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Abstract
AIM: To determine whether the association of β-blockers 
with endoscopic treatment is superior to endoscopic 
treatment alone for the secondary prophylaxis of oe-
sophageal variceal bleeding. 

METHODS: Randomised controlled trials comparing 
sclerotherapy (SCL) with SCL plus β-blockers (BB) or 
banding ligation (BL) with BL plus BB were identified. 

Main outcomes were overall and 6, 12 and 24 mo re-
bleeding rates, as well as overall and 6, 12 and 24 mo 
mortality. Two statistical methods were used: Yusuf-Pe-
to, and Der Simonian and Laird. Inter-trial heterogeneity 
was systematically taken into account. 

RESULTS: Seventeen randomised controlled trials were 
included, 14 with SCL and 3 with BL. Combination 
β-blocker and endoscopic treatment significantly reduced 
rebleeding rates at 6, 12 and 24 mo and overall [odds 
ratio (OR): 2.20, 95% confidence interval (CI): 1.69-2.85, 
P < 0.0001] compared to endoscopic treatment alone. 
Mortality at 24 mo was significantly lower for the com-
bined treatment group (OR: 1.83, 95% CI: 1.16-2.90, P 
= 0.009), as well as overall mortality (OR: 1.43, 95% CI: 
1.03-1.98, P = 0.03).

CONCLUSION: Combination therapy should thus be 
recommended as the first line treatment for secondary 
prophylaxis of oesophageal variceal bleeding. 
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INTRODUCTION
Upper gastrointestinal bleeding from ruptured oesopha-
geal varices is the main complication of  portal hyperten-
sion and is one of  the leading causes of  death in patients 
with cirrhosis. It is estimated that 70% of  patients who 
have survived a first episode of  variceal bleeding sub-
sequently rebleed[1]. Secondary prophylaxis of  variceal 
bleeding is thus of  utmost importance for these patients.

The use of  β-blockers alone has been shown to decrease 
the risk of  recurrent bleeding in cirrhotic patients[2-4]. En-
doscopic treatments [sclerotherapy (SCL) and banding 
ligation (BL)] are also effective in preventing rebleeding 
in patients with portal hypertension. It has been demon-
strated that sclerotherapy decreases the risk of  recurrent 
bleeding and improves survival in cirrhotic patients com-
pared to placebo[5,6]. Banding ligation is currently the endo-
scopic therapy of  choice as it has been shown to be safer 
and more effective in preventing rebleeding than sclero-
therapy[7-10]. However, sclerotherapy continues to be rou-
tinely used in a certain number of  countries. Combining 
pharmacological and endoscopic treatment may be more 
effective than either treatment alone as they act through 
different mechanisms, thus enhancing each other’s thera-
peutic effect. Many randomised controlled trials have been 
undertaken to determine whether β-blockers have an ad-
ditional beneficial role when combined with sclerotherapy 
or banding ligation to prevent rebleeding. The results of  
these studies are controversial. Sørensen[11] suggested that 
β-blockers and sclerotherapy had no additive effect in the 
prevention of  variceal rebleeding, whereas a number of  
trials have reported favourable results when banding liga-
tion is combined with β-blockers[12,13]. The recommenda-
tions of  the American College of  Gastroenterology[14] state 
that combined endoscopic and pharmacological therapy is 
the most effective for secondary prophylaxis, whereas the 
Baveno Ⅳ Consensus conference[15] recommends either 
β-blockers, banding ligation or both; the authors add that 
combined therapy is probably the best treatment, but that 
more trials are needed to prove this. The aim of  this meta-
analysis is therefore to determine whether the association 
of  β-blockers with endoscopic treatment (sclerotherapy 
or banding ligation) leads to decreased rebleeding rates 
and improved survival in patients with portal hypertension 
compared to endoscopic treatment alone. 

MATERIALS AND METHODS
Source of trials
All randomised controlled trials comparing endoscopic 
treatment alone (sclerotherapy or banding ligation) with 
a combination of  endoscopic treatment associated with 
β-blockers for the prevention of  variceal rebleeding were 
identified. Trial were retrieved using MEDLINE (1950 
to October 2009) and Web of  Science (1900 to October 
2009), by using the terms “secondary prophylaxis variceal 
bleeding, endoscopic therapy, β-blockers, sclerotherapy 
and variceal rebleeding”. Conference abstracts from the 
American Association for the Study of  the Liver, Euro-

pean Association for the Study of  the Liver, the Digestive 
Disease Week, the United European Gastroenterology 
Week and the French National Society of  Gastro-enter-
ology between 1980 and 2009 were manually searched. 
The list of  published articles or abstracts was verified and 
completed through an in depth study of  the references 
quoted in each article. All trials included were peer-re-
viewed (full articles published in peer reviewed journals or 
abstracts selected by a peer committee). The final search 
was performed on April 30, 2010.

Study selection
The trials selected for this meta-analysis met the follow-
ing criteria: (1) randomised controlled trials published as 
abstracts, letters to the editor or peer-reviewed articles; (2) 
patient population: patients presenting portal hyperten-
sion (with or without cirrhosis) and oesophageal varices 
which had previously bled and had not received prior 
β-blocker or endoscopic treatment; and (3) interven-
tions: treatment with sclerotherapy or banding ligation 
alone or concomitant treatment with β-blockers (ad-
ministered from the start of  endoscopic treatment) and 
sclerotherapy or banding ligation; in parallel treatment 
groups. We chose to exclude studies which associated 
β-blockers with nitrates or studies in which β-blockers 
were commenced only after completion of  endoscopic 
therapy. No language restrictions were applied.

