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Abstract

Purpose of Review To review the evidence supporting the assessment of hepatic venous pressure gradient (HVPG) response to
non-selective beta-blockers (NSBB).

Recent Findings HVPG response to NSBB reduces the risks of variceal bleeding, hepatic decompensation due to ascites and its
complications, and, finally, mortality. In hemodynamic non-responders to NSBB, their effectiveness is suboptimal, although
there is increasing evidence for non-hemodynamic effects. Carvedilol may be a good treatment option for patients with non-
response to conventional NSBB, as it is more potent in decreasing HVPG. Furthermore, hemodynamic non-responders may also
benefit from (the addition of) other HVPG-lowering drugs that are in clinical development, and, depending on the setting,
complimentary or alternative treatment strategies.

Summary Clinical benefits of HVPG response have been established throughout a broad spectrum of advanced chronic liver
disease (ACLD) severity, ranging from compensated patients without varices but with clinically significant portal hypertension
(CSPH) to subjects with a history of bleeding and/or non-bleeding hepatic decompensation. HVPG-guided NSBB therapy
facilitates personalized medicine in patients with ACLD and portal hypertension. Since the clinical use of HVPG measurement
is limited by its invasiveness and its availability is mostly restricted to academic centers, the development of non-invasive
surrogates of HVPG response is of high clinical relevance.
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Introduction

Portal pressure, assessed by hepatic venous pressure gradient
(HVPG) measurement, is a key factor promoting the develop-
ment of liver-related complications and mortality in patients
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with advanced chronic liver disease (ACLD; i.e., a novel term
for the spectrum of advanced liver fibrosis/cirrhosis) [1, 2].

Since their introduction in the nineteen-eighties, non-
selective beta-blockers (NSBB) are a cornerstone in the treat-
ment of portal hypertension. During the last years, our under-
standing of potential benefits of early initiation of NSBB treat-
ment as well as potential detrimental effects in patients with
advanced disease has continuously evolved [3ee, 4¢, See].

In patients with medium to large varices who have not
bled (i.e., patients with high-risk varices, and, thus, a clear
indication for primary prophylaxis of acute variceal bleed-
ing [AVB] [6, 7]), NSBB treatment decreased the 2-year
risk of variceal hemorrhage from 30 to 14% (absolute risk
reduction [ARD]: = 16% [—24% to — 8%]; number needed
to treat [NNTT: 6) [8]. Moreover, NSBB reduced the risk of
recurrent variceal bleeding (secondary prophylaxis) from
63% to 42% (ARD: —21% [—30% to —13%]; NNT: 5).
Since the NNT ranges from 5 to 6, many patients have to
be treated with NSBB to prevent a single variceal bleeding.
A crucial factor limiting the efficacy of NSBB is the high
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intersubjective variability in the reduction of portal pres-
sure [3¢¢], underlining the need for reliable methods to
assess the expectable benefits in the individual patient,
i.e., the assessment of HVPG response.

This review summarizes (a) the current evidence for
assessing HVPG response to NSBB therapy for prognostica-
tion and guiding treatment decisions in different clinical
settings/stages of ACLD, (b) the clinical and procedural re-
quirements for obtaining optimal results, and (c) the potential
non-invasive markers for HVPG response.

Definition and Impact of HVPG Response
“Chronic” HVPG Response to NSBB

According to the initial studies in primary [9] and secondary
prophylaxis [10], patients are protected from AVB if HVPG
decreases to a value of <12 mmHg during NSBB treatment
(primary prophylaxis: 0% vs. 29% at 52 months; secondary
prophylaxis, NSBB monotherapy: 0% vs. 41% with a mean
follow-up of 28 months). Similarly, a HVPG reduction by >
20%, which is achieved much more commonly than a de-
crease to < 12 mmHg, substantially reduced the risk of bleed-
ing (secondary prophylaxis, NSBB monotherapy: 4% vs.
28%, 9% vs. 39%, and 9% vs. 66% at 1, 2, and 3 years,
respectively) [10]. The combination of these criteria has been
used to define “chronic” HVPG response to conventional
NSBB (propranolol and nadolol) or carvedilol treatment as
well as investigational drugs for portal hypertension of vary-
ing modes of action. This includes several classes of
repurposed drugs (most prominently nitrates isosorbide
mononitrate (ISMN), alpha 1-antagonists [prazosin], and
statins [11-13]), but also novel agents specifically developed
for the treatment of portal hypertension [14¢]. Importantly, for
primary prophylaxis, the Baveno VI faculty recently reduced
the threshold for achieving HVPG response to a decrease >
10% (or to a value of <12 mmHg), while the definition of
HVPG response in the secondary prophylaxis remained un-
changed (>20% or to a value of <12 mmHg) [6].

A summary of studies evaluating the prognostic impact of
HVPG response is shown in Table 1. Besides AVB/bleeding,
“chronic” HVPG response to conventional NSBB + other
HVPG-lowering drugs (ISMN or prazosin) has been shown
to decrease the risks of occurrence/worsening of ascites [16,
17, 23] as well as its complications [16, 17, 23], such as spon-
taneous bacterial peritonitis (SBP) [16, 17]. In addition, some
studies even reported (trends towards) a decrease in hepatic
encephalopathy (HE) [16, 17], a decompensating event which
is less closely linked to portal hypertension. However, this
association was not observed in another study [19]. The re-
spective effect sizes are reported in Table 1. Moreover,
“chronic” HVPG response has been linked to a decreased

need for liver transplantation [17] and has repeatedly been
found to be independently associated with improved survival
[9, 10, 15-17]. Of note, the relevance of competing risks, such
as liver transplantation or death, in prognostic studies investi-
gating bleeding and non-bleeding hepatic decompensation is
increasingly acknowledged [24¢]. However, no competing
risk analyses were performed in the studies on the predictive
value of HVPG response, which may have compromised the
accuracy of risk estimates.

