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Abstract

Portal hypertension is an increase in pressure in the portal vein and its tributaries. It is defined as a
portal pressure gradient (the difference in pressure between the portal vein and the hepatic veins)
greater than 5 mm Hg. Although this gradient defines portal hypertension, a gradient of 10 mm Hg
or greater defines clinically significant portal hypertension, because this pressure gradient predicts
the development of varices,! decompensation of cirrhosis,2:3 and hepatocellular carcinoma.4 The
most direct consequence of portal hypertension is the development of gastroesophageal varices
that may rupture and lead to the development of variceal hemorrhage. This article reviews the
pathophysiologic bases of the different pharmacologic treatments for portal hypertension in
patients with cirrhosis and places them in the context of the natural history of varices and variceal
hemorrhage.
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Pathophysiology of Portal Hypertension

Anatomically, the portal vein is formed by the union of the superior mesenteric vein and the
splenic vein. The mesenteric vein collects blood from the splanchnic circulation. Thus,
portal venous inflow is determined by the state of constriction or dilatation of splanchnic
arterioles.

The initial mechanism in the genesis of portal hypertension is an increase in vascular
resistance that can occur at any level within the portal venous system. Portal hypertension is
therefore classified as prehepatic (portal or splenic vein thrombaosis); intrahepatic (cirrhosis),
and posthepatic (Budd-Chiari syndrome). The most common cause of portal hypertension is
cirrhosis. In cirrhosis, the increased resistance is mostly caused by hepatic architectural
distortion (fibrosis and regenerative nodules) but about a third of the increased resistance is
caused by intrahepatic vasoconstriction, amenable to vasodilators.® This is caused by the
activation of stellate cells with active contraction of myofibroblasts and vascular smooth
muscle cells in portal venules,6 which in turn is caused by increased endogenous
vasoconstrictors, such as endothelin, and reduced nitric oxide bioavailability.7:8
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Portosystemic collaterals develop as a consequence of the high pressure in the portal vein
and ameliorate the increased resistance. However, even when portal blood flow is entirely
diverted through collaterals, portal hypertension persists because of a concomitant increase
in portal venous inflow, which in turn is caused by splanchnic vasodilatation,® mostly
mediated by an increase in nitric oxide.’

The most important collaterals are those that constitute gastroesophageal varices. Although
the formation of collaterals had been assumed to be the result of dilatation of preexisting
vascular channels, recent studies have implicated a process of neoangiogenesis. This process
has been shown to contribute not only to portal-systemic collaterals but also to increased
splanchnic blood flow (arteriolar-capillary network).10

Measurement of Portal Pressure

Measurement of portal pressure in patients with portal hypertension is important in the
evaluation of the efficacy of different portal-hypotensive pharmacologic therapies.

The most used method to assess portal pressure is the catheterization of the hepatic vein with
determination, via a balloon catheter, of the hepatic vein pressure gradient (HVPG), which is
the difference between the wedged (or occluded) hepatic venous pressure and the free
hepatic venous pressure.1? Normal HVPG is 3 to 5 mm Hg. In patients with compensated
cirrhosis, an HVPG greater than or equal to 10 mm Hg predicts the development, not only of
varices, but of complications that mark the transition from compensated to decompensated
cirrhosis.1:2

Changes in HVPG during pharmacologic therapy have also been shown to be predictive of
clinical outcomes. In patients with a history of variceal hemorrhage, a decrease in HVPG to
less than 12 mm Hg or a decrease greater than 20% from baseline significantly reduces the
risk of recurrent hemorrhage, ascites, encephalopathy, and death.12714 In patients with
compensated cirrhosis, even lower reductions in HVPG (>10% from baseline) have been
associated with a reduction in the development of varices,1 first variceal hemorrhage,15 and
ascites.15 Recent studies show that separate HVPG procedures to assess response to therapy
can be obviated by assessing the acute hemodynamic response to intravenous (1V)
propranolol (0.15 mg/kg) during a single procedure.15:16

Pharmacologic therapies should thus be ideally tailored to a target decrease in HVPG. Even
though the HVPG procedure is simple and safe, its use is not widespread in the United
States because it is invasive and because it has not been appropriately standardized.1’

Pharmacologic Therapy for Portal Hypertension

Drugs that Act by Reducing Portal Flow

Increased portal venous inflow secondary to splanchnic vasodilatation can be corrected
pharmacologically through the use of splanchnic vasoconstrictors. These drugs have been
shown to decrease portal pressure in experimental and proof-of-concept hemodynamic
studies. VVasoconstrictors effective in the chronic treatment of portal hypertension are
nonselective B-adrenergic blockers (NSBB) (Table 1). VVasoconstrictors effective in the
acute therapy for variceal hemorrhage are vasopressin and somatostatin and their respective
synthetic analogues.