Data extraction and quality assessment
Data extraction and quality assessment were performed 
by three independent reviewers (Ségalas-Largey F, Oberti 
F and Blanc P). Discrepancies were resolved through dis-
cussion before analyses. Trial quality was evaluated using 
criteria established by Poynard[16] and Nicolucci et al[17], 
simplified and adapted for portal hypertension by Pagliaro 
et al[18]. For each trial, two separate scores were calculated 
using Poynard’s and Pagliaro’s criteria; each score was ex-
pressed as a percentage of  the highest score possible. In 
addition, we noted for each trial randomisation, investiga-
tor blinding, estimation of  sample size and intention-to-
treat analysis. 

Data synthesis and analysis
Primary end-points were all-cause rebleeding rates and 
mortality at 6, 12 and 24 mo, as well as overall rebleeding 
and mortality rates as reported at end of  follow-up. All-
cause rebleeding was defined as upper gastrointestinal 
bleeding of  any source. We chose this as the primary 
outcome as endoscopic treatment of  oesophageal varices 
may induce bleeding related to oesophageal ulcers. Results 
were determined at different time points in order to take 
into account variations in follow-up duration between tri-
als. For each time point, raw data was extracted from stud-
ies when available using Kaplan-Meier survival curves.

A meta-analysis including all trials (sclerotherapy and 
banding ligation) was performed, as well as subgroup 
analyses of  trials using sclerotherapy and trials using band-
ing ligation. 
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Statistical methods
All results were expressed as odds ratio (OR), with a 95% 
confidence interval (CI). Results were first calculated us-
ing a fixed-effect model (Collins et al[19]). Heterogeneity 
was calculated using Breslow-Day’s test. When significant 
heterogeneity was found, both the OR and P-heterogeneity 
were subsequently calculated using a random-effect model 
(DerSimonian et al[20]). This model takes into account het-
erogeneity by providing a more conservative estimate of  
treatment effect with wider confidence intervals in order to 
adjust for inter-trial variability. P-heterogeneity was initially 
considered significant if  < 0.05; however, when P-hetero-
geneity tended towards significance (i.e. between 0.05 and 
0.10), we preferred to take the precaution of  calculating 
results using the random-effect model. The percentage of  
variability beyond chance was estimated using the I2 statis-
tic[21]. Publication bias was assessed using the Egger Test[22] 
and represented graphically using funnel plots[23] plotting 
the natural log of  the OR vs its standard error. The Trim 
and Fill analysis for publication bias was performed using 
Duval and Tweedie’s methods[24]. Additionally, the failsafe 
number according to Orwin’s formula[25] was calculated, 
which represents the number of  non-significant studies 
which would be necessary to reduce the effect size to a 
non-significant value. All analyses were performed using 
Comprehensive Meta-analysis software (version 2.2.048 
New Jersey, USA, 2008).

RESULTS
Study identification and selection
Our search identified 229 potentially relevant references. 
Two hundred and six reports were excluded when it was 
obvious they did not meet inclusion criteria. A total of  
23 reports were considered for detailed analysis. Four 
studies were excluded as they associated β-blockers with 
nitrates[26-29]. Two studies were excluded as they started 
β-blocker therapy after completion of  endoscopic ther-

apy[30,31]. Seventeen studies were included in the meta-
analysis.

Study characteristics
Study characteristics are reported in Table 1. Fourteen tri-
als[32-45] comparing sclerotherapy with combination sclero-
therapy plus β-blockers were included with a total of  925 
patients. Among these 925 patients, 887 were analysed: 
435 were treated by sclerotherapy alone and 452 by sclero-
therapy plus β-blocker. Thirty-eight patients from the trial 
of  Elsayed et al[34] were not included as they were excluded 
from the study after randomisation for various reasons 
(non compliance, loss to follow up, shunt surgery). Ten 
studies were published as full articles[33-37,40-44], three in ab-
stract form[32,39,45] and one as a letter to the editor[38]. One 
study was published in Spanish[33]. 

Three articles comparing banding ligation with com-
bined banding ligation and β-blocker therapy were includ-
ed, with a total of  256 patients[12,13,46]. Among these 256 
patients, 252 were analysed. Four patients from the trial of  
de la Peña et al[13] were excluded after randomisation due 
to withdrawal (3 patients) or diagnosis of  lymphoma (one 
patient). One hundred and twenty-five were treated with 
banding ligation alone and 128 with banding ligation plus 
β-blockers. Two trials were published as full articles[12,13] 
and one in abstract form[46]. 