Besides establishing its value as an independent prognostic
marker, other important conclusions can be drawn from stud-
ies on “chronic” HVPG response. First, hemodynamic re-
sponse can be maintained over long periods of time, as indi-
cated by studies performing repeated HVPG measurements
[18, 22, 25]. However, with increasing time between the
HVPG measurements, the course of the underlying liver dis-
ease becomes more and more important as a determinant of
HVPG response (also, see the “Clinical and Procedural
Requirements for HVPG Response-Guided Therapy” sec-
tion). This conclusion is supported by studies observing
higher rates of (maintained) HVPG response in patients with
alcoholic etiology [9], particularly in those who continue to
abstain from alcohol [17, 22]. Accordingly, to assess the un-
biased effect of a pharmaceutical intervention, the period be-
tween the HVPG assessments should be minimized. However,
both dynamics of the underlying etiology as well as drug
effects modify the risk for (further) hepatic decompensation
and mortality. Thus, from a prognostic point of view, “chron-
ic” HVPG response may even yield additional information.
Nevertheless, the situation is different if HVPG response is
used to guide individualized treatment decisions, an approach
termed HVPG response-guided therapy.

“Acute” HVPG Response to NSBB

In addition to the above-mentioned limitations, the assessment
of “chronic” HVPG response to NSBB is resource-intensive
due to the need for two separate HVPG measurements.
Moreover, in studies investigating HVPG-guided therapy for
secondary prophylaxis, a relevant proportion of patients (5%
[26], 9% [27], and 12% [28]) had already bled before the
“chronic” HVPG response was assessed (i.e., within the
NSBB titration period and prior to the second HVPG mea-
surement). Thus, the value of measuring the “acute” HVPG
response to i.v. propranolol has been evaluated. The first two
studies on “acute” HVPG response comprised patients in pri-
mary prophylaxis [20] or a combination of patients in primary
and secondary prophylaxis [21]. A HVPG reduction>10%
[20] to >12% [21] has been shown to be sufficient in the
“acute” HVPG response setting. In both studies, an adequate
HVPG response to i.v. propranolol (0.15 mg/kg [20, 21],
followed by 0.2 mg/h in the first study [20]) was protective
of AVB (4% vs. 46% and 16% vs. 40% at 2 years) in patients
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Table 1 Studies evaluating the prognostic impact of hepatic venous pressure gradient (HVPG) response to non-selective beta-blockers (NSBB)
Study Number of  Interventions Setting/patient Remarks/key findings
patients characteristics
Groszmann et al. »n =102 Propranolol (titrated according to HVPG/HR,  Primary prophylaxis (small: ~ Patients with alcoholic cirrhosis more likely
Gastroenterology n =84 with n =51) vs. placebo (n =51); “chronic” 28%, medium: 17%, large: to decrease to <12 mmHg
1990 [9] informa- HVPG response 5% varices) AVB: HVPG < 12 mmHg: 0% vs.
tion on HVPG > 12 mmHg >12 mmHg: 29% at 52 months
HVPG Mortality: decreased
response
Feu et al. n =283 Propranolol (titrated according to HR/SAP); Secondary prophylaxis Bleeding: 0% if HVPG < 12 mmHg (highly
Lancet 1995 [10] »n =69 with “chronic” HVPG response (3 months) sensitive), but low specificity
informa- HVPG decrease >20%: 4%/9%/9% vs.
tion on <20%: 28%/39%/66% at 1/2/3 years
HVPG Mortality: trend towards decrease
response
Merkel et al. n =49 Nadolol (titrated according to HR) + ISMN; Primary prophylaxis (all AVB: HVPG response: 7% vs. non-response:
Hepatology 2000 “chronic” HVPG response high-risk varices) 41% at 3 years
[15] HVPG >12 mmHg Mortality: decreased if HVPG <12 mmHg
Definition of HVPG response:
<12 mmHg/>20%
Abraldes et al. n =105; Nadolol (titrated according to HR and Secondary prophylaxis; Follow-up of up to 8 years;
Hepatology 2003 n =73 with SAP) +ISMN; “chronic” HVPG response  Definition of HVPG response: AVB: HVPG response: 28% vs.
[16] informa- (median: 111 days) <12 mmHg/>20% non-response: 57% at 8 years
tion on (independently predictive);
HVPG Ascites: HVPG response: 30% vs.
response non-response: 58% at 8 years
(independently predictive);
SBP/spontaneous bacteremia: HVPG
response: 6% vs. non-response: 42% at
8 years (independently predictive);
HE: HVPG response: 16% vs.
non-response: 42% at 8 years;
Mortality: HVPG response: 5% vs.
non-response: 42% at 8 years
(independently predictive)
Villanueva etal. n =132 Nadolol (titrated according to HR) + ISMIN; 1st Secondary prophylaxis; Alcohol abstinence more common in
J Hepatol 2004 “chronic” HVPG response assessment Definition of HVPG response: hemodynamic responders;
[17] (median: 58 days); 2nd “chronic” HVPG <12 mmHg/>20% Bleeding: 4% vs. 32% at 2 years;
response assessment (median: 16 months) Ascites: 27% vs. 56% (de novo: 3% vs.
10%);
SBP: 3% vs. 12%;
HRS: 3% vs. 12%;
HE: 11% vs. 31% (de novo: 5% vs. 16%);,
Liver transplantation: 2% vs. 15%;
Mortality: 17% vs. 32% (independently
predictive);
Maintenance of hemodynamic response:
Initial HVPG response maintained in
81% at 2nd response assessment
Groszmann et al. n =213 Timolol (titrated according to HR); “chronic”  Pre-primary prophylaxis (no  Development of varices or AVB: decreased if
New Engl J Med random- HVPG response (1 year) varices, CSPH: 58%); HVPG decrease > 10%
2005 [18] ized to HVPG >6 mmHg
timolol vs.
placebo;
n =154 with
informa-
tion on
HVPG
response
Turnes et al. n=71 Propranolol (titrated according to HR) + ISMN;  Primary prophylaxis (small: ~ Follow-up of up to 8 years;
Am]J “chronic” HVPG response (median: 4%, medium: 42%, large: ~ AVB: HVPG response: 10% vs.
Gastroenterol 4 months) 37% varices); non-response: 55% at 8 years;
2006 [19] HVPG > 12 mmHg; Ascites: comparable;
Definition of HVPG response:  SBP/spontaneous bacteremia: comparable;
<12 mmHg/>20% HE: comparable;
Liver transplantation: comparable;
Mortality: comparable
Villanueva etal. n =105 “Acute” HVPG response to i.v. propranolol Primary prophylaxis (all AVB: HVPG response: 4% vs. non-response:
Gastroenterology (0.15 mg/kg followed by 0.2 mg/h); high-risk varices); 46% at 2 years (independently
2009 [20] Nadolol (titrated according to HR) HVPG > 12 mmHg; predictive);
Definition of HVPG response: Ascites: decreased;
<12 mmHg/>20% Mortality: trend towards decrease, moderate
correlation between “acute” and
“chronic” HVPG response
La Mura et al. n =166 “Acute” HVPG response to i.v. propranolol Primary (n =78; small: 22%; AVB: HVPG response: 7%/16% vs.
J Hepatol 2009 (0.15 mg/kg); large: 78% varices, red non-response: 21%/40% at 1/2 years
[21] Propranolol or nadolol (titrated according to wale marks: 29%) and (independently predictive);
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HR/SAP)

