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Abstract

Purpose Non-selective beta blockers remain the pharmacotherapy of choice for prevention of the first episode of variceal
bleeding (primary prevention) and for prevention of its recurrence after initial hemostasis (secondary prophylaxis). This
review will update the current and emerging pharmacological therapies for portal hypertension.

Recent Findings Data have emerged on carvedilol in preventing hepatic decompensation and improving patient survival
among patients with clinically significant portal hypertension. Because measurement of WHVP is invasive and not feasible
in routine practice, non-invasive tests with liver stiffness measurement in combination with platelet count may be accurate
in identifying clinically significant portal hypertension.

Summary Carvedilol is more effective in reducing portal pressure compared to nadolol or propranolol. Its use has expanded
to reduce risk of hepatic decompensation among patients with CSPH, which can be identified non-invasively using liver
stiffness and platelet count. Studies are needed on non-invasive biomarkers to guide and optimize pharmacological treatment
of portal hypertension.
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Introduction pressure, Q is portal flow, and R is intrahepatic resistance

[1, 2]. In cirrhosis, portal hypertension initially results from

Portal hypertension is a key driver of hepatic decompen-
sation and complications of cirrhosis. Portal pressure is a
product of portal blood flow and resistance to flow (Fig. 1),
derived by the equation: P=Q X R where P is portal
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increased hepatic resistance to portal venous inflow, driven
by distortion of the liver microvascular architecture by fibro-
sis (mechanical or fixed component) and vasoactive factors
(dynamic component). A decrease in endogenous vasodi-
lators mainly nitric oxide and increased release of vaso-
constrictors (endothelin-1, prostacyclin, and angiotensin)
leads to increased intrahepatic vascular tone [1-4]. At more
advanced stages, splanchnic vasodilation ensues, result-
ing in increased portal venous inflow and portal pressure.
Additionally, splanchnic vasodilation leads to a decrease in
the effective arterial blood volume which triggers a neu-
rohormonal pathophysiological response. The sympathetic
nervous system and renin angiotensin aldosterone system
are activated resulting in salt and water retention with
plasma volume expansion and increased cardiac output,
ultimately creating a state of hyperdynamic circulation that
amplifies portal venous inflow and portal pressure [4]. Non-
selective beta blockers (NSBB) have been used for the last
four decades following the seminal study by Lebrec et al.
which demonstrated that propranolol significantly reduced
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Fig. 1 Pathophysiology of
portal hypertension

resistance
(a-1 blockade)

portal hypertension in patients with cirrhosis [5]. The major
mechanism of action of currently used pharmacotherapies
is reduction in portal flow with use of NSBB, the somato-
statin analogue octreotide, and the vasopressin analogue,
terlipressin. Intrahepatic resistance can be reduced with use
of nitrates. The current review focuses on the established
and expanding indications of NSBB in the management of
portal hypertension. Emerging drugs targeting nitric oxide,
vascular tone, and bacterial translocation across gut-liver
axis, angiogenesis, and fibrosis are discussed briefly. We
also highlight clinical unmet needs in the pharmacotherapy
of portal hypertension.

Non-Selective Beta Blockers

NSBB block p1 receptors in the cardiac muscle, resulting in
a decrease in cardiac output. These drugs also block the 2
receptors in the splanchnic vessels, resulting in splanchnic
vasoconstriction. The net result is a decrease in portal inflow
with a consequent lowering of portal pressure. Proprano-
lol and nadolol are the two main NSBB used in practice.
Carvedilol is another NSBB with an additional property of
blocking the ol adrenergic receptors in the hepatic vessels,
resulting in a decrease in the intrahepatic vascular tone. This
adjuvant action of carvedilol results in better efficacy with
more pronounced reduction in portal pressure [6]. Further-
more, al blockade effect contributes to anti-inflammatory
activity via suppressing cytokine-mediated inflammation

[7].

