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ABSTRACT

Background. Gastroesophageal variceal bleeding is a common complication of portal hypertension. Current

guidelines recommend β-blockers for primary prophylaxis. However, evidence suggests that endoscopic va-
riceal ligation (EVL) reduce bleeding episodes. Aims. To compare endoscopic EVL with propranolol (PPL)
for primary prophylaxis of variceal bleeding. Methods. We conducted a randomized controlled trial. Over a
9-year period, 75 patients with cirrhosis and high-risk esophageal varices (HREV) were recruited and alloca-
ted to EVL (n=39) or PPL (n=36). Primary outcome was variceal bleeding. Secondary outcomes were survi-
val, source of bleeding and serious adverse events. Analyses were made by intention-to-treat. Results.
Baseline characteristics were similar. Medium follow-up was 1647±1096 days.  Complete follow-up was
achieved in 85% of patients. Variceal bleeding occurred in 12% of EVL and in 25% of PPL group (p=0.17).
The actuarial risks of bleeding after 2 years were similar in both groups. Overall mortality was 51% in EVL
and 33% in PPL group (p=0.17). Patients in the EVL group showed a lower rate of esophageal variceal blee-
ding (5.1% v/s 25%, p=0.027) and a higher rate of subcardial variceal bleeding compared with PPL group
(7.7% v/s 0%, p=0.027). Serious adverse events related to EVL occurred in 2 patients, including 1 death.
Conclusions. The present study supports that PPL should be considered the first choice in primary pro-
phylaxis of variceal bleeding offering similar effects and lower severe adverse events compared with EVL.
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ORIGINAL ARTICLE

INTRODUCTION

About 50% of patients with cirrhosis develop gas-

troesophageal varices. Their presence correlates

with the severity of liver disease.1 Variceal bleeding

is a frequent and important complication of portal

hypertension.  It occurs in 30-40% of cirrhotic pa-

tients,2 with a mortality rate up to 30% for initial

bleeding episodes3,4 and more for recurrences. Pro-

phylactic treatment prior to the first bleeding is

mandatory and is currently recommended for high

risk patients.5,6 Non selective β-blockers are current-

ly the first-line agents of choice, reducing bleeding

incidence and bleeding related mortality.7 However,

pharmacotherapy with β-blockers is not optimal:

30% to 40% of patients will not achieve a sufficient

reduction of portal pressure to prevent bleeding,8-10

15-20% will have contraindications to β-blockers

and 25-30% will experience side-effects.11,12 Therefo-

re, therapeutic alternatives to β-blockers are needed.

Because of its efficacy and safety, endoscopic vari-

ceal ligation (EVL) has become the method of choice

© 2019, Fundación Clínica Médica Sur, A.C. Published by Elsevier España S.L.U. This is an open access article under the CC BY-NC-ND 
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for secondary prophylaxis of variceal bleeding.13,14

As a result of this favourable experience, there has

been interest in extending use of EVL to the prima-

ry prophylaxis of oesophageal variceal bleeding.

To date several randomized-controlled trials

(RCT)15-22 comparing EVL with standard treatment

(β-blockers) have been published with conflicting re-

sults. Shepke at al. 16 and Lui et al.20 reported simi-

lar results in patients with high-risk varices, while

others reported significant higher rates of failure,

first variceal bleeding 18,19 and mortality 19 with pro-

pranolol (PPL).

The purpose of this study was to perform a RCT

comparing EVL with PPL for primary prevention of

variceal bleeding in high risk patients. Outcomes in-

cluded variceal bleeding, survival, source of bleeding

and serious adverse events.

PATIENTS AND METHODS

Patients

Cirrhotic patients presenting from April 1998 to

June 2007 were screened in 2 tertiary care referral

medical centers. Eligible patients included:

a) Cirrhosis diagnosed on the basis of clinical,

biochemical, histologic or ultrasonographic

evidence.

b) No history of hemorrhage from esophageal vari-

ces.

c) High risk varices, defined as large size or medium

sized (diameter between 3 and  5 mm) with red

color signs.2

d) No current treatment with β-blockers.