secondary prophylaxis
(n =88);

HVPG > 12 mmHg;

Definition of HVPG response:

>12%

AVB (primary prophylaxis): trend towards
decrease;

AVB (secondary prophylaxis): decreased
(independently predictive);

Mortality: HVPG response: 5%/5% vs.
non-response: 13%/35% at 1/2 years
(independently predictive);
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Table 1 (continued)

Number of  Interventions

patients

Study

Setting/patient
characteristics

Remarks/key findings

Augustin et al. n =103; Nadolol (titrated according to HR) + ISMN;

Hepatology 2012 n =90 with ~ “Chronic” HVPG response (mean: 14.4 days);
[22] informa-  Yearly HVPG assessments

tion on
HVPG
response

Hernandez-Gea  n=83; “Acute” HVPG response to i.v. propranolol
et al. n =78 with (0.15 mg/kg);

Am]J informa-  Nadolol (titrated according to HR);
Gastroenterol tion on “Chronic” HVPG response (1-3 months)
2013 [23] HVPG

response

Mortality (primary prophylaxis): trend
towards decrease;

Mortality (secondary prophylaxis):
decreased (independently predictive);
Considerable discordance between “acute”
and “chronic” HVPG response status

Bleeding: increased, comparable after
excluding patients undergoing TIPS;

Non-bleeding hepatic decompensation:
trend towards decrease;

Mortality: decreased (independently
predictive);

Maintenance of hemodynamic response:
65%, abstinent: 100% vs. non-abstinent:
36%, associated with lower bleeding and
mortality

Bleeding: “chronic” HVPG response: 5%
vs. non-response: 17% at 2 years
(independently predictive);

AVB: “chronic” HVPG response: 5% vs.
non-response: 14% at 2 years;

Ascites: “acute” assessment: AUROC of
0.74, predictive performance inferior to
“chronic” assessment, “chronic”
assessment: AUROC of 0.84, optimal
cut-off HVPG decrease > 10% (i.e.,
definition of HVPG response); “chronic”
HVPG response: 27% vs. non-response:
89% (independently predictive); “acute”
HVPG response: 17% vs. non-response:
49% at 2 years;

Refractory ascites: decreased if “chronic”
hemodynamic response; “acute” HVPG
response: 5% vs. non-response: 18% at
2 years;

SBP: comparable;

HRS: decreased if “chronic” HVPG
response; trend towards decrease if
“acute” HVPG response;

HE: trend towards decrease if ‘chronic’
hemodynamic response;

Mortality: decreased if “chronic” HVPG
response

Secondary prophylaxis;
Definition of HVPG response:
<12 mmHg/>20%

Primary prophylaxis (all large
varices);

HVPG > 12 mmHg;

