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Abstract

Background Variceal bleeding is a major complication of portal hypertension, which is associated with significant mor-
tality. Moreover, patients surviving a variceal bleeding episode have very high risk of rebleeding, which is associated with
mortality as high as that of the first bleed. Because of this, prevention of bleeding from gastroesophageal varices has been
one of the main therapeutic goals since the advent of the first effective therapies for portal hypertension.

Aim This review deals with the present day state-of-the-art pharmacological prevention of variceal bleeding in primary and
secondary prophylaxis.

Results Pharmacological therapy aims to decrease portal pressure (PP) by acting on the pathophysiological mechanisms of
portal hypertension such as increased hepatic vascular tone and splanchnic vasodilatation. Propranolol and nadolol block
the beta-1 in the heart and the peripheral beta-2 adrenergic receptors. Beta-1 blockade of cardiac receptors reduces heart
rate and cardiac output and subsequently decreases flow into splanchnic circulation. Beta-2 blockade leads to unopposed
alpha-1 adrenergic activity that causes splanchnic vasoconstriction and reduction of portal inflow. Both effects contribute
to reduction in PP. Carvedilol is more powerful in reducing hepatic venous pressure gradient (HVPG) than traditional
nonselective beta-blockers (NSBBs) and achieves good hemodynamic response in nearly 75 % of cases. Simvastatin and
atorvastatin improve endothelial dysfunction mainly by enhancing endothelial nitric oxide synthase (eNOS) expression and
phosphorylation and NO production. In addition, statins deactivate hepatic stellate cells and ameliorate hepatic fibroge-
nesis. These effects cause a decrease in HVPG and improve liver microcirculation and hepatocyte perfusion in patients
with cirrhosis. In addition, several promising drugs under development may change the management of portal hypertension
in the coming years.

Conclusion This review provides a background on the most important aspects of the treatment of portal hypertension in
patients with compensated and decompensated liver cirrhosis. However, despite the great improvement in the prevention of
variceal bleeding over the last years, further therapeutic options are needed.
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Introduction

Variceal bleeding is a major complication of portal
hypertension, which is associated with significant mortal-
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episode (or “primary prophylaxis”) and prevention of
recurrent VH (“secondary prophylaxis™) [2, 3]. In terms of
death risk, however, this classification is not very accurate,
as both categories include patients with low and high risk
of dying. This is mostly due to the fact that the more
important determinant of mortality is the degree of liver
failure, with patients without liver disease (with so-called
noncirrhotic portal hypertension) or with compensated
cirthosis [Child-Turcotte—Pugh (CTP) class A] having
negligible mortality [4], while this is quite high in patients
with advanced, decompensated cirrhosis [those who
already had complications of cirrhosis, such as ascites,
spontaneous bacterial peritonitis, hepatorenal syndrome,
hepatic encephalopathy (HE) or jaundice before the
bleeding, which are in CTP class B and C]. In addition,
there have been efforts at “preprimary prophylaxis” or
prevention of development of GEV [5].

Prevention of first hemorrhage
from gastroesophageal varices versus prevention
of first episode of clinical decompensation

Over recent years, knowledge of the natural history of
cirrhosis has been better characterized [6]. On top of the
broad classification into “compensated” and “decompen-
sated” stages, it is now recognized that distinct substages
can be distinguished [7]. Thus, compensated cirrhosis can
be divided according to the degree of portal hypertension
(evaluated by measurement of HVPG) into an initial sub-
stage where HVPG can be elevated but remains below
10 mmHg (“mild,” subclinical portal hypertension) [4]. At
this stage, there is no hyperdynamic circulation, the effect
of nonselective beta-blockers (NSBBs) on HVPG is mini-
mal, there are no complications of portal hypertension, and
the risk of developing these is almost negligible [8]. This is
followed by a second substage in which HVPG increases
above 10 mmHg, which defines “clinically significant
portal hypertension” (CSPH), which is associated with the
risk of developing portosystemic collaterals and GEV, and
predicts overt clinical decompensation (ascites, VH, and
HE) [9], postsurgical decompensation [10], and hepato-
cellular carcinoma (HCC) [11].

It is important to note that this substage can be recog-
nized at present with the use of new noninvasive tools for
assessing portal hypertension (liver and spleen elastogra-
phy, methacetin breath test, contrast-enhanced ultrasound)
[12-14]. This substage is further subdivided according to
absence/presence of GEV, the latter having a higher risk.
At this point, patients exhibit hyperdynamic circulation and
have greater HVPG response to NSBBs [8]. The more
frequent decompensating event is ascites, followed by VH
and HE. Development of these complications defines entry
into the decompensated stage, which can be further

subdivided according to the nature of the complication
(bleeding versus nonbleeding) and whether this is the first
episode of decompensation or if there have been previous
decompensation episodes.

