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ABSTRACT

Background: Data regarding the use of propranolol in the prevention of portal

hypertensive hemorrhage in pediatric patients are limited despite its widespread

use in adults with cirrhosis. The purpose of this study was to evaluate safety

and efficacy of propranolol in the management of portal hypertension in the

pediatric population.

 Medical information was retrieved from the records of 21 children with portal

hypertension who received propranolol either before or after an episode of

gastrointestinal bleeding. Data collected included diagnosis, type of portal

hypertension, age at initiation of therapy, bleeding episodes before and during

propranolol therapy, degree of reduction of heart rate, adherence, and adverse

effects.

 Fourteen of 21 patients did not experience portal hypertensive bleeding while

receiving propranolol. Of the seven patients who had bleeding episodes, two had

failed to adhere to the medication regimen, and four were receiving doses of

less than 1 mg/kg per day. Only one of the four patients who experienced

bleeding before initiation of therapy also bled while receiving propranolol, and

two of the three patients who had a heart rate reduction of less than 25% each

experienced a bleeding episode. Side effects were minimal and did not necessitate

discontinuation of therapy in any patient.

Conclusions: Propranolol was well tolerated with minimal side effects in our

patients with portal hypertension. Adherence and adequacy of dosage (>1 mg/kg

per day, more than twice daily dose frequency) are important determinants of

efficacy. A reduction in heart rate of less than 25% may be associated with

suboptimal efficacy.
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Propranolol and other [beta]-blocking agents have been used for prophylaxis of

gastrointestinal bleeding in adults with portal hypertension since the first

published report by Lebrec et al. (1). Most experience has been gained with this

usage in patients with chronic liver disease or cirrhosis. Data are limited

regarding the use of propranolol in children with portal hypertension (2,3).

Variceal bleeding constitutes the most significant life-threatening clinical

sequela of portal hypertension, and most data on the natural history of variceal

bleeding are from studies of adults with cirrhosis and portal hypertension. The

prevalence of varices in such patients is variable and is reported to be between

24% and 69% (4). The estimates of risk of a first variceal bleeding episode in

patients with portal hypertension and liver disease vary from 27% to 48% (5-7).

Approximately one third of unselected patients with cirrhosis eventually bleed

(8). The Child-Pugh classification, size of the varices, and red wale markings

are closely linked to the risk of variceal bleeding (5). However, the timing of

the initial episode of bleeding cannot be accurately predicted, given the

current understanding of factors involved. In adults with cirrhosis the initial

bleeding carries a mortality of 39% to 54% (9,10), and up to two thirds of those

who survive experience rebleeding (8). It has also been shown that the risk of

bleeding from varices is highest within the first 2 years of diagnosis (11).

Beta blockade therapy for the prevention of both first and subsequent portal

hypertensive bleeding episodes is an attractive alternative, considering the

morbidity and mortality rates associated with the hemorrhage and the potential

for reducing the need for invasive measures, including sclerotherapy. The

effects of beta blockade on portal hypertension are achieved by reductions of

both cardiac output and portal vascular pressure due to decreased portal blood

flow and splanchnic arteriolar resistance, as well as reduction in variceal

pressure (12).

Before the present study, prospective evaluation of beta blockade as prophylactic

therapy for portal hypertensive bleeding had not been reported in pediatric

patients. Grading of varices has not customarily been included in studies of

gastrointestinal bleeding in children. In contrast with studies in adults, the

Child-Pugh classification of severity of cirrhotic liver disease has not been

tested in pediatric patients. (13). Extrahepatic portal hypertension is much

more frequent in the pediatric age group, ranging from 50% to 70% of cases of

portal hypertension in several published series (14). This may have a bearing on

the severity and frequency of bleeding episodes in children, because extrahepatic

portal hypertension is generally associated with less severe bleeding, and

episodes tend to decrease in frequency with increasing age, presumably because

of development of collateral vessels (15).

The purpose of this pilot study was to evaluate the safety and efficacy of

propranolol in the management of portal hypertensive bleeding in children.

PATIENTS AND METHODS

Propranolol was first used in our program in 1989. Through 1996, 21 consecutive

pediatric patients were treated with propranolol, either before or after the

initial portal hypertensive bleeding episode (age range 9 months to 18 years; 12

male and 9 females). Thus, the study population consisted of patients for whom

propranolol was prescribed after the diagnosis of portal hypertension and

determination of the presence of esophageal and/or gastric varices but before

the first portal hypertensive bleeding episode, and those for whom the

medication was prescribed after the initial bleeding episode.

