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Abstract. The purpose of the present study was to compare 
the effectiveness of the transjugular intrahepatic portosystemic 
shunt (TIPS), endoscopic options, medications and mainstay 
combination therapies for patients with cirrhosis who have had 
at least one episode of variceal haemorrhage. The PubMed, 
Embase, Cochrane Library and Web of Science databases, as 
well as the reference lists of relevant articles, were searched to 
identify eligible studies. P‑scores, that were based solely on the 
point estimates and standard errors of the network estimates, 
were performed to rank all treatments, on a scale from 0 (worst) 
to 1 (best). The odds ratio (OR) was determined to assess 
effects on mortality, treatment failure and bleeding from gastro-
esophageal ulcers. A total of 43 randomized controlled trials 
comprising 3,787 adult patients were included. In total, 26 (61%) 
trials adopted concealed randomization, while most studies 
did not specify blinding. The drug combination of nadolol and 
isosorbide mononitrate (ISMN) ranked first for lowering risks 
of overall mortality (P‑score=0.8162), mortality due to liver 
failure (P‑score=0.7536) and bleeding from gastroesophageal 
ulcers (P‑score=0.7536). This combination was determined to 
be superior to endoscopic sclerotherapy (ES) alone (OR=0.63, 
95% CI: 0.42‑0.94) and TIPS alone in reducing overall mortality 
(OR=0.62, 95% CI: 0.40‑0.96). ES was more likely to increase 
treatment failure compared with TIPS, endoscopic variceal liga-

tion (EVL), ES plus EVL, EVL plus nadolol/propranolol plus 
ISMN and nadolol/propranolol plus ISMN. In conclusion, the 
present network meta‑analysis suggested that for a decreased 
mortality due to variceal rebleeding in patients with cirrhosis, 
nadolol plus ISMN may be a preferable choice, while ES is asso-
ciated with a higher risk of unfavourable treatment outcomes. 
Further well‑controlled studies are required to further elucidate 
the appropriate treatment options.

Introduction

Approximately 30% of patients with cirrhosis have oesopha-
geal varices at the time of diagnosis; this proportion increases 
with time and reaches 90% after ~10 years (1). Patients with 
oesophageal varices have a high tendency to develop bleeding. 
Only 10‑20% of variceal bleeding occurs from gastric varices, 
but the associated outcome is worse than that of bleeding from 
oesophageal varices (2‑5). Patients surviving a variceal bleed 
are at high risk of rebleeding (>60% in the first year) and the 
mortality of each rebleeding episode is ~20% (6). Therefore, 
prevention of recurrent variceal bleeding is important for 
patients with cirrhosis. 

For secondary prophylaxis of variceal bleeding, the goal of 
improving outcomes is evolving, since therapy in these cases 
attempts to reduce the risk of death, and thus prevent the onset 
of complications of cirrhosis that may lead to death (1). The 
treatment effectiveness of secondary preventions, including 
endoscopic ligation or endoscopic sclerotherapy (ES), drug 
therapies [non‑selective β‑blockers (NSBB) with or without 
isosorbide mononitrate (ISMN)] and transjugular intrahepatic 
portosystemic shunts (TIPS) is an area of interest, but at 
present, a firm consensus as to the most effective treatment has 
not been reached. Several randomized controlled trials (RCTs) 
have investigated treatment outcomes in terms of mortality, 
complications and adverse effects (7‑12). A previous study 
compared endoscopic variceal ligation (EVL) with a combi-
nation of EVL and nadolol and identified that adverse effects 
more frequently occurred in the EVL plus nadolol group (0.03 
vs. 33%)  (12). Another trial compared nadolol plus ISMN 
alone with EVL plus the drug combination and observed that 
the combination of EVL and drugs led to more adverse effects 
(62 vs. 32%), but there were no significant differences in either 
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mortality or the causes of death  (11). However, a previous 
direct meta‑analysis comprising 925 patients comparing 
endoscopic therapy with a combination of BB and endoscopic 
therapy identified that mortality at 24 months was significantly 
lower in the combined treatment group (13). In addition to 
inconsistent results among the previous trials and analyses, to 
the best of our knowledge, there has been no previous network 
meta‑analysis to compare treatment outcomes. Therefore, 
the present study was performed to compare the effective-
ness of standard treatments for the secondary prevention of 
variceal bleeding in patients with cirrhosis through a network 
meta‑analysis. The specific treatments studied were TIPS, 
endoscopic therapy (EVL alone or ES alone), a combina-
tion of EVL and ES, a combination of EVL/ES and NSBB 
(propranolol and nadolol) with or without ISMN, as well as a 
combination of NSBB and ISMN.