Patient characteristics are shown in Table 2. Chronic 
liver disease was the most common cause of  portal hyper-
tension in all studies and was mainly due to alcohol abuse 
in 9 trials[12,33,36-41,44], to viral infection in 3 trials[12,42,43] and 
to schistosomiasis in 2 trials[34,35]. The aetiology of  liver 
disease was not reported in three studies[32,45,46]. In 8 stud-
ies, only patients with cirrhosis were included[32,33,37,39-41,43,45]. 
Most patients had mild or severe liver disease in 9 stud-
ies[12,13,34-38,40,44]. However, in the study by Avgerinos et al[43], 
the majority of  patients were Child’s class A, whereas in 
3 trials Child’s class C patients were not included[33,39,42]. 
Severity of  liver disease was either incompletely reported 
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Table 1  Study characteristics

Author Country Publication type n Length of follow-up (mo)

Combination therapy vs sclerotherapy
Westaby et al[36] United Kingdom Article   53   6
Jensen et al[37] Denmark Article   31 12
Bertoni et al[38] Italy Letter   28   2
Gerunda et al[39] Italy Abstract   60   6
Lundell et al[40] Sweden Article   41   8
Kanazawa et al[32] Japan Abstract   43 27
Vinel et al[41] France Article   74   3
Acharya et al[42] India Article 114 24
Avgerinos et al[43] Greece Article   85    23.9
Villanueva et al[33] Spain Article   40 26
Vickers et al[44] United Kingdom Article   73 24
Elsayed et al[34] Egypt Article 178 21
Benedeto-Stojanov et al[45] Yugoslavia Abstract   65 39
Dowidar et al[35] Egypt Article   40    16.2

Combination therapy vs banding ligation
Abdel-Rahim et al[46] Egypt Abstract   50  < 3
Lo et al[12] China Article 122   12
de la Peña et al[13] Spain Article   84   16
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Table 2  Combination therapy vs  banding ligation

or not mentioned at all in 5 studies[32,39,41,45,46]. Variceal size 
was medium or large for the majority of  patients in 11 tri-
als[12,13,33,35-38,41-44] and was not reported in 5 others[32,34,39,40,45]. 
Sclerotherapy was performed with polidocanol in 5 
studies[37,38,40-42], ethanolamine in 6 studies[33-36,43,44] and ae-
toxisclerol in one study[45]. The sclerosing agent was not re-
ported in 2 trials[32,39]. Banding ligation was performed with 
multi-band ligators at intervals varying from 10 to 21 d,  
until complete variceal eradication was achieved. Pro-
pranolol was the β-blocker used in 12 trials[32,34-37,40-46] and 
nadolol in 5 trials[12,13,33,38,39]. The time to eradication of  oe-
sophageal varices was reported in 13 trials[12,13,33-38,40-44]. In 

the sclerotherapy plus β-blocker group the mean time to 
eradication of  varices was slightly shorter (166 d-5.7 ses-
sions) than in the sclerotherapy group (171 d-6 sessions). 
For patients treated with banding ligation, eradication 
was achieved in 44 d (3.3 sessions) vs 42 d (3.15 sessions) 
in the banding ligation plus β-blocker group. β-blockers 
were administered from the start of  sclerotherapy until 
eradication in 7 studies[35-41], whereas in 5 studies[32-34,42,44], 
β-blockers were given both during and following variceal 
eradication. Follow-up duration for sclerotherapy stud-
ies ranged from 2 to 39 mo (mean 16.6 mo). Follow-up 
duration for banding ligation studies ranged from < 3 to  
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Author Mean age 
(yr)

Men (%) Non cirrhotic portal 
hypertension (%)

Alcoholic liver 
disease (%)

Child class
A-B-C (%)

Size of varices small-
medium-large (%)

Combination therapy vs sclerotherapy
Westaby et al[36] 48.6 62 17 43 16-43-41 0-34-66
Jensen et al[37] 46.5 87   0 84 26-45-29 3-32-65
Bertoni et al[38] 59.1 64   0 57 32-32-36 7-46.5-46.5
Gerunda et al[39] NA NA   0 50 NA NA
Lundell et al[40] 56.4 54   0 63 22-27-51 NA
Kanazawa et al[32] NA NA   0 NA NA NA
Vinel et al[41] 55.7 78   0 89 NA 0-32-68
Acharya et al[42] 34.7 85 11   7 60-40-0 0-0-100
Avgerinos et al[43] 58.2 72   0 26 74-19-7 8-45-47
Villanueva et al[33] 56.8    57.5   0 50 30-70-0 7.5-62.5-30
Vickers et al[44] 55.1 59 15 40 26-51-23 7-26-64
Elsayed et al[34] 43.0 84   0 NA 55-29-16 NA
Benedeto-Stojanov et al[45] NA NA   0 NA NA NA
Dowidar et al[35] 46.0 90   0   0 45-50-5 20-72.5-7.5

Combination therapy vs banding ligation
Abdel-Rahim et al[46] NA NA NA NA NA NA
Lo et al[12] 52.0 77   0 30 19-47-34 0-42-58
de la Peña et al[13] 60.0 75   0 66 15-56-29 21-54-25

NA: Not available.

