Clinical Challenge

Pharmacologic Treatment of Portal Hypertension:
Past, Present, and Future

THOMAS D. BOYER

This is the 50th anniversary of the founding of the Ameri-
can Association for the Study of Liver Diseases. The celebra-
tion of the Society is also a celebration of the accomplishments
of its members and others in the field of hepatology. Viral
hepatitis and liver transplantation are clearly two areas in
which there has been an explosion of knowledge leading to
dramatic changes in how we manage patients with liver dis-
ease. Similarly, our understanding of portal hypertension and
its complications also has changed, especially during the last 2
decades. One of the most significant advances has been the
development of drug therapy for portal hypertension. To un-
derstand how far we have come, it is helpful to review where
we were preceding the seminal observation in 1980 by Lebrec
et al.,! that an oral medication could lower portal pressure
chronically. The impact of their finding on the management of
patients with varices is the focus of this report. Pharmacologic
therapies that prevent both the first episode of variceal bleed-
ing as well as recurrent bleeding will be discussed; however,
treatment of actively bleeding varices will be touched on only
lightly. The status in 1980 of treatment of esophageal varices
will be reviewed first. The current treatment of varices then
will be discussed, followed by some thoughts on the potential
for new pharmacologic therapies. The reader who is inter-
ested in more thorough discussions of current therapies for
gastroesophageal varices is referred to several recent re-
views. >4

YEAR 1980

Drug therapy for portal hypertension in 1980 was limited to
the intravenous use of agents, such as vasopressin, during an
acute bleeding episode. Vasopressin lowers portal pressure by
causing vasoconstriction in the splanchnic bed thereby de-
creasing portal flow. When vasopressin is given, decreases in
portal pressure are modest (10% to 44%) and decreases in
hepatic blood flow are slightly greater (33% to 54%). The
efficacy of drugs such as vasopressin in controlling variceal
bleeding was controversial, but most felt the use of vasopres-
sin was associated with cessation of bleeding. Somatostatin
also was being investigated as an agent to control acute
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variceal bleeding.> Other therapies used in the acutely bleed-
ing patient were balloon tamponade, transhepatic emboliza-
tion of varices, endoscopic sclerotherapy, surgical shunts, and
various devascularization procedures.®8

Although drugs were used in the patient with acutely bleed-
ing varices, the prevention of bleeding was thought to require
obliteration of the varices endoscopically, by transhepatic
thrombosis of the varices or by surgical decompression of the
portal venous system. Devascularization procedures or esoph-
ageal transection were used in patients who were not candi-
dates for the above approaches (Table 1). Earlier studies had
shown that portacaval shunts should not be used as primary
prophylaxis in patients with varices.® Because of the latter
findings, in 1980 the only patients being entered into con-
trolled trials were those who had bled at least once from their
varices.

Sclerotherapy of esophageal varices was described in 1939.
It received limited attention despite published data showing
benefit until the late 1970s.1° Terblanche et al. in 1979 and
Clark et al. in 1980 published 2 controlled trials showing that
sclerotherapy was effective in preventing recurrent bleeding
from varices.'-'2 Their observations, plus improvements in
the flexible endoscope, established sclerotherapy as an effec-
tive method for the treatment of acute and recurrent bleeding
from varices. Surgical shunts were an established method for
the control of recurrent bleeding in patients who had bled at
least once from varices.®® The major debate at that time was
whether the distal splenorenal shunt was better than the por-
tacaval shunt in managing patients who had bled at least once
from varices.!?

Perhaps the best way to assess how patients with cirrhosis
and varices were being managed in 1980 is to look at what
textbooks included in chapters on portal hypertension. Two
textbooks were published in 1982: Schiff’s Diseases of the Liver
and Zakim and Boyer’s Hepatology: A Textbook of Liver Dis-
eases. In the two chapters in Schiff's book on portal hyperten-
sion and cirrhosis and the chapter in Zakim and Boyer’s book
on portal hypertension, only shunts and to a lesser extent
esophageal sclerotherapy and transhepatic thrombosis of var-
ices were discussed as the way to prevent recurrent bleeding
from esophageal varices.o® Similarly, 349 articles dealing with
portal hypertension were published in 1979 to 1980. There
were 57 articles on portacaval shunts, 21 articles on transhe-
patic thrombosis of varices, and only 11 articles on sclerother-
apy (data were obtained from a Medline search using the sub-
ject headings “portal hypertension” and “adrenergic beta
antagonists” or “portacaval shunts,” “sclerotherapy,” or “trans-
hepatic thrombosis”). At the end of the 1970s, a surgical portal-
systemic shunt was the procedure of choice in preventing recur-
rent bleeding from gastroesophageal varices.
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TaBLE 1. Therapies for the Primary and Secondary Prevention of
Variceal Bleeding