At the most recent Baveno VI conference it was con-
cluded that the aim of future studies in portal hypertension
should be modified according to this stage classification
[2]. The recent American Association for the Study of
Liver Diseases (AASLD) guidance document endorsed this
view [15]. Therefore, it is currently recommended that, in
compensated cirrhosis with mild portal hypertension, the
aim of therapy should be preventing the advent of CSPH,
which is probably best achieved by treating the specific
cause of cirrhosis, and by supporting healthy lifestyle
habits [16]. In compensated patients with CSPH, the goal
of therapy should be to prevent decompensation and death/
liver transplantation (including competing risk analysis).
This is best achieved by drug therapy, or alternatively, by
endoscopic therapy. In decompensated cirrhosis, therapy
aims to prevent further decompensation and death/liver
transplantation, and suggested treatment is the combination
of drug and endoscopic therapy (Table 1).

Incidence of varices, bleeding, and clinical
decompensation, and risk factors

GEV are present in about one-third of patients with com-
pensated cirrhosis, whereas this figure increases to 85 % in
patients with decompensated cirrhosis [17, 18]. In patients
with compensated cirrhosis, incidence of varices is 7 % per
year [5] and progression from small to large varices occurs
at a rate of about 10 % per year [19]. The advent of non-
invasive tools has limited the number of patients requiring
screening endoscopy; previously, it was considered that all
patients should have endoscopy at diagnosis of cirrhosis,
while since Baveno VI it has been recognized that patients
with liver stiffness <20 kPa and platelet count >150,000/
mm® have very low probability (<5 %) of having high-risk
varices, and in them endoscopy can be safely avoided.
These figures are being modified by new studies, resulting
in still greater numbers of patients in whom screening
endoscopy can be safely avoided or delayed.

The incidence of variceal hemorrhage is around
10-15 % per year, depending on the severity of liver dis-
ease, size of varices, and presence of red wale marks (areas
of thinning of the variceal wall) [1, 20]. Factors associated
with poor outcomes in patients with VH are presence of
bacterial infections and HVPG >20 mmHg, which is
mostly observed in patients in CTP class C [21, 22]. If
untreated, recurrent variceal bleeding occurs in two-thirds
of patients, usually within 1-2 years [23]. However, the
more common decompensating event is not development
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Table 1 Stages of cirrhosis: changes in HVPG, presence of varices, clinical manifestations, and goals of therapy

Goals of therapy

Disease stage HVPG Varices Complications of portal hypertension
Compensated <10 mmHg No No
>10 mmHg No (or small) No
(CSPH)
Present No
(moderate/
large)
Decompensated* >12 mmHg  Present Acute variceal bleeding episode

Previous variceal bleeding without other
manifestations of decompensation®

Previous variceal bleeding with other

Prevent CSPH

Prevent clinical decompensation (any
decompensating event)

Prevent clinical decompensation (first
variceal hemorrhage)

Control bleeding; prevent early rebleeding
and death

Prevent further decompensation events
(bleeding and/or other complications)

Prevent further decompensation and death/

decompensating events®

OLT

HVPG hepatic vein pressure gradient, CSPH clinically significant portal hypertension, OLT orthotopic liver transplantation

* Patients with decompensated cirrhosis without past or present variceal bleeding are not considered in this table

* Other complications = ascites, encephalopathy

Table 2 Prophylaxis of first bleeding in patients with moderate/large esophageal varices

Therapy Propranolol Nadolol Carvedilol EVL
Recommended 20-40 mg orally twice a day =~ 20—40 mg orally once a day Start with 6.25 mg once a Every 2—4 weeks until
dosage Increase in steps of 20 mg Increase in steps of 20 mg day the varices are
eradicated

twice a day every 2-3 days
until reaching treatment
goal; decrease stepwise if not
tolerated

Maximal dosage:

320 mg/day (no/mild ascites
present)

160 mg/day in patients with
severe ascites

Decrease resting heart rate to
55-60 beats per minute

Therapy goals

Maintain systolic blood
pressure

>90 mmHg

Final dosage should be
clinically tolerated

Maintenance/follow- Check heart rate, blood
up pressure, and clinical
tolerance at each outpatient
visit and readjust dosage if
needed

Insist on importance of
compliance

No need for endoscopic
surveillance

twice a day every 2-3 days

until reaching treatment

goal; decrease stepwise if not

tolerated
Maximal daily dosage:

160 mg/day (no/mild ascites
present)

80 mg/day in patients with
severe ascites

Same as for propranolol

Same as for propranolol

After 3 days increase to
6.25 mg twice a day

Maximal dosage:
12.5 mg/day

[in patients with persistent
arterial hypertension,
dosage can be increased to
12.5 mg twice a day
(25 mg/day)]

Eradication of varices
(no further ligation
possible or minimal
residual varices)

Maintain systolic blood
pressure >90 mmHg

Heart rate reduction is not
used for dose titration

Surveillance
endoscopy
3-6 months after
eradication and
every 6—12 months
thereafter

Check heart rate, blood
pressure, and clinical
tolerance at each
outpatient visit and
readjust dosage if needed

Insist on importance of
compliance

No need for endoscopic
surveillance

EVL, endoscopic variceal ligation

of variceal bleeding, but ascites, which is over twice as

frequent as variceal hemorrhage.