Table 3  Combination therapy vs  sclerotherapy

Study Random- 
isation

Investigator 
blinding

Estimate of 
sample size

Intention to 
treat analysis

Poynard’s quality 
score (%)

Pagliaro’s quality 
score (%)

Combination therapy vs sclerotherapy
   Westaby et al[36] Yes No No No 31 35
   Jensen et al[37] Yes Double blinded No No 65 67
   Bertoni et al[38] Yes Single blinded No No 54 44
   Gerunda et al[39] Yes No No No 19 12
   Lundell et al[40] Yes Single blinded No Yes 50 61
   Kanazawa et al[32] Yes No No No 19 18
   Vinel et al[41] Yes No Yes Yes 73 43
   Acharya et al[42] Yes Double blinded Yes Yes 92 96
   Avgerinos et al[43] Yes Single blinded Yes Yes 77 83
   Villanueva et al[33] Yes No No No 55 67
   Vickers et al[44] Yes Single blinded Yes Yes 83 74
   Elsayed et al[34] Yes No No No 50 31
   Benedeto-Stojanov et al[45] Yes NA NA NA 29   8
   Dowidar et al[35] Yes Single blinded No No 54 50
Combination therapy vs banding ligation
   Abdel-Rahim et al[46] Yes NA NA NA   8 17
   Lo et al[12] Yes Single blinded Yes Yes 81 85
   de la Peña et al[13] Yes No Yes No 69 82

NA: Not available.
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16 mo (mean 10.3 mo). Overall follow-up duration ranged 
from 2 to 39 mo (mean 15.4 mo).

Quality assessment
Variables defining study quality are presented in Table 3. 
All trials were correctly randomised. Three trials were 
double-blinded[12,37,42] and six trials were single-blind-
ed[13,35,38,40,43,44]. Sample size was calculated in six trials. Six 
studies[12,40-44] were performed on intention-to-treat basis. 
The quality scores determined by Poynard’s criteria and 
by Pagliaro’s criteria were strongly correlated.

Outcome measures
All-cause rebleeding: The all-cause rebleeding rate was 
reported in all studies except for the trial of  Lundell et al[40].  
For sclerotherapy trials, 162 patients rebleed in the sclero-
therapy group (39.2%) whereas 110 patients (25.4%) 
rebleed in the sclerotherapy plus β-blocker group. Four 
sclerotherapy trials[32,34,37,41] found rebleeding rates to be 
significantly lower in the sclerotherapy plus β-blocker 
group; the difference was not significant for the remaining 
10 studies. For banding ligation studies, 49 patients bled 
in the banding ligation only group (39.5%), whereas 22 
patients bled in the banding ligation plus β-blocker group 
(17.2%). Two banding ligation studies found rebleed-
ing rates to be significantly lower in the banding ligation 
plus β-blocker group[12,13]. The third study[46] also found 
bleeding rates to be lower in this group, without specify-
ing whether the difference was significant or not. When 
sclerotherapy and banding ligation studies were pooled, a 
total of  211 patients (39.3%) bled in the endoscopic ther-
apy only group, and 132 (23.5%) bled in the endoscopic 
therapy plus β-blocker group.

When sclerotherapy and banding ligation trials were 
pooled for meta-analysis (Table 4), rebleeding rates 
were significantly lower in the endoscopic therapy plus 
β-blocker group at 6 and 12 mo, and for overall end-
of-follow-up bleeding rates (at 6 mo, OR: 1.70, 95% 
CI: 1.24-2.34, P = 0.01; at 12 mo, OR: 2.22, 95% CI: 
1.25-3.99, P = 0.007; overall OR: 2.20, 95% CI: 1.69-2.85, 
P < 0.0001). At 24 mo, the decrease in rebleeding in 
favour of  the endoscopic plus β-blocker group was at 
the limit of  significance (OR: 1.67, 95% CI: 0.99-2.81, 

P = 0.05). All funnel plots were symmetrical; the failsafe 
numbers were 8, 16 and 33, respectively, for bleeding 
rates at 6 and 12 mo and overall. The Egger tests were 
negative for publication bias (P = 0.47, P = 0.31, P = 0.39, 
respectively). Forest plots for 12 mo and overall rebleed-
ing rates are shown in Figure 1A and B. 

Mortality: Mortality was reported in all studies except for 
the trial of  Kanazawa et al[32]. In sclerotherapy trials, 71 
patients died in the sclerotherapy group (17.2%), whereas 
59 deaths occurred in the sclerotherapy plus β-blocker 
group (13.7%). In banding ligation trials, 27 patients died 
in the banding ligation group (21.8%), whereas 17 patients 
died in the banding ligation plus β-blocker group (13.3%). 
None of  the sclerotherapy or banding ligation trials re-
ported a significant difference in mortality between the 
two treatment arms. When sclerotherapy and banding 
ligation studies were taken together, a total of  98 patients 
died in the endoscopic therapy group (18.3%) and 76 died 
in the endoscopic therapy plus β-blocker group (13.6%). 

No significant difference in mortality rates was present 
at 6 and 12 mo. However, at 24 mo a significant difference 
in mortality in favour of  the combination therapy (endos-
copy plus β-blocker) group appeared (OR: 1.83, 95% CI: 
1.16-2.90, P = 0.009). Overall mortality rates were also sig-
nificantly decreased in the combination therapy group (OR: 
1.43, 95% CI: 1.03-1.98, P = 0.03), as shown in Table 4. 
Funnel plots seemed symmetrical, and the failsafe number 
for both mortality at 24 mo and overall mortality was 2. 
The Egger test did not find evidence of  publication bias (P 
= 0.17 and P = 0.34, respectively). Forest plots for overall 
and 24 mo mortality are shown in Figure 1C and D. 