Definition of HVPG response:
>10%

HR, heart rate; AVB, acute variceal bleeding; SAP, systolic arterial pressure; ISMN, isosorbide mononitrate; SBP, spontaneous bacterial peritonitis; HE,
hepatic encephalopathy; TIPS, transjugular intrahepatic portosystemic shunt; AUROC, area under the receiver operating characteristic curve

receiving nadolol during follow-up. Moreover, Villanueva
et al. [20] observed a reduced incidence of ascites or worsen-
ing of ascites in patients with “acute” hemodynamic response.
The authors also observed trends towards a decrease in mor-
tality, which attained statistical significance in the subgroup of
patients with a previous bleeding episode [21]. Interestingly,
there was only a moderate correlation between “acute” and
“chronic” relative changes in HVPG [20], which resulted in
a considerable proportion of patients with discordant HVPG
response results [21]. A third study on the prognostic value of
“acute” HVPG response specifically addressed the question
whether HVPG response can predict the first development of
ascites [23], which is the most common first decompensating
event [24¢]. In addition to preventing de novo ascites, “acute”
HVPG response was also associated with a decreased inci-
dence of refractory ascites, SBP, and hepatorenal syndrome
(HRS). However, the predictive value of “chronic” HVPG
response was higher (area under the receiver operating char-
acteristic curve [AUROC]: 0.84), as compared to “acute”

HVPG response (AUROC: 0.74). This may be explained by
the incremental prognostic information obtained by the longi-
tudinal assessment of HVPG, since longitudinal assessments
also allow to integrate prognostic information related to the
evolution of the underlying etiology—most prominently, al-
cohol abstinence.

Stage-Dependent Impact of HVPG Response to NSBB

To date, HVPG response is the only well-established surrogate
for the effectiveness of NSBB treatment. It is defined by a
decrease in HVPG that will translate into clinically meaning-
ful benefits [1, 2]. HVPG response confers important prog-
nostic information across several stages of ACLD [24¢],
which are as follows: stage 2 (compensated, with varices),
stage 3 (decompensated, bleeding alone), stage 4 (decompen-
sated, ascites with or without bleeding), and stage 5 (second
decompensating event, i.e., further hepatic decompensation).
However, HVPG response may also be beneficial in earlier
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stages. In their seminal study, Groszmann et al. [18] randomly
assigned 213 patients with portal hypertension (HVPG >
6 mmHg) but without varices (pre-primary prophylaxis) to
timolol or placebo. Patients who achieved a HVPG decrease >
10% at 1 year showed a lower incidence of the composite
endpoint (development of varices or AVB). This beneficial
effect might be mainly attributed to the 58% of patients who
had CSPH at inclusion, since patients without CSPH are at
low risk to develop the composite endpoint of varices or AVB,
which was also one of the main findings of this study.
Moreover, patients with CSPH, as compared to patients with-
out CSPH, show substantially more pronounced NSBB-
induced decreases in HVPG [29]. Accordingly, there is also
limited evidence for the prognostic value of HVPG response
in early-stage ACLD (i.e., stage 1 (compensated, without var-
ices) [24+]), if CSPH is present.

Clinical and Procedural Requirements
for HVPG Response-Guided Therapy

To begin with, a high degree of standardization is essential to
accurately assess changes in HVPG to pharmacological inter-
ventions, such as NSBB, since even small changes (i.e.,
1 mmHg) in HVPG may discriminate between hemodynamic
responders and non-responders. Details regarding the proce-
dure are reviewed elsewhere [30]. Moreover, there is a com-
prehensive protocol for this technique published in a visual
format [31e¢]. The correct positioning of the balloon catheter,
which should be preferred over straight catheters [32, 33], is
one of the most critical steps. Leakage in the wedged position
leads to an underestimation of the wedged hepatic vein pres-
sure, while peripheral measurements may result in an overes-
timation of the free hepatic vein pressure, since the catheter
itself narrows the lumen, potentially inducing a hemodynam-
ically relevant stenosis [34, 35¢]. In both situations, HVPG
might be underestimated. Sedation, if used at all, should be
restricted to low doses of midazolam (0.02 mg/kg body
weight) [36], since higher doses or deep analgosedation with
propofol/remifentanil impacts pressure measurements [37].
Finally, if high-quality pressure tracings are obtained, the in-
terobserver agreement is excellent: In the subgroup of patients
with CSPH included in a study by Tandon et al. [38¢], the
proportion of readings differing by > 10% was only 9%.

Besides procedure-related factors, several other important
points have to be considered, especially when assessing the
“chronic” HVPG response to NSBB: To avoid mixing the
hemodynamic effects and the evolution of underlying etiolo-
gy, liver disease should be stable, which is commonly not the
case in alcoholic liver disease and patients undergoing etio-
logical treatment.

Alcohol intake leads to an acute increase in portal pressure
[39]. Moreover, alcoholic hepatitis [40] and, in particular,
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acute-on-chronic liver failure (ACLF) are associated with a
profound increase in HVPG, which is explained by a further
rise in intrahepatic resistance [41].

In contrast, hepatitis C virus (HCV) eradication promptly
ameliorates portal hypertension [42e, 43¢] in the majority of
patients, most likely due to a decrease in hepatic inflammation
[44-]. Hepatic inflammation increases the vascular tone,
which is commonly referred to as the dynamic component of
intrahepatic resistance [45]. This initial rapid decline might be
followed by a further decrease in HVPG on the long-term [46,
47¢], potentially indicative of the regression of liver fibrosis
[44-, 48] (i.e., the structural component of increased
intrahepatic resistance). Similarly, HBV suppression by nucle-
otide analogue treatment for 12 months led to a substantial
decrease in HVPG [49+], which might be followed by further
decreases due to liver fibrosis regression [50]. Owing to lim-
ited long-term data and considerable interindividual discrep-
ancies, it is hard to determine whether and at what time point
HVPG reaches a stable value after successful antiviral therapy
[S1e].

Moreover, cofactors impacting portal hypertension are in-
creasingly recognized. For instance, a 16-week lifestyle inter-
vention comprising diet and physical exercise has been shown
to lead to significant decreases in HVPG in obese patients with
portal hypertension, particularly those achieving >10% of
weight loss [52].