Recent studies in a rat model of prehepatic portal hypertension show that vascular
endothelial growth factor blockade decreases portal pressure and concomitantly decreases
the development of portosystemic collaterals and the hyperdynamic splanchnic circulatory
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state.18 Although no clinical studies are available, inhibition of angiogenesis may be a future
target in the treatment of portal hypertension.

NSBB—These are the most widely evaluated and used drugs in the chronic treatment of
portal hypertension (ie, in the prevention of variceal hemorrhage). Their mechanism of
action is through both B-1 and B-2 blockade. Although B-1 blockade decreases portal flow
through a decrease in cardiac output, B-2 blockade decreases portal flow through splanchnic
vasoconstriction via unopposed a-adrenergic activity. As expected, NSBB (propranolol,
nadolol, timolol) decrease HVPG to a greater extent compared with selective -1 adrenergic
blockers (atenolol, metoprolol) and are the preferred therapy.1® The lack of correlation
between the postpropranolol decrease in heart rate (B-1 effect) and the decrease in HVPG is
further evidence that the -2 effect plays a more important role.20

The most widely used NSBB are propranolol and nadolol. NSBB use is associated with a
median reduction in HVPG of approximately 15%,21 with 37% of the patients being
hemodynamic responders (ie, achieving a reduction in HVPG to less than 12 mm Hg and/or
a reduction >20% from baseline) (see Table 1).13:15:22-37 The reduction in portal pressure
induced by NSBB is lower than the B-blocker—induced reduction in portal blood inflow.38
This is because of a concomitant increase in collateral resistance secondary to a decrease in
collateral flow and diameter.38 This effect represents an added benefit of NSBB (not
assessable by a reduction in portal pressure), which can explain their efficacy in randomized
clinical trials (RCT) with only a modest portal pressure-reducing effect.

Although the recommended dosing of propranolol for the treatment of arterial hypertension
in patients who are not cirrhotic is 4 times a day, in cirrhosis, because of a slower drug
metabolism, twice a day dosing is sufficient. The starting dosage is 20 to 40 mg orally twice
a day and this is gradually increased to a maximum of 160 mg twice a day. The lower
starting dose (20 mq) is reserved for patients with a baseline low mean arterial pressure. In
many RCT, the dose was adjusted to obtain a 25% decrease in heart rate; however, because
a change in heart rate is not predictive of a decrease in portal pressure,20 recent guidelines
have recommended the adjustment of NSBB to the highest tolerated dose or to a heart rate
of 50 to 55 beats/min.39 Nadolol has a longer half-life and can be used once daily, which
may increase patient adherence. The initial dosage is 20 to 40 mg orally once daily, and this
is adjusted to a maximum of 240 mg once daily in the same manner as described for
propranolol. Nadolol may have fewer side effects than propranolol because it does not cross
the blood-brain barrier, although head-to-head comparisons have not been performed.

The most frequent side effects related to NSBB reported in cirrhosis are lightheadedness,
fatigue, and shortness of breath. Some of them disappear with time or after dose reduction.
In clinical trials, side effects have led to the discontinuation of NSBB in approximately 15%
of the patients. In a study comparing patient preferences between NSBB and band ligation
(an endoscopic therapy), more than half the patients favored band ligation because of
NSBB-related side effects.40 In addition, up to 15% of the patients may have relative (sinus
bradycardia, insulin-dependent diabetes) or absolute contraindications to NSBB, such as
obstructive pulmonary disease, heart failure, aortic valve disease, second- and third-degree
atrioventricular heart block, and peripheral arterial insufficiency.

