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Esophageal variceal hemorrhage occurs in up to 10% of children with

portal hypertension annually, and may be fatal. In contrast to the

strong evidence in adults that nonselective beta-adrenergic antago-

nism reduces the risk of variceal bleeding by approximately 50%, few

pediatric data are available. The use of beta-blockers for primary pro-

phylaxis has been reported in children, but not tested in a randomized

controlled trial. The risks and benefits in children remain unquanti-

fied and may differ from adults in light of the different cardiovascular

response to hypovolemia in young children. The circumstances of the

individual patient must, therefore, be carefully considered before beta-

blockers are prescribed to children with esophageal varices.
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Les enfants présentant des varices œsophagiennes
devraient-ils recevoir des bêta-bloquants en
prévention primaire des hémorragies variqueuses?

L’hémorragie œsophagienne variqueuse s’observe chez jusqu’à 10 % des

enfants qui souffrent d’hypertension portale chaque année et elle peut

être fatale. Contrairement aux preuves solides enregistrées chez les adultes

à l’effet que l’antagonisme bêta-adrénergique non sélectif réduit le risque

d’hémorragie variqueuse d’environ 50 %, on dispose de peu de données à

cet égard chez les enfants. L’utilisation des bêta-bloquants en prophylaxie

primaire a été signalée chez les enfants, mais n’a pas été mise à l’épreuve

dans le cadre d’essais contrôlés randomisés. Les risques et les avantages

chez les enfants n’ont pas été mesurés et pourraient différer de ce qui s’ob-

serve chez les adultes, puisque la réponse cardiovasculaire à l’hypovolémie

est différente chez les jeunes enfants. Les conditions propres à chaque

patient doivent donc, par conséquent, être étudiées avec soin avant que

l’on ne prescrive des bêta-bloquants à des enfants qui présentent des

varices œsophagiennes.

Variceal hemorrhage is a life-threatening complication of
portal hypertension that occurs commonly in children

with chronic liver disease or portal vein obstruction (1-8). In
children with biliary atresia, the incidence of variceal hemor-
rhage ranges from 17% to 29% over a five- to 10-year period
(3-5) and is 50% in children who survive more than 10 years
without liver transplantation (6). Among 50 children with
esophageal varices, primarily due to cirrhosis, who were
prospectively followed and not offered active treatment to pre-
vent variceal bleeding, 42% suffered upper gastrointestinal
hemorrhage during a median 4.5 year follow-up period (2). For
children with portal vein thrombosis, the available studies
suggest that up to 50% suffer a major variceal hemorrhage by
16 years of age (1). The mortality rate from gastrointestinal
bleeding ranges from 2.5% to 20% in children with portal hyper-
tension (2,4,7,8). Prevention is, therefore, an important goal.

Although the majority of North American pediatric hepa-
tologists report a willingness to use beta-blockers for primary
prophylaxis (9), this approach in children is controversial due
to the lack of pediatric data and the wariness among pediatri-
cians of extrapolating results of adult studies to children (10).
The present review discusses the mechanism of action of beta-
blockers in the context of the pathophysiology of portal hyper-
tension, compares the evidence for pharmacological and
endoscopic prophylaxis in both adults and children, and con-
siders the additional factors that determine whether nonselec-
tive beta blockade is an appropriate intervention for children
at risk of variceal hemorrhage.

THE PATHOPHYSIOLOGY OF PORTAL

HYPERTENSION AND THE MECHANISM OF

ACTION OF NONSELECTIVE BETA-BLOCKERS
In portal hypertension caused by cirrhotic liver disease, vascu-

lar resistance in the portal system is elevated by distorted

hepatic architecture, intrahepatic small vessel thromboses and

increased intrahepatic vascular tone arising from the actions of

vasoactive substances on myofibroblasts, perisinusoidal acti-

vated stellate cells and vascular smooth muscle cells (11-16).

Whereas the intrahepatic vascular bed is constricted, splanch-

nic arteriolar dilation exacerbates portal hypertension by

increasing portal venous inflow (17-19).

Varices develop when the hepatic venous pressure gradi-

ent (HVPG), a measurement obtained by transjugular cannu-

lation of the hepatic veins (20), is elevated above 10 mmHg

to 12 mmHg (21). Recent evidence suggests that active

angiogenesis may contribute to the development of varices in

addition to the effect of increased pressure and flow within

potential portosystemic anastamoses (22). Variceal bleeding

occurs when increased vein diameter, decreased wall thick-

ness and increased intraluminal pressure elevate variceal wall

tension beyond the maximum tolerable threshold (19).