Patients were excluded if they were younger than

18 or older than 70 years, had big gastric varices,

evidence of portal thrombosis, malignancy including

hepatocellular carcinoma, contraindication to β-bloc-

kers (chronic obstructive pulmonary disease, type 1

diabetes mellitus, congestive heart failure, asthma,

complete atrioventricular block), previous variceal

endoscopic treatment, transjugular intrahepatic por-

to-sistemic shunt, surgical shunt, renal failure (crea-

tinine >2.0 mg/dL) or denial to participate in the

study.

The severity of liver disease was classified accor-

ding to Child-Pugh score. The etiology of cirrhosis

was divided in alcoholic, viral and others. The study

was performed according to the 1975 Declaration of

Helsinki. The study protocol was approved by the

ethics committees of participating centers. Written

informed consent for was asked to the patient or

their families.

Randomization

Patients were randomly assigned to pharmacolo-

gical or endoscopic therapy. Stratified randomiza-

tion was centrally performed according to

Child-Pugh classification (Child-Pugh-Score < 9 or

≥9). Random allocation sequence was generated

using numerated sealed envelopes. After the rando-

mization the patient and physicians were informed.

Pharmacological treatment

Propranolol was started at a dose of 20 mg twice

daily. Dosage was increased every 3 days until a re-

duction of 25% of the pre-treatment resting heart

rate was achieved, the heart rate was 55 beats per

minute or systolic blood pressure was <90 mm Hg.

The maximum dose accepted was 320 mg/day. Af-

terwards, the dosage was adjusted in each clinical

control according the resting heart rate. Patients

having severe side effects were instructed to report

to study investigators and a crossover to EVL was

allowed with intention-to-treat analysis. Adherence

was assessed by pill counting.

Endoscopic treatment

Variceal ligations were performed at 3 weeks in-

tervals until eradication. Successful variceal eradi-

cation was defined as the absence of ligable

esophageal varices. During each session, up to 6

bands were placed beginning in the distal esophagus

using a multiband ligation device (Sixshooter; Wil-

son-Cook Inc., Winston-Salem, NC or Speedband;

Boston Scientific, Inc., Natick, MA).  Overtube or

other band ligation devices were not used. Minor ad-

verse events included gastrointestinal discomfort

(retroesternal pain or dysphagia). Severe side events

include gastrointestinal bleeding and death follo-

wing the procedure. After variceal eradication, en-

doscopic control was scheduled every 3 month.

Religation was performed when at least 1 varix with

a diameter greater than 5 mm reoccurred and repea-

ted every 3-4 weeks until reobliteration.

Outcomes and clinical evaluation

The primary outcome was gastrointestinal blee-

ding due to variceal bleeding, according to the Ba-

veno III criteria,23 which were considered the
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updated consensus on definitions, methodology and

therapeutic strategies in portal hypertension, when

the study was planned. Variceal bleeding was defi-

ned as hematemesis and/or melena together with

endoscopic signs of bleeding (actively bleeding varix

or the presence of a thrombus or a platelet clot on

the varix).  In cases of hematemesis and/or melena

without direct endoscopic signs of variceal blee-

ding, the absence of other potential bleeding sour-

ces after complete upper GI endoscopy and a fall

of hemoglobin by 2 g/dL or more were required to

fulfill the outcome definition. Bleeding from post-

EVL esophageal ulcers was considered as variceal

bleeding.

Secondary outcomes included survival, source of

bleeding (esophageal, subcardial or gastric varices,

portal hypertensive gastropathy, others sources un-

related with portal hypertension) and serious adver-

se events. Fatal bleeding was defined as any death

within 6 weeks after a bleeding episode. An indepen-

dent committee whose members were unaware of

study-group adjudicated the specified end-points. Fo-

llow-up visits were performed monthly for the first

three months and later every 3 months, and inclu-

ded clinical and laboratory assessment. At each fo-

llow-up visit, adverse effects of treatment were

assessed. For the PPL group, these were arterial

hypotension, dizziness, dyspnea, Raynaud phenome-

non or hypoglycemia episodes among patients with

diabetes. For the EVL group, these were bleeding,

esophageal stenosis, pleural effusions, aspiration,

perforation or mediastinitis. Abdominal ultrasound

and alpha-fetoprotein were performed every six mon-

ths. Follow-up endoscopies were performed every 3

months in EVL group and every 6 months in the

PPL group.