Medical records were reviewed for patient demography, diagnosis, and type of

portal hypertension (extrahepatic or intrahepatic) based on accepted criteria

and the diagnostic method used to document the presence of varices. Other data

reviewed included age at initiation of propranolol therapy, source of gastrointestinal

bleeding, mode of intervention to stop the bleeding, maximal and minimal dosage

of propranolol used in each patient, and whether heart rate reduction as

targeted was achieved. The time to the first bleeding episode after the start of

propranolol therapy was recorded for patients who bled while receiving

propranolol. Particular attention was given to adherence, side effects, and the

necessity for discontinuing the medication. Grading of varices was not routinely

recorded.

RESULTS

The study population of 21 patients included 19 patients with cirrhosis

complicated by portal hypertension and two with extrahepatic portal hypertension

due to portal venous thrombosis in one and portal vein obstruction after

radiation therapy in the other. Most of the patients with cirrhosis had had

extrahepatic biliary atresia and had undergone a Kasai procedure (eight

patients). Other causes of chronic liver disease included autoimmune hepatitis,

cystic fibrosis-related liver disease, congenital hepatic fibrosis, sclerosing

cholangitis, cryptogenic cirrhosis (two patients each), and cirrhosis secondary

to total parenteral nutrition (one patient; Table 1). The laboratory data

pertaining to liver function are shown in Table 2. Of the 21 patients, 55% had

hyperbilirubinemia, 33% had hypoalbuminemia, and 50% had prothrombin times that

exceeded the upper limits of normal (Table 2).
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TABLE 1. Clinical details of patients receiving propranolol therapy
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[image: image1.jpg]Age at start Maximal daily
Patient Diagnosis of therapy (yr) dosage (mg/kg)
1 Congenital hepatic fibrosis 3 7tid 4tid
2 EHBA with Kasai procedure 12 175 tid DNB
3 CFRLD 14 26 id DNB
4 EHBA 3 LS tid DNB
5 EHBA 125 1 gid DNB
6 CFRLD 15 3 tidqid DNB
7 Cryptogenic cirthosis 16 0.7 tid-qid Noncompliant at time of bieeding
8 Cryptogenic cirthosis 14 12bid DNB
9 EHBA 18 1bid DNB
10 EHBA 9 mo. 1 bid 1 bid
ne EHBA 4 2tid 1 bid
12¢ EHPVO is Noncompliant
13 EHPVO 7 DNB
14 Autoimmune hepatitis (anti-LKM positive) 10 DNB
15 EHBA 10 DNB
16° EHBA 13 0.75 bid
17 Autoimmunehepatitis 12 DNB
18 Neonatal sclerosing cholangitis 25 DNB
19¢ EHBA 10 mo. 0.3 bid
20 NEC, TPN cholestas 1 DNB
21 Sclerosing cholangitis 15 DNB
Site of bleeding
Site and grade during propranolol Duration of
Patient of varices therapy Comments therapy
i Esophagogastric PHG and gastric varices Multiple episodes of bleeding; 66 mo.
propranolo} dose adjusted for control
of renal hypertension; shunt surgery at
age 6 yr.
2 Esophagogastric DNB Coexisting atrial septal defect with 48 mo. until OLT
pulmonary hypertension
3 Esophagogastric DNB Doing well 67 mo.
4 Grade I, esophageal DNB Urticarial rash at start of therapy 53 mo.
5 Grade I, esophageal DNB Adverse effects: lightheadedness, 29 mo.
depression; changed to atenolol at
0.75 me/kg daily
6 Esophagogastric DNB Bradycardia and dizziness 64 mo.
7 Grade IV, esophageal Esophagogastric Sclerotherapy and TIPS after the 4 mo. until TIPS
bleeding episode; hypotension at start
of therapy
8 Grade I, esophageal and gastric DNB Doing well 56 mo.
9 Grade I, Esophageal DNB Noncompliant; changed to long-acting 33 mo.
preparation
10° Grade I, esophageal + PHG Esophageal Red wale sign at time of bleeding Bled at age 15 mo; OLT
at age 16 mo.
e Esophageal Esophageal (?) Bled at outside center within 1 mo. of 17 mo.; OLT at age 5 yr.
Starting medication; endoscopy not
performed; propranolol dosage
increased
12¢ Esophageal, PHG Esophageal Sclerotherapy Bled 18 mo. after medication
started
13 Grade IV, esophageal, gastric DNB Initial episode massive bleeding: 60 mo.
underwent surgical procedure to
control
14 Grade 1, esophageal DNB Doing well 20 mo.
15 Grade II-1V., esophageal DNB Doing well 42 mo.
16¢ Esophageal Esophageal Sclerotherapy at outside center 24 mo.
17 Esophageal DNB Doing well 19 mo.
18 Esophageal varices DNB Doing well 33 mo.
19¢ Grade I, esophageal Gastric varices Died during second transplantation at age Bleeding at 6 mo. after
22 mo. medication prescribed
20 Peristomal varices DNB Transplantation at age 24 months 24 mo.
21 Esophageal varices DNB Doing well 46 mo.

