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Abstract

Aim of the study: Endoscopic variceal ligation (EVL) is important for emergency as well as prophylactic man-
agement of esophageal varices. Early bleeding after EVL is associated with significant morbidity and mortality.
Assessing the likelihood of early post-EVL bleeding and its determinants can help deciding therapeutic strategies
for high-risk patients. The aim of the present meta-analysis was to identify predictors of early bleeding after EVL.

Material and methods: A comprehensive search of the literature was conducted from 2000 to November 2021
for studies evaluating the incidence, predictors and outcome of post-EVL bleeding. Pooled odds ratios (OR), mean
difference (MD) and their 95% confidence intervals (Cl) were calculated for prognostic variables.

Results: A total of 16 studies with data on 13,378 patients were included in the meta-analysis. Among 34 para-
meters, 14 parameters were assessed for association with early bleeding after EVL. Lower hemoglobin at admis-
sion (MD = 1.11, 95% CI: -1.91 to -0.31), higher MELD score (MD = 2.00, 95% Cl: 0.51-3.50), associated
gastric varices (OR = 5.99, 95% Cl: 1.06-33.90), higher number of bands (MD = 0.49, 95% Cl: 0.02-0.97), and
peptic esophagitis (OR = 11.38, 95% Cl: 1.21-106.81) were significantly associated with increased risk of bleed-
ing. However, there was significant heterogeneity among the studies with respect to all the analyzed parameters.

Conclusions: Major predictors for early post-EVL bleeding in cirrhosis are admission hemoglobin level and MELD
score, associated gastric varices, number of bands deployed during EVL, and peptic esophagitis on follow-up
endoscopy. These risk factors may be useful for risk stratification after EVL in cirrhotics.
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Introduction

Advanced liver disease is associated with portal hy-
pertension, leading to the development of gastroesoph-
ageal varices. There is a strong correlation between
the severity of liver disease and the development of
esophageal varices. Esophageal varices (EVs) are seen
in 30-40% of patients with compensated cirrhosis and
up to 80% of those with decompensated cirrhosis [1].
Bleeding from esophageal varices occurs at a rate of
5-15%/year, which varies with the size of the varices,

the presence of red wale marks on varices, and the
severity of liver dysfunction (Child status C) [1, 2].
Endoscopic variceal ligation (EVL) is the mainstay
therapy for managing acute variceal bleeding [1, 2]. In
patients who are intolerant of non-selective B-blockers
(NSBB), EVL is the preferred therapy for primary pro-
phylaxis, while for secondary prophylaxis, it is used in
combination with NSBB [1, 2]. However, the patho-
physiology of portal hypertension is not affected by
EVL. Hence, recurrence of esophageal varices and re-
bleeding are common after endoscopic therapy [1, 2].

Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0) 267



Suprabhat Giri, Sridhar Sundaram, Vaneet Jearth, Sukanya Bhrugumalla

The reported rebleeding rate after emergency EVL is
up to 15% within 5 days and 17% within 6 weeks [3-5].
Both variceal hemorrhage and post-EVL ulcers can
contribute to post-EVL bleeding or rebleeding [6]. Al-
though post-EVL ulcer is an uncommon complication
of EVL, it is associated with significant mortality [7].
Currently, there is no consensus on the predictors
of early bleeding after EVL and its prevention. Multiple
studies have been conducted for deriving predictors of
early post-EVL bleeding. However, there is significant
heterogeneity among the studies concerning the risk
factors. To ensure their general applicability, instead
of deriving them from a single study, it was sought
to determine the predictors across multiple popula-
tions. Hence, this systematic review and meta-analysis
(SMA) aimed to assess the incidence, associated risk
factors, and outcome of early bleeding after EVL.

Material and methods

The current meta-analysis was conducted as per the
Meta-analysis Of Observational Studies in Epidemiol-
ogy (MOOSE) [8] and the updated Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [9]. This SMA has been regis-
tered with PROSPERO.

Database search

Electronic databases of MEDLINE and Science-
Direct were searched from 2000 to November 2021
for all relevant studies using the keywords: (Varices)
AND (“Band ligation” OR EVL) AND (Bleeding OR
Rebleeding OR Ulcer). Screening of the title and ab-
stract of studies retrieved using the search strategy
was done by two independent reviewers. Studies that
potentially met the inclusion criteria were extracted.
Two researchers independently assessed the full texts
before including them. The bibliography of the includ-
ed studies was also searched for any relevant studies.
In case of any disagreement, it was resolved by a third
reviewer.