Materials and methods

Literature search. Searches were performed in the electronic 
PubMed, Cochrane Library, Embase and Web of Science 
databases in February 2018. The following search terms 
were used: ‘Cirrhotic patients’, ‘patients with cirrhosis’, ‘liver 
cirrhosis’, ‘haemorrhage’, ‘bleeding’, ‘rebleeding’, ‘variceal’, 
‘oesophageal varices’, ‘endoscopic variceal ligation’, ‘endo-
scopic band ligation’, ‘endoscopic ligation’, ‘endoscopic 
sclerotherapy’, ‘sclerotherapy’, ‘endoscopic therapy’, ‘vaso-
constrictors’, ‘venodilators’, ‘adrenergic beta antagonist’, 
‘adrenergic‑beta antagonist’, ‘adrenergic beta‑antagonist’, 
‘adrenergic‑beta‑antagonist’, ‘nitrate’, ‘beta‑blocker’, ‘isosor-
bide mononitrate’, ‘placebo’, ‘TIPS’, ‘transjugular intrahepatic 
portosystemic shunt’ and ‘randomized controlled trial’. Manual 
searches of reference lists of relevant articles were also 
performed to identify additional studies. Only RCTs were 
included. 

Inclusion and exclusion criteria. RCTs, irrespective of publi-
cation status, were included if they investigated endoscopic 
therapy with various combinations of NSBB and ISMN, or 
TIPS alone among adult patients with cirrhosis, who had at 
least one previous episode of upper gastrointestinal bleeding. 
Trials fulfilling the following criteria were excluded: i) Focus 
on primary prevention of variceal bleeding; ii) inclusion of 
pediatric patients or patients without cirrhosis; iii) comparison 
of only one of the aforementioned treatment regimens with 
other treatment(s), as it was impossible to make a network 
comparison; or iv) a clearly irrelevant topic, e.g. nutrition after 
variceal bleeding. 

Study selection. Only RCTs whose reports were available in 
English or Chinese were included. If a trial was designed with 
more than two treatment arms, at least two of the arms had to 
match the scope of the present study. 

Data extraction. According to the newly published guidelines 
of the American Association for the Study of Liver Diseases 
(AASLD) and consensus  (14), therapies for secondary 
prophylaxis must account for the presence or absence of other 
complications of cirrhosis. In patients with a low risk of death 
(those with variceal haemorrhage as the sole complication 

of cirrhosis), the objective of therapy should be the preven-
tion of an additional complication, whereas in patients with 
a high risk of death (those with variceal haemorrhage and 
other decompensating events), the objective of therapy should 
be to improve survival (15,16). Mortality (overall mortality, 
mortality due to rebleeding and mortality due to liver failure), 
treatment failure and complications (bleeding from gastro-
esophageal ulcer) were analyzed. 

Data of treatment failure were analyzed when clearly 
stated in the literature, with exclusion of data that satisfied 
certain criteria but lacked declaration of treatment failure. 
Authors of the included trials were not approached for further 
data due to the large number of RCTs selected and acquisi-
tion of adequate data associated with treatment outcomes. 
The primary outcomes were overall mortality, mortality due 
to rebleeding, including but not limited to recurrent variceal 
bleeding and mortality due to liver failure. Overall mortality 
was defined as death that occurred during the trial treatment 
or follow‑up caused by disease progression or treatment 
complications. Secondary outcomes were treatment failure 
and bleeding from gastroesophageal ulcers, including but not 
limited to post‑banding ulcers.

Methodological quality. A bias assessment was performed for 
the included trials by evaluating randomization, completion 
of trials and blinding. The major targets were concealment 
randomization, participant blinding, health care provider 
blinding, data collector blinding, outcome assessor blinding 
and early trial cessation. 