Subgroup analyses
Sclerotherapy trials: A subgroup analysis was performed 
including sclerotherapy trials only. The rebleeding rates 
at 6, 12 and 24 mo were lower in the sclerotherapy plus 
β-blocker group, but the difference was not significant 
(Table 5). When overall end-of-follow-up rebleeding rates 
were taken into account, the difference was significantly 
lower in favour of  the sclerotherapy plus β-blocker group 
(OR: 2.00, 95% CI: 1.49-2.69, P < 0.0001). The failsafe 
number was 54, the funnel plot seemed symmetrical and 
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Table 4  Meta-analysis comparing endoscopic therapy (sclerotherapy or banding ligation) with combined endoscopic and β-blocker 
therapy

SCL/BL, n/N (%) SCL/BL + BB, n/N (%) No. of trials analysed I 2 OR (95% CI) P  for heterogeneity P -value

All-cause rebleeding
   6 mo 121/410 (29.5)   83/428 (19.4) 11 36 1.70 (1.24-2.34)1 0.11 0.01
   12 mo 142/376 (37.8)   85/392 (21.7) 10    62.3 2.22 (1.25-3.99)2   0.004   0.007
   24 mo 106/272 (40.0)   80/285 (28.1)   7 50 1.67 (0.99-2.81)2 0.08 0.05
   Overall 211/537 (39.3) 132/561 (23.5) 16    12.8 2.20 (1.69-2.85)1 0.31  < 0.0001
Mortality
   6 mo 39/309 (12.6)   33/319 (10.3)   9   0 1.23 (0.75-2.04)1 0.53 0.41
   12 mo 33/246 (13.4)   30/259 (11.6)   7   0 1.18 (0.69-1.99)1 0.79 0.55
   24 mo 58/230 (25.2)   37/244 (15.2)   6   0 1.83 (1.16-2.90)1 0.92    0.009
   Overall 98/536 (18.3)   76/560 (13.6) 16   0 1.43 (1.03-1.98)1 0.97 0.03

1Fixed effect model; 2Random effect model. SCL: Sclerotherapy; BL: Banding ligation; BB: β-blockers; OR: Odds ratio; CI: Confidence interval.
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Study Statistics for each study MH OR and 95% CI

MH OR Lower limit Upper limit Z -value P-value

Jensen et al [37] 12.000 2.198 65.515 2.869 0.004
Kanazawa et al [32] 12.189 0.630 235.815 1.654 0.098
Villanueva et al [33]   0.636 0.180 2.251 -0.701 0.483
Acharya et al [42]   0.701 0.290 1.695 -0.789 0.430
Avgerinos et al [43]   2.227 0.910 5.449 1.754 0.079
Vickers et al [44]   1.410 0.550 3.614 0.715 0.475
Elsayed et al [34]   6.160 2.570 14.769 4.075 0.000
Dowidar et al [35]   1.000 0.239 4.184 0.000 1.000
Lo et al [12]   3.158 1.350 7.387 2.652 0.008
de la Peña et al [13]   3.340 1.117 9.987 2.158 0.031

  2.229 1.249 3.978 2.713 0.007

0.01         0.1          1          10      100

      Favours SCL/BL Favours SCL/BL + BB

A

B Study Statistics for each study Peto OR and 95% CI

SCL/BL SCL/BL + 

BB

Peto OR Lower 
limit

Upper 
limit

Z -value P-value

Westaby et al [36]   8/27   7/26 1.140 0.349 3.725 0.217 0.829
Jensen et al [37] 12/16   3/15 8.425 2.106 33.713 3.012 0.003
Bertoni et al [38]   4/14   1/14 4.091 0.612 27.332 1.454 0.146
Gerunda et al [39]   7/30   6/30 1.213 0.359 4.101 0.311 0.756
Kanazawa et al [32]   8/23   3/20 2.759 0.710 10.722 1.466 0.143
Villanueva et al [33]   9/18 13/22 0.699 0.203 2.407 -0.568 0.570
Vinel et al [41] 14/35   7/39 2.916 1.067 7.970 2.086 0.037
Acharya et al [42] 12/56 10/58 1.305 0.517 3.296 0.564 0.573
Avgerinos et al [43] 21/40 14/45 2.393 1.012 5.657 1.988 0.047
Vickers et al [44] 18/34 20/39 1.068 0.428 2.664 0.141 0.888
Elsayed et al [34] 27/70 10/70 3.456 1.635 7.306 3.247 0.001
Benedeto-Stojanov et al [45] 16/30 11/35 2.431 0.910 6.489 1.773 0.076
Dowidar et al [35]   6/20   5/20 1.277 0.324 5.029 0.350 0.727
Abdel-Rahim et al [46]   5/25   2/25 2.656 0.546 12.914 1.210 0.226
Lo et al [12] 29/62 14/60 2.769 1.321 5.804 2.698 0.007
de la Peña et al [13] 15/37   6/43 3.881 1.438 10.473 2.678 0.007