Secondary Prophylaxis (Prevention of Recurrent
Variceal Bleeding)

Among patients with acute variceal bleeding, the primary
goal of treatment after initial hemostasis and control of
bleeding is to prevent recurrent episodes of variceal bleed-
ing. In the absence of prophylactic therapy, recurrent bleed-
ing is common, with 30% mortality risk within 6 months,
increasing to 70% within 1 year [8]. Several randomized
controlled trials (RCT) have shown benefit of NSBB in
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achieving this goal. A meta-analysis of 13 RCT in 689
patients with cirrhosis and acute variceal bleeding showed
that NSBB as compared to placebo prevented recurrent
variceal bleeding (42 vs. 63%) with reduced overall (20
vs. 27%) and bleeding-related mortality (9 vs. 17%) [9].
Isosorbide nitrate, given its different mechanism of action,
has been evaluated in combination with NSBB in 289
patients. Although isosorbide nitrate was more effective in
reducing variceal bleeding by 29%, lack of improvement
in patient survival and 2.5-fold increased odds of drug dis-
continuation (15 vs. 6%) limit the routine clinical use of
isosorbide nitrate in combination with NSBB for second-
ary prophylaxis of variceal bleeding [10]. BAVENO VII
consensus recommends combination of EVL surveillance
and NSBB as first-line therapy for prevention of recurrent
variceal bleeding [11ee].

In a recent RCT by Dunne et al. [12], carvedilol use com-
pared to EVL for secondary prophylaxis was associated with
survival benefit, fewer liver-related deaths, and fewer hospi-
talizations with decompensated liver disease. However, alco-
hol was the predominant cause of liver disease in this study
limiting generalizability to other etiologies, and retrospec-
tive long-term data collection introduces the risk of selection
bias. In another retrospective cohort study on 87 patients
[13], use of carvedilol induced more profound reduction in
HVPG as compared to propranolol. More importantly, the
higher rate of sustained HVPG response to carvedilol was
associated with lower rates of recurrent variceal bleeding,
liver-related death, and decompensation of cirrhosis unre-
lated to variceal bleeding. However, the small sample size
with few clinical events and retrospective design did not
allow for a definite conclusion regarding the safety profile of
the two NSBB agents examined in this study. Findings from
these two studies [12, 13] warrant prospective validation.

Primary Prophylaxis (Prevention of First Episode
of Variceal Bleeding)

Currently, either NSBB or endoscopic variceal ligation
(EVL) is recommended for prevention of first episode
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of variceal hemorrhage in patients with medium to large
varices and in those with small varices with high-risk fea-
tures (CTP Class C cirrhosis, or presence of red wale signs
on varices). In a network meta-analysis of 32 RCT includ-
ing 3362 adults with cirrhosis and large esophageal varices
without prior history of bleeding, both NSBB monotherapy
and EVL were effective in reducing risk of variceal hemor-
rhage. However, NSBB was associated with lower risk of
serious adverse effects as compared to EVL [14]. Of the
NSBB, carvedilol was most effective with a 79% risk reduc-
tion of variceal hemorrhage, 0.21 (0.08-0.56). However,
for patients who have contraindications or intolerance to
NSBBs, EVL remains a valid first-line option for prevention
of first variceal bleeding [11ee]. Hence, the American Asso-
ciation for Study of Liver Disease (AASLD) recommends
NSBB monotherapy as the first choice for primary prophy-
laxis of variceal hemorrhage, and EVL reserved for those
who have contraindications for or cannot tolerate NSBB
[15]. The CALIBRE trial ISRCTN number 73887615) [16],
an adequately powered multicenter open-label RCT ongoing
since 2019, aims to compare carvedilol vs. EVL in primary
prevention of variceal bleeding in patients with cirrhosis and
medium to large EV. The secondary outcomes of the study
are patient survival, development of further decompensa-
tion, and safety profile. Results of this trial are expected in
2024 and will determine whether using carvedilol is effec-
tive as a first-line option in preventing the first episode of
variceal bleeding and hepatic decompensation, and improv-
ing survival.

Isosorbide alone is ineffective as primary prophylaxis
and in fact in one study, the overall mortality was higher,
likely due to perpetuation of the vasodilatory pathophysiol-
ogy of cirrhosis [17]. In a meta-analysis of 4 RCT on 552
patients (279 receiving combination), there was lack of ben-
efit in reducing risk of variceal hemorrhage, and higher drug
discontinuation (15 vs. 6%). These factors limit the use of
isosorbide nitrate as an adjuvant to NSBB for prevention of
the first variceal hemorrhage [10].