Randomization was considered concealed if it involved a 
third independent party or person not involved in the treat-
ment of patients, opaque sealed envelopes or a similar method. 
Trials were not considered to feature early cessation unless 
premature termination was specifically announced in the 
article. 

Statistical analysis. The odds ratio (OR) was used to denote 
the results with a 95% CI, indicating the strength of associa-
tion between treatments and outcomes. An OR<1 represents 
the benefit of the comparison group compared with the control 
group. Pooled ORs and their 95% CIs were also calculated. 
Statistical significance was established with a two‑sided 
P<0.05 or a CI that did not include a value of 1. The risk 
ratio was not used to measure outcomes due to limited data 
regarding the number of events among the selected trials. 

To assess the comparability of the included trials, a 
heterogeneity analysis was performed. Since inconsistency is 
a source of heterogeneity in network meta‑analyses, a general-
ized Cochran's Q statistic (Qtotal) and I2 statistic were adopted 
for assessment of homogeneity and consistency assumptions. 
Statistical heterogeneity was considered significant when 
P<0.10 for the Q‑test or I2<50%. The network meta‑analysis 
used fixed‑effects models with I2 values of 0% for overall 
mortality, mortality due to rebleeding, mortality due to liver 
failure and bleeding from a gastroesophageal ulcer, and 
I2=29.4% for treatment failure.

All treatments were ranked according to P‑score, which is 
on a scale from 0 (worst) to 1 (best). P‑scores are based solely 
on the point estimates and standard errors of the most frequent 
network meta‑analysis estimates under normality assumption, 
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and can easily be calculated as means of one‑sided P‑values. 
They measure the extent of certainty that a treatment is better 
than another treatment, averaged over all competing treat-
ments (17). Sensitivity analysis was performed by removal 
of trials with a mean follow‑up of <6 months. The network 
meta‑analyses were performed using R 3.3.1 along with the 
‘netmeta’ package by Schwarzer et al (18).

Results

Search results. Electronic and manual searches identified 1,293 
records in total. Following screening of titles and abstracts, 
861 references were excluded and the remainder was subjected 
to full‑text screening. Among the excluded studies were dupli-
cates, non‑RCTs, trials investigating other treatments, or those 
covering different topics or focusing on primary prevention of 
variceal bleeding, due to inadequate data for the present study 
or randomizing patients without cirrhosis. A previous trial 
investigating the effects of carvedilol plus EVL was excluded, 

as it assessed hemodynamic responses but not mortality (19). 
The screening process followed the Preferred Reporting Items 
for Systematic Reviews and Meta‑Analyses (PRISMA) guide-
lines and is depicted in a flow chart in Fig. 1.

Characteristics of the studies included. A total of 43 
trials (20‑62) with a total sample size of 3,787 patients with 
cirrhosis were included for quantitative network meta‑anal-
ysis. In total, 5 references were published or available as 
abstracts (22,35,39,42,43) and the remainder were available in 
full text. A previous trial had 4 treatment arms (44), among 
which 3 (EVL alone, EVL plus propranolol plus ISMN and 
propranolol plus ISMN) were included from the present 
study. Another had 3 arms  (22), of which 2 (EVL alone 
and propranolol plus ISMN) were included, and the arm of 
carvedilol treatment alone was excluded. All of the other 
trials were designed with 2 treatment arms. The proportion 
of patients with cirrhosis was 100% in all of the trials. The 
baseline characteristics of the trials are presented in Table I. 

Figure 1. Flow diagram of the study search and selection process.

https://www.spandidos-publications.com/10.3892/etm.2020.8633
https://www.spandidos-publications.com/10.3892/etm.2020.8633
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Patient inclusion and exclusion criteria varied slightly across 
trials, but patients were generally eligible if they were adults 
with cirrhosis with at least one episode of endoscopic‑proven 
oesophageal or gastric variceal bleeding. Exclusion criteria 
included hepatocarcinoma, non‑bleeding varices, existing 
multi‑organ failure and lack of cirrhosis. A total of 30 of the 
43 studies had a mean follow‑up time of >2 years, as presented 
in Table I. In total, five trials were excluded from the sensi-
tivity analysis due to follow‑up times that were unknown or <6 
months (43,47,55,60,61). TIPS alone was used as the compara-
tive treatment in the forest plots, since it is a recommended 
surgery for secondary prophylaxis according to the newest UK 
guidelines (5).