Therefore, the assessment of “acute,” or possibly, early
“chronic” HVPG response to NSBB therapy may be pre-
ferred, if HVPG response-guided NSBB therapy is the main
objective and if there is uncertainty about whether the under-
lying etiology and/or cofactors are stable.

Benefits of HVPG Response-Guided NSBB
Therapy

Several studies provide evidence supporting the use of
HVPG-guided NSBB treatment; however, only four studies
were randomized controlled trials (RCT) [26, 53e¢, 54, 55¢¢].
The main findings and information on effect size are summa-
rized in Table 2.

Villanueva and co-workers conducted the only two trials
providing direct evidence for a clinical benefit of a HVPG-
guided approach. First, they randomized n =59 patients to
HVPG-guided therapy (nadolol plus ISMN; the latter being
changed to prazosin in patients with hemodynamic non-
response) or nadolol plus endoscopic variceal ligation (EVL)
[54]. Prazosin was able to induce hemodynamic response in
non-responders to nadolol plus ISMN. Further, HVPG re-
sponse was linked to a decrease in bleeding. However, this
study has been underpowered to directly detect a potential
clinically meaningful benefit of the HVPG-guided treatment
approach. In their second study [53¢¢], 169 patients in
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Table 2  Studies evaluating the benefits of hepatic venous pressure gradient (HVPG) response-guided non-selective beta-blocker (NSBB) therapy
Study Number of patients Initial treatment Treatment of HVPG  Setting/patient Remarks/key findings
non-responders characteristics
Bureau et al. n =34, Propranolol (fixed Propranolol + ISMN  Primary prophylaxis 33% of hemodynamic
Hepatology 2002 n =21 dose of 160 mg (n = 14; all high-risk) non-responders to propranolol
[56] HVPG-non-respon- q.a.d.); and secondary responded to
ders “Chronic” HVPG prophylaxis (n =20); propranolol + ISMN;
response (median: HVPG > 12 mmHg improvement of overall
4 days) hemodynamic response rate
from 38 to 59%;
AVB: decreased if HVPG
response
Gonzilez et al. n =50; Nadolol (titrated “Partial Secondary prophylaxis ~ Patients with alcoholic cirrhosis
Hepatology 2006 n =42 with according to responders”: more likely to achieve HVPG
[28] information on HR) + ISMN; add-on EVL; response; 12% of patients bled
HVPG response; “Chronic” HVPG “Non-responders”: before HVPG response
n=1010-19% response (15 days) TIPS assessment;
decrease, “partial Bleeding: comparable between
responders”; groups (limited sample size),

Villanueva et al.

Aliment
Pharmacol
Ther 2009 [54]

Gonzalez et al.
Dig Liver Dis
2012 [27]

Reiberger et al.
Gut 2013 [57]

Sauerbruch et al.

n =8 < 10% decrease,

“non-responders”

n =59 randomized to
HVPG-guided

therapy (n =30) vs.

nadolol + EVL

n=53;

n =48 with
information on
HVPG response;
n =24 HVPG
non-responders

n =104,

n =94 with
information on
HVPG response;

n =67 HVPG
non-responders

Nadolol (titrated by
HR) + ISMN;

1st “chronic” HVPG
response
(2-4 weeks);

2nd “chronic” HVPG
response
(1-2 months after
1st)

Nadolol (titrated
according to
HR) + ISMN;
“Chronic” HVPG
response (mean:
13.4 days)

Propranolol (titrated
according to HR
and SAP);

1st “chronic” HVPG
response
(4 weeks);

2nd “chronic” HVPG
response
(1-2 months after
1st)

Nadolol + prazosin

Add-on EVL

Carvedilol
(6.25-50 mg/-
day);

EVL monotherapy
if non-responder
to carvedilol

EVL monotherapy

Secondary prophylaxis

Secondary prophylaxis

Primary prophylaxis

(small: 39% or large:

61% varices, red wale

marks: 31%);

HVPG > 12 mmHg

Secondary prophylaxis

numerically
“non-responders”—

TIPS < “responders”
(nadolol + ISMN) < “partial
responders”

(nadolol + ISMN + EVL)

Nadolol + prazosin decreased
HVPG in hemodynamic
non-responders to
nadolol + ISMN;

Bleeding: decreased if HVPG
response in HVPG-guided
therapy arm but not in
nadolol + EVL arm, increased
in the HVPG-guided arm

9% of patients bled before HVPG
response assessment;

Bleeding: 9%/12% in HVPG
responders (nadolol + ISMN)
vs. 4%/4% in HVPG
non-responders
(nadolol + ISMN + EVL) at
1/2 years;

Mortality: decreased if HVPG
response

Carvedilol decreased HVPG in
hemodynamic non-responders
to propranolol;

57% of patients non-responsive/
intolerant to propranolol
responded to carvedilol;

Improvement of overall
hemodynamic response rate
from 36 to 72%;

AVB: 11% (propranolol)/8%
(carvedilol) in HVPG
responders vs. 24% in
non-responders (EVL);

Ascites: decreased

Hepatic decompensation: trend
towards decrease

Mortality: decreased
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Table 2 (continued)