Clinical predictors of variceal hemorrhage in adults include

the severity of liver disease measured by the Child-Pugh

score, the presence of ascites, the size and appearance of the

varices at endoscopy, as well as the degree of elevation of

HVPG (23).
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Nonselective beta-blockers reduce the HVPG by reduction
of cardiac output (mediated by beta-1-receptor antagonism),
reduction of portal venous flow by unopposed alpha-receptor-
mediated splanchnic vasoconstriction (following antagonism
of beta-2-receptors) and by antagonism of the noradrenaline-
induced constriction of intrahepatic myofibroblasts, activated
stellate cells and vascular smooth muscle cells (12,13,24-26).

STUDIES OF BETA-BLOCKERS IN CHILDREN

WITH PORTAL HYPERTENSION
Following early reports of potential benefit more than 20 years
ago (27,28), nonselective beta-blockers were shown to be
superior to placebo or no active treatment in the prevention of
first variceal hemorrhage in several randomized controlled tri-
als in cirrhotic adults (29-37). Meta-analyses of these studies
confirm that beta-blockers reduce the incidence of variceal
hemorrhage by approximately 50% (38-40).

However, in light of numerous examples of drugs whose effi-
cacy, pharmacokinetics or adverse event profiles differ signifi-
cantly between adults and children, care must be taken before
extrapolating to children the evidence for efficacy of beta-
blockers in cirrhotic adults (41,42). Biliary atresia is the most
common cause of advanced liver disease in children and largely
accounts for the excess of biliary disease among cirrhotic chil-
dren, whereas alcoholic liver disease accounted for the majority
of the adults included in the randomized studies of beta-blocker
prophylaxis. Although there is no difference in response to beta-
blocker prophylaxis between alcoholic and other cirrhotic
adults (30-33,36,43), it is difficult to estimate whether a one-
year-old infant with biliary atresia will respond to beta-blockers
similarly to a 60-year-old adult with alcoholic cirrhosis.
Pediatric data are, therefore, needed.

The ability of propranolol to reduce portal pressure was ini-
tially studied in 13 children with portal hypertension who
received 2.1 mg/kg/day to 8.0 mg/kg/day of propranolol that

induced an average decrease in heart rate of 25% of baseline
(44). Four children with decompensated cirrhosis showed little
or no response, and overall, the splenic pulp pressure (a proxy for
portal venous pressure) decreased by a mean of only 13%, from
387 mmH2O to 337 mmH2O. This suggests a limited efficacy of
propranolol in these children, although the value of this meas-
urement in predicting variceal hemorrhage is untested.

Clinical experience with propranolol was reported in a ret-
rospective uncontrolled study from Boston, USA, which
included a mixed group of 21 children: 19 children had cirrho-
sis, two had extrahepatic portal vein obstruction, 17 children
received primary prophylaxis and four received secondary pro-
phylaxis (45). The propranolol dosage schedule aimed to
reduce the heart rate by 25% (achieved in 17 children). Seven
of 21 children (33%) had upper gastrointestinal hemorrhage
during a median follow-up period of three years. All adverse
events (including rash, dizziness, bradycardia, hypotension and
depression) were classified as mild and transient, and none
required discontinuation of therapy (45).

Additional uncontrolled retrospective studies of propra-
nolol usage in children with portal hypertension have been
reported from Turkey. Seven of 45 children (15.6%) and one of
10 children (10%) with cirrhosis, who were not screened for
varices, suffered upper gastrointestinal hemorrhage while
receiving propranolol for primary prophylaxis during a median
five years of follow-up in two studies from different Turkish
centres (46,47). Bleeding was less common in children with
Child’s class A cirrhosis (7.1%) than in those with Child’s class
B and C combined (29.4%) (46). The incidence of adverse
effects was not reported.

Overall, the proportion of children that bled in these stud-
ies ranged from 2% to 11% per year of follow-up; no data from
untreated control groups are provided (Table 1). In the studies
of the natural history of portal hypertension in children that
are summarized above, between 2% and 9% of children who
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TABLE 1 
Studies reporting the use of therapies to prevent the first variceal hemorrhage in children

Esophageal
n Study details Controls Follow-up variceal bleeding (%)

Beta-blockers

Shashidhar et al (45) 17 Case series, four further children received secondary prophylaxis, None 3 years 24

results provided reflect outcome in all 21 children. Two children had 

prehepatic PHT. All-cause upper GI bleeding in seven children (33%).

Ozsoylu et al (46) 45 Case series, all with biopsy-proven cirrhosis. None 5.5 years 16

Erkan et al (47) 13 Case series, three with prehepatic PHT. Additional seven patients None 5.2 years 15

treated with combined beta-blocker and EIS, one with bleeding.

