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Abstract
Background

Several recent trials have suggested that the need for vasoconstrictors for preventing esophageal variceal
bleeding may be considerably reduced after endoscopic variceal ligation (EVL). However, comprehensive
systematic reviews on this topic are hardly available.

Methods

A meticulous literature review and meta-analysis were conducted using the databases of PubMed,
Embase, and the Cochrane Library. Primary outcomes were initial hemostasis, rebleeding, mortality, and
treatment failure within 5 days, and secondary outcomes were 6-week mortality and adverse events.

Results

Five randomized trials with 423 participants were included in the meta-analysis. The results revealed that
the following outcomes were similar in groups that received only EVL and a standard combination
regimen: initial hemostasis (97.6% vs. 98.0%, risk ratio (RR) = 1.00, 95% con�dence interval (CI) = 0.97–
1.02), 5-day rebleeding (15.9% vs. 6.6%, RR = 2.25, 95% CI = 0.87–5.77), treatment failure (9.6% vs. 6.7%,
RR = 1.43, 95% CI = 0.54––3.75), 5-day mortality rates (0 vs. 0.7%, RR = 0.81, 95% CI = 0.09–6.87), and 6-
week mortality rates (2.9% vs. 3.0%, RR = 0.88, 95% CI = 0.25–3.13). By contrast, sensitivity analysis
suggested obvious clinical heterogeneity in 5-day rebleeding although an outlier study was identi�ed.

Conclusion

In patients with acute esophageal variceal bleeding after EVL, 5-day and 6-week mortality rates were
similar regardless of vasoconstrictor use. However, considering the controversial 5-day rebleeding rate,
short course of vasoconstrictor use based on current evidence may be reasonable. 

Background
Acute esophageal variceal bleeding is a major complication of portal hypertension, which is associated
with considerably high morbidity and mortality (1). Although the prognosis of variceal bleeding has
improved in recent years (2, 3), multidisciplinary care is required to optimize outcomes. Vasoconstrictor
use is generally the �rst-line therapy for acute variceal bleeding (1), followed by endoscopic treatment.
Endoscopic injection sclerotherapy (EIS) has been considered to be the �rst effective endoscopic
treatment; however, rebleeding rates with EIS alone are high (4–6). Hence, the combined use of EIS and
vasoconstrictors for up to 5 days has been recommended (1, 7).

In the past decade, endoscopic varices ligation (EVL) has replaced EIS as the treatment of choice
because it has fewer complications and a lower rebleeding likelihood (8, 9). Because EVL is highly
effective in arresting acute esophageal variceal bleeding, the optimal duration of vasoactive agent use
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after EVL has been debated (10). Furthermore, several studies have suggested that the outcomes of
variceal bleeding after EVL with a short course (≤ 3 days) of vasoconstrictor use or without
vasoconstrictor use (only EVL) may be similar (11–16). Although two previous meta-analyses have
supported the use of vasoconstrictors in addition to endoscopic treatment, one of the meta-analyses, by
Banares et al. (17) focused on trials exclusively involving EIS, whereas the other meta-analysis by Yan et
al. (18) did not include two randomized trials on EVL (12, 19). We hypothesized that because the e�cacy
of EVL is superior to that of EIS, the need for subsequent vasoconstrictor use might be considerably
reduced. Hence, we conducted a systematic review and meta-analysis to explore whether EVL alone has
outcomes similar to those of standard therapy in patients with acute esophageal variceal bleeding.

Materials And Methods
Study design and search strategy

  In this study, we included studies comparing outcomes of esophageal variceal bleeding after either
standard combination therapy (EVL plus vasoactive agents for up to 5 days) or only EVL in patients with
acute esophageal variceal bleeding. Two authors (JHY and GHL) independently conducted
comprehensive literature searches by using three online database resources, namely PubMed, Embase,
and the Cochrane Library in November 2019. The search queries and keywords were “esophageal variceal
bleeding AND endoscopic ligation” in all databases.

After excluding duplicate articles, the authors (JHY and WLW) proceeded with a manual review of
references to retrieve relevant studies. The abstracts and full texts, if required, of all the records identi�ed
using the database searches were reviewed for eligibility. Articles were excluded if EVL was not
administered as an endoscopic treatment, vasoactive agents were used without prior endoscopy in the
control group, control and test groups received combination therapy involving vasoactive agents, gastric
variceal bleeding was reported, outcomes within 5 days and during hospitalization were not reported, and
EIS was used as the main endoscopic treatment.  