Indication 1980 2000
Primary None Medical
B-blockers
Oral nitrates
Banding
Acute Medical Medical
Vasopressin Octreotide/somatostatin
Baloon tamponade Vasopressin/nitrates
Endoscopic sclerosis Terlipressin
Endoscopic therapy
Balloon tamponade*
TIPS
Surgical Surgical
Emergency Emergency
shunt/devascularization shunt/devascularization*®
Secondary  Medical Medical
Sclerotherapy B-blockers
Transhepatic thrombosis Oral nitrates
Banding
TIPS
Surgical Surgical
Shunts Shunts
Devascularization*® Devascularization®

Esophageal transection®

Esophageal transection®

*Use limited to patients with uncontrolled bleeding, failed TIPS, or with
portal and splenic vein thrombosis.

Asmentioned previously, somatostatin was known to lower
portal pressure, and one theory for this effect was that it
caused a fall in cardiac output. Beta-blockers were known to
lower cardiac output. Therefore, Lebrec et al. administered
propranolol intravenously to 6 patients with cirrhosis to de-
termine if this agent would lower portal pressure. They ob-
served that cardiac output fell 32%, and corrected wedged
hepatic vein pressure (WHVP) fell 19%.> The same group next
administered propranolol orally to 8 cirrhotic patients at in-
creasing doses until their heart rate was reduced by 25%.
Another 8 patients received a placebo. WHVP was measured
before and 1 month after the administration of propranolol or
placebo. The WHVP decreased in all treated patients with an
average decrease of 25%. There was no change in the cor-
rected WHVP in the control group. From this small study the
investigators concluded that “this effect of propranolol might
be useful in preventing recurrent bleeding due to ruptured
oesophageal varices in patients with portal hypertension.”!
The observations of Lebrec et al.! in concert with the findings
of Groszmann et al. that intravenous nitroglycerin also lowers
portal pressure,'+ set the stage for how we currently use drugs
to prevent bleeding from esophageal varices.

YEAR 2000

Within 1 year of the first report by Lebrec et al. that pro-
pranolol lowers portal pressure, a controlled trial was pub-
lished showing that propranolol also significantly reduced the
risk of rebleeding from esophageal varices.!> That initial trial
contained 74 patients. Twenty years later, thousands of pa-
tients have been entered into studies, which examined the
efficacy of numerous treatments in the primary and secondary
prevention of bleeding from gastroesophageal varices.>*
B-Blockers have been compared with placebo, oral nitrates,
and endoscopic therapy for primary prevention of bleeding
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and with placebo, nitrates, endoscopic therapy, and trans-
jugular intrahepatic portasystemic shunts (TIPS) in the sec-
ondary prevention of bleeding. It is a testimony to the hepa-
tology community at large that so many controlled trials have
been performed to define the role of B-blockers and other
therapies in the prevention of bleeding from gastroesophageal
varices. It is important to note that the effective lowering of
portal pressure by B-blockers requires blockade of both 8-
cardiac receptors and [3,-splanchnic receptors.>10.17 There-
fore, only nonselective 3-blockers (propranolol, nadolol, and
timolol) are effective in lowering portal pressure significantly,
and it is the first two agents that have been used in the con-
trolled trials.