Obesity and alcohol abuse are associated conditions that
worsen prognosis of patients with cirrhosis of any etiology.
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Obesity has been shown to exacerbate liver fibrosis and

clinical decompensation, and is associated with lack of

regression of cirrhosis in patients with viral cirrhosis
[24-26], while weight loss and exercise are associated with
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a fall in HVPG and in inflammatory biomarkers [27].
Alcohol intake can increase HVPG and worsen prognosis
of hepatitis C virus (HCV)- and nonalcoholic steatohep-
atitis (NASH)-related cirrhosis [28, 29]. Therefore, adher-
ing to a healthy lifestyle is an important aspect of therapy
in cirrhosis of any etiology.

Available drugs for treatment of portal
hypertension

Rational basis of therapy

Rational pharmacological therapy aims to decrease portal
pressure (PP) by acting on the pathophysiological mecha-
nisms of portal hypertension. As in any vascular territory,
according to Ohm’s law, the pressure gradient across the
portal system is determined by the product of the blood
flow in the portal vein and the vascular resistance that
opposes the flow. Therefore, drugs or procedures that
reduce the hepatic vascular resistance and/or portal flow
will decrease PP.

In chronic liver disease, increased intrahepatic resis-
tance to portal blood flow is the initial mechanism that
leads to portal hypertension. Intrahepatic vascular resis-
tance increases due to structural changes inherent to cir-
rhosis, such as fibrosis, regenerative nodules, vascular
occlusion, and sinusoidal remodeling (mechanical compo-
nent). In addition, hepatic sinusoidal endothelial dysfunc-
tion (disequilibrium between an increased production and
response to vasoconstrictors, and deficient production and
response to vasodilators) results in a dynamic increase of
intrahepatic vascular tone (functional component).

During the evolution of the disease, when the PP
gradient increases to 10 mmHg or above, portosystemic
collaterals (including gastroesophageal varices) start to
develop and blood flow increases due to splanchnic
arteriolar vasodilatation, which contributes to worsening
and perpetuation of portal hypertension despite the for-
mation of extensive portosystemic collaterals through
which portal flow is diverted to systemic circulation,
bypassing the liver. Formation of collaterals is a con-
sequence not only of dilatation of preexisting (but vir-
tually closed) vascular channels connecting the portal
and systemic circulation due to increased PP, but also of
vascular endothelial grow factor (VEGF)-derived
angiogenesis.

Augmented NO production in the splanchnic vascula-
ture is the major factor leading to splanchnic vasodilata-
tion, exacerbating portal hypertension, which increases
flow into the portal venous system and is associated with
systemic vasodilatation. This splanchnic vasodilation
becomes so marked as to provoke arterial hypotension and
decreased “effective” or “central” blood volume, which in

turn leads to activation of compensatory endogenous neu-
rohumoral vasoactive systems, with ensuing retention of
sodium and water resulting in increased blood volume and
cardiac output (hyperdynamic circulatory state) and, in
more advanced stages, circulatory dysfunction and forma-
tion of ascites. Therefore, drugs for portal hypertension
should ideally decrease PP without further enhancing sys-
temic vasodilatation.

Pharmacological agents for portal hypertension
Drugs that decrease intrahepatic vascular resistance

1. Acting on the structural component of increased hep-
atic resistance

Elimination or suppression of the etiologic agent (hepati-
tis B and C viruses, alcohol intake, etc.) frequently induces
at least partial regression of cirrhosis and lowers PP in
patients with compensated cirrhosis and portal hyperten-
sion. Drugs targeting fibrous septa degradation and pre-
vention of fibrosis progression would have a beneficial
impact and decrease PP. Although no antifibrotic drugs
have yet been approved, several drugs have shown bene-
ficial effect in preclinical and clinical studies in patients
with cirrhosis [6, 30] and constitute a field of intensive
research.

2. Drugs acting on liver endothelial dysfunction and
increased hepatic vascular tone

Drugs that improve intrahepatic endothelial dysfunction
also have potential antifibrotic effects, since restoring the
phenotype of the hepatic endothelium has a beneficial
impact in terms of deactivating stellate cells and decreasing
extracellular matrix deposition, therefore modifying both
the structural and functional components of increased
hepatic resistance.

NO donors Nitrovasodilators (nitroglycerin, isosorbide
5-mononitrate) increase the availability of NO in the hep-
atic circulation, produce dilatation of the hepatic vascula-
ture, and ameliorate portal hypertension. However, their
vasodilatory effect also extends to the systemic circulation,
potentially causing arterial hypotension and activating
endogenous vasoactive systems. Isosorbide 5-mononitrate
in monotherapy is not recommended since, it has been
shown to be clinically ineffective [31, 32].

