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Drug treatment of portal hypertension
B.S.ANAND

ABSTRACT
Despite advances in endoscopic management, variceal bleeding
Is still associated with a significant mortality. In recent years,
several therapeutic agents have been shown to lower.the portal
pressure and reduce variceal bleeding. In patients presenting
with acute variceal bleeding, the drug of choice Issomatostatin;
it Isas effective as endoscopic treatment and Isvirtually free of
side-effects. The second-line drug therapy In acute variceal
bleeding Is a combination of vasopressin and nitroglycerine.
Everypatient with a history of variceal bleeding Isat an Increased
risk of rebleeding and should receive some form of preventive
therapy. In these patients, non-selective beta-blockers and
endoscopic treatment are equally effective and either modality
can be used. Since each episode of variceal bleeding carrtes a
30%- 50% riskof death, cirrhotics who have never experienced
variceal bleeding but are at high riskto develop this complication
(high portal pressure, variceal grade III and IV, and presence of
red wale markings over the varices) should be Identified and
treated. Beta-blockers are the treatment of choice and should be
continued for the rest of the patient's life. Isosorblde-5-
mononltrate is also useful in lowering the portal pressure and
may be combined with beta-blockers In those who do not
respond to the use of beta-blockers alone. However, IsosorbiXde-
5-mononltrate should not be given alone for a long duration
because of its adverse haemodynamlc effects. Additional mea-
sures which are useful in decreasing the risk of variceal bleeding
are good control of ascites, especially with spironolactone and
a low salt diet, and early recognition and treatment of bacterial
Infections.
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INTRODUCTION
Portal hypertension is one of the major complications of liver
disease. Nearly 30% of patients with compensated cirrhosis and
60% with decompensated liver disease have oesophageal varices
at presentation. I Cirrhotics develop varices at the rate of 6%-8 %
per year and in the long term, approximately 90% have varices. 2,3

One-third of cirrhotics with varices experience their first episode
of bleeding within 2 years of diagnosis.t-' Those who bleed have
a 70 % incidence of rebleeding within 1year and the possibility of
death is 30%-50% from each bleeding episode."

PATHOGENESIS
The pressure in the portal system, like that in the systemic
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circulation, is determined by the product of blood flow and
resistance to flow (portal flow x vascular resistance). Undernormal
conditions, there is reciprocity between the portal flow and
hepatic vascular resistance, such that if the blood flow increases,
there is a fall in the resistance, keeping the portal pressure at a
constant level. In cirrhosis, the auto-regulatory mechanisms are
lost; there is an increase in the portal blood flow as well as in the
vascular resistance and thus both factors contribute towards the
development of portal hypertension.

Portal blood flow
Patients with cirrhosis have a hyperdynamic circulation, with a
high cardiac output, systemic vasodilatation and increase in portal
blood flow. Various agents have been blamed for the arterial
vasodilatation, believed to be the primary mechanism for the
hyperdynamic state. These include nitric oxide,"! glucagon.v'"
prostaglandins II and tumour necrosis factor-a." It has been
observed that the mesenteric arterial bed is hyporesponsive to
vasoconstrictors such as norepinephrine" and endothelin, 14perhaps
secondary to increased levels of vasodilatory agents.

Vascular resistance
The increase in vascular resistance in cirrhosis has traditionally
been blamed on the distorted liver architecture and presence of
fibrosis. IS It has been argued that hepatic sinusoids become less
distensible secondary to a combination of loss of fenestration of
the endothelial cells and the deposition of collagen in the space of
Disse, a process termed •capillarization of sinusoids' . 16 In addition
to anatomical factors, animal studies show that there may be an
increase in the portal vascular tone, perhaps related to the effect
of endogenous vasoconstrictors."-" These observations are
important since they suggest the presence of a reversible component
to portal hypertension, which may be amenable to drug therapy.

Stellate cells
An area of much interest is the role of stellate cells in the
regulation of intrahepatic blood flow. 19 Stellate cells (lipocytes or
Ito cells) are located perisinusoidally in the space of Disse and
have contractile functions. 20 A number of compounds can induce
stellate cell contractility, the most potent being endothelin. In
contrast, nitric oxide (a vasodilatory agent) prevents endothelin-
induced sinusoidal contraction.v-" It is postulated that stellate
cells increase the portal pressure by causing sinusoidal
vasoconstriction. Indeed, Bosentan, an endothelin antagonist,
when perfused into the liver of cirrhotic rats reduces portal
pressure" and is currently undergoing clinical trials.