Other treatments and procedures

Patients who developed clinical gastrointestinal

bleeding were hospitalized in ICU, underwent

diagnostic and therapeutic endoscopy within 6

hours, most of them received adjuvant vasoactive

treatment (octeotride or terlipressin) before or after

therapeutic endoscopy and supportive care inclu-

ding blood transfusions. Patients with variceal

bleeding that was not controllable by EVL could be

treated by any other available therapy (endoscopic

sclerotherapy, balloon tamponade, transjugular in-

trahepatic portosystemic shunt (TIPS), surgical

shunting or liver transplantation). Patients who

underwent liver transplantation during follow-up

were censored.

Statistical analysis

The sample size was estimated based on 17% inci-

dence of variceal bleeding in the group treated with

PPL. In addition, 15% of absolute difference between

both groups is assumed to be found in a 3 years fo-

llow-up. Considering 0.05 of error type I and 80% of

power, a sample size of 72 patients per arm was cal-

culated. The recruitment period was extended up to

June 2007, in order to achieve the estimated sample

size. However, only 75 patients were able to be in-

cluded for the analysis.

Data were analyzed on an intention-to-treat basis

and were expressed as mean (±SD). Differences bet-

ween groups were analyzed by chi-square test, Fis-

her exact test, and the unpaired Student t test. The

actuarial probabilities of bleeding and death were

calculated by using the Kaplan-Meier method, and

comparisons were made using the long-rank test.

Bleeding episodes prevalence was further compared

by chi-square test. A two-tailed p-value of less than

0.05 was considered of statistical significance. Data

analysis was performed using STATA 10.

RESULTS

Seventy-five out of 109 patients initially recruited

met the inclusion criteria. The main reasons for ex-

clusion were: 11 patients were older than 70 years-

old, 1 patient had portal thrombosis, 5 patients had

large subcardial varices, 4 patients had hepatocellu-

lar carcinoma, 6 patients had contraindications to

beta-blockers, 1 patient was unable to receive band

ligation, 1 patient had renal failure and 5 patients

were uncooperative (unable to give written informed

consent or to adhere to follow-up) (Figure 1). Of the

75 patients enrolled, 36 were randomly assigned to

PPL group and 39 to EVL group. The most frequent

etiology of cirrhosis was alcoholic (18 patients),

Non-Alcoholic Fatty Liver Disease (NAFLD) (14 pa-

tients), Autoimmune hepatitis (AIH) 10 patients and

hepatitis C viral infection (9 patients). Other etiolo-

gies included Haemocromatosis 4 patients, Primary

Biliary Cirrhosis 3 patients, Hepatitis B viral in-

fection 2 patients and cryptogenic cirrhosis 14

patients.

 Patients were followed for a medium of 55 ±

36.5 months (range 0.7 to 119 months). The mean

time period between randomization and the end of

the study was 67 ± 34.7 months. During the entire

follow-up period, 6 patients had to be censored due

to liver transplantation. Eleven patients (PPL, 7;

EVL, 4) were lost to follow-up. Twenty nine out of
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Figure 1. Study design and flowchart.

Assessed for eligibility (n= 109 patients)

Excluded (n= 34 patients)
  Not meeting inclusion criteria (n= 29 patients)

  Refused to participate (n=5 patients)

Enrollment

75 patients
(68% of patients with protocol eligibility)

Allocated to intervention PPL (n= 36 patients) Allocation Allocated to intervention EVL (n=39 patients)
Received allocated intervention (n=36 patients) Received allocated intervention (n= 39 patients)

Complete follow-up (n=29 patients) Follow up Complete follow-up (n= 35 patients)
Did not tolerate propanolol (n=2 patients) Discontinued intervention (n= 0 patients)

Analyzed (n=36 patients) Analysis Analyzed (n=39 patients)
Intention -to-treat analysis and no Intention -to-treat analysis and no

patients were excluded from analysis patients were excluded from analysis

Table 1. Baseline characteristics.