Study Number of patients Initial treatment

Treatment of HVPG  Setting/patient
non-responders

Remarks/key findings
characteristics

Gastroenterology 7 =185 randomized to Propranolol (titrated

5% of patients bled before HVPG

2015 [26] HVPG-guided according to response assessment;
therapy (n =95) vs. HR) + ISMN; Bleeding: 26% in
TIPS; “Chronic” HVPG nadolol + ISMN/EVL
n =76 with response (14 days) monotherapy arm vs. 7% in
information on TIPS arm at 2 years, trend
HVPG response; towards decrease in HVPG
n =44 HVPG responders vs. non-responders;
non-responders Mortality: comparable
Kirnake et al. n=:69 “Acute” HVPG EVL monotherapy  Primary (n =25; small:  Bleeding: trend towards decrease
J Clin Experiment n =76 with response to p.o. 22% or large: 78% if “acute” HVPG response (vs.
Hepatol 2016 information on carvedilol varices, red wale EVL monotherapy);
[25] “acute” HVPG (25 mg); marks: 29%) and Ascites: Comparable;
response; Carvedilol secondary HE: comparable;
n =23 “acute” HVPG (12.5 mg/day); prophylaxis (n =44); Mortality: comparable;
non-responders “Chronic” HVPG HVPG > 12 mmHg Maintenance of hemodynamic
response (median: response: 92%, 70% in
6 months) intention-to-treat analysis
Villanueva et al.  »n =169 randomized to “Acute” HVPG Nadolol + ISMN; Secondary prophylaxis  Further decompensation:
Hepatology 2017 HVPG-guided response to i.v. Nadolol + prazosin HVPG-guided: 52% vs.
[53e] therapy (n =84) vs. propranolol If non-response to control: 72%; lower in patients
nadolol plus (0.15 mg/kg); nadolol + ISMN; with “acute” or “chronic”
ISMN +EVL; Nadolol (titrated EVL until HVPG HVPG response to propranolol
n =70 HVPG according to HR); response or nadolol + ISMN;
non-responders 1st “chronic” HVPG Bleeding: HVPG-guided: 19%
response vs. control: 31% (independent

(24 weeks); 2nd association);

“chronic” HVPG Ascites: comparable;

response HE: trend towards decrease if

(2-4 weeks after HVPG-guided,;

Lst) Mortality: HVPG-guided: 29%
vs. control: 43% (independent
association); lower in patients
with “acute” or “chronic”
HVPG response to propranolol
or nadolol + ISMN

Villanueva et al. 7 =201 randomized to “Acute” HVPG Carvedilol Pre-primary prophylaxis Hepatic decompensation or

Lancet 2019 HVPG-guided response to 1.v.
[55e] therapy vs. placebo propranolol
(0.15 mg/kg);

death: trend towards decrease;

Hepatic decompensation or
liver-related death: decreased;
9% in HVPG-guided vs. 20%
in placebo arm

in patients with
HVPG>10 mmHg
or primary
prophylaxis

ISMN, isosorbide mononitrate; AVB, acute variceal bleeding; EVL, endoscopic variceal ligation; HR, heart rate; TIPS, transjugular intrahepatic
portosystemic shunt; SAP, systolic arterial pressure; HE, hepatic encephalopathy

secondary prophylaxis were randomized to either HVPG-
guided therapy or nadolol plus ISMN plus EVL. In the
HVPG-guided arm, ISMN was replaced by prazosin in the
case of HVPG non-response to nadolol plus ISMN.
Moreover, EVL was performed until HVPG response was
achieved. Importantly, this study demonstrated that HVPG-
guided therapy might improve mortality. Another RCT allo-
cated patients in secondary prophylaxis to HVPG-guided ther-
apy or TIPS [26]. Using propranolol plus ISMN (“chronic”
HVPG responders) or EVL monotherapy (“chronic” HVPG
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non-responders), the bleeding rate in the HVPG-guided ther-
apy arm was only 26% at 2 years, however, still higher than
that in the TIPS arm (7% in 2 years). Importantly, this did not
result in a difference in mortality. Of note, nearly half of the
patients included in this study were Child-Turcotte-Pugh stage
A. Nevertheless, the relatively low bleeding/mortality rates
could also be interpreted as indirect evidence for the effective-
ness of the HVPG-guided approach. In the fourth RCT, which
was restricted to patients with CSPH in the setting of pre-
primary prophylaxis (no or small varices without red wale
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marks), treatment with propranolol (HVPG decrease > 10% to
i.v. propranolol) or carvedilol (hemodynamic non-responders
to i.v. propranolol) decreased (vs. placebo) the risks of hepatic
decompensation or liver-related death, mostly by decreasing
the incidence of ascites [55¢+¢]. Importantly, the statistical anal-
ysis of this study also followed the concept of competing risks.
Next to the use of HVPG-guided therapy, improvements in
patient selection, such as the exclusion of patients without
CSPH and inclusion of patients with low-risk varices, may
have contributed to the positive result of this trial.