EHBA, extrahepatic biliary atresia; CFRLD, cystic fibrosis-related liver disease; tid, three times daily; qid, four times daily; DNB, did not bleed; PHG portal

hypertensive gastropath;
portosystemic shunt; an

“ndicates patient who experienced variceal or gastropathic bleeding while receiving propranolol.

OLT, orthotopic liver transplantation; EHPVO, extrahepatic portal venous obstruction; bid, twice daily: TIPS, transjugular intrahepatic
KM, anti-liver-kidney microsomal antibody; NEC, necrotizing enterocolitis; TPN, total parenteral nutrition
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TABLE 2. Liver function profile of patients at the initiation of propranolol

therapy
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[image: image2.jpg]Serum albumin Total serum

Patient (g/d1y* PT (sec)” bilirubin (mg/dl)*
1 5.0 10.8 0.8
2 3.0¢ 12.6° 4.2
3 4.4 11.7¢ 0.9
4 4.0 10.5 11
5 4.7 14.0 0.6
6 4.5 12.1¢ 0.9
7 3.4¢ 14.5¢ 1.7¢
8 42 10.7 2.8
9 49 9.9 0.8

10 2.5 11:2% 1.1
11 3.4 11.0 11
12 4.3 11.5%7 0.7
13 4.3 11.2%% 0.5
14 2.4¢ L7:7% 4.37
15 4.0 10.3 2.2
16 2.9¢ 14.0° 2.1
17 4.0 1339 0.8
18 35 10.4 0.7
19 3.8 10.2 13:9¢
20 2.6 11:5% 8.2¢
21 4.1 10.6 0.9

“ Values outside of normal range.
”Both of these patients had clotting inhibitors associated with ex-
trahepatic portal hypertension.




Varices were documented in 16 patients with upper gastrointestinal endoscopy and

in 5 by gastrointestinal barium series. Esophageal varices alone predominated,

followed by a combination of esophageal and gastric varices (Table 1). Portal

hypertensive gastropathy was documented at endoscopy in 5 of 16 patients.

Varices in 11 of these 16 patients were described as small (grade I or II), and

5 children had large (grade IV) varices (2 of these underwent upper endoscopy

within a few weeks after medication had been initiated at outside centers).

Four patients had experienced at least one episode of gastrointestinal bleeding

before therapy was initiated (Table 3). None of these had received sclerotherapy.

One patient with extrahepatic portal venous thrombosis required a surgical

transection procedure to control bleeding. Variceal bleeding was established

using endoscopic confirmation, whether or not there had been a change in

hemoglobin or occurrence of melena or hematemesis.
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TABLE 3. Portal hypertensive bleeding before propranolol therapy in each of four

patients
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[image: image3.jpg]Site of bleeding

Comments

Esophageal
Portal hypertensive

gastropathy
Esophagogastric

Peristomal

Propranolol prescribed at outside center
after bleeding.
Propranolol prescribed after bleeding

Underwent surgical transection after
massive upper gastrointestinal
bleeding; subsequently prescribed
propranolol

Secondary to total parenteral nutrition—
related liver disease; patient had had
necrotizing enterocolitis




The dosage of propranolol was adjusted to achieve a reduction of 25% in resting

heart rate (1). Ten patients received between 1.0 and 2.0 mg/kg per day, six

patients were receiving less than 1.0 mg/kg per day, and five were receiving

more than 2.0 mg/kg per day. Heart rate reduction of 25% was achieved in 17

patients at the start of therapy. Three patients achieved less than 25%

reduction in heart rate. Two of these experienced an episode of bleeding while

receiving therapy. Two of the three patients had undergone endoscopy and had

small esophageal varices at the time the medication was prescribed. Of the two

who experienced a bleeding episode, one had a red wale sign at the time of

bleeding, whereas the other child did not undergo endoscopy, because the episode

of bleeding was managed conservatively at an outside center (Table 1). This

patient had evidence of ascites and coagulopathy, both at the time of bleeding

and at the start of the medication. Insufficient information was available for

one patient to document the effect of treatment on heart rate.