MEASUREMENT OF PORTAL PRESSURE
It is difficult to measure portal pressure directly, so indirect
methods are usually employed." The most frequently used
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technique is measurement of hepatic vein pressure gradient
(HVPG) , which is the difference between the wedged hepatic vein
pressure (WHVP), obtained by wedging a balloon catheter in the
distal-most tributary of the hepatic vein and free hepatic vein
pressure (at the junction of the hepatic veins and inferior vena
cava). WHVP accurately reflects sinusoidal pressure in patients
with posthepatic (related to hepatitis B and C virus infections) and
alcoholic cirrhosis, but underestimates the pressure in conditions
associated with an element of presinusoidal portal hypertension
(primary and secondary biliary cirrhosis, schistosomiasis).
Normally, the HVPG is 1-4 mmHg. It has been suggested that
ascites develops at a pressure gradient of > 8 mmllg," varices
occur when the HVPG is > 10 mmllg" and variceal bleeding
occurs when the HVPG is 2..12 mmHg. 27

FACTORS PREDICTING VARICEAL BLEEDING
It is important to identify cirrhotic patients who are at increased
risk of variceal bleeding, since all of them do not experience it.
The most reliable factor in predicting variceal bleeding is the level
of portal pressure. Several studies have shown that variceal
bleeding occurs when the HVPG is > 12 mmHg. 27.28 Patients with
acute variceal bleeding who continue to bleed or rebleed within
1-2 days have significantly higher pressures (2.16 mmHg)
compared to those who stop bleeding or do not rebleed." In
another study, decrease in the HVPG of >20 % with drug therapy
was associated with reduced rebleeding episodes. 30 Other factors
that are independently associated with an increased risk of variceal
bleeding are: large varices (grades III and IV), the presence of red
wale marking over the varices, and possibly the severity ofliver
disease."

TREATMENT OF ACUTE VARICEAL BLEEDING
Several drugs capable of lowering the portal pressure have been
tested recently (Table I). In this review, the results of clinical trials
assessing the pharmacological approach to portal pressure
reduction and control of variceal bleeding will be discussed.

The treatment of choice is endoscopic sclerotherapy (EST) or
endoscopic variceal ligation (EVL) and drugs are only adjuvants.

Vasopressin
Until recently, vasopressin was the only drug available for the
control of acute variceal bleeding. Vasopressin causes splanchnic
arteriolar vasoconstriction, resulting in decreased portal blood
flow, fall in the WHVP by about 25 % ,32 reduction in azygos blood
flow by 25 % and a fall in variceal pressure." Because of its short
half-life, vasopressin is administered by continuous infusion (0.4
units/minute). Pooled analysis of four randomized trials showed
that vasopressin was better than not giving any treatment for
controlling bleeding (50 % v. 20 %) but there was no difference in
mortality. 1 Vasopressin is associated with multiple adverse
reactions requiring discontinuation of therapy in about 25 % of
patients. 1 These are mostly related to its vasoconstrictive effects
and include cardiac, cerebral, bowel and limb ischaemia; fluid
retention and hyponatraemia.

Glypressin (Terlipressin)
Glypressin is a synthetic analogue of vasopressin (triglycyl-lysine
vasopressin). After administration, the N-terminal glycyl residue
is cleated which allows the release of the active compound.
Glypressin has a longer duration of action and can therefore be
administered by bolus injections (1-2 mg i.v., qid). Pooled results
of three clinical trials showed that glypressin was superior to
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TABLE 1. Pharmacological agents which lower the portal pressure

Vasodilatory agents Vasoconstrictor agents

Nitrates (nitroglycerine,
isosorbide mononitrate)

Prostaglandins

Vasopressin (glypressin)

Serotonin antagonists (ketanserin,
ritanserin)

Prazosin

Non-selective beta-blockers
(propranolol, nadolol)

Somatostatin (octreotide)

Vasodilators have a secondary effect of causing splanchnic vasoconstriction as a
consequence of peripheral vasodilatation

placebo in controlling bleeding (75% v. 48%) and reducing
mortality (14 % v. 32 %).1 Glypressin was also superior to vaso-
pressin in controlling bleeding, but there was no difference in
mortality between the two drugs. Glypressin is as effective as
balloon tamponade and somatostatin in controlling bleeding and
mortality. I In most studies, glypressin was associated with a lower
complication rate than vasopressin, even when the latter was
administered with nitroglycerin (NTG). Glypressin has been
found to be safe when used over prolonged periods' and is the only
drug that reduces mortality in acute variceal bleeding. The survival
benefit obtained with glypressin was confirmed in a recent
randomized double-blind study in which a combination of
glypressin and glyceryl trinitrate was superior to placebo in
controlling bleeding (p=0.03) and reducing mortality (p=0.03),
with no serious side-effects. 34 Glypressin is widely used in Europe
but is not available in the USA.