Endoscopic variceal ligation

Sasaki et al (80) 9 Case series, all with biliary atresia. Only early outcome reported, None 7–14 days 0

appearance of varices improved or eradicated in six, not improved

in three after one to seven sessions of ligation with loop-ligator.

Celinska-Cedro et al (78) 31 Case series, 50% prehepatic PHT. One child had bleeding from None 1.3 years 0

portal gastropathy.

Cano et al (77) 4 Case series, 50% with prehepatic PHT. None Not given 0

EIS

Howard et al (91) 17 Case series, one child with prehepatic PHT. None 2.5 years 0

Maksoud et al (92) 26 Case series, approximately 27% prehepatic. Two died with variceal None 1.9 years 42

bleeding during follow-up.

Gonçalves et al (2) 100 Randomized controlled trial, 50 children underwent EIS versus n=50, 4.5 years 6 EIS versus   

50 controls, 9% with prehepatic PHT. Results for any cause of  no therapy 42 controls (P<0.05)

upper GI bleeding, 24% EIS versus 48% controls, P<0.05.

EIS Endoscopic injection sclerotherapy; GI Gastrointestinal; PHT Portal hypertension 
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did not receive prophylactic treatment suffered gastrointestinal
hemorrhage during each year of follow-up. The efficacy of
nonselective beta-blockers for the prevention of variceal
bleeding in children, therefore, remains unclear, and the
adverse event profile associated with this indication has yet to
be adequately defined.

POTENTIAL FOR HARM: REPORTED AND

THEORETICAL RISKS OF BETA-BLOCKERS IN

CHILDREN WITH PORTAL HYPERTENSION
Children who receive nonselective beta-blockers may develop
adverse effects, including bradycardia, heart failure, hypoten-
sion, conduction disorders, bronchospasm and hypoglycemia
following fasting. However, these drugs are generally well tol-
erated; no clinically significant adverse events were reported in
nine randomized controlled trials that included 309 children of
whom 188 received propranolol for indications other than the
prevention of variceal hemorrhage (48-56). Although there is
no excess mortality among adults who bleed while receiving
prophylaxis (29-40), young children respond differently to
shock by relying more heavily on tachycardia due to their rel-
atively fixed stroke volume (57). There is an important theo-
retical concern that, by limiting tachycardia, nonselective
beta-blockers may impair tolerance of hypovolemia and worsen
the outcome from variceal hemorrhage. There appear to be no
reports that suggest increased morbidity or mortality following
hemorrhage in children receiving appropriate therapeutic dos-
es of nonselective beta-blockers, although the large controlled
studies required to show such an effect have not been under-
taken.

HOW MUCH BETA-BLOCKER?
If beta-blockers are to be used in children with portal hyper-
tension, an effective and safe dosing regimen must be chosen.
Heart rate is the most commonly used clinical end point for
dosage regulation of beta-blockers in the prevention of variceal
hemorrhage in adults. In most studies, the beta-blocker dose is
adjusted until the heart rate is reduced to 75% of its baseline
value, an arbitrary threshold chosen by Lebrec et al (27) in
their original study. However, there is only a weak correlation
between the effects of nonselective beta blockade on heart rate
and portal hemodynamics, and variceal hemorrhage occurs in
some cirrhotic adults taking beta-blockers in spite of an ade-
quate heart rate response (44,58,59). The routine use of
HVPG measurements improves the prediction of response to
beta-blocker therapy; a decline in HVPG to less than
12 mmHg, or by more than 20% of its baseline value, predicts
a significantly lower risk of hemorrhage (0% to 7% incidence)
compared with patients who fail to achieve this reduction in
HVPG (33% to 41% incidence) (60-62). The place for routine
clinical use of this relatively invasive but reportedly safe test is
the subject of much debate and has yet to be tested in prospec-
tive trials (63-66).

While such studies are awaited, common clinical practice
among adult hepatologists is to prescribe enough beta-blocker
to reduce the heart rate to 75% of its baseline value. The
reported experience of propranolol usage in children with por-
tal hypertension follows a similar strategy, with most children
requiring between 1 mg/kg/day and 2 mg/kg/day to achieve the
required reduction in heart rate; the risk of bleeding is possibly
greater in those receiving less than 1 mg/kg/day (45).

Unfortunately, there are no pediatric data to describe the
splanchnic hemodynamic response to beta blockade or the
optimum dosage schedule that gives maximum efficacy (in
reducing hemorrhage episodes) and minimum risk (especially
impaired tolerance of shock).