2.198 1.693 2.853 5.912 0.000

0.01          0.1 1            10          100

      Favours SCL/BL  Favours SCL/BL + BB

C Study Deaths/total Statistics for each study Peto OR and 95% CI

SCL/BL SCL/BL + 

BB

Peto OR Lower 
limit

Upper 
limit

Z -value P-value

Westaby et al [36]   7/27 9/26 0.667 0.209 2.133 -0.682 0.495
Jensen et al [37]   1/16 1/15 0.935 0.056 15.703 -0.046 0.963
Bertoni et al [38]   3/14 1/14 3.080 0.385 24.627 1.061 0.289
Gerunda et al [39]   3/30 1/30 2.868 0.384 21.442 1.026 0.305
Lundell et al [40]   5/22 1/19 3.911 0.704 21.742 1.558 0.119
Villanueva et al [33]   2/18 2/22 1.245 0.160 9.671 0.209 0.834
Vinel et al [41]   5/35 5/39 1.132 0.301 4.261 0.183 0.855
Acharya et al [42]   7/56 5/58 1.504 0.457 4.951 0.672 0.502
Avgerinos et al [43]   9/40 8/45 1.339 0.464 3.858 0.540 0.589
Vickers et al [44]   9/34 9/39 1.197 0.415 3.455 0.333 0.739
Elsayed et al [34]   8/70 8/70 1.000 0.354 2.822 0.000 1.000
Benedeto-Stojanov et al [45]   6/30 5/35 1.492 0.411 5.423 0.608 0.543
Dowidar et al [35]   6/20 4/20 1.682 0.409 6.913 0.721 0.471
Abdel-Rahim et al [46]   3/25 2/25 1.546 0.248 9.630 0.467 0.641
Lo et al [12] 20/62 10/60 2.302 1.013 5.232 1.991 0.046
de la Peña et al [13]   4/37 5/43 0.922 0.232 3.674 -0.115 0.909

1.430 1.031 1.985 2.140 0.032

0.01          0.1 1            10          100

      Favours SCL/BL  Favours SCL/BL + BB
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the Egger test did not indicate publication bias (P = 0.46). 
No significant difference in mortality rates was present at 
6, 12, 24 mo or with overall end-of-follow-up mortality 
(Table 5).

Banding ligation trials: A subgroup analysis was per-
formed including the three banding ligation trials (Table 6). 
Outcomes were significantly in favour of  banding ligation 
plus β-blockers concerning overall bleeding rates (OR: 
3.16, 95% CI: 1.76-5.34, P < 0.0001). The failsafe number 
was at 4, and the Egger test did not indicate publication 
bias (P = 0.47). No significant difference was present for 
mortality. Analyses at different time-points were not per-
formed due to insufficient data. 

DISCUSSION
The results of  this meta-analysis show that the association 
of  endoscopic treatment with β-blockers is more effective 

in secondary prophylaxis of  oesophageal variceal bleed-
ing than endoscopic treatment alone, with a significant 
decrease in rebleeding rates overall and at all time points (6, 
12 and 24 mo). We have shown for the first time a signifi-
cant decrease in mortality rates with combined β-blocker 
and endoscopic treatment over endoscopic treatment 
alone, with significantly decreased overall and 24 mo mor-
tality rates. Banding ligation is currently the preferred en-
doscopic treatment for oesophageal varices as it has been 
shown to be superior to due to less recurrent bleeding, 
fewer complications, and lower mortality rates[7,9,10,47-49]. 
However, we chose to include studies using sclerotherapy 
in our meta-analysis, as it continues to be widely used in 
the developing world, where schistosomiasis, one of  the 
leading causes of  portal hypertension worldwide[50], and 
viral B cirrhosis are prevalent. 

The superiority of  combination β-blocker and endo-
scopic treatment in reducing rebleeding rates may be ex-
plained by their synergistic action, with β-blockers reduc-
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Figure 1  Meta-analysis for rebleeding at 12 mo (A), overall rebleeding (B), overall mortality (C) and mortality at 24 mo (D) for trials comparing combined  
endoscopic treatment (sclerotherapy or banding ligation) and β-blockers with endoscopic treatment alone. SCL: Sclerotherapy: BL: Banding ligation; BB: 
β-blockers; OR: Odds ratio; CI: Confidence interval.

D Study Statistics for each study Peto OR and 95% CI

SCL/BL SCL/BL + 

BB

Peto OR Lower 
limit

Upper 
limit

Z -value P-value

Villanueva et al [33]   3/18   2/22 1.965 0.306 12.618 0.712 0.477
Acharya et al [42]   7/56   4/58 1.891 0.548 6.522 1.009 0.313
Avgerinos et al [43] 10/40   7/45 1.792 0.622 5.165 1.080 0.280
Vickers et al [44]   9/34   9/39 1.197 0.415 3.455 0.333 0.739
Dowidar et al [35]   5/20   4/20 1.323 0.305 5.727 0.374 0.708
Lo et al [12] 23/62 11/60 2.524 1.147 5.552 2.301 0.021

1.834 1.162 2.896 2.605 0.009

0.01          0.1 1            10          100

      Favours SCL/BL  Favours SCL/BL + BB

Table 5  Subgroup meta-analysis including trials comparing sclerotherapy with sclerotherapy and β-blockers

SCL, n/N (%) SCL + BB, n/N (%) No. of trials analysed I 2 OR (95% CI) P  for heterogeneity P -value