Data extraction and assessment of outcomes and validity

The following data were extracted: name of �rst author, year of publication, country of origin, number and
characteristics of participants, study design, treatment modality, dose and administration of vasoactive
agents, primary outcomes, and secondary outcomes. The primary outcomes of these studies were initial
hemostasis, 5-day rebleeding, 5-day mortality, and 5-day treatment failure, de�ned as persistent bleeding,
rebleeding, or mortality after successful endoscopic hemostasis. The secondary outcomes were 6-week
mortality rates, adverse events, hospital stay, and transfusion requirement. All data were extracted as
originally stated or after appropriate calculations were conducted.

  The included randomized clinical trials were independently reviewed by two authors (JHY and CWL) by
using Cochrane Collaboration’s risk of bias assessment tool (20). Any discrepancy observed in the review
process was resolved after discussion with the corresponding author (GHL).
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Statistical analysis

  Statistical analyses were performed using Comprehensive Meta-Analysis version 3.3.070 (Biostat,
Englewood, NJ, USA). In this study, risk ratios (RRs) were generally used for discrete variables, and the
corresponding 95% con�dence intervals (CIs) were used to compare the outcomes between the groups
that received standard and short courses of vasoactive agents. For the outcomes with zero values in both
groups, continuity correction was used to facilitate meta-analysis (21). The pooled effect sizes were
considered statistically signi�cant if a p value of <0.05 was obtained, or the range of 95% CI excluded 1
for RR. In this study, a random-effects model was selected for pooled effect estimates because of the
small number of studies included, which may have caused the random-effects model to underestimate
the statistical heterogeneity and clinical heterogeneity based on different baseline study characteristics.   

Statistical heterogeneity among studies was assessed using the I square (I2) statistic, which indicated the
percentage of total variation and inconsistency across studies caused by heterogeneity rather than
chance, and a high value generally suggested high heterogeneity. The presence of signi�cant statistical
heterogeneity was de�ned as p < 0.1 in a chi-square test. Publication bias was evaluated using funnel
plots, which involved plotting the natural logarithm of the RR against the inverse of the standard error for
each study as well as the use of Egger’s test (23), for which a p value of <0.1 in a two-tailed test was
considered a positive result. In this study, we used the 5-day rebleeding rate to examine the publication
bias because it was reported in all the included studies. For all pooled results, sensitivity analysis was
conducted by excluding one study at a time (24) to determine the robustness of the results, and
additional analysis was performed to identify the source of heterogeneity.

Results
Search results and included studies

  After excluding duplicate articles, we had 1532 potentially relevant records based on the search strategy
and additional manual search. During subsequent review, 13 studies that met the inclusion criteria were
further evaluated for eligibility, and �ve full-text articles from 1995 to 2015 were included in this meta-
analysis (12, 14, 19, 25, 26). The review process is illustrated using a �owchart of Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) (27) (Figure 1).

Baseline characteristics of included studies

  All �ve included studies were prospective, randomized controlled trials with a total of 423 patients
(84.8% men); the weighted-average age was 51.1 years, and 34%–55% of the patients had alcoholic
cirrhosis; in addition, a substantial portion of the patients were classi�ed as Child–Pugh class B (39%–
47%) or class C (24%–55%). Typical included patients exhibited cirrhosis with the �rst attack of acute
esophageal variceal bleeding. Those who did not exhibit cirrhosis, exhibited hepatocellular carcinoma or
portal vein thrombosis, or those who had previous variceal bleeding were generally excluded from these
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studies (12, 14, 19, 25, 26). The baseline characteristics of patients are summarized in Table 1 and Table
S1, and they were similar between the EVL and standard combination groups.

After the index bleeding episodes, endoscopic treatments were performed within 6 to 24 hours; and the
three conducted studies after 2000 involved the use of multiband ligators for hemostasis (12, 14, 19).
The rate of active spurting during the index endoscopy was similar in both groups (32% vs. 36% in EVL
vs. standard combination group, p = 0.246). Vasoconstrictors, including terlipressin, octreotide, and
somatostatin, were prescribed either before (25) or after emergency endoscopy (12, 14, 19, 26). The
dosages were in accordance with the recommendation of current international guidelines (1, 7), except for
the study by Peng (19) in which terlipressin was prescribed at a dose of 1 mg QD. In the control group
that did not receive vasoconstrictors, proton pump inhibitor (12), propranolol (19), and placebo (14) were
prescribed as concomitant medical therapy.