Variable Propranolol Endoscopic band ligation
(n=36) (n=39)

Age (years) 58±9 60±7

 Sex, n (%)
       Male 18 (50) 19 (48)
      Female 18 (50) 20 (52)

Etiology
       Alcoholic cirrhosis, n (%) 10 (27.8) 8 (20.5)
       Hepatitis C virus, n (%) 4 (11.1) 5 (12.8)
       Others, n (%) 22 (61.1) 26 (66.7)

Child-Pugh class, n (%)
       A 17 (47.2) 23 (59)
       B 15 (41.7) 14 (35.9)
       C 4 (11.1) 2 (5.1)

MELD 11.5±3.2 10.9±3.6
Ascites, n (%) 14 (38.9) 11 (28.2)
Hepatic Encephalopathy, n (%) 4 (11.1) 4 (10.3)
Bilirubin (mg/dL) 2.2 ± 1.5 2.3 ± 2.4
Albumin (g/L) 3.4±0.64 3.5±0.49
Prothrombin Index (%) 67±20 67±17
Creatinine (mg/dL) 0.9±0.25 0.9±0.18
Subcardial Varices 0 0
Portal hypertensive gastropathy. 13 (36.1%) 17 (43.5%)
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from uncontrolled bleeding despite of pharmacologi-

cal and endoscopic management. These hemorrhagic

events were analysed as a variceal bleeding episodes

(table 2).

There were no statistically significant differences

between the groups with respect to bleeding inciden-

ce. During the entire follow-up period, 9 patients

(25%) bled in the PPL group and 5 (12.8%) bled in

the EVL group (p=0.17; Table 2). However, a signi-

ficantly higher proportion of esophageal variceal

bleeding was observed in the PPL group compared

with the EVL group (25% vs. 5.1%; p=0.027) (Table

2). Furthermore, in both patients from EVL group

that bled from esophageal varices, the event occu-

rred before variceal eradication On the contrary, a

significantly higher proportion of subcardial vari-

ceal bleeding was observed in the EVL group compa-

red with the PPL group (7.6% vs. 0%; p=0.027)

(Table 2), even though both groups showed a simi-

lar risk of developing subcardial varices or portal

hypertensive gastropathy during the follow-up (Ta-

ble 2).

Bleeding-related deaths occurred in 3 patients

(8.3%) in the PPL group compared with 2 patients

(5.1 %) in the EVL group (p=0.66; Table 2). Overall

mortality, the second primary outcome of the cu-

rrent study, did not differ significantly between the

two study groups with 12 (33.3 %) and 20 patients

(51.3 %) died in the PPL and EVL group, respective-

ly (p=0.17; Table 2). Mortality risks at 2 years fo-

llow-up were 12 (33.3%) for PPL and 19 (48.7%) for

EVL.  Figure 2 shows the Kaplan-Meier plot of the

overall survival curves and there were no statistica-

Table 2. Primary and secondary outcomes

Outcomes Propranolol Endoscopic variceal ligation P  value
(n=36) (n=39)

Overall bleeding, n (%) 9 (25) 5 (12.8) NS

Bleeding source, n (%)
Esophageal varices 9 (25) 2 (5.1) <0.05

      Subcardial varices 0 (0) 3 (7.6) <0.05
Gastric (fundus) varices 0 (0) 0 (0) NS
Portal hypertensive gastropathy 0 (0) 0 (0) NS

Overall mortality, n (%) 12 (33.3) 20 (51.3) NS
Bleeding related deaths 3 (8.3) 2 (5.1) NS

Adverse events, n (%) 2 (5.5) 7 (17.9) NS
Mild events 0 (0) 4 (10) NS
Severe events 2 (5.5) 3 (7.6) NS

Incidence of subcardial varices, n (%) 8 (22.2) 6 (15.3) NS
Appearance or impairment of PHG* n (%) 11 (30) 10 ( 25.6) NS

* PHG: Portal hypertensive gastropathy.