Primary Prophylaxis

At least 9 controlled trials comparing nonselective 3-block-
ers as primary prophylaxis for varices to controls who re-
ceived no active treatment have been published.>* Based on
meta-analysis, there is a significant decrease in the adjust risk
difference for bleeding and a smaller, but not significant, de-
crease in mortality in the B-blocker—treated patients. Ten pa-
tients need to be treated to prevent one episode of bleeding. If
only studies in which medium or large varices are included in
the analysis then the effect of B-blockers on the bleeding rate
is greater and the number treated to prevent an episode of
bleeding is reduced to 8. The reason 3-blocker therapy is not
more effective is because as many as two thirds of the patients
do not respond to treatment with a 20% decrease in portal
pressure or a decrease in the portal-hepatic vein gradient to
below 12 mm Hg.>'7 If the portal-hepatic vein gradient does
not fall at least 20% or to less than 12 mm Hg, then the use of
B-blockers is ineffective in preventing bleeding.? There are no
noninvasive tests available that measure the response of portal
pressure to therapy in an accurate and reproducible manner.
Only by performing a WHVP measurement twice, which re-
quires catheterization of the femoral vein, can the response to
therapy be determined. Identifying and treating only those
patients who responded to therapy would increase the efficacy
of B-blocker therapy. However, the invasive nature of the
WHVP measurement and its cost make this an impractical
approach at this time.

A cost-effectiveness analysis of primary prophylaxis with
B-blockers has been performed.'® Treatment with proprano-
lol was shown to be cost effective compared with no treatment
in all groups as defined by Child’s status and size of varices.
Use of sclerotherapy or surgery in these patients was not cost
effective. When the cost for patients with high- or low-risk
varices and good or poor hepatic function was estimated, it
was the Child’s class C patient with high-risk varices who was
most likely to benefit from therapy. For example, if one treats
a group of Child’s class A cirrhotic patients with low-risk
varices, 50 patients need to be treated at a cost of $76,640 to
prevent 1 episode of bleeding. In contrast, treating a group
with Child’s class C cirrhosis and high-risk varices, only 5
need to be treated at a cost of $12,775 to prevent 1 episode of
bleeding.

Oral nitrates have also been used to lower portal pressure
and decrease bleeding from varices. Nitrates alone lower por-
tal pressure, and when given in combination with 8-blockers,
the fall in portal pressure is greater than with B-blockers
alone.'*19 Nitrates appear to be as effective as B-blockers in
preventing bleeding, although the number of studies is quite
small and there is concern about an increase in mortality in
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the nitrate-treated patients.2 There are a number of studies
comparing the combination of oral nitrates (isosorbide-5-
mononitrate) plus 3-blockers against B-blockers alone. Anal-
ysis of these studies shows a small increase in efficacy of com-
bination therapy (a difference of 5%) with a significant
increase in the incidence of side effects in the combination
therapy groups.2 More recently, a long-term study of combi-
nation versus monotherapy suggests that combination ther-
apy may be better with no increase in side effects.2® Further
studies are required to prove that nitrates add significantly
to the efficacy of B-blockers. A recent report suggests that
variceal ligation is better than 8-blockers in the prophylaxis of
varices.2! However, the number of patients in the study was
small (89) and the bleeding rate on B-blockers was high
(43%) compared with other studies that average about 15%.2
Therefore, more studies are required before band ligation re-
places B-blockers as the initial form of treatment.?? Finally,
the effect of pharmacologic therapy on the risk of bleeding
from large gastric varices is unknown. If large fundal varices
are found, then treatment with 3-blockers is warranted pend-
ing the publication of studies that define better how to manage
these patients.

Based on the above studies the following recommendations
are made (Fig. 1). Patients who are at risk for large varices
should be screened. A recently published report suggests that
patients with cirrhosis, splenomegaly, and/or a platelet count
of less than 88,000 are most likely to have large varices and
therefore are an appropriate group to endoscope.?? If medium
or large varices are found then the patient should be treated
with a nonselective B-blocker as long as there are no contra-
indications to their use. The dose of the B-blocker should be
adjusted to reduce the heart rate by 25%. Depending on the
Child’s class of the patients, between 5 and 14 patients need to
be treated to prevent 1 episode of bleeding.!® If the patient
bleeds while on B-blocker therapy, then banding of the varices
should be instituted. Once the varices are eliminated the pa-
tient should remain on a B-blocker because variceal recur-
rence may be slowed.3! If there is a contraindication to the use
of B-blockers then I feel esophageal variceal ligation is the
preferred form of treatment. Combination therapy, B-blocker
plus oral nitrate, does not appear to be warranted at this time
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given the small decrease in risk of bleeding and the increase in
side effects. The use of B-blockers in cirrhotic patients with no
or small varices also is not warranted. There is no compelling
evidence that the use of B-blockers prevents or slows the
development of varices (there are ongoing studies of this is-
sue). If patients are found to have no or small varices, then a
repeat endoscopy in 1 to 2 years is appropriate. If the varices
are again small or absent, then it is unclear whether and when
further endoscopies are required.?*