Whether primary prophylaxis should be used in patients
who do not have medium to large or high-risk varices was
addressed in the PREDESCI trial [18¢], a multicenter dou-
ble-blind placebo controlled randomized trial. This study
recruited 201 patients with compensated cirrhosis and clini-
cally significant portal hypertension (CSPH). Over a median
follow-up period of 37 months, NSBB use was associated
with a significant reduction in decompensation or death
compared to placebo (16% vs. 27%) (hazard ratio (HR) 0.51,
95% CI1 0.26-0.97, p=0.041). A total of 9 patients needed
to be treated to prevent hepatic decompensation in one
patient over a 3-year follow-up period [18e]. The reduced
decompensation with NSBB was predominantly due to
reduced incidence of ascites (HR 0.42, 95% CI 0.19-0.92,
p=0.03). Recently, a systematic review and meta-analysis
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by Villanueva et al. using individual patient data from 4 RCT
comparing carvedilol vs. control arm (no active treatment
or EVL) in patients with compensated cirrhosis and CSPH
showed that carvedilol significantly decreases the risk of
decompensation (mainly by reducing the risk of develop-
ment of ascites) with improved survival [19]. Subsequently,
BAVENO VII consensus advocated for consideration of
NSBB for prevention of hepatic decompensation among
patient with CSPH [11ee].

A recent single-center RCT randomized 96 patients on
propranolol for primary variceal bleeding prophylaxis to
switch to carvedilol at 12.5 mg/day (n=64) or continue pro-
pranolol (n=32) in a 2:1 ratio. At 12 months, the carvedilol
group showed a significant improvement in systemic vas-
cular resistance, glomerular filtration rate, and renal blood
flow with significant decreases in plasma renin activity and
plasma noradrenaline. After 2 years, carvedilol compared to
propranolol reduced further hepatic decompensation (10.5%
vs. 35.9%, p=0.003) and improved patient survival (86%
vs. 64.1%, p=0.01). Ascites was the most common decom-
pensation event in 7 (5 in the propranolol group) patients
[20]. With the low cost of NSBB and number needed to treat
of 9 to prevent one decompensation over a 3-year period
[18e], the use of NSBB particularly carvedilol for primary
prophylaxis of variceal bleeding and prevention of hepatic
decompensation will be of great potential in reducing the
healthcare burden and cost of managing patients with com-
pensated cirrhosis. Hence, a recently concluded Baveno VII
consensus conference recommended that patients with com-
pensated cirrhosis and CSPH should be initiated on NSBB,
preferably carvedilol, to prevent liver decompensation and
improvement in long-term patient survival [11ee].

Measurement of Portal Pressure and Identification
of CSPH

The anatomical location of the portal vein between two cap-
illary beds (the hepatic sinusoids and splanchnic capillaries)
is a challenge for obtaining a direct measurement of portal
pressure. Therefore, the HVPG which represents the differ-
ence between the wedged hepatic venous pressure (wedging
a catheter or occluding it with a balloon in the supra-hepatic
vein) and the free hepatic venous pressure is an indirect and
a safer tool to measure portal pressure. HVPG measurement
has been used in clinical trials among patients with cirrho-
sis due to alcohol or viral hepatitis, and shows a good cor-
relation with direct portal pressure measurements [2, 21].
With a normal HVPG of 3-5 mm Hg, a value >5 mm Hg
defines portal hypertension, and a level > 10 mm Hg identi-
fies CSPH, the strongest predictor for risk of development of
varices and of decompensation in patients with compensated
cirrhosis [21]. The threshold for esophageal variceal bleed-
ing risk is 12 mm Hg. Furthermore, HVPG >20 mm Hg is
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predictive of refractory variceal bleeding and higher mortal-
ity [21]. However, despite being the gold standard, its inva-
sive nature, expertise limited to a few centers, issues related
to consistency of measurements, and test—retest reliability,
particularly among patient with decompensated cirrhosis,
limit its use in routine clinical practice [22, 23].

In this regard, non-invasive tests especially liver stift-
ness measurement (LSM) have emerged an important tool
in accurately identifying CSPH and optimizing the use of
screening upper gastrointestinal endoscopy in patients with
compensated cirrhosis (Fig. 2) [11ee, 24e]. ALSM <15 kPa
and platelet count> 150 x 10°/L has over 90% sensitivity
with excellent negative predictive value in ruling out CSPH
in patients with compensated advanced chronic liver disease.
In contrast, a LSM value of > 25 kPa and 20-25 with plate-
lets < 150 x 10%/L is quite specific for CSPH. For patients not
in these categories, further decision on endoscopic screening
for varices can be optimized using the platelet count. For
example, LSM 15-20 kPa and platelet count > 150 x 10°/L
is quite accurate in excluding significant varices and can
be used to avoid screening endoscopic examination. On the
other hand, LSM values between 15 and 20 kPa and plate-
let count < 110 x 10%/L are associated with a CSPH risk of
at least 60% that may necessitate a screening endoscopic
examination. The recently concluded BAVENO VII con-
sensus recommends the use of this non-invasive algorithm
for screening for CSPH and for optimization of screening
upper endoscopic examination for decisions regarding the
use of NSBB in patients with compensated cirrhosis [11ee].