Nitroglycerine
Because of the complications related to its vasospastic effects,
vasopressin has been used in combination with NTG. The addition
of NTG, a venous dilator, decreases the resistance in the portal
venous system (which is increased by vasopressin), with further
reduction of portal pressure and attenuation of the systemic
adverse effects of vasopressin." Three controlled trials have
compared NTG and vasopressin to vasopressin alone.":" All
three showed a decrease in the vasoconstrictive effects of
vasopressin and in two, 37 .38 there was enhanced control of bleeding.
However, none showed an improvement in survival. The current
recommendation is to always use vasopressin with NTG. The
preferred method ofNTG administration is by continuous infusion
(40 I-tg/minute)since this provides reliable blood levels and can be
easily adjusted. The dose may be increased to a maximum of 400
I-tg/minuteprovided the systolic blood pressure is 2.100 mmHg.
NTG can also be administered by the sublingual (0.6 mg every 30
minutes for 6 hours) and transdermal (10 mg over 24 hours) routes
but these are associated with less consistent blood levels.

Somatostatin
Both somatostatin and its long-acting analogue octreotide, decrease
splanchnic blood flow by a direct and selective action on the
splanchnic vascular smooth muscles, causing splanchnic arterial
vasoconstriction without any systemic effects. 39 Another postulated
mechanism of action is suppression of glucagon, a vasodilatory
agent. 40 Studies in humans show that somatostatin and octreotide
decrease the hepatic blood flow by 30 % accompanied by a fall in
the wedged hepatic vein pressure and variceal pressure, in normal
subjects as well as in cirrhotics.f A recent multicentre double-
blind study involving 205 patients showed that compared to
placebo, somatostatin resulted in a 40% reduction in the rate of
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continued bleeding, decrease in transfusion use (p < 0.05) and was
associated with less active bleeding at the time of endoscopy
(p < 0.01), making EST technically easier. 41However, there was no
significant decrease in mortality.

A meta-analysis of 6 randomized trials show that somatostatin
is superior to vasopressin in the control of acute variceal bleeding
(odds ratio: 1.62; confidence interval: 1.37-1.93), has fewer side-
effects, but does not improve survival, 42Five randomized controlled
trials have compared somatostatin (or octreotide) with EST. There
were no significant differences between the two with respect to
the initial control of bleeding , rebleeding in hospital or survival. I
Two studies showed that a combination of octreotide and EST
reduced the blood transfusion requirements and rebleeding rate
compared to EST alone but had no effect on the overall mortality. 43.44
The ideal dose of somatostatin has not been established. Most
workers give an initial bolus of250 p.gi.v., followed by a continu-
ous infusion of 100-250 p.g/hour for 3-5 days. Somatostatin is
virtually free from side-effects but is expensive and thus some
workers use subcutaneous octreotide (100 p.gtid) after the first 24
hours. However, the effectiveness of this regimen is unclear.

Unlike somatostatin, the role of octreotide in variceal bleeding
is less clear-cut. Rapid tachyphylaxis with failure to maintain
reduction in the HVPG develops with continuous administration
of octreotide. 45A new long-acting somatostatin analogue, lanreo-
tide, has recently been developed and has been found to reduce
portal blood flow, 46but clinical trials in variceal bleeding are not
available at present.

PREVENTION OF RECURRENT VARICEAL BLEEDING
Since there is a 70 % risk of recurrent bleeding, every patient with
a history of variceal haemorrhage should be placed on some form
oflong term preventive therapy.

