient to monitor drug therapy for portal hypertension: a meta-analysis. Am J
Gastroenterol 2007;102(5):1116–26.

63. D’Amico G, Garcia-Pagan JC, Luca A, et al. Hepatic vein pressure gradient
reduction and prevention of variceal bleeding in cirrhosis: a systematic review.
Gastroenterology 2006;131(5):1611–24.

64. Villanueva C, Lopez-Balaguer JM, Aracil C, et al. Maintenance of hemodynamic
response to treatment for portal hypertension and influence on complications of
cirrhosis. J Hepatol 2004;40(5):757–65.

65. Villanueva C, Aracil C, Colomo A, et al. Acute hemodynamic response to beta-
blockers and prediction of long-term outcome in primary prophylaxis of variceal
bleeding. Gastroenterology 2009;137(1):119–28.

66. Hernandez-Gea V, Aracil C, Colomo A, et al. Development of ascites in compen-
sated cirrhosis with severe portal hypertension treated with beta-blockers. Am J
Gastroenterol 2012;107(3):418–27.

67. Garcia-Pagan JC, Villanueva C, Albillos A, et al. Nadolol plus isosorbide mononi-
trate alone or associated with band ligation in the prevention of recurrent
bleeding: a multicenter randomized controlled trial. Gut 2009;58(8):1144–50.

68. La Mura V, Abraldes JG, Raffa S, et al. Prognostic value of acute hemodynamic
response to i.v. propranolol in patients with cirrhosis and portal hypertension.
J Hepatol 2009;51(2):279–87.

69. Abraldes JG, Garcia-Tsao G, Ripoll C, et al. Dynamic prediction of the risk of
decompensation/death in patients with compensated cirrhosis based on serial
hepatic venous pressure gradient (HVPG) measurements. Hepatology 2018;
68(Suppl 1). Abstract.

http://refhub.elsevier.com/S1089-3261(21)00002-7/sref53
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref53
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref54
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref54
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref54
https://doi.org/10.1002/hep.31643
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref56
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref56
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref56
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref57
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref57
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref57
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref58
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref58
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref58
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref59
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref59
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref59
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref60
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref60
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref60
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref61
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref61
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref61
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref62
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref62
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref62
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref63
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref63
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref63
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref64
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref64
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref64
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref65
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref65
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref65
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref66
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref66
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref66
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref67
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref67
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref67
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref68
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref68
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref68
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref69
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref69
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref69
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref69


Role of HVPG in Cirrhosis Management 343
70. Abraldes JG, Albillos A, Banares R, et al. Simvastatin lowers portal pressure in
patients with cirrhosis and portal hypertension: a randomized controlled trial.
Gastroenterology 2009;136(5):1651–8.

71. Lebrec D, Bosch J, Jalan R, et al. Hemodynamics and pharmacokinetics of tezo-
sentan, a dual endothelin receptor antagonist, in patients with cirrhosis. Eur J Clin
Pharmacol 2012;68(5):533–41.

72. Senn S. Mastering variation: variance components and personalised medicine.
Stat Med 2016;35(7):966–77.

73. Available at: https://guidelines.hypertension.ca/diagnosis-assessment/
diagnosis/. Accessed July 4, 2020.

74. Moctezuma-Velazquez C, Kalainy S, Abraldes JG. Reply. Liver Transplant 2017;
23(10):1353.

75. Moctezuma-Velazquez C, Kalainy S, Abraldes JG. Beta-blockers in patients with
advanced liver disease: has the dust settled? Liver Transplant 2017;23(8):
1058–69.

76. Sinagra E, Perricone G, D’Amico M, et al. Systematic review with meta-analysis:
the haemodynamic effects of carvedilol compared with propranolol for portal hy-
pertension in cirrhosis. Aliment Pharmacol Ther 2014;39(6):557–68.

77. Sauerbruch T, Mengel M, Dollinger M, et al. Prevention of rebleeding from esoph-
ageal varices in patients with cirrhosis receiving small-diameter stents vs hemo-
dynamically controlled medical therapy. Gastroenterology 2015;149(3):660–8.e1.

78. Villanueva C, Graupera I, Aracil C, et al. A randomized trial to assess whether
portal pressure guided therapy to prevent variceal rebleeding improves survival
in cirrhosis. Hepatology 2017;65(5):1693–707.

79. Abraldes JG, Garcia-Tsao G. The design of clinical trials in portal hypertension.
Semin Liver Dis 2017;37(1):73–84.

80. Abraldes JG, Trebicka J, Chalasani N, et al. Prioritization of therapeutic targets
and trial design in cirrhotic portal hypertension. Hepatology 2019;69(3):1287–99.

81. de Franchis R, Baveno VIF. Expanding consensus in portal hypertension: Report
of the Baveno VI Consensus Workshop: Stratifying risk and individualizing care
for portal hypertension. J Hepatol 2015;63(3):743–52.

82. Sanyal AJ, Friedman SL, McCullough AJ, et al. Challenges and opportunities in
drug and biomarker development for nonalcoholic steatohepatitis: findings and
recommendations from an American association for the study of liver diseases-
U.S. Food and drug administration Joint Workshop. Hepatology 2015;61(4):
1392–405.

83. Diez C, Berenguer J, Ibanez-Samaniego L, et al. Persistence of clinically signifi-
cant portal hypertension after eradication of HCV in patients with advanced
cirrhosis. Clin Infect Dis 2020. https://doi.org/10.1093/cid/ciaa502.

84. Mandorfer M, Kozbial K, Schwabl P, et al. Sustained virologic response to
interferon-free therapies ameliorates HCV-induced portal hypertension.
J Hepatol 2016;65(4):692–9.

http://refhub.elsevier.com/S1089-3261(21)00002-7/sref70
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref70
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref70
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref71
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref71
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref71
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref72
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref72
https://guidelines.hypertension.ca/diagnosis-assessment/diagnosis/
https://guidelines.hypertension.ca/diagnosis-assessment/diagnosis/
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref74
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref74
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref75
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref75
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref75
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref76
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref76
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref76
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref77
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref77
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref77
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref78
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref78
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref78
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref79
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref79
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref80
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref80
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref81
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref81
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref81
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref82
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref82
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref82
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref82
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref82
https://doi.org/10.1093/cid/ciaa502
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref84
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref84
http://refhub.elsevier.com/S1089-3261(21)00002-7/sref84

	The Role of Hepatic Venous Pressure Gradient in the Management of Cirrhosis
	Key points
	Introduction
	Measuring portal pressure gradient in clinical practice: the hepatic venous pressure gradient
	Technique
	The wedge hepatic venous pressure as a readout of portal venous pressure
	The free hepatic venous pressure and the hepatic venous pressure gradient

	The Controversy of Internal Zeroing
	Complications and Tolerance

	Applications of hepatic venous pressure gradient in cirrhosis
	Differential Diagnosis of Portal Hypertension
	Risk Stratification in Cirrhosis
	Compensated cirrhosis
	Decompensated cirrhosis
	Risk of decompensation after liver surgery
	Surgical risk in extrahepatic surgery

	Assessment of the Hemodynamic Response to Drug Therapy for Portal Hypertension
	Issues in defining what constitutes a clinically relevant decrease in portal pressure
	Hepatic venous pressure gradient measurements to guide pharmacologic therapy for portal hypertension

	Assessment of New Therapeutic Agents for the Treatment of Portal Hypertension
	Assessment of the Regression of Portal Hypertension After Treating the Underlying Liver Disease

	Summary
	Clinics care points
	References