Bias assessment. Risk of bias assessment for the RCTs included 
was performed following the PRISMA recommendations; the 
results are presented in Table SI. A total of 26 (61%) trials (20‑22,
24‑30,34,36,38,44,47,16,50,56,61) adopted concealed randomiza-
tion via sealed opaque envelopes, by using central randomization 
or through an independent person not involved in the treatment of 
the patients. Only one trial declared early cessation (54). A total of 
two trials were open labelled (20,24) and two trials reported using 
outcome assessors under blinded conditions (27,16). Blinding of 
the remaining trials was not specified.

Overall mortality. In total, 40 trials with a total of 3,599 patients 
reported overall mortality, involving all 11 treatment regimens. 
Fig.  S1A illustrates the evidence networks connecting the 
regimens. Nadolol plus ISMN also had the highest P‑score 
(P‑score=0.8162, Table  II) with the largest probability to 
reduce mortality when compared with the other treatments. No 
statistical heterogeneity was observed (Heterogeneity I2=0%; 
Cochran's test P=0.9618, Table III) in this outcome measure. 
The fixed‑effects model analysis suggested that nadolol plus 
ISMN was significantly more effective than TIPS alone 
(OR=0.62, 95% CI: 0.40‑0.96, Table III), as presented in Fig. 2A.  
Pairwise comparisons indicated that nadolol plus ISMN and 
EVL alone were significantly more effective than ES alone 
in reducing overall mortality (OR=0.63, 95% CI: 0.42‑0.94; 
OR=0.80, 95% CI: 0.65‑0.99, respectively, Table III), while 
differences among other treatments were not statistically 
significant.

Mortality due to rebleeding. A total of 27 trials with 
2,447 patients investigated all 11 treatments and reported death 
due to rebleeding. The evidence network presented in Fig. S1B 
connects all of the treatments. Cochran's Q test did not identify 
any statistical heterogeneity among the selected trials for this 
outcome measure (Heterogeneity I2=0, P=0.9963, Table III). 
Compared with TIPS alone, ES plus propranolol increased 
the risk of mortality due to rebleeding (OR=10.39, 95% CI: 
2.24‑48.26, Fig. 2B; P‑score=0.0842; Table II). 

Pairwise comparisons indicated that ES plus EVL, EVL 
alone, EVL combined with nadolol plus ISMN, Nadolol plus 
ISMN, Propranolol plus ISMN and TIPS alone were signifi-
cantly more effective than ES alone in reducing mortality due 
to rebleeding (OR=0.23, 95% CI: 0.08‑0.69; OR=0.37, 95% 
CI: 0.21‑0.63; OR=0.18, 95% CI: 0.04‑0.70; OR=0.29, 95% 
CI: 0.12‑0.69; OR=0.17, 95% CI: 0.04‑0.77; OR=0.12, 95% CI: 
0.04‑0.35, respectively, Table III).

Mortality due to liver failure. A total of 24 trials with 2,258 
patients investigating all 11 treatments reported on death due 
to liver failure. The evidence network presented in Fig. S1C 
connects all of the treatments. No statistical heterogeneity 
was observed (Heterogeneity I2=0%, P=0.8985; Table III). 
The results of the fixed‑effects model analysis comparing 
with TIPS alone indicated that none of the other treatments 
were superior, though nadolol plus ISMN may be the next best 
option (OR=0.51, 95% CI: 0.22‑1.20, Fig. 2C; P‑score=0.7536; 
Table  II). Furthermore, EVL combined with nadolol plus 
ISMN had the lowest P‑score (P‑score=0.2167, Table II), indi-
cating the highest probability to increase mortality due to liver 
failure. Results of pairwise comparisons indicated no statisti-
cally significant differences when comparing with treatments 
other than TIPS (Table III).