Simvastatin and atorvastatin improve endothelial dys-
function mainly by overexpressing transcription factor
KLF-2, which enhances eNOS expression and phosphory-
lation and NO production, and reduces propensity for
thrombosis and angiogenesis. In addition, statins deactivate
hepatic stellate cells and ameliorate hepatic fibrogenesis
[33, 34]. These effects cause a decrease in HVPG, and
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improve liver microcirculation and hepatocyte perfusion
[35] in patients with cirrhosis. Specifically, recent data
have shown that statin users with compensated HCV cir-
rhosis have lower incidence of decompensation (ascites
and VH) and lower mortality than nonusers [36], and a
randomized placebo-controlled clinical trial showed a
significant improvement in mortality by associating sim-
vastatin with NSBB and endoscopic band ligation (EBL) in
patients treated after an episode of variceal bleeding [37].
These results need further validation.

Anti-alpha-adrenergic agents Prazosin is an alpha-1
adrenergic antagonist that reduces HVPG by decreasing
hepatic vascular tone and hepatic resistance, which
increases liver blood flow. Its vasodilatory effect in the
systemic circulation decreases arterial pressure and leads to
activation of endogenous vasoactive systems [38], there-
fore it should not be used in monotherapy. However, in
combination with propranolol, the deleterious systemic
effect is attenuated, while the decrease in PP is more
intense than with the association of propranolol plus
isosorbide 5-mononitrate [39].

Carvedilol is a NSBB with intrinsic anti-alpha-adren-
ergic activity and mild vasodilating effect, resembling the
effects of the combination of propranolol and prazosin.
Carvedilol has a greater effect in decreasing HVPG than
traditional NSBBs (propranolol and nadolol) and is
becoming widely used in treatment of portal hypertension
(see below) [40, 41].

Drugs that decrease portal and collateral blood flow
by counteracting splanchnic vasodilatation

Increased splanchnic blood flow does not occur in cirrhosis
until the patient develops clinically significant portal
hypertension and hyperdynamic circulation. This is why
the drugs discussed below are not indicated in patients with
mild portal hypertension (HVPG <10 mmHg) or in those
with no varices.

Nonselective beta-adrenergic blockers (NSBBs) Propra-
nolol and nadolol block the beta-1 adrenergic receptors in
the heart and the peripheral beta-2 adrenergic receptors.
Beta-1 blockade of cardiac receptors reduces heart rate and
cardiac output and subsequently decreases flow into the
splanchnic circulation. Beta-2 blockade leads to unopposed
alpha-1 adrenergic activity that causes splanchnic vaso-
constriction and a further reduction of portal inflow. Both
effects contribute to the reduction in PP. Beyond reduction
in PP, NSBBs also have other beneficial effects in cirrhosis
such as reducing bacterial translocation and spontaneous

@ Springer

bacterial peritonitis (SBP) due to shortening of intestinal
transit time and decreased bacterial overgrowth. Treatment
with NSBBs has to be stepped up gradually until a maximal
tolerated dose (<240 mg for propranolol, <160 mg for
nadolol) or when the heart rate is below 55 bpm or systolic
blood pressure <100 mmHg. The goal is to reduce HVPG
below 12 mmHg or at least 20 % from baseline value,
which is associated with a reduction in the risk of bleeding,
of rebleeding and ascites development, SBP, and hepa-
torenal syndrome, and improved survival. However, only
40-50 % of the patients achieve such hemodynamic
response. Combination therapy with vasodilators (isosor-
bide 5-mononitrate or prazosin) enhances the reduction of
HVPG in up to a third of nonresponders [32]. Unfortu-
nately, noninvasive tests do not allow accurate assessment
of the PP response to NSBBs.

Carvedilol is a NSBB that is more powerful in reducing
HVPG than propranolol or nadolol, because in addition to
beta-blockade it relaxes the increased hepatic vascular tone
due to anti-alpha-adrenergic activity. It achieves good
hemodynamic response in nearly 75 % of cases [40-42].
Carvedilol has its maximal effects on PP already at low
dosages (12.5 mg per day) that are better tolerated than
effective doses of traditional NSBBs. Because of these
advantages, it is becoming the most widely used beta-
blocker for management of portal hypertension in com-
pensated cirrhosis. This was added to the most recent
Baveno VI consensus guidelines. However, its safety in
decompensated patients with ascites has been questioned
due to the risk of systemic hypotension, although it appears
that this is only associated with high dosages of carvedilol
(25 mg per day or greater).

Once initiated, treatment with NSBBs should be
maintained lifelong. NSBB administration should be
monitored with caution in patients with refractory
ascites, and the dosage decreased or withdrawn if
patients develop systolic blood pressure <90 mmHg,
severe hyponatremia with serum sodium <130 meq/L, or
acute kidney injury [15].