36 patients completed the follow-up in the PPL

group (81%) and 35 out of 39 patients in the

EVL group (90 %) with a p value = 0.26 (Figure 1).

Significant differences between the two study

groups were not observed in any of the baseline pa-

rameters (Table 1).

The mean daily dosage of PPL was 87.5 ± 79.7

mg after titration, according to the protocol. A 25%

reduction of resting heart rate was achieved in

86.2% (31/36) of PPL patients. In the EVL group,

successful eradication of esophageal varices was

achieved in 35/39 (89%). Among the remaining 4 pa-

tients, 3 bled before eradication and 1 was lost of fo-

llow-up. Variceal eradication required 20.9 ± 9.9

rubber bands placed during 3.2 ± 1.5 endoscopy ses-

sions. Recurrent varices, defined as at least 1 varix

with a diameter greater than 5 mm, were observed

in 14 out of the 35 eradicated patients (40%). All of

them were submitted to new endoscopic ligation

without complications.

Adverse events were recorded. In the PPL group

2 patients (5.5%) developed dizziness and dyspnea.

PPL had to be withdrawn and a crossover to EVL

was made in both patients. In the EVL group 7 pa-

tients (17.9%) presented adverse events. In 4 of

them the events were considered mild or moderate

including dysphagia (2 patients), prolonged odino-

phagia (1 patient) and esophagitis secondary to bi-

phosphonate therapy (1 patient). Three patients

(7.6%) developed serious adverse events (fatal and

life-threatening bleeding). Two of them bled from li-

gation ulcers and 1 patient bled from a subcardial

varix during his second EVL, and consequently died
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lly significant differences between the two study

groups (p=0.27, log-rank test).

DISCUSSION

As mentioned, RCT15-22 comparing EVL with β-

blockers for the primary prophylaxis of variceal

bleeding in cirrhosis have shown conflicting results.

Also, two meta-analysis24,25 revealed inconclusive re-

sults. In the latest, including 596 patients from 8

RCT, the authors concluded that EVL significantly

reduced bleeding episodes and had less severe adver-

se events compared to PPL, but had no effect on

mortality.25

In agreement with previous studies15-17,20-22 the

present RCT, even showing a tendency towards

EVL, did not find significant differences between

EVL and PPL with respect to overall or variceal

bleeding and overall and bleeding related mortality.

This is probably due to a type II error, making these

findings questionable. The largest trial to date, from

Schepke et al, included only 152 patients.16 They ar-

gue that even though the projected 2 x 200 patients

would have been far from sufficient to demonstrate a

significant difference in bleeding or mortality rates.

To date only 2 trials have shown a significant re-

duction in bleeding rate in EVL compared with PPL

group.18,19  One of them has been questioned becau-

se of an unexplained, higher-than-expected, rate of

bleeding in the PPL group.18 Our study did not

show differences between groups, however, the

power of the test was only 27.8%. In other words,

the probability of no-reject a false null hypothesis

(error type 2) was 72.2%. Even though we cannot

draw strong conclusions from our study, the data

presented can be used for future meta-analysis as

the data collected meet quality standards.

In the meta-analysis from Khuroo et al.,25 the cu-

mulative analysis revealed that the rate of bleeding

was not significantly different when first five trials

were sequentially added to each other.18,19,26-28

However, EVL showed a significant reduction in

rate of bleeding once the three latest trials15,16,20

were sequentially added to earlier studies. Subgroup

analysis revealed that EVL had significant advanta-

ge over β-blockers in trials including ≤30% patients

with alcoholic cirrhosis, > 30% patients with Child

Class C cirrhosis and > 50 % patients with large va-

rices. In conclusion, this meta-analysis leads to con-

clude that EVL reduces the rate of first

gastrointestinal bleed by 31% compared to β-bloc-

kers, with number needed to treat to benefit 1 pa-

tient as 15.