Vasopressin and analogues—Vasopressin is the most potent splanchnic
vasoconstrictor available, but it has been abandoned in the therapy for portal hypertension
because of its numerous side effects. It is an endogenous nanopeptide that causes
vasoconstriction (splanchnic and systemic) by acting on the V1 receptors within the arterial
smooth muscle. Having a short half-life, vasopressin can only be administered as a
continuous intravenous infusion, and therefore it is only used in an acute setting (ie, in the
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management of acute variceal hemorrhage). Its continuous intravenous infusion is usually
initiated at a dosage of 0.4 units/min that can be titrated up, based on the therapeutic
response (cessation of bleeding) and, depending on the development of side effects, to a
maximum of 0.8 to 1.0 units/min. Side effects can lead to drug withdrawal in up to 25% of
patients, and can include arterial hypertension, myocardial ischemia, arrhythmias, ischemic
abdominal pain, and limb gangrene.#! Vasopressin should be used in combination with
nitrates (see later discussion) to reduce side effects.

Terlipressin is a synthetic vasopressin analogue that releases its active form, lysine
vasopressin, after 3 glycyl residues are cleaved by endogenous proteases. Because this is a
gradual process, the hormone is released slowly, in a sustained manner, minimizing the rate
and severity of side effects. It has a longer half-life than vasopressin and can thus be
administered in intravenous boluses. Terlipressin is administered by intravenous boluses at a
dosage of 2 mg IV every 4 hours for the first 48 hours and can be maintained for up to 5
days at a dosage of 1 mg IV every 4 hours to prevent early rebleeding.#2 The most common
side effect of terlipressin is abdominal pain. Serious side effects, including peripheral and
myocardial ischemia, occur in less than 3% patients.#2 Although terlipressin is preferred to
vasopressin, it is currently not approved for use in the United States.

Somatostatin and analogues—Somatostatin and analogues (octreotide, vapreotide)
cause splanchnic vasoconstriction not only through an inhibitory effect on the release of the
vasodilator glucagon but also by a local mesenteric vasoconstrictive effect.43 Intravenous
boluses of somatostatin and octreotide cause significant transient reductions in portal
pressure.44:45 However, although a mild reduction in portal pressure is maintained with the
continuous infusion of somatostatin,44 the continuous infusion of octreotide does not result
in a sustained reduction in portal pressure.45 One of the most important effects of
somatostatin and analogues is a blunting of postprandial hyperemia,*® which is useful in the
setting of gastrointestinal bleeding when blood has the same effect as food. These drugs
have a short half-life and are used in a continuous intravenous infusion in the setting of
acute variceal hemorrhage. However, a recent placebo-controlled small study in 18 patients
showed that the monthly subcutaneous administration of long-acting octreotide was
associated with a significant (26%) decrease in HVPG at 3 months,*’ suggesting that this
drug could be used in the chronic treatment of portal hypertension.

Somatostatin is initiated with a single intravenous bolus dose of 250 pg IV followed by a
continuous intravenous infusion of 250 pg/h, which is maintained for 5 days. Higher
dosages of somatostatin (500 pg/h) have been shown to further decrease HVPG and lower
mortality in a subset of patients with bleeding at endoscopy that is difficult to control.*8
Both octreotide and vapreotide are used at an initial bolus of 50 ug intravenously followed
by a continuous infusion of 50 ug per hour. As with somatostatin, therapy can be maintained
for 2 to 5 days.

The absence of major side effects of somatostatin and analogues represents an important
advantage compared with other vasoconstrictive agents. Minor side effects include nausea,
vomiting, and hyperglycemia and can occur in up to 30% of patients.*8:49 Qctreotide is the
only vasoconstrictor available in the United States for control of acute variceal hemorrhage,
although its use in this setting is off-label.