Acute Bleeding

A complete review of treatment of the patient bleeding ac-
tively from varices is beyond the scope of this review. In 1980,
the only drug widely used for the treatment of acutely bleed-
ing varices was vasopressin.> Subsequent studies showed that
adding intravenous nitroglycerin caused a further decrease in
portal pressure'* and decreased the side effects of vasopres-
sin.>* Triglycyl-lysl-vasopressin (terlipressin) is a long-acting
form of vasopressin that has fewer side effects. Terlipressin is
an effective agent in controlling variceal bleeding.* One study
found that giving terlipressin with glyceryl trinitrate while the
patient with bleeding varices was being transported to the
hospital decreased bleeding and improved survival.2> How-
ever, the control patients received no therapy for 12 hours
(average time to endoscopy was about 17 hours), and it is
unclear whether early therapy or no therapy was the critical
determinant of which patients rebled during the first 12
hours. Perhaps the most important role for terlipressin is its
reported positive effect on renal function in patients with the
hepatorenal syndrome.2° Terlipressin is an effective agent for
treating complications of portal hypertension and is quite
popular in Europe but unfortunately it is not available in the
United States. The two agents that are now used most com-
monly in the actively bleeding patient in the United States are
somatostatin and octreotide. Both lower portal pressure and
decease azygous blood flow (although the effects are rather
transient) and have an efficacy in controlling bleeding that is
similar to vasopressin and terlipressin.>*27 Both drugs have
been used for several days in hospital while patients are un-
dergoing sclerotherapy/banding and rebleeding rates are
lower in the patients receiving combination therapy. How-
ever, there remains significant uncertainty as to the relative
efficacy of these two drugs.?” Their major advantage is a lack
of serious side effects as compared with vasopressin. Sclero-
therapy and esophageal variceal ligation are also effective in
controlling bleeding.28

Currently, patients with acute bleeding are treated with
intravenous somatostatin or octreotide preceding endoscopy.
During endoscopy, if actively bleeding varices are found or if
there is evidence of recent variceal bleeding, either banding
(preferred) or sclerotherapy is performed. If the bleeding can-
not be controlled or rebleeding occurs, then a TIPS is per-
formed. Emergency surgical shunts are associated with a high
mortality* and should not be performed except in patients
with excellent liver function.

Secondary Prophylaxis

At least 12 controlled trials comparing B-blockers to inac-
tive treatment in the prevention of recurrent bleeding from
varices have been published. Based on a meta-analysis, the use
of B-blockers was associated with a 21% decrease in the risk of
bleeding, a 7% decrease in mortality, and a need to treat 5
patients to prevent 1 episode of bleeding.? The decrease in risk
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of bleeding and mortality are significant.2.2° Treatment with
B-blockers is as effective as treatment with sclerotherapy in
the prevention of rebleeding with less severe side effects.>+28
The combination of B-blockers and nitrates also appears to be
better than endoscopic therapy.3©

There is some uncertainty on whether or not to use
B-blockers in patients undergoing sclerotherapy/banding. As
B-blockers and sclerotherapy/banding attack the problem at
different levels, it is tempting to believe that the combination
would be better than either alone. When B-blockers have been
used with or without sclerotherapy, the rebleeding rates are
significantly higher in those who received B-blockers alone
with no change in survival. Similarly, when sclerotherapy
with or without B-blockers is studied there is a significant
decrease in the rate of rebleeding in those who received com-
bination therapy.2*28 Finally, the use of B-blockers plus su-
cralfate in patients undergoing banding reduces the rebleed-
ing rate from 18% to 7%.3' The difficulty is that there is
significant heterogeneity in the different studies making it
difficult to reach firm conclusions. Combination therapy is
not worse and probably better than monotherapy, especially if
patients are undergoing sclerotherapy/banding as their pri-
mary form of therapy. It is less clear whether the small de-
crease in rebleeding rates achieved by adding sclerotherapy/
banding to the treatment regimen of patients already receiving
B-blockers as monotherapy is worth the significant increase in
cost. Lastly, long-term (days to 6 months) octreotide admin-
istration has been used in combination with sclerotherapy in
the prevention of rebleeding. Rebleeding tended to be lower in
the octreotide-treated patients but no comparison with com-
bination therapy with B-blockers was made.?” The cost of
octreotide makes this a poor alternative to B-blockers pending
further studies.