Furthermore, HVPG-guided therapy has been applied in a
series of clinical trials without randomized treatment assign-
ment. Importantly, there is considerable heterogeneity in the
studied patient populations (i.e., primary or secondary prophy-
laxis or a combination of both), the initial treatments (propran-
olol [56, 57] or nadolol monotherapy [53¢] as well as pro-
pranolol [26] or nadolol plus ISMN [27, 28, 54]), the time
points of the first assessment of “chronic” HVPG response
(ranging from 4 days [56] to 4 weeks [57]), and the alternative
treatment strategies applied in HVPG non-responders (carve-
dilol [57], propranolol [26, 56] or nadolol plus ISMN [53e¢],
nadolol plus prazosin [53ee, 54], [add-on] EVL [26-28, 53¢,
57], or even TIPS [28]). Importantly, neither ISMN nor
prazosin are considered as first-line treatments for portal hy-
pertension [6, 7, 58, 59] and there are concerns about the
safety of these potent vasodilators, which substantially limits
the clinical applicability of HVPG-guided treatment strategies
using these drugs. In contrast, carvedilol, a NSBB with addi-
tional anti-a1-adrenergic activity [3e, Se¢], is a first-line op-
tion for primary prophylaxis of variceal bleeding [6, 7, 58,
59]. Using carvedilol in “chronic” hemodynamic non-
responders to propranolol doubled the overall rate of HVPG
response (from 36 to 72%) and, thus, decreased the incidence
of AVB, development/worsening of ascites, and mortality in
HVPG responders, as compared to EVL monotherapy [57].
Still, carvedilol is not recommended for secondary prophylax-
is by Baveno VI consensus [6] and the American Association
for the Study of Liver Diseases (AASLD) guidelines [58¢].
This is due to the absence of adequately designed trials com-
paring carvedilol to NSBB plus EVL, the current standard of
care in this setting. Moreover, carvedilol should be avoided in
patients with severe ascites [3¢e, See, 7, 58, 59] restricting its
use to patients with less severe hepatic dysfunction.

Limitations of HVPG Response-Guided
Therapy

HVPG response is sensitive in predicting (recurrent) AVB but,
in general, lacks specificity [60]. This is particularly problem-
atic in patients on primary (or even pre-primary) prophylaxis,
as the incidence of (further) hepatic decompensation is con-
siderably lower, when compared to secondary prophylaxis. In

these settings, “chronic” HVPG non-response has a particu-
larly low positive predictive value (PPV). For instance, in a
meta-analysis by Villanueva et al. [61], the PPV for variceal
bleeding was only 32% in primary prophylaxis, while the
negative predictive value (NPV) was as high as 94%.
However, the positive likelihood ratio, which is not affected
by the prevalence of the condition, was still 2.01, which is
comparable to secondary prophylaxis (2.1) [60]. Importantly,
the PPV in primary prophylaxis has improved with the
Baveno VI consensus [6], which, as mentioned previously,
adopted the more specific 10% cut-off for both “acute” and
“chronic” assessments (e.g., PPV increase from 24 to about
42% [20]). Still, the PPV remains suboptimal, indicating that,
at least in primary prophylaxis, it is not justified to subject
HVPG non-responders to more aggressive and eventually
harmful treatment strategies, such as TIPS [26, 28].

Moreover, NSBB seems to exert additional, so-called non-
hemodynamic effects, which might not be reflected by HVPG
response. NSBB treatment decreases markers of intestinal per-
meability and bacterial translocation, independently of hemo-
dynamic response [62]. This finding provides a convincing
pathophysiologic mechanism for the reduced risk of SBP de-
velopment observed in NSBB-treated patients, even in the
case of HVPG non-response [63, 64]. However, other studies
suggested that HVPG response further decreases the risk of
SBP (vs. hemodynamic non-response), which could be ex-
plained by its effect on the occurrence/worsening of ascites
[16, 19, 20, 23]. Only recently, another potential non-
hemodynamic effect has been proposed: Mookerje et al. [65]
investigated the impact of NSBB treatment (mostly propran-
olol at a low median dose of 40 mg/day) on survival in patients
who went on to develop ACLF in the CANONIC study.
Interestingly, ACLF was less severe and showed a higher
probability of improvement in the NSBB group, which also
translated into a mortality benefit. Since patients in the NSBB
group had a lower white cell count, the authors hypothesized
that NSBB treatment modulates the systemic inflammatory
response driving ACLF. However, causality has yet to be
demonstrated, especially since NSBB treatment had already
been stopped prior to inclusion or discontinued after inclusion
in the vast majority of patients.

Although it is clear that NSBB treatment is particularly
beneficial in HVPG responders, these potential non-
hemodynamic effects question the discontinuation of NSBB
treatment in HVPG non-responders without clinically signifi-
cant side effects, which has been performed in some of the
studies investigating HVPG-guided therapy approaches. This
might be particularly problematic in secondary prophylaxis, in
which NSBB are the key component of combination treatment
to reduce mortality [66°, 67].

HVPG measurement is generally safe and well-tolerated
[68, 69]; nevertheless, its clinical use is limited by its inva-
siveness and its availability mostly restricted to academic
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centers. Thus, the development of non-invasive methods for
monitoring NSBB efficacy should be promoted to facilitate
personalized medicine in the field of portal hypertension
[70ee, 71].

Non-Invasive Markers for HVPG Response

Initial ultrasound (US)-based attempts, such as Doppler-based
assessments, did not sufficiently reflect (changes in) HVPG,
and, thus, cannot substitute HVPG measurement [70¢¢]. More
recently, sophisticated contrast-enhanced US-based methods
have shown encouraging results and are currently investigated
in clinical trials.

Liver stiffness assessed by US-based elastography
methods, such as transient elastography (TE), might be
useful for monitoring the evolution of portal hypertension
after etiological therapy in patients without evidence of
CSPH prior to the removal of the primary etiological factor
[42¢, 72]. However, liver stiffness measured by US-based
elastography methods is of limited value for assessing
HVPG response due to its weak correlation with HVPG
in patients with HVPG values > 10 to >12 mmHg [73],
i.e., patients which are considered as candidates for
response-guided NSBB therapy. Of note, there is evidence
suggesting that changes in liver stiffness under/following
portal pressure-lowering treatments (i.e., NSBB [71] and
transjugular intrahepatic portosystemic shunt [74]) hold
prognostic information even beyond their relation to portal
pressure; however, the underlying pathophysiological
mechanisms are yet to be fully elucidated.