Drugs that Act by Reducing Resistance to Blood Flow

Vasodilators such as nitrates, prazosin, clonidine, angiotensin receptor blockers (ARBs) and
angiotensin-converting enzyme inhibitors have resulted in significant reductions in HVPG.2!
In studies in which these agents have been administered for 7 days or more, the median
reduction in HVPG is around 17%.21 However, these drugs not only act on the intrahepatic
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circulation, they also exert a vasodilatory effect on the systemic circulation, leading to
arterial hypotension that is frequently symptomatic.50'51 In several of these studies, a direct
correlation has been shown between the decrease in arterial pressure and the decrease in
HVPG.50 This suggests that vasodilators decrease portal pressure mainly through a decrease
in portal blood flow secondary to reflex splanchnic vasoconstriction that occurs in response
to arterial hypotension. Worsening vasodilatation can also lead to a further decrease in
effective arterial blood volume, with consequent aggravation of sodium retention and renal
vasoconstriction. Chronic administration of prazosin has been associated with the
development of salt retention, ascites, and edema,52:53 and administration of the ARB
irbesartan has been associated with a decrease in creatinine clearance.®! Furthermore, a trial
of isosorbide mononitrate (ISMN) versus placebo in the prevention of first variceal
hemorrhage showed a tendency for higher rates of bleeding and late mortality in patients
randomized to ISMN.5

The use of vasodilators alone is currently not recommended. Nevertheless, a recent meta-
analysis of individual patient data from studies that used ARBs and angiotensin-converting
enzyme inhibitors shows that, in patients with Child A cirrhosis, these drugs reduce portal
pressure with minimal side effects; whereas deleterious effects are mostly observed in
patients with decompensated cirrhosis.>® Future studies should determine the potential of
these drugs as alternatives or adjuncts to NSBB in patients with compensated cirrhosis.

Other therapies have been shown, in experimental animals, to improve nitric oxide
bioavailability in the liver and to reduce portal pressure. Of these, 2 have been translated to
proof-of-concept hemodynamic studies in humans with cirrhosis. One of them is NCX-1000,
a nitric oxide-releasing derivative of ursodeoxycholic acid that was found to have no effect
on HVPG.56 The other is simvastatin, which leads to the post-translational upregulation of
endothelial nitric oxide synthase. In a small placebo-controlled study of 20 patients,
simvastatin was associated with a significant reduction in HVPG, with 32% of
hemodynamic responders.>” Simvastatin was not associated with changes in blood flow,
suggesting that it decreased hepatic vascular resistance by acting as a hepatic vasodilator.

Drugs that Act by Reducing Flow and Resistance

The combination of intrahepatic vasodilators and splanchnic vasoconstrictors results in an
additive portal pressure-reducing effect (see Table 1). This effect was first shown in a
hemodynamic study performed in patients with cirrhosis in whom the addition of
nitroglycerin to vasopressin led to a further reduction in HVPG, not associated with a further
decrease in portal flow®8 This observation suggested that the additional reduction in HVPG
induced by nitrates resulted from a decrease in intrahepatic resistance.

This effect has also been observed when ISMN or prazosin are combined with NSBB, with
an HVPG reduction of around 20% to 24% with combination therapy, compared with 15%
with NSBB alone.?1:%9 The rate of HVPG responders with NSBB+ISMN is 44%,
13,23,25:29735:37 3 rate that is significantly higher than that observed with NSBB alone
(37%) (see Table 1). However, these combinations are associated with more side effects,
specifically fluid retention and/or symptomatic hypotension.

Carvedilol is a nonselective B-blocker with weak anti-a4 adrenergic (vasodilator) activity
and therefore acts as a combination of NSBB and vasodilator. When used at a dosage of 25
to 30 mg/d, it has been associated with a significant reduction in HVPG (16%-19%), with
46% being HVPG responders (Table 2), which is similar to the response rate of a
combination of NSBB and ISMN.24:60.61 However, as for other combinations of
vasoconstrictors and vasodilators, carvedilol at this dosage has been associated with a
decrease in mean arterial pressure, fluid retention, and a high rate of patient withdrawal.60:62
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Natural History of Varices and Variceal Hemorrhage

Gastroesophageal varices are present in approximately 50% of patients with cirrhosis, with a
rate dependent on the severity of liver disease (42% of patients who are Child A vs 72% in
Child B/C).63 Varices develop at a rate of 7% to 8% per yearl and the transition from small
to large varices occurs at the same rate, more commonly among patients with Child B/C
cirrhosis.64 Variceal hemorrhage occurs at a rate of 5% to 15% per year depending on the
presence of risk factors, with variceal size, red wale marks on varices, and advanced liver
disease (Child B or C) identifying patients at a high risk of variceal hemorrhage.65 Six-week
mortality with each episode of variceal hemorrhage is still around 15% to 25% and also
depends on the severity of liver disease.66:67 Late rebleeding occurs in approximately 60%
to 70% of untreated patients, usually within 1 to 2 years of the initial hemorrhage.68

The pharmacologic therapy for portal hypertension has been evaluated at each of the stages
in the natural history of varices/variceal hemorrhage.