The following recommendations are made for the preven-
tion of rebleeding from esophageal varices in patients with
cirrhosis (Fig. 2). B-blockers alone significantly reduce the
risk of rebleeding from esophageal varices, improve survival,
and should be prescribed for all patients who lack a contrain-
dication to their use. Many experts feel B-blockers alone are
adequate as initial therapy.? Not only do B-blockers reduce
the risk of bleeding from esophageal varices but they also
reduce bleeding from portal hypertensive gastropathy. How-
ever, many patients receive endoscopic therapy at the initial
bleed and it is tempting to eradicate the varices endoscopically
once the process has been begun. If the patient’s physician
chooses to use endoscopic therapy, then I recommend the
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following approach be taken: First, banding is clearly superior
to sclerotherapy and should be the procedure of choice.2832
Second, when comparing sclerotherapy/banding to sclero-
therapy/banding plus B-blockers, combination therapy is al-
ways associated with less rebleeding compared with mono-
therapy without an improvement in survival.2+2831 For
example, the average difference in the risk of rebleeding for
sclerotherapy versus sclerotherapy plus B-blockers is 10%
and for banding versus banding plus -blockers is 11%.%3! As
there is a significant risk of dying associated with a variceal
bleed and the side effects of B-blockers are generally mild, it
would seem prudent to use combination therapy in these pa-
tients. In addition, the use of B-blockers will reduce the risk of
bleeding from portal hypertensive gastropathy and may slow
the redevelopment of varices.3! Therefore, I believe that pa-
tients undergoing variceal ligation should also be treated with
a B-blocker. In addition, the B-blocker should be continued
indefinitely, i.e., even after the varices have been obliterated.
Whether adding sucralfate or oral nitrates to the mix adds to
the efficacy of the above two treatments remains unclear at
this time. Finally, there is little information of the efficacy of
B-blockers in the prevention of rebleeding from gastric vari-
ces. Although injection of gastric varices with Bucrylate is
reported to be effective,?® Bucrylate is not available in the
United States and currently, if a patient bleeds from gastric
varices, either a TIPS or surgical shunt should be performed.

FUTURE

The work during the last 2 decades has shown that it is
possible, using oral medications, to lower portal pressure sig-
nificantly and for long periods of time. In addition, the de-
crease in portal pressure is associated with a reduced risk of
bleeding both in patients who have never bled and those who
have bled at least once from varices. The therapies have also
been shown to be cost effective. Unfortunately, the impact of
treatment on survival has been less dramatic, but if patients
who truly responded to therapy could be easily identified,
then efficacy would be improved and survival probably en-
hanced. We need to continue to search for noninvasive meth-
ods to accurately measure portal pressure. Newer agents are
also being developed. For example, carvedilol, is a nonselec-
tive B-blocker with anti—al-adrenergic activity. This new
agent causes a greater decrease in portal pressure than does
propranolol but also causes a greater decrease in systemic
pressure.>> Other pharmacologic agents that have been used
include: clonidine, diuretics, verapamil, pentoxifyline, and

DOCUMENTED EPISODE OF VARICEAL BLEEDING
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metoclopramide to name a few.> Whether these newer agents
will prove to be more effective than currently available agents
remains to be established.