Treatment failure. In total, 14 trials with a total of 1,445 patients 
reported on treatment failure. No data of this outcome were 
available for the treatment regimen ES plus propranolol. The 
evidence network in Fig. S1B connects the other 10 treat-
ments for assessment of this outcome. Mild heterogeneity 
was identified for treatment failure (Heterogeneity I2=29.4%, 
P=0.1739; Table  III). A fixed‑effects model analysis was 
performed for comparing with TIPS alone. Differences were 
not statistically significant (Fig. 2D). The evidence network 
presented in Fig. S1D connects all of the treatments. EVL plus 
propranolol had the highest efficacy (P‑score=0.8071), closely 
followed by TIPS (P‑score=0.7938) and EVL plus nadolol 
(P‑score=0.7932). ES alone ranked last (P‑score=0.0199), 
suggesting that it was most likely to have the highest rate of 
treatment failure. Rankings are presented in Table II.

Pooled ORs suggested that ES alone was disadvantageous 
compared with the other 9 treatments with regard to treat-
ment failure (OR=3.72, 95% CI: 1.30‑10.67 compared with 
ES plus EVL; OR=2.13, 95% CI: 1.31‑3.45 compared with 
EVL alone; OR=8.65, 95% CI: 1.77‑42.15 compared with 
EVL plus nadolol; OR=3.69, 95% CI: 1.65‑8.27 compared 
with EVL plus nadolol plus ISMN; OR=9.09, 95% CI: 
2.08‑39.68 compared with EVL plus propranolol; OR=3.02, 
95% CI: 1.22‑7.53 compared with EVL plus propranolol 
plus ISMN; OR=2.78, 95% CI: 1.54‑5.02 compared with 
nadolol plus ISMN; OR=2.54, 95% CI: 1.06‑6.12 compared 
with propranolol plus ISMN; OR=8.24, 95% CI: 2.16‑31.40 
compared with TIPS alone; Table III).

Bleeding from gastroesophageal ulcer. A total of 24 trials 
with a total of 2,258 patients investigated all 11 treatments 
and reported death due to bleeding from gastroesophageal 
ulcer. The evidence network is presented in Fig.  S1E. 
There was no statistically significant heterogeneity for this 
outcome measure (Heterogeneity I2=0, P=0.8354; Table III). 
Results of the fixed‑effects model analysis performed in 
comparison with TIPS alone indicated that none of the 
other 10 treatments were superior, but nadolol plus ISMN 
appeared to be the best among the compared treatments 
(OR=0.85, 95% CI: 0.09‑8.18, Fig. 2E;  P‑score=0.7536, 
Table II).

Nadolol  plus ISMN had the h ighest  P‑score 
(P‑score=0.7536), indicating that it had the highest prob-
ability of reducing mortality due to rebleeding, followed 
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closely by ES alone (P‑score=0.6964) and ES plus propran-
olol (P‑score=0.6651). The lowest P‑score was obtained for 
EVL plus nadolol and ISMN (P‑score=0.2167), indicating the 
lowest probability to reduce bleeding from gastroesophageal 
ulcer (Table II).

Pairwise comparisons among the treatments indicated that 
nadolol plus ISMN was associated with a relatively lower risk of 
causing bleeding from gastroesophageal ulcer when compared 
with ES alone (OR=0.11, 95% CI: 0.02‑0.48), ES plus EVL 
(OR=0.06, 95% CI=0.00‑0.97) or EVL alone (OR=0.12, 95% 
CI: 0.03‑0.56) in Table III.

Sensitivity analysis. A sensitivity analysis was performed 
by removing several studies. The only criterion for removal 
was a mean follow‑up time of <6 months, based on which 
5 trials  (43,47,55,60,61) were removed. The results were 
consistent with those of the primary meta‑analysis (Table IV). 
Nadolol plus ISMN was still superior to TIPS with regard 
to overall mortality (OR=0.63, 95% CI: 0.40‑0.98, Fig. 3A; 
Heterogeneity I2=0, P=0.9249, Table IV), while no significant 
differences were obtained for treatment failure (OR=2.97, 95% 
CI: 0.74‑11.88, Fig. 3B; Heterogeneity I2=37.3%, P=0.1206, 
Table IV).