Portal Hypertensive Gastropathy
There is lack of data on the NSBB use for prevention of

bleeding from portal hypertensive gastropathy [25]. How-
ever, the BAVENO VII guidelines recommend NSBBs as a

first-line therapy for prevention of recurrent bleeding from
portal hypertensive gastropathy [11ee].

Gastric and Ectopic Varices

Varices in the cardio-esophageal region of the stomach are
defined as gastric varices and varices at anatomical location
other than esophagus and stomach are defined as ectopic
varices. Gastric varices are present in about 20% of patients
with portal hypertension; and approximately 25-50% of
patients with gastric varices have isolated gastric varices in
the absence of esophageal varices [26]. NSBB are recom-
mended for primary prophylaxis of variceal bleeding from
gastric varices with high-risk stigmata. NSBB are not very
effective for secondary prophylaxis of bleeding from gastric
varices. In a meta-analysis of 9 RCT in 647 patients with at
least 6 weeks of follow-up after an episode of gastric variceal
bleeding, balloon retrograde transvenous obliteration and
cyanoacrylate injection of gastric varices were best therapies
for secondary prophylaxis [27]. Interestingly, NSBB alone
were associated with higher risk of bleeding compared to
most other interventions and over fourfold mortality risk
compared to cyanoacrylate injection, 4.12 (1.50-11.36).
One of the limitations of this meta-analysis is lack of head
to head studies that limit making strong recommendations
for clinical practice [27]. Currently, NSBB are not recom-
mended as a standalone treatment for secondary prophylaxis
against bleeding from gastric varices [15]. The data are very
scanty for any clear recommendations on primary and sec-
ondary prevention of bleeding from ectopic varices.

NSBB Use in Clinical Practice

Of the four available NSBB, timolol is not available
in oral formulation leaving propranolol, nadolol, and
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Fig.2 Non-invasive assessment of clinically significant portal hypertension (CSPH) in patients with compensated cirrhosis
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carvedilol available to be used in clinical practice. Nado-
lol and carvedilol have an advantage of better compliance
with a one-time dose as compared to propranolol which
is used in two to three divided doses. However, extended-
release propranolol overcomes this limitation and can
be used once daily as with the other two NSBB. NSBB
should not be used and are contraindicated in patients
with second- or third-degree heart block, bronchial
asthma, baseline systolic blood pressure below 90 mm Hg
or mean arterial blood pressure below 65 mm Hg, periph-
eral arterial disease, and known allergy to NSBB. Caution
should be exercised in using NSBB in patients with poorly
controlled diabetes mellitus and Raynaud’s phenomenon.
After initiation, the dose of NSBB is titrated to maximum
tolerated dose (Table 1). In several studies measuring
HVPG in response to administration of NSBB, a decrease
of HVPG by 20% or more or to an absolute level < 12 mm
Hg is considered adequate response for variceal bleed-
ing prophylaxis [28-30]. As measuring HVPG is not
feasible in clinical practice, NSBB dose is titrated and
optimized on follow-up with monitoring hemodynamics,
with an aim to achieve a goal heart rate of 55-60 bpm
or maximum tolerated dose as defined by development
of side effects or systolic blood pressure below 90 mm
Hg [31]. In a meta-analysis of 23 NSBB trials, adequate
beta blockade as evaluated by achieving heart rate below
60 bpm was associated with adequate decrease in por-
tal pressure, simultaneous improvement in myocardial
oxygen demand and coronary perfusion, and improved
patient survival [32]. Use of NSBB in patients with
decompensated cirrhosis, acute on chronic liver failure,
and infections including spontaneous bacterial peritonitis
is outside the scope of this review. In general, a lower
dose is recommended in patient with refractory ascites
to prevent acute kidney injury and adopting these blood
pressure thresholds has been associated with improved
survival [33]. NSBB are generally safe, but rarely may
be associated with deleterious impact on patient’s quality
of life due to adverse effects which are not class specific.
These include fatigue, reduced exercise tolerance, erectile
dysfunction, nausea, constipation, hypotension, dizziness,
and lightheadedness [11ee, 15, 34, 35]. However, these