Fourteen patients experienced no variceal bleeding episodes while receiving

propranolol. Of the seven patients who bled, two were noncompliant at the time

of bleeding, and four were receiving dosages equal to or less than 1.0 mg/kg per

day (Table 1). Both patients who had received 1 mg/kg per day had less than a

25% reduction in the heart rate recorded at the beginning of therapy. Five of

the seven patients had a twice-daily dose schedule. Six of the seven patients

who experienced bleeding had only one such documented episode. Only one of four

patients who had bled before receiving propranolol also bled while receiving

therapy. This patient, with associated renal hypertension, experienced multiple

episodes of bleeding while receiving propranolol at dosages adjusted for control

of hypertension. Bleeding occurred within 18 months of prescribing the

medication in five of the seven patients in whom the interval could be

determined.

The side effects were mild and transient, and no patient required discontinuation

of the medication (Table 4). Two patients had reported dizziness and headaches

that resolved on changing to a long-acting preparation of propranolol in one and

to atenolol in the other.
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TABLE 4. Adverse effects of propranolol therapy in pediatric patients

[image: image4.jpg]Number of
Finding patients

Urticarial rash”

Dizziness

Bradycardia (heart rate <60 bpm)
Hypotension (borderline)
Depression”

LI —

No patient required discontinuation of therapy.

“ Rash did not recur on stopping and restarting therapy.

* Depression and dizziness in the same patient resolved on changing
to a long-acting preparation.




DISCUSSION

Experience with the long-term use of propranolol in pediatric patients for

prophylaxis of portal hypertensive hemorrhage has not been described, despite

similar usage in adults with cirrhosis. A meta-analysis of randomized,

placebo-controlled studies in the adult population by Hayes et al. (16) showed

reductions both in bleeding episodes (by 44%) and in deaths (by 42%) from

variceal bleeding. A similar meta-analysis by Grace (17) showed a significant

reduction in initial variceal hemorrhage but no increase in survival. In both

studies the duration of follow-up was up to 3 years. Another meta-analysis of

studies comparing [beta]-blocker with nonactive treatment (nine trials) in adult

patients with cirrhosis showed that [beta]-blockers significantly reduced the

incidence of initial bleeding with a trend toward reduced mortality in those

with a high risk of bleeding (large varices, red wale sign, and hepatic vein

pressure gradient >12 mm Hg) (18). A meta-analysis by D'Amico et al. (19) showed

similar significant reduction in the risk of initial variceal bleeding with use

of [beta]-blockers.

In the present study, we showed the safety and efficacy of propranolol in the

treatment of variceal bleeding in children and adolescents. Of the seven

patients who bled while receiving propranolol, two were noncompliant, and four

were receiving less than 1.0 mg/kg propranolol. Five had a twice-daily dose

schedule. The one patient who experienced multiple episodes of bleeding before

and during propranolol therapy had complicating renal hypertension. The 14

patients who never experienced bleeding while receiving propranolol had a dose

schedule of three times daily or more. Compliance and adequacy of dosage appear

to be important determinants of efficacy, similar to the experience with

propranolol in adults (20,21). It is noteworthy that three of four patients who

experienced bleeding before the initiation of therapy did not experience

bleeding after they began taking propranolol. This group of patients with a

potentially higher risk of rebleeding also seemed to benefit from beta blockade.

The initial dosage in all patients was adjusted to achieve a reduction in

resting heart rate by 25%. This was achieved in all but three patients at the

start of the therapy. Owing to weight gain and a decrease in baseline heart rate

with age, establishing and maintaining an effective dose of propranolol for

sustained reduction in heart rate remains a difficult problem in the pediatric

age group. Of the seven patients who bled, initial reduction in heart rate
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