Discussion

The present network meta‑analysis included 43 randomized 
controlled trials to compare the treatment effectiveness of 11 
mainstay secondary prophylaxes in patients with cirrhosis in 
terms of mortality, treatment failure and bleeding from gastro-
esophageal ulcers. The results suggested that nadolol plus 
ISMN was most likely to reduce the risk of overall mortality, 
mortality due to liver failure and bleeding from gastro-
esophageal ulcers, and was superior to ES and TIPS alone for 
reducing overall mortality. ES was inferior to 9 treatments for 
reducing treatment failure. The combination of endoscopic 
therapy and NSBB with or without ISMN was not significantly 
more effective than EVL or the drug combination alone.

The present study included 4 trials that investigated nadolol 
plus ISMN  (26,36,51,57) with a total of 250 randomized 
patients. Nadolol plus ISMN was indicated to be more effec-
tive than TIPS alone in reducing overall mortality. The present 
results are consistent with those of Villanueva et al (28), which 
concluded that combination therapy was more effective than 
endoscopic ligation for the prevention of recurrent bleeding 
and was associated with lower rates of major complications. 
As a vasoconstrictor, nadolol is able to reduce portal pressure 
and blood flow in the porto‑collateral system. The vasodilator 
ISMN has been demonstrated to decrease portal pressure 
in patients with cirrhosis by reducing intra‑hepatic resis-
tance (29). Despite adverse drug‑associated effects, including 
hypotension, asthenia and headaches, proper dosage of this 
combination is most likely to reduce mortality and other 
complications of bleeding from ulcers.

In the newly published AASLD and UK guidelines, TIPS 
is recommended as a treatment option when endoscopic and 
pharmacologic treatments have failed (5). In the present study, 
a total of 16 trials provided data for TIPS in 590 patients with 
cirrhosis  (20,21,25‑27,29,30,32‑35,38‑40,42,43). The mean 
follow‑up time for TIPS groups was 748.5 days [data for one 
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trial (43) were not available]. Although TIPS is known to have 
the potential to increase hepatic encephalopathy (20,27), the 
present study demonstrated that it may reduce the risk of death 
due to rebleeding. The trials were contradictory regarding 
whether TIPS is superior to endoscopic or combination 
therapies. In one previous trial (26), TIPS alone was superior 
to EVL plus propranolol in the prevention of rebleeding, but 
this superiority did not result in improved survival. In this 
previous study (26), liver failure, hepatobiliary cancer and 
sepsis were the predominant causes of death. Clinically, it 
may be difficult to attribute death to rebleeding or to any one 

cause. Zheng et al (62) performed a meta‑analysis of 12 RCTs 
to compare TIPS with endoscopic therapy, and the results 
suggested that TIPS reduced variceal rebleeding, but was asso-
ciated with an increased risk of encephalopathy, although no 
differences in survival were observed. The present study indi-
cated that TIPS was superior to ES alone, ES plus propranolol 
and EVL alone with a tendency for reduced mortality due to 
rebleeding. In clinical practice, TIPS has certain advantages in 
reducing portal pressure and reducing the risk of rebleeding. 
However, compared with endoscopic treatment, TIPS is more 
costly and technically more difficult.

Figure 2. Forest plots with different pairwise comparisons with TIPS alone in network meta‑analyses for (A) overall mortality, (B) mortality due to rebleeding, 
(C) mortality due to liver failure, (D) treatment failure and (E) bleeding from gastroesophageal ulcer. TIPS, transjugular intrahepatic portosystemic shunt; 
OR, odds ratio; ES, endoscopic sclerotherapy; EVL, endoscopic variceal ligation; ISMN, isosorbide mononitrate.
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Table IV. Heterogeneity test results.

Item	  I2 (%)	 Q	 DF	 P‑value

Overall mortality	 0	 19.34	 32	 0.9618
Overall mortality (sensitivity analysis)	 0	 18.05	 28	 0.9249
Mortality due to rebleeding	 0	   5.97	 18	 0.9963
Treatment failure	 29.4	 12.76	   9	 0.1739
Treatment failure (sensitivity analysis)	 37.3	 12.75	   8	 0.1206
Bleeding from gastroesophageal ulcer	 0	   4.23	   8	 0.8354
Mortality due to liver failure	 0	   8.58	 15	 0.8985 

DF, degrees of freedom.