One important finding of the present study, which

was not reported in previous investigations, is the

difference observed with respect to the source of

bleeding between groups. Patients from the PPL

group showed a significantly higher proportion of

esophageal variceal bleeding, while patients from the

EVL group showed a significantly higher proportion

of subcardial variceal bleeding. Probably, the rather

long follow-up period of the study helps to explain

the almost 20% overall incidence of subcardial vari-

ces that was similar in both groups, and give us the

opportunity to make this observation. The higher

subcardial variceal bleeding prevalence in the EVL

group might be explained by a relatively higher in-

travariceal pressure in patients from the EVL group

with eradicated esophageal varices, compared to pa-

tients from PPL group with non-impeded variceal

outflow and lower portal pressure. Based on this fin-

ding, it is tempting to suggest that combined endos-

copic plus pharmacological therapy could reduce

even more the risk of first variceal bleeding in pa-

tients with cirrhosis compared with PPL or EVL as

monotherapy. Currently, there is only one study

evaluating the efficacy of EVL plus PPL compared

with EVL. Unfortunately, this study carried out by

Sarin, et al., compared combined therapy vs. EVL,

which is not considered at the moment the first

choice for primary prophylaxis.29 On the other hand,

the follow-up period of this study is not long enough

to observe bleeding from subcardial varices, taking

into account that 2 out of 3 patients with subcardial

variceal bleeding reported in our study bled at 29

and 38 months after the eradication was achieved.

In addition, concurrent endoscopic ligation of deve-

loping subcardial varices during the follow-up could

Figure 2. Kaplan-Meier plot of the overall survival measu-

red in days after randomization.
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also be a good alternative to reduce the risk of blee-

ding in patients submitted to prophylactic EVL.

Assuming that PPL dosage has been shown to be

an important predictor of variceal bleeding risk,29 in

the present study the target heart rate reduction of

25% was achieved in most patients (86.2%), and the

mean dose of the β-blocker (87 mg/day) was similar

to that reported on previous trials.16 Only 1 from

the 4 patients in whom a 25% reduction of resting

heart rate was not achieved bled from esophageal

varices. Variceal eradication was also succesfully

achieved in most patients in the EVL group (89%).

From the 4 patients in which variceal eradication

were not achieved, 3 bled before obliteration and

were subsequently eradicated as secondary variceal

bleeding prophylaxis. As in previous trials, recu-

rrent varices ocurred in 40% of patients during the

follow-up and were again submitted to EVL. None of

these patients had bled at the end of the study.

The frequency of adverse events was similar bet-

ween groups, but in the EVL group there were some

life-threatening and even fatal complications. Three

patients bled during the eradication period and 1 of

them died because of an uncontrolable severe hemo-

rrhage from a subcardial varix. However, although

side effects in the PPL arm were not fatal, the β-

blocker had to be witdrawn in all cases.  Although

previous studies18,20 and the meta-analysis from

Khuroo, et al.25 showed similar or lower incidence

of adverse events in EVL compared with β-blocker

group, it is important to remark that they reported

all the adverse events while we reported only those

with clinical significance. In agreement with our re-

sults, the severe adverse events reported in the PPL

group in previous trials, even though requiring

withdrawal of the drug have never been fatal.

Finally, in the present RCT no significant diffe-

rences were found between PPL and EVL group

with respect to overall and bleeding related mortali-

ty. Only 1 trial from Jutabha et al.,19 has demons-

trated significant difference in rate of all-cause

deaths between PPL and EVL group, but all the pre-

vious controlled studies as well as the latest meta-

analysis25 reported that EVL compared with

β-blocker did not affect bleeding related deaths.

In summary, the present study supports that PPL

should be the first choice in primary prophylaxis of

variceal bleeding offering similar effects and lower

severe adverse events compared with EVL. On the

other hand, EVL should be offered as primary vari-

ceal bleeding prophylaxis in patients with cirrhosis

and high risk esophageal varices in whom severe ad-

verse effects or contraindications preclude the use of

β-blockers, are non-compliant or who show no ade-

quate haemodynamic response to them. Based on

the higher prevalence of subcardial variceal bleeding

observed in EVL in comparison with PPL group, we

suggest that combined endoscopic plus pharmacolo-

gical therapy could have a synergic effect. However,

the effectiveness of combined prophylactic strategies

require further controlled trials.
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