Risk of bias assessment

Risk of bias in each randomized clinical trial was evaluated using the Cochrane Collaboration’s risk of
bias assessment tool; the results are summarized in Table S2. Among these studies, only one had a
double-blind design (14) and one was a single-blind study with respect to the examiner only (12). All
studies generally had a ratio of 1:1 for randomization of participants; however, none of the studies
described the detailed randomization and allocation concealment procedure.

Primary outcomes: initial hemostasis and rebleeding, treatment failure, and mortality in the �rst 5 days

The numbers of patients with major outcomes in each study are summarized in Table 2. Rate of initial
hemostasis was reported in all articles, with the range from 93%–100%, and the pooled estimate were
almost the same between the EVL or standard combination groups (97.6% vs. 98.0%, RR = 1.00, 95% CI =
0.97–1.02, Figure 2a).

Five-day rebleeding rates were also available in all the included studies, and most of them exhibited a
nonsigni�cant RR during the meta-analysis except for the study by Sung et al. (25), which favored
combination therapy. Although a trend toward higher rebleeding rates in the EVL group was observed, the
pooled estimate was not statistically signi�cant (15.9% vs. 6.6%, RR = 2.25, 95% CI = 0.87–5.77, p = 0.09,
Figure 2b).

  Mortality rate was presented as death within the �rst 5 days (12, 19, 26) and in-hospital mortality (14, 25,
26). The meta-analysis did not reveal a signi�cant difference in 5-day rebleeding rates (0 vs. 0.7%, RR =
0.81, 95% CI = 0.09–6.87, Figure 2c) or in-hospital mortality rates (11.2% vs. 6.8%, RR = 1.69, 95% CI =
0.70–4.04, Figure S1) between the groups. Treatment failure within 5 days was documented in all studies
except for the study by Sung et al. (25). The pooled result showed that similar results were obtained using
EVL alone and standard combination therapy (9.6% vs. 6.7%, RR = 1.43, 95% CI = 0.54–3.75, Figure 2d).
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Secondary endpoints: 6-week mortality, adverse events, hospital stay, and transfusion requirement

Six-week mortality was documented in three studies (12, 19, 26). With meta-analysis, the 6-week mortality
was similar between the EVL and standard combination groups (2.9% vs. 3.0%, RR = 0.88, 95% CI = 0.25–
3.13, Figure 3). Adverse events of both groups were reported in three studies. In the study by Lee et al
(26), cases of aspiration pneumonia (two and three in the EVL and standard combination groups,
respectively) and one case of spontaneous bacterial peritonitis in the standard combination group were
observed during hospitalization. By contrast, the study by Lo et al. reported a signi�cantly larger number
of patients with chest pain and abdominal pain in the standard combination group than in the EVL group
(22/60 vs. 0/60, p < 0.001) (12).

  The length of hospital stay was also reported in two studies. Lee et al. (26) suggested signi�cantly
longer hospitalization in the EVL group than in the standard combination group (16 ± 11 vs. 11 ± 4 days,
p = 0.028), whereas Lo et al. (12) did not report any difference between the groups (8.8 ± 3.8 vs. 9.4 ± 2.3
days, p = 0.45). In addition, the duration of intensive care unit stay was similar in both the groups (14,
26). In terms of transfusion requirements, the need for transfusion in the standard combination and EVL
groups was similar (14, 19, 25, 26); however, the different parameters reported in each article precluded
further meta-analysis.

Sensitivity analysis and evaluation of publication bias

  Sensitivity analysis by excluding one study at a time was undertaken for meta-analysis of the primary
outcomes. For initial hemostasis, 5-day mortality rates, and treatment failure, the pooled estimate did not
exhibit signi�cant changes during analysis. By contrast, signi�cantly higher 5-day rebleeding rates were
observed with EVL alone (14.7% vs. 2.7%, RR = 4.02, 95% CI = 1.76–9.20, Figure 4a) when the study of
Kumar et al. (14) was excluded than when it was included; furthermore, cumulative analysis revealed that
the pooled estimate favored the standard combination group until this study was included (Figure 4b).
Excluding any other study did not result in signi�cant changes from the initial meta-analysis. However,
the difference in rebleeding rates was considerably smaller (9.6% vs. 6.1%, RR = 1.26, 95% CI = 0.59 -
2.69) if the study by Sung et al. (25) was exluded, which was the only study showing signi�cantly higher
rebleeding in the EVL than in the standard group in this review.   

Publication bias was assessed using pooled estimates of 5-day rebleeding (Figure 4c). Obvious bias was
not observed on the funnel plot and Egger’s test did not provide signi�cant results (one-tailed p = 0.337).