Beta-blockers
Non-selective beta-blockers decrease portal pressure by reducing
portal blood flow (splanchnic inflow), by decreasing the cardiac
output and splanchnic vasoconstriction. A meta-analysis of 12
randomized trials involving 769 patients showed that beta-blockers
were superior to placebo in preventing rebleeding episodes
(p <0.001) and in improving the survival rate (p <0.05) at2 years."
Beta-blocker therapy has been compared to EST in 9 randomized
trials involving 722 patients. There was a trend in favour of EST
inpreventingrebleeding(41 % v. 50% at2years) but there was no
difference in survival. IA combination of EST and beta-blockers
has been compared to EST alone in 9 randomized trials (560
patients)." Combination therapy resulted in a lower rate of variceal
bleeding (35% v. 43%; p=0.05) at 12 months but there was no
difference in recurrent bleeding episodes or survival. Combination
therapy has also been compared to propranolol alone in two
randomized trials and combined treatment was found to be
superior in reducing variceal rebleeding and death.49.50

The ideal dose of beta-blockers is one which reduces the
HVPG by 20 %or to less than 12 mmHg. Since pressure measure-
ments are generally not performed, most workers tailor the dose
to achieve a 20% reduction in heart rate. Beta-blocker therapy is
usually well tolerated; side-effects are seen in < 15%patients and
are generally mild (weakness, headache, impotence and postural
hypotension). More serious adverse effects such as exacerbation
of asthma, dyspnoea and depression are uncommon. The two
commonly used non-selective beta-blockers, propranolol and
nadolol, are equally effective but nadolol appears to be better
tolerated. This is perhaps related to the fact that nadolol is less
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lipophilic, is not metabolized in the liver and does not cross the
blood-brain barrier.

Isosorbide-5-mononitrate (ISM)
Isosorbide mononitrate is a long-acting vasodilator which has a
beneficial effect on portal hypertension. ISM is a powerful venous
dilator and a mild arterial dilator which reduces portal pressure by
at least two mechanisms: reduction in intrahepatic and portal
collateral vascular resistance and decrease inportal blood flow. 51.52
The magnitude of portal pressure reduction by ISM is nearly as
marked as that with beta-blockers and in some patients, ISM
reduces the HVPG when propranolol is unsuccessful." Portal
pressure reduction achieved by a combination of ISM and beta-
blockers is greater than that by either drug alone.51.53In a recent
study, a combination of nadolol and ISM was superior to EST in
reducing the risk of variceal rebleeding and was associated with
fewer treatment-related complications. 54There was a trend towards
improved survival but the difference did not reach statistical
significance (p=0.07). ISM has also been found to reduce the
incidence of recurrent bleeding if given during the course of
sclerotherapy. 55However, as described in more detail below, long
term use ofISM should be avoided since it may be associated with
an enhanced risk of death."

PREVENTION OF FIRST BLEED
Since each variceal bleeding episode carries a mortality of
30 %-50 %, primary prophylaxis should be considered in high-risk
patients. These include patients with an HVPG 2.12 mmHg,
variceal grade III- IV, and the presence of red wale markings over
the varices. There is evidence that the severity of the underlying
liver disease and continued alcohol abuse are also associated with
earlier development oflarge varices and higher risk of bleeding. I

Beta-blockers
A meta-analysis of 9 randomized trials involving 996 patients
showed that beta-blockers (propranolol in 7 studies and nadolol
in 2) significantly lowered the bleeding rate compared to those not
receiving any treatment. IThe mortality rate was also reduced but
just failed to reach statistical significance (odds ratio: 0.75;
confidence intervals: 0.57 -1.06). In one study, bleeding occurred
on stopping treatment, 57indicating the need for life-long therapy.
Andreani et al. conducted a three-way randomized trial of
propranolol, sclerotherapy and placebo. 58Propranolol wassignifi-
cantly superior to the other two groups in preventing the first
variceal bleeding episode, with a trend towards improvement in
survival. There was no difference between sclerotherapy and
placebo.

Isosorbide-5-mononitrate
Angelico et al. first reported on the use ofISM in preventing the
initial episode of variceal haemorrhage." After a median follow
up of29 months, ISM was found to be as effective as propranolol
and was associated with fewer side-effects. Another study found
a combination of nadolol and ISM superior to nadolol alone in the
prevention of variceal bleeding. 60However, in a recent report,
Angelico et al. describe the disappointing results obtained after a
longer follow up of their initial group of patients, comprising 118
individuals, 57 on ISM and 61 on propranolol. 56After a mean
follow up of 40 months (ISM group) and 51 months (propranolol
group), propranolol was slightly superior (p =0.06) in preventing
bleeding. More important, the likelihood of death was found to be
higher in patients receiving ISM, especially those > 50 years of age
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TABLEn. Management of portal hypertension