All-cause rebleeding
   6 mo   91/311 (29.2)   74/325 (22.8)   9   5.8 1.36 (0.95-1.95)1 0.39 0.09
   12 mo 105/277 (38.0)   69/289 (23.9)   8 69.0 2.03 (0.97-4.25)2   0.002 0.06
   24 mo   61/173 (35.3)   56/182 (30.8)   5 45.7 1.26 (0.80-2.00)1 0.12 0.33
   Overall 162/413 (39.2) 110/433 (25.4) 13 20.7 2.00 (1.49-2.69)1 0.23  < 0.0001
Mortality
   6 mo   30/247 (12.1)   29/259 (11.2)   8 0 1.07 (0.61-1.87)1 0.57 0.82
   12 mo   21/184 (11.4)   23/199 (11.6)   6 0 0.98 (0.52-1.85)1 0.83 0.96
   24 mo   34/168 (20.2)   26/184 (14.1)   5 0 1.56 (0.89-2.73)1 0.97 0.12
   Overall   71/412 (17.2)   59/432 (13.7) 13 0 1.33 (0.91-1.94)1 0.97 0.14

1Fixed effect model; 2Random effect model. SCL: Sclerotherapy; BL: Banding ligation; BB: β-blockers; OR: Odds ratio; CI: Confidence interval.

Table 6  Subgroup meta-analysis including trials comparing banding ligation with banding ligation and β-blockers

BL, n/N (%) BL + BB, n/N (%) No. of trials analysed I 2 OR (95% CI) P  for heterogeneity P -value

Overall all-cause rebleeding 49/124 (39.5) 22/128 (17.2) 3 0 3.16 (1.76-5.34)1 0.85 < 0.0001
Mortality 27/124 (21.8) 17/128 (13.3) 3 0 1.78 (0.92-3.43)1 0.53 0.09

1Fixed effect model. SCL: Sclerotherapy; BL: Banding ligation; BB: β-blockers; OR: Odds ratio; CI: Confidence interval.
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ing portal hypertension, while sclerotherapy and banding 
ligation act focally on the oesophagus. Although overall 
rebleeding rates are significantly in favour of  combination 
therapy for sclerotherapy trials alone, when studies using 
banding ligation are added to those using sclerotherapy, 
the decrease in rebleeding rates in the combination therapy 
group becomes significant at 6, 12 and 24 mo, and remains 
significant overall. These results are robust as the failsafe 
numbers (i.e. number of  medium sized non significant 
studies needed to reduce the effect size to a non significant 
value) are relatively high (8, 16 and 33 for 6 mo, 12 mo and 
overall bleeding rates, respectively). This may be due to 
the fact that all the banding ligation studies were in favour 
of  combination therapy concerning rebleeding rates[12,13]. 
Indeed, the subgroup analysis including banding ligation 
studies only was strongly in favour of  combined treatment 
concerning bleeding rates (P < 0.0001). However, we are 
aware that the number of  studies using banding ligation 
included in this meta-analysis is relatively low (n = 3) com-
pared to the number of  studies using sclerotherapy (n = 
14). This difference is due to the fact that sclerotherapy 
is an older and more widespread technique compared to 
banding ligation, and that the highly significant results in 
favour of  combined therapy in the three banding ligation 
studies would not have been conducive to the completion 
of  further similar studies. Kumar et al[28] suggested that the 
pooling of  sclerotherapy and banding ligation studies as in 
the meta-analysis of  Gonzalez et al[51] would lead to inferior 
results for endoscopic therapy as sclerotherapy is known 
to be inferior to banding ligation for the treatment of  vari-
ceal bleeding. We therefore decided to perform a subgroup 
analysis including only banding ligation trials as suggested 
by a recent editorial[52], which showed a significant decrease 
in rebleeding rates for banding ligation associated with 
β-blockers. Although only three studies were concerned, 
this result is relatively robust as four additional medium-
sized non significant studies would be needed to render 
the result insignificant. 

As with bleeding rates, a significant difference in mor-
tality in favour of  the combination β-blocker and endo-
scopic therapy group appeared when sclerotherapy and 
banding ligation studies were pooled. A significant differ-
ence was present overall and at 24 mo, perhaps due to the 
fact that the numbers of  deaths at 6 and 12 mo were too 
low to reveal any significant statistical difference [at 6 mo: 
39/309 (12.6%) for the endoscopic therapy group and 
33/319 (10.3%) for the combined therapy group; at 12 mo 
33/246 (13.4%) and 30/259 (11.6%), respectively]. It could 
be hypothesised that this decrease in mortality may be 
due to reduced bleeding rates, but one must keep in mind 
that although mortality rates are a standard end-point of  
all clinical trials and meta-analyses concerning variceal 
bleeding, it is difficult to attribute decreased mortality to 
decreased bleeding rates in a cirrhotic population prone 
to various life-threatening complications. β-blockers could 
have a beneficial effect on survival independent of  their 
preventative effect on variceal bleeding as they act globally 
by reducing portal hypertension, and it has been suggest-
ed that they may reduce the frequency of  complications 

of  cirrhosis such as ascites, hepato-renal syndrome, portal 
hypertensive gastropathy[53,54] and spontaneous bacterial 
peritonitis[55,56]. However, the results concerning decreased 
mortality in the combination endoscopic and β-blocker 
therapy group must be interpreted with caution as the fail-
safe number is relatively low: only two additional medium-
sized non significant studies would be necessary in order 
to render the results insignificant. Additional studies with 
long term follow-up, preferably using banding ligation, are 
necessary in order to confirm these results. 