Discussion
For acute esophageal variceal bleeding, vasoconstrictors and endoscopic treatment and prophylactic
antibiotics have been the standard of care (1, 7). Because the risk of rebleeding is highest in the �rst 5
days (28), vasoconstrictor use is generally recommended in this period. Studies have shown that EIS may
result in paradoxical portal hypertension after treatment, and vasoconstrictors are useful for alleviating
adverse effects of EIS (29, 30). By contrast, EVL is not associated with rebounding portal hypertension
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(31); therefore, it is considered to exhibit higher e�cacy than EIS for hemostasis (8, 32). This is also
supported in the trial by Kumar et al. (14); the hepatic venous pressure gradient was similar at baseline
and after EVL.

Recently, a meta-analysis demonstrated a short course of vasoconstrictors use may have similar
outcomes, in terms of hemostasis and very early rebleeding, as standard 5-day treatment after EVL for
esophageal variceal bleeding. However, the contribution of this study to the conclusion regarding the
e�cacy of vasoconstrictors compared with the placebo was limited because it did not include all
available trials. Hence, further comprehensive analysis is necessary to guide clinical decisions.

Our study was an up-to-date systematic review and meta-analysis comparing the outcomes of EVL and
standard combination therapy in clinical trials. This review demonstrated that after successful EVL, no
signi�cant difference was observed in terms of initial hemostasis and 5-day rebleeding rates and
mortality between the standard combination and EVL groups. However, sensitivity analysis of 5-day
rebleeding suggested the presence of clinical heterogeneity. Speci�cally, after the study by Kumar et al.
was excluded (14), the result favored standard combination therapy despite the �ndings of the study by
Sung et al. (25), which was an obvious outlier among the studies. Hence, rebleeding outcomes must be
interpreted cautiously.

Because all the included studies were randomized clinical trials that had a generally low risk of bias, other
confounding factors should be considered. In this study, the most obvious characteristic causing
heterogeneity is the long time frame because several modern treatment modalities such as multiband
ligators, prophylactic antibiotics, and intravenous proton pump inhibitors were not widely available before
the year 2000. Unlike the �rst two management methods that may directly help control varices and
reduce portal hypertension, proton pump inhibitors may be useful for preventing post-ligation ulcer
bleeding (33). In fact, in the trial by Lo et al. (12), a proton pump inhibitor was used in patients who did
not receive vasoconstrictors. Because rebleeding after emergency EVL is frequently caused by ulcers (34),
this factor should be considered during future trials.

In contrast to the rebleeding rate, our study showed similar 5-day and 6-week mortality rates and
treatment failure rates between the standard combination and EVL groups. In prior systematic reviews,
Banares et al. (17) did not report 6-week mortality, and Yan et al. only compared this outcome in patients
who received a short course of treatment and those with standard use of vasoconstrictors. Although this
analysis did not include the study by Sung et al. (25) because it only reported 30-day mortality, no
signi�cant difference (23% vs. 9%, p = 0.09) was observed between the EVL and standard combination
groups in the article. In the recent Baveno IV consensus (7), 6-week mortality was emphasized as the
most crucial composite outcome. Hence, it is necessary for further studies incorporating this prognosis to
evaluate the e�cacy of vasoconstrictors in combination with EVL in detail. 

The potential advantages of reducing the use of vasoconstrictors are fewer adverse events, lower cost,
and shorter hospital stay. Although vasoconstrictor generally have a high safety pro�le and are well-
tolerated, the association with side effects, such as coronary ischemia and abdominal cramps, remains a
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concern. In this systematic review, only the study by Lo et al. (12) reported a signi�cantly larger number of
side effects in the standard group than in the EVL group without major morbidities. Thus, in patients with
risk for ischemic heart disease or stroke, limiting vasoconstrictor use once hemostasis was achieved by
EVL might be reasonable. Although the length of hospital stay was not signi�cantly reduced in this study,
reduced cost may result from lower use of vasoconstrictors without impairing the outcomes (15).