New drugs under development Several promising drugs
under development may change the management of portal
hypertension in the coming years. Most of them are
focused on targeting hepatic vascular resistance via NO
modulation (obeticholic acid, udenafil, serelaxin, antioxi-
dants) and hepatic fibrosis (simtuzumab), but there are also
other agents with promising preclinical data (anticoagu-
lants, angiogenesis inhibitors, emricasan, taurine, etc.),
whose mechanisms of actions lie beyond the scope of this
review [43] (Figs. 1, 2, 3).
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Portal Pressure Gradient = Intrahepatic Vascular Resistance x Portocollateral blood flow

Increased Portal-
collateral blood flow

Intrahepatic

vascular resistance

Structural Increased Liver Splanchnic
component Gl Vascular Tone Vasodilation
L L L

Etiologic Isosorbide Mononitrate Propranolol
treatment Statins Nadolol
Antifibrotics Prazos'ln Carvedilol

Carvedilol

Fig. 1 Pharmacological prevention of variceal bleeding and rebleed-
ing. Drugs used in portal hypertension are shown according to the
mechanism by which they decrease PP

Treatment of portal hypertension in patients
with compensated chronic liver disease

Treatment of patients with compensated cirrhosis and mild
portal hypertension

This substage of compensated cirrhosis is defined by
increased HVPG (above 5 mmHg) but <10 mmHg.
Patients in this stage do not have GEV or other compli-
cations of portal hypertension (PH) and are known to have

Fig. 2 Primary prophylaxis in
patients with compensated
advanced chronic liver disease
(ACLD)

very low risk of clinical decompensation. As mentioned
above, the goal of therapy is to prevent development of
CSPH (and thereby GEV and decompensation). Patients at
this stage of cirrhosis have not yet developed hyperdy-
namic circulation [8], and increased intrahepatic resistance
is the main mechanism leading to PH. Accordingly, ther-
apy has to be directed toward correcting the etiology of
cirrhosis. Patients in this stage are more likely to show
partial (or eventually total) regression of cirrhosis after
successful etiological treatment, as shown for patients with
cirrhosis due to hepatitis B virus (HBV) [26]. Drugs that
decrease portal inflow, such as NSBBs, are not adequate in
this substage, since hyperdynamic syndrome has not yet
developed [8].

In addition to suppressing the etiologic agent (e.g.,
HBV, HCV, alcohol, iron overload), some drugs have
been shown to have “antifibrotic” properties in pre-
clinical studies and to decrease HVPG in patients with
cirrhosis (simvastatin, obeticholic acid, emricasan,
enoxaparin) and are currently being investigated in
randomized controlled trials (RCTs), mostly in cirrhosis
due to NASH [30, 44-49]. Statins decrease hepatic
fibrogenesis, improve intrahepatic endothelial dysfunc-
tion, reduce PP, and improve liver perfusion and liver
function [35]. The stage of cirrhosis that will benefit
most from statins remains to be determined. This also
applies to other antifibrotic agents.
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not needed

210 mmHg
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; s . I
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NSBB life-long
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#
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Decompensated ACLD ‘

HVPG not needed
(always > 10 mmHg)

Upper Gl Endoscopy

o . . # . . .
no varices  low-riskvarices” high-risk varices®

Treat etiology
No Etoh
Safe life-style

Treat etiology
No Etoh
Safe life-style

Treat etiology
No Etoh
Safe life-style

treat ascites with low Na diet and diuretics ‘
+

Endoscopic ’ NSBB* or EVL ‘
surveillance
at 1 year ’ Endoscopic surveillance if EVL ‘

# e
small, without red wale sigh; moderate/large or with red wale signs
* Up to 160 mg propranolol, 80 mg nadolol, or 12.5 mg carvedilol per day

Fig. 3 Management of portal hypertension in patients with decom-
pensated advanced chronic liver disease (ACLD)

In addition, these patients benefit from lifestyle inter-
ventions, with diet to correct obesity/overweight or sar-
copenia, moderate physical exercise, and abstinence from
alcohol. These recommendations are valid for patients with
cirrhosis of any etiology.

Patients with compensated cirrhosis and CSPH,
but without gastroesophageal varices requiring
treatment

CSPH is defined as HVPG >10 mmHg, the threshold value
for development of varices and clinical decompensation,
among other outcomes. Varices requiring treatment are
those of moderate/large size or that exhibit abundant red
color signs on their walls (which is rarely the case in
compensated patients). Therefore, most patients with small
varices should be managed as specified in this section.

A large, multicenter, randomized, placebo-controlled
trial in patients with compensated cirrhosis without GEV
showed no differences between placebo and NSBB (ti-
molol) in prevention of varices (so-called preprimary pro-
phylaxis) [5]. Therefore, no specific portal-pressure-
reducing treatment to prevent formation of varices is rec-
ommended. However, this study included patients with and
without CSPH. Since the response to NSBB differs
between these groups [8], the negative results of this
timolol study might have been due to roughly half the
patients having no CSPH.

It is now considered that, in patients with cirrhosis and
CSPH but without varices needing treatment, the objective
of treatment should no longer be to prevent varices, but to
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prevent clinical decompensation. Drugs that decrease
intrahepatic resistance and/or decrease splanchnic blood
flow are appropriate at this stage. The preliminary results
of a large RCT using NSBB to prevent decompensation of
cirrhosis (the PREDESCI study) are very encouraging [50].

Patients with compensated cirrhosis
and gastroesophageal varices requiring
treatment

Patients at this stage have, by definition, CSPH, because
the lowest HVPG in these patients is 10-12 mmHg
[51, 52]. This clinical setting was previously described as
“primary prophylaxis of variceal hemorrhage,” and the
main objective was to prevent the first episode of VH. In
these patients, the risk of bleeding depends mainly on the
endoscopic assessment of the size of varices (small versus
medium/large-sized GEV) and presence of red wale signs.
Because of this different risk, therapeutic guidelines dis-
tinguish between these different situations. As already
mentioned, prevention of clinical decompensation is
probably the most appropriate endpoint at this stage,
because ascites, not variceal bleeding, is the most common
decompensating event [9].