The areas of investigation that are likely to lead to new
paradigms for the pharmacologic treatment of portal hyper-
tension are studies of agents such as endothelins. Endothelins
are a group of compounds that are potent vasoconstrictors.
They bind to 2 different types of receptors termed ET, and
ET;s. Binding of endothelins to ET, receptors on vascular
smooth muscle cells leads to vasoconstriction, whereas bind-
ing to ETy receptors on endothelial cells leads to release of
nitric oxide and vasorelaxation.>* Levels of endothelin are
increased in cirrhotic patients, especially those with ascites.?>
Infusion of endothelin into isolated perfused rat livers leads to
an increase in portal pressure.3® Hepatic stellate cells, on ac-
tivation, become myofibroblasts, express ET, and ETjy recep-
tors and contract on exposure to endothelin 1.3+3° These and
other data suggested that endothelins may increase portal
pressure in liver disease by binding to hepatic stellate cells
leading to their contraction and an increase in resistance
within the liver microcirculation. In support of this idea are
the findings that the acute administration of an ET,; antago-
nist leads to a fall in portal pressure in cirrhotic rats.3” Chronic
administration of an ET,; antagonist in an animal model,
however, failed to lower portal pressure.3® In addition, admin-
istration of an ET, receptor antagonist to cirrhotic rats re-
duces collagen accumulation,® suggesting the effects of
blockade of endothelin receptors may have more pronounced
effects on fibrosis compared with vascular resistance. Studies
in humans using these receptor antagonists are awaited.

There also is intense interest in the role nitric oxide plays in
portal hypertension as well as the hyperdynamic circulation.
The reader is referred to excellent reviews on this subject.0-41
Nitric oxide overproduction appears to contribute to the de-
velopment of the hyperdynamic circulation. This conclusion
is based on the findings in humans that, in exhaled air, levels
of nitric oxide are increased in cirrhotic patients before but
not after liver transplantation. The exhaled levels of nitric
oxide correlate with cardiac index.*?*3 Patients with cirrhosis
have increased plasma concentrations of nitric oxide as well,
and the splanchnic bed appears to be the principle source of
the nitric oxide.*! Finally, in animals, blockade of nitric oxide
synthesis ameliorates the hyperdynamic state.*0-#!

In contrast to the belief that the nitric oxide is overpro-
duced in the splanchnic bed and systemically contributes to
the hyperdynamic circulation, in the portal system it is be-
lieved there is an underproduction of nitric oxide, which
makes the portal hypertension worse.*® The release of nitric
oxide is reduced from the endothelial cells of cirrhotic ani-
mals, especially in the face of increased levels of endothelin
1.4044 If this relative nitric oxide deficiency could be cor-
rected, then there should be a decrease in portal pressure.
Recently, nitric oxide synthase was overexpressed in normal
and cirrhotic rat livers. Overexpression of nitric oxide syn-
thase was associated with an increase in nitric oxide levels and
a decrease in intrahepatic resistance and portal pressure in
cirrhotic animals.*> It is unclear whether gene therapy will be
a practical approach for the treatment of portal hypertension
in humans; however, this work does suggest that targeted
increases in nitric oxide levels in the portal circulation could
be used to lower portal pressure. If drugs, such as nitrates, can
be developed that increase nitric oxide levels in the portal
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system without spillover into the systemic circulation, then
new therapies will be possible.

In conclusion, pharmacologic therapy of portal hyperten-
sion has come of age. In contrast to 20 years ago when we
believed that prophylactic therapy of varices was not possible,
we now have excellent therapies that reduce the risk of the
initial bleed from varices. We also know which patients are
most likely to benefit from pharmacologic therapy. Unfortu-
nately, we lack a noninvasive method for measuring portal
pressure, which if available, would allow for better manage-
ment of our patients. For example, if a patient was started on
a B-blocker and failed to respond, then oral nitrates could be
added. We also have to resolve whether pharmacologic ther-
apy is better than endoscopic banding of varices in patients
who have never bleed from their varices. The pharmacologic
treatment of acutely bleeding varices has also improved. We
now control bleeding with drugs that have fewer side effects
than vasopressin. In addition, the effectiveness of endoscopic
therapy and use of TIPS in the refractory patient has made the
management of these sick patients much more effective. The
situation for the prevention of rebleeding from varices is even
better. Pharmacologic therapy has clearly reduced the inci-
dence of rebleeding from varices and improved survival as
well. We still remain uncertain as to the primary role of en-
doscopic versus pharmacologic therapy, but further studies
are sure to resolve this issue. We do need further trials on
which is better, TIPS or shunts, for the management of pa-
tients who fail pharmacologic and endoscopic therapy yet still
have good hepatic function. Finally, with the research that is
ongoing as to how portal vascular resistance is controlled,
there is no doubt new drugs will be developed that will lower
portal pressure. The future for the pharmacologic treatment of
portal hypertension has never been brighter.
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