As previously mentioned, our study is the most comprehensive systematic review that compared the
outcomes with and without vasoconstrictor use after EVL. Nevertheless, the study had limitations. First,
the pooled estimates were undermined because of the small number of studies and high clinical
heterogeneity. Despite our use of the random-effects model and sensitivity analysis, the result of 5-day
rebleeding was equivocal. By contrast, the cumulative analysis suggested that if more recent studies were
included, the pooled estimates moved toward the midline (RR = 1). Although the evidence is not
su�ciently strong to prohibit the routine use of vasoconstrictors, use for up to 3 days with timely EVL and
hemostasis is reasonable (11, 13, 15). Second, different vasoconstrictors were used in each study, which
may have confounded further analysis, although the effect might have been small (30). Third, most
patients were classi�ed as having Child–Pugh class B or C among the studies; furthermore, patients with
hepatocellular carcinoma were excluded. However, a recent cohort study suggest endoscopic treatment
alone may be feasible in patients with Child–Pugh class A with acute variceal bleeding (35). Additional
large-scale, randomized trials are necessary for elucidating the aforementioned issues, and they may also
verify the requirement for and optimal duration of vasoconstrictors in the future.

In conclusion, our study showed that in patients with acute esophageal variceal bleeding after EVL, 5-day
and 6-week mortality rates were similar regardless of vasoconstrictor usage. However, given the
controversial 5-day rebleeding rate, continuing vasoconstrictor use based on current evidence may be
reasonable.

Abbreviations
EVL: Esophageal variceal ligation; EIS: endoscopic injection sclerosing therapy.
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Author
(year)

Exclusion
Criteria

Endoscopic
therapy

Drug &
duration

Drug dosage

Sung
(1995)

HCC, non-cirrhosis,
recurrent EVB

EVL
(Single)

Octreotide
0 vs 5 days

50 ug bolus &
50 ug/hr

Lee
(1999)

HCC, severe renal disease, hepatic
decompensation

EVL
(Single)

Octreotide
0 vs 5 days

100 ug bolus &
25 ug/h

Peng
(2013)

Not stated EVL
(Multi-
band)

Terlipressin
0 vs 5 days

1mg bolus &
1mg QD

Lo
(2013)

HCC, sepsis, lung and renal disease
Child-Pugh > 13

EVL
(Multi-
band)

Terlipressin
Somatostatin
0 vs 5 days

Terlipressin:
2mg bolus &

1mg q6h
Somatostatin:

250 mg/hr
Kumar
(2015)

HCC, non-cirrhosis,
recurrent EVB, severe comorbidity

EVL
(Multi-
band)

Somatostatin0
vs 5 days

250 mg bolus
&

250 mg/hr

 
EVB: esophageal varices bleeding; HCC: hepatocellular carcinoma, EVL: endoscopic

variceal ligation
 
Table 2. Intervention and number of patients with major outcomes in the included studies

Author (year) Group No. of
Patients

Active spurting Initial
Hemostasis

5-day
Rebleeding

5-day
Mortality

Treatment
failure

            IH 5-day  
Sung
(1995)

Comb-5D 47 16 45 (95.7%) 4 4   N/A
EVL 47 21 44 (93.6%) 18 9   N/A

Lee Comb-5D 24 6 23 (95.8%) 0 0 0 1
(1999) EVL 30 7 28 (93.3%) 2 0 0 4
Peng Comb-5D 48 N/A 48 (100%) 1   0 1
(2013) EVL 48 N/A 48 (100%) 6   0 6
Lo
(2013)

Comb-5D 60 12 59 (98.3%) 1    1  2 
EVL 58 13 58 (100%) 1    0 1

Kumar 
(2015)

Comb-5D 31 10 31 (100%) 8  3   8 
EVL 30 12 30 (100%) 7  3   7 

Comb: combined endoscopic treatment and vaso - active agents; EVL: endoscopic variceal

ligation only; N/A: not available

Figures
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Figure 1

Preferred Reporting Items for Systematic Reviews and Meta-Analyses �owchart
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Figure 2

a. Pooled risk ratio (RR) of initial hemostasis (Heterogeneity: I2 = 0%, τ2 = 0.0, p = 0.970); b. Pooled RR of
rebleeding within 5 days. (I2 = 18.3%, τ2 = 0.167, p = 0.290); c. Pooled RR of mortality within 5 days (I2 =
0%, τ2 = 0, p = 0.954); d. Pooled RR of treatment failure within 5 days (I2 = 0%, τ2 = 0, p = 0.511). EVL:
endoscopic variceal ligation.

Figure 3

Pooled risk ratio of 6-week mortality (Heterogeneity: I2 = 0%, τ2 = 0, p = 0.918). EVL: endoscopic variceal
ligation.
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Figure 4

a. Sensitivity analysis for pooled risk ratio (RR) of 5-day rebleeding rate by excluding one study at a time;
b. Cumulative analysis for pooled RR of 5-day rebleeding rate. EVL: endoscopic variceal ligation.
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