THERAPEUTIC OPTIONS FOR PROPHYLAXIS

OF VARICEAL BLEEDING IN CHILDREN
Endoscopic variceal ligation (EVL) provides an alternative
approach to the prevention of variceal bleeding that avoids the
need for long-term medication, is often suitable for patients
with side effects or contraindications to beta-blockers and is at
least as effective as nonselective beta-blockers in cirrhotic
adults (67-76).

The evidence supporting endoscopic treatment of varices in
children is more limited, although many pediatric gastroen-
terologists are willing to use this approach for primary prophy-
laxis (9). The only randomized controlled trial of primary
prophylaxis of variceal hemorrhage in children studied the
effect of endoscopic injection sclerotherapy (EIS) in 100 chil-
dren of median age 4.3 years in Brazil (2). Most of the children
had biliary atresia or another parenchymal liver disease, while
nine had portal vein thrombosis. Statistically significant differ-
ences were shown between the EIS group and control group
(who received no active treatment) in the all-cause gastroin-
testinal hemorrhage rate (24% versus 48%, respectively) and
the variceal hemorrhage rate (6% versus 42%, respectively)
(2). Mortality rates were similar. The study excluded children
who had the largest (grade 4) varices, and set no minimum
requirement for variceal size, but the hemorrhage rate in the
control group was still greater than 40%. The report does not
provide details of the method for selection of patients for
inclusion in the study or of the timing and method of random
assignment, including the process to avoid allocation bias. The
interpretation of this study and the application of its results to
clinical practice are, therefore, difficult.

EIS proved ineffective for primary prophylaxis in adults and
has been largely replaced by EVL. Several uncontrolled case
series of EVL in children suggest that it is safe, although there
is little experience of its use for primary prophylaxis (77-80)
(Table 1). In one series of 31 children with varices who under-
went EVL, there were no episodes of variceal hemorrhage and
only one incidence of bleeding from portal gastropathy, sug-
gesting that this therapy may offer effective prevention for
children with both intrahepatic and prehepatic portal hyper-
tension (78).

As with the pediatric beta-blocker studies, the lack of con-
trol groups means that there are inadequate data to base any
recommendation concerning the use of an endoscopic
approach to primary prophylaxis of variceal hemorrhage in
children. For adults, the relative efficacy and practicality of dif-
ferent pharmacological, endoscopic or combined approaches
to prevention of hemorrhage is vigorously debated (81-83).
However, the use of nonselective beta-blockers is more cost
effective than EVL (84,85) and, therefore, beta-blockers remain
the most widely recommended first-line prophylaxis for adult
patients with varices that are at risk of bleeding (64,86-89).

INDIVIDUAL PATIENT CHARACTERISTICS
It is likely that postpubertal teenagers with portal hypertension
respond to beta-blockers and bleeding like adults, whereas the

Beta-blockers for children with esophageal varices
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theoretical concerns about adverse outcomes from hemorrhage
while receiving beta-blockers apply primarily to infants and
younger children. Age may, therefore, be an important factor
in the decision to prescribe beta-blockers.

Children and families differ in their perception and man-
agement of anxiety and uncertainty. Some accept endoscopic
screening for varices without hesitation and are reassured by
documentation of the absence of esophageal varices or are
encouraged to make clear emergency action plans if large
varices are identified, as well as make more informed decisions
about such things as vacation travel or relocation to remote
areas. Some may prefer pharmacological prophylaxis to a series
of EVL procedures with its attendant need in children for gen-
eral anesthesia.

In making a decision about a treatment plan for which the
evidence is unclear, families will differ in their understanding
and interpretation of the information provided to them, in
their acceptance of risk and their perception of possible bene-
fits. Most clinicians recognize that these differences among
families form an important part of treatment decisions and
accept that doctors do not always know what is best for each
individual child that they treat; their practice has, therefore,

moved toward fuller discussion with families and facilitation of
a greater role for the child and family in the decision-making
process (90).

SUMMARY
Nonselective beta-blocker therapy reduces the incidence of
first variceal hemorrhage in cirrhotic adults with large varices
and is more cost-effective than EVL. Unfortunately, 25 years
after the dawn of pharmacological prevention of variceal hem-
orrhage in adults, there remains a pressing need for randomized
controlled studies in children at risk of fatal variceal hemor-
rhage. Meanwhile, pediatric gastroenterologists who wish to
prescribe nonselective beta-blockers for primary prophylaxis
must be mindful of the lack of pediatric evidence and the
potential age-related adverse effects. They should carefully
consider each patient’s circumstances and discuss the situation
fully with the patient and parents, whose opinions of what is
best should be carefully heard.
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