Preprimary Prophylaxis (Prevention of Varices)

A large multicenter RCT of timolol, NSBB, versus placebo performed in patients with
cirrhosis and portal hypertension but without varices, showed a similar rate of development
of varices in both treatment groups, with a higher rate of adverse events in the timolol group.
1 Therefore, NSBB are not recommended for the prevention of varices.

Primary Prophylaxis (Prevention of First Variceal Hemorrhage)

Patients with medium/large varices are at a high risk of variceal hemorrhage and are the
main subgroup of patients with cirrhosis without a previous episode of hemorrhage in whom
prophylactic therapy is recommended. In this setting, NSBB have been shown to
significantly reduce the risk of first variceal hemorrhage, from 24% to 15% in a median
follow-up of 2 years.#1 Adding ISMN does not have an added beneficial effect in this
setting, as shown in a double-blind, placebo-controlled trial.®

Although meta-analyses of studies comparing NSBB versus endoscopic variceal ligation
(EVL) have shown a benefit for EVL, the evidence is weak, because subgroup meta-analysis
of trials with adequate design and an acceptable sample size show no differences in the rate
of first variceal hemorrhage between groups.70:71 As these therapies seem equal, choice
should depend on local resources, patient preferences, and co-morbidities. It is reasonable to
start with NSBB (which should be administered indefinitely) because they have other
advantages, such as prevention of bleeding from other portal hypertension sources (portal
hypertensive gastropathy and gastric varices) and prevention of ascites (Table 3).15 In
patients intolerant of, or with contraindications to, NSBB, EVL should be performed.

A recent single-center RCT showed a significantly lower rate of first variceal hemorrhage
with carvedilol compared with EVL (10% vs 23%),”2 without differences in mortality. The
dosage of carvedilol used (12.5 mg/d) was lower than that associated with an HVPG
reduction (see Table 2) and with complications. Larger studies are necessary to evaluate its
efficacy compared with NSBB and to determine its mechanism of action.

Patients with small varices with red signs or with advanced liver disease (Child C) are at a
similar risk of first hemorrhage compared to those with moderate/large varices and should
be treated with NSBB, because banding may be technically more challenging in these
patients (see Table 3).
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Acute Variceal Hemorrhage

A meta-analysis of RCTs for the specific management of acute variceal hemorrhage shows
that a combination of endoscopic and pharmacologic therapy is significantly better than
endoscopic therapy alone.”3 There are no apparent differences among vasoconstrictors.
Notably, the most frequent pharmacologic agent used in these studies was octreotide, the
only vasoconstrictor currently available in the United States. Terlipressin is the only
vasoconstrictor that has been shown to improve survival’4 and, if confirmed in RCTs using
current standard therapy, it would be the preferred vasoconstrictor. VVasoconstrictor therapy
should be initiated as soon as possible, even before diagnostic endoscopy, because this has
been shown to improve outcomes (Table 4).”® General recommendations are to maintain
vasoconstrictors for 3 to 5 days because this is the time period of highest risk for rebleeding,
but this has not been well validated.

Another form of pharmacologic therapy recommended in patients with variceal hemorrhage
is antibiotic prophylaxis. In a meta-analysis of 5 trials, antibiotics were associated not only
with a decreased risk of infection but also a decreased mortality.”® Their effect could be
related in part to a decrease in the rate of early rebleeding.”” The preferred antibiotic is oral
norfloxacin at a dosage of 400 mg twice a day for 7 days, although 1V ceftriaxone at a
dosage of 1 g/d is preferable in patients with severe liver disease, particularly in settings of
high prevalence of quinolone-resistant organisms.’8

Other pharmacologic therapies, such as recombinant factor VIla, have not been shown in
RCTs to be of benefit in the management of acute variceal hemorrhage.’:80

Secondary Prophylaxis (Prevention of Recurrent Variceal Hemorrhage)