Table 1 Dosing and use of non-selective beta blockers (NSBB) in
clinical practice

NSBB Initial dose* Maximum allowable dose*
Propranolol 20—40 mg twice daily 160 mg twice daily
Nadolol 10-20 mg daily 160 mg daily

Carvedilol 6.25 mg daily 25 mg daily

*Use with caution in patients with refractory ascites with 50% of the
maximum allowable dose

@ Springer

non-specific adverse effects may also occur due to under-
lying cirrhosis and/or concomitant depression. Therefore,
a reasonable approach is to reduce the dose or switch to
different NSBB. Using NSBB as a nighttime dose helps
reduce daytime adverse effects.

Emerging Pharmacologic Targets

Portal vein thrombosis, a common complication in patients
with cirrhosis and portal hypertension, can result in hepatic
decompensation and worsening of portal hypertension.
Anticoagulants are effective in the management and/or pre-
vention of portal vein thrombosis and reduction in hepatic
decompensation and portal pressure [36, 37]. One of the
most attractive and potentially useful group of drugs in por-
tal hypertension, which is currently being extensively evalu-
ated, is statins due to their beneficial effects of hepatocyte
protection by inhibiting inflammation, proliferation, and
fibrosis [38, 39]. These benefits result in improvement of
both the dynamic as well as fixed components in the patho-
physiology of portal hypertension (Fig. 1). The benefit of
statins has been observed in several observational studies
as well as RCTs. In a meta-analysis of 13 studies including
3 small RCTs in CTP-A cirrhosis, use of statins was benefi-
cial in reducing hepatic decompensation by 46%, variceal
bleeding and progression of portal hypertension by 27%,
and patient mortality by 46% [40]. Large RCT are needed
before routinely recommending statin use in clinical practice
for the sole purpose of improving liver elated outcomes.
However, their use is encouraged in patients with cirrhosis
and/or chronic liver disease for their standard indication of
dyslipidemia or coronary heart disease.

Several other targets are being examined targeting the
increased intrahepatic resistance (34). These are stratified
based on the mechanism to decrease intrahepatic resistance
by (a) increasing intrahepatic nitric oxide (statins, obet-
icholic acid, phosphodiesterase-5 inhibitors, recombinant
human relaxin-2, flavonoids including resveratol, and modu-
lators of superoxide dismutase); (b) modulating vasoactive
molecules (renin—angiotensin—aldosterone inhibitors such
as angiotensin converting enzyme inhibitors and aldoster-
one antagonists or receptor blockers, thromboxane or pros-
taglandin E antagonists, leukotriene inhibitors, endothelin
antagonists, urotensin II receptor antagonists); (c) inhibiting
angiogenesis (sorafenib and other tyrosine kinase inhibitors
to antagonize VEGF and PDGF); (d) modifying gut micro-
biome and inhibition of bacterial translocation (antibiotics
including rifaximin, probiotics); (¢) modulation of metabo-
lism (metformin, GLP-1 analogue liraglutide, PPAR-a ago-
nism by fenofibrate); (f) inhibiting cell death (pan-caspase
inhibitor emricasan); and (g) miscellaneous (ascorbic acid,
caffeine, curcumin).
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Summary and Conclusion

Non-selective beta blockers are the frontline treatment for
prevention of variceal bleeding in patients with high-risk
varices (primary prevention) and for prevention of recur-
rent bleeding after controlling the acute variceal episode
(secondary prophylaxis). Carvedilol due to its additional
effect on intrahepatic resistance apart from decreasing the
portal blood flow is more effective in reducing portal pres-
sure compared to nadolol or propranolol. Recently, the
indication for non-selective beta blocker use has expanded
with the evolving data on carvedilol in reducing hepatic
decompensation and improved patient survival among
patients with CSPH. HVPG measurement being invasive,
non-invasive measurement of liver stiffness in combination
with platelet count may be recommended to identify CSPH
as per recently concluded BAVENO VII conference. There
remains clinical unmet need for studies on non-invasive
biomarkers to guide therapeutic approach and help follow-
up and optimization of NSBB in the management of portal
hypertension.
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