Spleen stiffness assessed by US-based elastography
showed very promising results with a numerically (TE [75])
or even statistically significantly (point shear-wave
elastography (pSWE)/virtual touch quantification (VTQ)
[76]) stronger (vs. liver stiffness) correlation with HVPG.
This might be explained by the fact that spleen stiffness more
directly reflects portal hypertension, as it is mostly a measure
of portal venous congestion, while liver stiffness is also
strongly influenced by liver fibrosis [70+¢] and other factors,
including arterial blood pressure [71, 77]. However, the supe-
riority of spleen stiffness (vs. liver stiffness) has not been
confirmed by another study using both TE and two-
dimensional shear-wave elastography (2D-SWE)/supersonic
imaging (SSI) [78]. Moreover, similar to liver stiffness, the
strength of the correlation between spleen stiffness and
HVPG decreases with increasing severity of portal hyperten-
sion. In a recent study using 2D-SWE/SSI [79], for instance,
Spearman’s p in patients with HVPG values > 12 mmHg was
0.464, indicating a positive correlation of only moderate
strength. In contrast, a substantially stronger correlation was
observed in the overall study population (p = 0.665).
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Despite the limited strength of correlation between liver/
spleen stiffness and HVPG in patients with HVPG values >
12 mmHg, three studies evaluated the performance of changes
in liver/spleen stiffness for monitoring the dynamics of HVPG
during NSBB treatment. The first study by Choi et al. [80]
observed a strong correlation between changes in HVPG and
liver stiffness measured by 2D-SWE/SSI and also reported an
AUROC of 0.794 for diagnosing HVPG response. However,
the significance of the findings of this study is limited by the
small number (n =23) of patients undergoing a follow-up
HVPG measurement on NSBB treatment. In a second study
by Kim et al. [81¢¢], a model based on the change in spleen
stiffness (baseline vs. carvedilol; median dose: 25 mg/day), as
assessed by 106 patients with high-risk varices undergoing
paired pSWE/VTQ and HVPG measurements, had an
AUROC of 0.803. In the independent validation cohort (n =
63; median dose: 12.5 mg/day), the AUROC was even numer-
ically higher (0.848). Accordingly, spleen stiffness measure-
ment shows some promise as a non-invasive surrogate of
HVPG response.

However, even in highly standardized study settings, the di-
agnostic performance of US-based elastography methods for
HVPG response is suboptimal. Importantly, these methods mea-
sure portal venous congestion (spleen stiffness; the result of in-
creased intrahepatic resistance and portal venous blood flow) and
liver fibrosis (liver stiffness; static component of increased
intrahepatic resistance) but do not specifically assess
hyperdynamic circulation (i.e., increased cardiac output and
splanchnic vasodilatation) [70+¢]. However, these features of
hyperdynamic circulation are the main therapeutic target of con-
ventional NSBB [3¢e, 5¢¢]. Accordingly, magnetic resonance im-
aging (MRI)-based blood flow measurements may be considered
a more direct, and, thus, highly promising approach for monitor-
ing hemodynamic response to NSBB. A MRI-derived model of
HVPG combining spin-echo echo planar imaging T, relaxation
time and splenic artery velocity showed a strong positive corre-
lation with HVPG (Spearman’s p = 0.9), which was maintained
in the subgroup of patients with CSPH (Spearman’s p =0.85)
[82¢]. Nevertheless, the ability of MRI-derived parameters to
monitor NSBB-induced changes in HVPG has yet to be
investigated.

Finally, non-imaging-based surrogates of HVPG response
have been developed. Ras homolog family member A and
Rho-kinase 2 transcription in the mucosa of the antrum [83]
as well as serum levels of a phosphatidylcholine and a free
fatty acid (AUROC: 0.801) [84¢] have been shown to predict
HVPG response to propranolol.

In conclusion, the performance of these novel, non-
invasive approaches for predicting HVPG response warrants
further evaluation, since non-invasive surrogates with high
diagnostic accuracy might pave the way for NSBB treatment
individualization outside of centers with sufficient resources
and expertise for HVPG-guided therapy [6, 7].
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Conclusions

HVPG response reduces the risks of AVB, the development of
hepatic decompensation due to ascites and its complications,
and, finally, even mortality. Clinical benefits of HVPG re-
sponse have been established throughout a broad spectrum
of ACLD severity, ranging from clinical stage 1 (compensated
without varices) with CSPH to stage 5 (further hepatic decom-
pensation). Accordingly, the assessment of HVPG response
provides important prognostic information. In hemodynamic
non-responders to NSBB, their effectiveness is suboptimal,
although there is increasing evidence for non-hemodynamic
effects of NSBB therapy. Accordingly, it is unclear whether
NSBB therapy should be discontinued in HVPG non-
responders with good treatment tolerance. HVPG-guided
NSBB therapy facilitates personalized medicine in the field
of portal hypertension. Of note, the “chronic” HVPG response
is strongly influenced by dynamics of the underlying etiology,
and, thus, may not always mirror the effect of a pharmaceuti-
cal intervention. This might have implications for HVPG
response-guided NSBB therapy. Patients with non-response
to conventional NSBB might benefit from carvedilol, which
is more potent in decreasing HVPG. Furthermore, hemody-
namic non-responders may also benefit from (the addition of)
other HVPG-lowering drugs which are in clinical develop-
ment, and, depending on the clinical setting, complimentary
or alternative treatment strategies. Nevertheless, the clinical
use of HVPG measurement is limited by its invasiveness
and its availability is mostly restricted to academic centers.
Accordingly, the development of non-invasive surrogates of
HVPG response is of utmost importance.
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