A recent meta-analysis shows that the combination of endoscopic plus pharmacologic
therapy reduces overall gastrointestinal and recurrent variceal hemorrhage in patients with
cirrhosis who have recovered from an episode of variceal hemorrhage, more than either
therapy alone.81 However, the long-term (82-month) follow-up of one of these studies
showed that combination pharmacologic therapy (NSBB plus ISMN) is associated with a
better survival compared with EVL.82 However, this trial did not explore a combination of
EVL+NSBB. A review of data obtained from published secondary prophylaxis randomized
trials comparing EVL alone versus EVL+NSBB,83:84 EVL alone versus NSBB+ISMN,
31:32:85:86 as well as 3 recent studies of EVL plus combination pharmacologic therapy
(NSBB+ISMN) versus combination pharmacologic therapy34:87 or versus EVL alone88
shows that, at equivalent follow-up times, the combination of EVL plus drugs is associated
with the lowest rates of recurrent variceal hemorrhage (14%), overall gastrointestinal
hemorrhage (23%), and death (17%). Therefore, the current standard of care for secondary
prevention is a combination of EVL and NSBB. In patients who are not candidates or who
refuse EVL, the combination of NSBB plus ISMN should be attempted, although this
combination is poorly tolerated (Table 5).

As mentioned earlier, the lowest rates of recurrent variceal hemorrhage (approximately
10%) are observed in patients who have a hemodynamic response to pharmacologic therapy,
defined as a decrease in HVPG to less than 12 mm Hg or a decrease of greater than 20%
from baseline levels.14:68 The more rational approach would be to guide therapy based on
the hemodynamic response. A recent RCT compared patients with HVPG-guided
pharmacotherapy (nadolol plus ISMN or prazosin) with patients on nadolol+EVL.35 As
expected, patients in the HVPG-guided pharmacotherapy arm showed higher rates of
hemodynamic response; however, the rates of recurrent hemorrhage were similar between
groups (26% vs 23%). Additional data from larger studies are needed to more clearly define
the role of HVPG in the secondary prophylaxis of variceal hemorrhage.
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Table 3
Pharmacologic therapy in the prevention of first variceal hemorrhage (primary
prophylaxis)
Medication  Dosage Goals
Propranolol  Initial: 20-40 mg by mouth twice a Increase until maximum tolerated OR heart rate of 50-55 beats per minute

day

Maximum: 160 mg by mouth twice a
day

Continue indefinitely. No need for follow-up EGD

Nadolol

Initial: 20-40 mg once daily

Maximum: 240 mg once daily

Increase until maximum OR heart rate of 50-55 beats per minute

Continue indefinitely. No need for follow-up EGD

EGD, esophagogastroduodenoscopy.
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Pharmacologic therapy in the management of acute variceal hemorrhage

Medication

Dosage

Comments

Vasopressin + Nitroglycerin

0.4 units/min continuous IV infusion

Intravenously (40 pg/min) or transdermally (10
mg in 24 h)

1 Should always be used with nitroglycerin to
avoid ischemic complications

2 Maximum duration should be 24 h at lowest
effective dosage

3 Rarely used

Terlipressin

Initial 48 h: 2 mg IV every 4 h until control of
bleeding

Maintenance: 1 mg IV every 4 h forupto5dto
prevent rebleeding

Unavailable in the United States

Somatostatin

Initial 1V bolus: 250 pg (can be repeated in the
first hour if ongoing bleeding)

Maintenance: continuous IV infusion of 250-500
ug/h for 5d

Unavailable in the United States

Octreotide Bolus: 50 pg (can be repeated in the first hour if Available in the United States (off-label use)
ongoing bleeding)
Maintenance: continuous 1V infusion of 50 pg/h
for5d

Vapreotide Bolus: 50 pg Unavailable in the United States

Maintenance: continuous IV infusion of 50 pg/h
for5d
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Table 5
Pharmacologic therapy in the prevention of recurrent variceal hemorrhage (secondary
prophylaxis)
Medication Dosage Comments
Propranolol or nadolol ~ Same as Table 3 Same as Table 3
Isosorbide mononitrate  Initial: 10 mg by mouth every night 1 Used only in combination with an NSBB
Maximum: 20 mg twice a day 2 Increase until maximum tolerated dose and SBP>95 mm Hg

Abbreviation: SBP, systolic blood pressure.
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