Primary prophylaxis of VH is indicated in patients at
high risk of bleeding. These are (a) patients with medium/
large varices, (b) patients with small varices with red wale
signs, and (c¢) decompensated patients with small varices
[20].

The drugs that have been more widely used are tradi-
tional NSBBs (propranolol, nadolol). More recently, car-
vedilol, because of its greater portal-pressure-reducing
effect, easier dosage, and better tolerance, is becoming the
most widely used NSBB for portal hypertension. Other
drugs that decrease PP (isosorbide mononitrate, angio-
tensin II antagonists, prazosin) have not been used in
phase III RCTs or shown ineffective.

In this setting, reduction in HVPG to <12 mmHg or
>20 % from baseline was shown to protect from VH and
represent an “optimal response” to NSBB [53, 54], as well
as with a decreased incidence of decompensation [42].
Reductions in HVPG >10 % with NSBB have also been
associated with lower incidence of first VH, of ascites, and
of death in some [55, 56] but not all studies [57].

Prevention of first variceal hemorrhage in patients
with medium/large esophageal varices

Eight RCTs have compared NSBBs with no ther-
apy/placebo. Metaanalysis of these studies [1] showed a
clear benefit of NSBBs in preventing first variceal bleeding
episode. A meta-analysis of 19 RCTs (including unpub-
lished abstracts) comparing NSBBs with EVL [58] showed
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that EVL was associated with lower rates of upper gas-
trointestinal (GI) bleeding and VH, without differences in
mortality. The beneficial effect of EVL on bleeding was
not confirmed in subgroup analyses limited to 7 trials with
adequate bias control [59] or to 12 fully published studies
[60]. Two trials comparing EVL with carvedilol showed
either greater efficacy of carvedilol [61] or comparable
efficacy [62]. Accordingly, the current recommendation is
to use either NSBBs (propranolol, nadolol, or carvedilol) or
EVL to prevent first VH in patients with medium/large
varices, and that choice of treatment should be based on
local resources and expertise, patient preference and
characteristics, contraindications, and adverse events [3, 2].

Advantages of NSBBs are low cost, ease of adminis-
tration, and not requiring specific expertise. In addition,
hemodynamic responders to NSBBs have lower incidence
of decompensation and death. All these aims are easier to
achieve with carvedilol than with traditional NSBBs.
Importantly, once a patient is on NSBB, there is no need
for repeat esophagogastroduodenoscopy (EGD) during
therapy. Disadvantages of NSBBs are that approximately
15 % of patients may have absolute or relative con-
traindications, and another 15 % may require dose reduc-
tion or discontinuation due to common side-effects (e.g.,
fatigue, weakness, and shortness of breath). These resolve
upon dose reduction or discontinuation, but that may be
discouraging for patients and their physicians [63]. The
rare patient who cannot tolerate even a low dose of car-
vedilol (3.25 mg) should be switched to serial EVL.

Advantages of EVL are that it can, theoretically, be
done in the same session as screening endoscopy and has
few contraindications. Disadvantages are cost, the risks
associated with sedation, plus the risk of causing dyspha-
gia, esophageal ulcerations, strictures, and bleeding.
Although the number of side-effects is greater with
NSBBs, the severity of side-effects is greater with EVL,
with reports of deaths resulting from EVL-induced bleed-
ing. In addition, because EVL is a local therapy that does
not act on the pathophysiology of PH, it cannot prevent
other complications from portal hypertension. Also, after
variceal eradication, surveillance endoscopies are neces-
sary to detect variceal recurrence, which approaches 90 %.

RCTs comparing the combination of NSBBs plus EVL
versus EVL alone for prevention of first VH have failed to
reveal a benefit from combination therapy, with a (pre-
dicted) higher number of adverse events in the combination
therapy group [64].

Prevention of first variceal bleeding in patients with small
esophageal varices

Patients with small varices require treatment to prevent the
first VH only when the varices are at high risk of bleeding

(with red wale marks and/or occurring in a CTP C patient)
[20]. This represents only a fraction of patients, and no
specific studies have been conducted in this specific pop-
ulation. However, there is consensus in recommending that
these patients be treated with propranolol or carvedilol,
because performing EVL in these cases and defining
eradication may be difficult. Regarding low-risk small
varices, some studies show that NSBBs or carvedilol may
delay growth of small varices [65, 66], but this was not
found in other studies [67, 68] (Table 2).