Acute variceal
bleeding

Prevention of
rebleeding

Prevention of
first bleed

1. EVL/EST and
Somatostatin

2. Vasopressin and NTG
3. TIPS or Surgery

1. Beta-blockers or
EVLlEST

2. Surgery
3. TIPS (7)

1. Beta-blockers± ISM

EVL endoscopic variceal ligation EST endoscopic sclerotherapy NTG nitroglycerine
TIPS transjugular intrahepatic portosystemic shunt ISM isosorbide mononitrate

(72% v. 48% at6years;p=0.05). In addition, survival was higher
in patients who withdrew from ISM than those who remained on
the medication (52 % v. 34 % at 6 years; p =0.12). Deaths due to
liver failure tended to be more common in patients who continued
on ISM compared to those who withdrew from the treatment.
These findings are disturbing and suggest that long term use of
ISM has a deleterious effect on patients with cirrhosis. The
mechanism is perhaps related to an increase in systemic
vasodilatation observed in chronic liver disease, resulting in
worsening hypovolaemia and decrease in organ perfusion. In
view of these findings, long term use of ISM should be avoided
until more data become available.

Additional pharmacological measures
Spironolactone has recently been found to enhance the portal

pressure-lowering effect of propranolol in cirrhotics without
ascites. 61In rats, spironolactone has been found to reduce the
portal pressure independent of diuresis and changes in plasma
volume. This effect appears to be the result of a direct vasoactive
influence on splanchnic circularion." In a small controlled study,
metoclopramide has been shown to be superior to placebo in
controlling variceal bleeding." This effect is perhaps related to
constriction of the lower oesophageal sphincter resulting in reduced
blood through the oesophageal submucosal venous plexus.

Ascites is a risk factor for variceal bleeding and large volume
paracentesis decreases not only the intra-abdominal pressure but
also the size of the varices, intravariceal pressure and variceal wall
tension." Thus, aggressive treatment of ascites is likely to be of
help in the control of both acute variceal bleeding as well as in
preventing rebleeding episodes. A low sodium diet may also
reduce variceal bleeding by decreasing the plasma volume.

A recent study has shown that the presence of bacterial
infection at the time of variceal bleeding is associated with a
higher incidence of failure to control bleeding in cirrhotic subjects
(p<0.000 1).6S Therefore, early institution of antibiotic therapy
may help in better control of variceal bleeding in these patients.

RECOMMENDATIONS (Table II)
Acute variceal bleeding
The treatment of choice is endoscopic therapy (EVL is preferable
to EST). Somatostatin (or octreotide) should be started as soon as
the patient reaches the hospital and continued for 3-5 days. If
bleeding persists, vasopressin in combination with NTG may be
administered. Patients unresponsive to these measures (two
endoscopic treatments in 24 hours and pharmacological therapy)
should be considered for either a transjugular intrahepatic
portosystemic shunt (TIPS) or a surgical procedure, depending on
the expertise available.

Prevention of recurrence
Beta-blockers and endoscopic therapy are equally effective and
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the selection of one or the other form of treatment should take into
consideration factors such as the patient's wishes, distance to be
travelled from the hospital (important for repeated endoscopic
therapy), and compliance with daily medication. In general, beta-
blockers may be preferable inpatients with compensated cirrhosis,
and EVL in those who have more advanced disease or are less
likely to comply with drug therapy. The two treatment modalities
may be combined if one or the other is unsuccessful. Surgical
shunt is an option in patients with good liver functions. Although
results with TIPS are comparable to endoscopic therapy, it cannot
be recommended as first-line treatment because of the high rate of
shunt closure (>50 % at 6 months).

Prevention of first bleed
Patient selection is important as the benefit is limited to only those
at high risk of bleeding. Patients with small varices (grade I-II)
should be screened by endoscopy every two years or less if the
liver disease is advanced, and treatment should be started only
when the varices become larger in size. Beta-blockers are the
drugs of choice and should be continued life-long. Patients who
fail to respond with lowering of portal pressure may be treated
with isosorbide mononitrate, but in view of the discouraging
results of long term therapy, ISM should not be used alone. It
seems that a combination of beta-blockers and ISM may be safer
since beta-blockers protect against the hyperdynamic effects of
ISM.66At present, no treatment options are available for patients
who cannot use beta-blockers because of side-effects or contra-
indications.
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