Figure 3. Sensitivity analysis for (A) overall mortality and (B) treatment failure. Trials with a mean follow‑up of <6 months were removed to generate forest 
plots for different pairwise comparisons with TIPS alone. TIPS, transjugular intrahepatic portosystemic shunt; OR, odds ratio; ES, endoscopic sclerotherapy; 
EVL, endoscopic variceal ligation; ISMN, isosorbide mononitrate.

https://www.spandidos-publications.com/10.3892/etm.2020.8633
https://www.spandidos-publications.com/10.3892/etm.2020.8633
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Data from 4 previous studies  (21,26,27,38) that used 
covered stents in their trials provided similar results among 
TIPS, EVL, EVL plus propranolol and propranolol plus ISMN 
in terms of overall mortality, although TIPS appeared to cause 
less mortality due to rebleeding than EVL plus propranolol (21).

Although ES was not recommended by the Baveno VI 
Consensus Workshop as a first‑line treatment (15), it is still 
commonly used in China (61). Furthermore, the guidelines of 
the Chinese Society of Gastroenterology, Chinese Medical 
Association and Chinese Society of Endoscopy suggest that 
physicians choose EVL or ES for secondary prophylaxis based 
on their experience and the patients' clinical conditions (62). 
Therefore, RCTs on ES were not excluded from the present 
study.

Results of pooled ORs demonstrated inferiority of ES 
regarding treatment failure over the other 9 treatments. ES 
plus propranolol may increase the risk of mortality due to 
rebleeding. No statistically significant benefit of ES alone or 
ES plus drugs was identified in the present study. The results 
of the present study are consistent with those of previous 
studies (7‑12,15) and support the most recent UK and AASLD 
guidelines, which do not recommend ES for secondary preven-
tion of variceal bleeding in patients with cirrhosis (5).

EVL has been accepted as the preferred endoscopic treat-
ment for the prevention of variceal rebleeding (37). Although 
EVL plus NSBB is now the first‑line treatment, a review by 
Cotoras et al (64) reported that addition of β‑blockers to EVL 
does not lead to a difference in mortality. In line with this, in 
the present study, the combination of EVL and NSBB with or 
without ISMN was not more effective than EVL alone or the 
drug combination of NSBB and ISMN.

The present study identified a tendency of EVL plus 
propranolol to increase mortality, which may be attributed 
to the data that were extracted from the included trials for 
this outcome measure. In a previous trial whose patients all 
had grade II‑IV portal vein thrombosis (PVT), Luo et al (21) 
determined that the ability of EVL plus propranolol to reduce 
variceal bleeding may be counteracted by deteriorated PVT. 
Additional evidence from high‑quality RCTs is required to 
address this issue.

The present study has several limitations. Therapy using 
drugs alone or using drugs other than NSBB or ISMN were 
beyond the scope of the present study, as regimens of single drugs 
are now seldom used in clinical practice for secondary prophy-
laxis. Although the included trials provided a solid foundation 
based on collected data, more data on serious adverse effects, 
the frequency and severity of drug‑associated adverse effects, 
procedure‑associated complications and consequent hospital-
ization may be helpful for further comparison. The quality of 
the present study depends on the RCTs that were included. A 
total of 4 RCTs focusing on acute variceal bleeding (37,38,47,54) 
were included, as they also assessed the outcomes of rebleeding 
and overall mortality. The included references were published 
between 1992 and 2015, which is a long period of time; there 
may be technical differences in the early stages; however, with 
the continuous standardization and maturity of operation tech-
nology, the differences are gradually narrowing. Therefore, the 
clinical value of the present results may be limited.

In conclusion, the present network meta‑analysis suggested 
that for prophylaxis of variceal rebleeding in patients with 

cirrhosis, nadolol plus ISMN may be the preferred choice to 
decrease mortality and ES may be associated with a relatively 
higher risk of unfavourable treatment outcomes, particularly 
treatment failure.
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