Management of patients after recovering
from an episode of acute esophageal variceal
hemorrhage

This clinical scenario was traditionally referred to as
“secondary prophylaxis of variceal hemorrhage.” How-
ever, it is now recognized that therapy needs to take into
account the presence or absence of other complications of
cirrhosis. In patients with variceal hemorrhage as the sole
complication of cirrhosis, risk of death is relatively low;
therefore, therapy should aim at prevention of additional
complications (including variceal rebleeding). On the
contrary, patients who experience variceal bleeding in the
context of other complications defining clinical decom-
pensation (ascites, HE) are at high risk of death, so the aim
of therapy should be to improve survival (with liver
transplantation as a competing event) [2] (Table 2).

Current recommendations face the difficulty that these
specific aims have not been explored as main endpoints in
clinical trials so far. Therefore, present recommendations
are only pertinent with regards to prevention of recurrent
variceal hemorrhage. Patients who recover from the first
episode of VH have high rebleeding risk (60 % in the first
year), with mortality of about 33 %. Therapy to prevent
rebleeding is therefore mandatory in these patients and
should be instituted before the patient is discharged from
hospital, except in those having had transjugular intra-
hepatic portosystemic shunt (TIPS) as part of the treatment
of the acute bleeding episode.

First-line therapy is the combination of NSBBs (pro-
pranolol or nadolol) plus EVL. Metaanalysis comparing
combination therapy with monotherapy using either EVL
or drug therapy has demonstrated that combination therapy
is significantly more effective than EVL alone in prevent-
ing recurrent GI hemorrhage. However, combination ther-
apy is only marginally more effective than drug therapy
(NSBB + nitrates) alone, with a tendency for better sur-
vival with NSBBs alone [69], suggesting that pharmaco-
logical therapy is more important part of combination
therapy. Therefore, in patients who cannot tolerate NSBBs,
rather than relying only on EVL, it is wise to consider
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TIPS, particularly if the patient has another complication
(e.g., ascites) that could benefit from TIPS.

The combination of NSBBs plus low-dose isosorbide
mononitrate (ISMN) has a greater portal-pressure-reducing
effect than NSBBs alone. In metaanalysis, the combination
of NSBBs and ISMN was not significantly better than
NSBBs alone, but had a higher rate of side-effects [70].

In secondary prophylaxis of VH, carvedilol has been
compared with EVL alone [71] or with NSBB + ISMN
[72], but not with the combination of NSBB + EVL.
Therefore, there are insufficient data to recommend car-
vedilol alone for prevention of rebleeding, and there are
insufficient data on its safety in this population (although it
is presumably safe at low doses). Carvedilol, particularly at
dosages >25 mg/day, may decrease arterial pressure [41]
and should not be used in patients with refractory ascites
(even in the setting of primary prophylaxis).

A recent multicenter, placebo-controlled RCT showed
that addition of simvastatin (40 mg/day) was not associated
with a significant reduction in rebleeding (compared with
placebo), but was associated with a significant improve-
ment in survival, mainly related to a decrease in deaths
from bleeding or infection [37]. There were two instances
of rhabdomyolysis in two patients with bilirubin over
5 mg/dL; pharmacokinetic considerations suggest that, in
CTP class C patients, the dosage should not exceed
20 mg/day. Moreover, the study suggested no benefit of
adding simvastatin in the subset of Child C patients.

TIPS is the treatment of choice in patients who fail
standard therapy for prevention of variceal rebleeding
(NSBB + EVL). Until recently, trials comparing TIPS and
endoscopic therapy had used bare TIPS stents [73]. How-
ever, in a recent RCT using the recommended covered
stents for TIPS, which was compared with the combination
of EVL or glue injection plus NSBBs, TIPS patients had
less rebleeding (0 versus 29 %), but there were no differ-
ences in survival and with higher incidence of early
encephalopathy in the TIPS group [74].

The lowest rebleeding rates are observed in patients on
secondary prophylaxis who are HVPG responders (defined
as reduction in HVPG below 12 mmHg or >20 % from
baseline) [23]. Therefore, HVPG-guided therapy per-
formed in centers where HVPG measurements are readily
available would be a reasonable strategy.

Management in less common clinical scenarios
Gastric varices

Gastric varices (GV) are present in 10-20 % of patients
with cirrhosis. Sarin’s classification is the most commonly

used for risk stratification and management of GV [75].
The most common are GOV1: EV extending below the
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cardia into the lesser curvature (75 % of GV). These are
usually managed as esophageal varices. GOV type 2
(GOV2) are EV extending into the fundus. Isolated GV
type 1 (IGV1) are located in the fundus, while isolated GV
type 2 (IGV2) are located elsewhere in the stomach. These
are extremely infrequent in patients with cirrhosis. GV are
much more frequent in patients with extrahepatic portal
vein and/or splenic vein occlusion.

For management of GV, few RCTs are available, most
with small sample size and, in many occasions, without
adequate stratification according to type of GV or pres-
ence/severity of liver disease. These limitations make the
following recommendations less robust than those for
esophageal varices.

Prevention of first hemorrhage from gastric varices There
is only one RCT on primary prevention of gastric VH,
including patients with large GOV2 and IGV1 who were
randomized to endoscopic obturation by cyanoacrylate
(glue) injection, NSBBs, and observation [76]. Only 15 %
of patients had IGV1. Glue injection was associated with
lower bleeding rate (10 %) than NSBBs (38 %) or obser-
vation (53 %). Survival was better in the glue-treated group
(93 %) compared with observation (74 %), but not differ-
ent from NSBBs (83 %). Firm recommendations cannot be
derived from this trial. The least invasive treatment is
NSBBs, having the associated advantage that it may pre-
vent other complications of cirrhosis.