Three meta-analyses have been previously published 
concerning combination therapy. The meta-analyses of  
Gonzalez et al[51] and Ravipati et al[57] compared combina-
tion treatment with endoscopic treatment (sclerotherapy 
or banding ligation) alone, and found a significant differ-
ence in rebleeding rates in favour of  combination therapy, 
whereas results were non-significant for mortality. The 
meta-analysis of  Ravipati et al[57] included 11 sclerotherapy 
trials, compared to 14 trials (148 additional patients) in 
our meta-analysis. Cheung et al[58] performed a small meta-
analysis including four trials comparing banding ligation 
with banding ligation plus β-blockers, and did not find any 
significant difference for either mortality or bleeding rates. 
The meta-analysis of  Gonzalez et al[51] included 23 trials. 
However, in contrast to our meta-analysis, these three 
meta-analyses[51,57,58] included studies associating β-blockers 
with nitrates, as well as studies in which β-blockers were 
introduced only at the end of  variceal eradication. We 
decided not to include these studies for both medical 
and methodological reasons. Firstly, there is no proof  
in current literature that the association of  nitrates with 
β-blockers is superior to β-blockers alone concerning 
bleeding rates and mortality. One non-blinded trial found 
a significantly lower bleeding rate for patients treated with 
nadolol plus isosorbide mononitrate[59]; however, two 
larger, more recent double-blinded placebo controlled tri-
als[60,61] were unable to confirm these results, with a greater 
number of  side effects noted in the nitrate group[60]. This 
association, which is poorly tolerated in certain patients, 
has therefore not yet been recommended by either the 
Baveno Ⅳ Consensus[15], or the American College of  Gas-
troenterology[14]. Secondly, optimal combination therapy 
would entail introducing β-blockers at the beginning of  en-
doscopic treatment as they would protect against bleeding 
recurrence before complete eradication, by reducing portal 
hypertension. We therefore chose not to include studies 
which started β-blocker treatment after eradication. How-
ever, we included all studies which started β-blockers at the 
beginning of  eradication regardless of  whether β-blocker 
treatment was continued after eradication or discontinued 
at the end of  the eradication programme, as so far no 
studies have shown a difference in superiority between 
these two treatment protocols. Thirdly, including studies 
in which β-blockers are associated with nitrates or started 
only after eradication may considerably increase intertrial 
heterogeneity due to differences in treatment protocols. 
This methodological aspect has been an object of  criticism 
in a recent editorial concerning a previous meta-analysis[52]. 
We therefore did not include studies associating β-blockers 
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with nitrates. Our stricter study inclusion criteria may lead 
to more precise conclusions concerning optimal treatment 
modalities. 

The results of  clinical trials and meta-analyses especial-
ly should always be interpreted with caution. A recent trial 
comparing banding ligation alone with banding ligation 
associated with drug therapy[28] did not find any significant 
difference in bleeding rates or mortality. However, in this 
trial drug therapy consisted of  β-blockers associated with 
nitrates, as opposed to β-blockers alone, as in the trials in-
cluded in the present meta-analysis. Our meta-analysis was 
limited by variations in quality of  the studies included, and 
by lack of  data concerning studies published as abstracts 
or letters, for which trial and patient characteristics were 
incomplete. The time over which data was included in this 
study was relatively large (1986-2005), which may contrib-
ute to inter-trial heterogeneity as improvements in patient 
care over time would affect bleeding and mortality out-
comes. Data was insufficient to determine the effect of  the 
date of  trials on outcome. Likewise, subgroup analyses ac-
cording to criteria such as Child’s class, origin of  cirrhosis 
or variceal size were not performed due to incomplete data. 
We nonetheless decided to include abstracts and letters in 
our meta-analysis in order to ensure optimal data analysis 
(246 additional patients). Adverse events were difficult to 
evaluate as the quality of  reporting varied and most trials 
did not distinguish serious from non serious events. Nine 
studies did not perform intention-to-treat analysis whereas 
2 did not state whether this was the case or not, which may 
lead to overestimation of  treatment effect. Calculation of  
outcome measures at different time points reduced hetero-
geneity due to varying follow-up durations, but these re-
sults were limited by the fact that not all studies expressed 
outcome measures according to follow-up time. Ideally, a 
meta-analysis would include individual patient data with 
updated follow-up, but in our case these data were not 
available and we therefore had to rely on group data pro-
vided by each study. Nevertheless, we aimed to ensure the 
robustness of  our meta-analysis results by calculating the 
failsafe number for each significant result, which was not 
estimated in previous meta-analyses[51,57,58]. 

In conclusion, we show that combination endoscopic 
and β-blocker therapy is more effective than endoscopic 
therapy alone in secondary prophylaxis of  variceal bleed-
ing, with a significant decrease in bleeding rates and 
mortality. With banding ligation becoming more and 
more widespread, we believe that combination β-blocker 
and banding ligation therapy should be recommended as 
first line prophylactic treatment in cirrhotic patients who 
have already bled from oesophageal varices. 
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Upper gastro-intestinal bleeding from ruptured oesophageal varices is a frequent 
and serious complication of cirrhosis. It has been estimated that 70% of patients 
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patients.
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ceal bleeding. 
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