Prevention of rebleeding from gastric varices Endoscopic
variceal obturation (cyanoacrylate glue injection): In a
RCT, repeated cyanoacrylate injection was superior to
NSBB in preventing rebleeding and mortality in patients
with cardiofundal varices [77]. In another trial, addition of
NSBBs to cyanoacrylate injection did not improve
rebleeding or mortality compared with cyanoacrylate
injection alone [78].

TIPS: A RCT including patients with GOV1 and GOV2
varices showed TIPS to be more effective than glue
injection in preventing rebleeding [79], but with higher
incidence of encephalopathy and no differences in survival.

Balloon-occluded retrograde transvenous obliteration
(BRTO): This procedure for treatment of fundal varices
associated with a large gastro- or splenorenal communi-
cation involves retrograde catheterization of the left renal
vein, followed by balloon occlusion and slow infusion of
sclerosant to obliterate the gastro/splenorenal collateral and
fundal varices [80-82]. Several variations of the technique
exist. BRTO has the theoretical advantage over TIPS that it
does not shunt portal blood flow away from the liver. No
randomized trials have compared BRTO with other
therapies.
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Patients with refractory ascites or after spontaneous
bacterial peritonitis

Observational studies have raised concerns regarding use
of NSBBs in patients with refractory ascites, due to the
finding of increased mortality [59] or greater incidence of
postparacentesis circulatory dysfunction in patients under
NSBBs [83]. A retrospective study showed that NSBBs
improved survival in patients with ascites, but in a sub-
analysis limited to those surviving an episode of SBP,
NSBBs worsened survival and had higher risk of hepa-
torenal syndrome (HRS) [84].

These concepts have been challenged by three subse-
quent studies assessing large cohorts of patients with
ascites [85-87] that have shown either no differences [86]
or even improved survival [85, 87] in patients treated with
NSBBs, including patients with refractory ascites. An
additional study showed that ongoing treatment with
NSBBs was associated with improved survival in patients
with acute-on-chronic liver failure [88].

The discrepancies between these studies might have
been influenced by the use of unusually high doses of
NSBBs in the studies that initially suggested a harmful
effect from NSBBs, as shown by two recent publications
reporting that, in patients with decompensated cirrhosis,
dosages of propranolol >160 mg/day were associated with
worse survival, whereas dosages up to 160 mg/day were
associated with improved survival [87]. The second study
showed almost identical findings in patients with SBP [89].
It is important to note that dosages of propranolol of
160 mg/day or above (or >80 mg/day if using nadolol) are
very rarely (if ever) required in decompensated cirrhosis if
the recommended titration steps for adjusting propranolol
dosage are adhered to.

Therefore, current evidence does not support a harmful
effect of NSBBs in decompensated cirrhosis. In these
patients, especially in those with true refractory ascites or
SBP, the dosage of NSBBs should be carefully titrated and
high dosages avoided. Also, these patients need careful
monitoring and the NSBB dose reduced (or discontinued)
with development of severe hypotension (systolic blood
pressure < 90 mmHg), hyponatremia (serum sodium
<130 mEqg/L), or unexplained deterioration of renal
function [2]. NSBBs might be reintroduced after correction
of renal function/circulatory state.

Patients with hepatocellular carcinoma

Most RCTs for prevention of VH have excluded patients
with HCC, and the few including HCC patients excluded
those with advanced disease. Therefore, the best treatment
for these patients remains unknown. Observational data
suggest increased risk of bleeding and worse prognosis in

these patients [90-92]. However, there are no data to
suggest decreased efficacy of treatments to prevent bleed-
ing (NSBBs, EVL, or TIPS if technically feasible) as
compared with no intervention. A recent multicenter study
in Spain reported that patients with HCC frequently do not
receive secondary prophylaxis after recovering from acute
VH, which was independently associated with mortality
after adjusting for HCC stage and degree of liver dys-
function [92]. This suggests that HCC patients should
receive the same secondary prophylaxis as patients without
HCC, including those who have portal vein thrombosis.
Patients with advanced HCC should be treated within the
context of the end-of-life care plan of the patient.

Patients experiencing first variceal hemorrhage
while on prophylactic therapy with NSBBs or EVL

An increasing number of patients with cirrhosis experience
the first variceal bleeding episode under primary prophy-
laxis with NSBBs or EVL. These patients have been
excluded from most trials on prevention of rebleeding, so
the best therapeutic approach for them is unclear. A recent
study showed that rebleeding and mortality were signifi-
cantly higher in patients who bled while on prophylactic
NSBBs (clinically “nonresponders”), as compared with
those who bled without having been on NSBB [93]. These
findings suggest that patients who bleed while on primary
prophylaxis with NSBBs may need a more effective ther-
apy, such as TIPS.
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