Study inclusion

Studies included in this analysis were prospective
cohort and retrospective case-control studies fulfilling
the following criteria: 1) study population — patients
with portal hypertension and esophageal varices;
2) intervention — EVL for acute variceal bleeding con-
trol or prophylaxis; 3) outcomes - early bleeding after
EVL and associated mortality. Conference abstracts,
case reports, case series, studies on pediatric patients,

review articles, correspondences, editorials and studies
in languages other than English were excluded. Studies
without relevant clinical data or with incomplete data
were also excluded.

Data extraction and quality assessment

Data was collected into a structured data extraction
form by two independent reviewers. The form con-
tained the following parameters of each study: title,
first author, year of publication, country, number of pa-
tients, age and gender, clinical presentation, inclusion
and exclusion criteria, outcome measures, and dura-
tion of follow-up. Two independent reviewers assessed
the quality of the included studies using the Newcas-
tle-Ottawa scale for cohort studies [10]. A study with
a score of 7-9 has high quality, 4-6, high risk, and 0-3
very high risk of bias. A third independent individual
was consulted to determine the best score based on any
discrepancy in the study quality assessment.

Outcomes assessed

The primary outcome was the incidence of early
bleeding, which was defined as bleeding or rebleeding
related to portal hypertension within 8 weeks after EVL
(but not within the first 5 days). The secondary out-
comes included mortality related to the episode of early
bleeding and the various predictors of early bleeding
significant on univariate or multivariate analysis.

Data analysis

The pooled proportions were computed using a ran-
dom-effects inverse-variance model with DerSimoni-
an-Laird estimate of t* [11]. The heterogeneity was as-
sessed by I’ and the p-value of heterogeneity. P < 0.10
was taken as statistically significant while I? values of
< 30%, 30% to 60%, 61% to 75%, and > 75% were con-
sidered as low, moderate, substantial, and considerable
heterogeneity, respectively. The pooled odds ratios
(pOR) and their associated 95% confidence intervals
(95% CI) were obtained for all variables selected as sig-
nificant by at least two multivariate analyses or three
univariate analyses. pOR were calculated by including
the raw data and the results of all the studies regardless
of whether the variable was significant. The continu-
ous variables were analyzed using mean difference and
inverse variance. The heterogeneity was assessed by
I statistics, with values < 25%, 25% to 50% and > 50%
being considered as low, moderate, and significant, re-
spectively. The assessment of publication bias was done
by evaluation of funnel plot asymmetry and quantified
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using Egger’s test. Sensitivity analysis was done by con-
ducting leave-one-out meta-analysis, which excludes
one study at each analysis to investigate the influence
of each study on the overall effect-size estimate and
to identify influential studies. The meta-analysis was
performed using the Stata 17.0 software package (Stata
Corp LP, College Station, TX, USA) and RevMan soft-
ware (version 5.4.1, Cochrane Collaboration).

Results

Study characteristics and quality assessment

A total of 879 records were identified, out of which
794 were screened after removal of duplicates. Thir-
ty reports were assessed for eligibility and 16 studies
[12-27] were included in the final analysis. Figure 1
outlines the detailed search strategy as per the PRISMA
guidelines. Table 1 summarizes the characteristics
of the included studies. The sample size of the stud-
ies varied from 146 to 4579. The pooled mean age of
the patients was 56.0 9.7 years. Only 3 studies includ-
ed patients undergoing elective EVL [12, 19, 26] while
the other 13 studies reported data on patients under-
going EVL for both elective and emergency indications
[13-18, 20-25, 27]. The duration of follow-up varied from
2 weeks to 6 weeks. Among the included studies, 6 were
of high quality [12, 13, 16, 19, 23, 26], while 10 had
high risk of bias [14, 15, 17, 18, 20-22, 24, 25, 27].

Incidence of early bleeding after EVL

The pooled incidence of early post-EVL bleeding
was 7.7% (95% CI: 6.1-9.3, I* = 91.9%) with data from
16 studies [12-27] (Fig. 2). The pooled mean interval
from EVL to bleeding was 11.2 £3.2 days. On subgroup
analysis, the incidence of all-cause bleeding was 10.5%
(95% CI: 7.4-13.5, I> = 87.8%) while the incidence of
bleeding due to post-EVL ulcer was 5.7% (95% CIL:
3.6-7.7, I’ = 93.7%) with heterogeneity between the two
groups (p = 0.010).

Predictors of early post-EVL bleeding

Figure 3 shows a summary of all the predictive fac-
tors analyzed in the included studies. A total of 34 fac-
tors were analyzed, among which 14 parameters were
found to be significant predictors of early bleeding
after EVL. Seven factors were significant on multivar-
iate analysis in 2 or more studies (use of proton pump
inhibitor [PPI] after EVL, peptic esophagitis, presence
of gastric varices, use of higher number of bands, pres-
ence of hepatocellular carcinoma [HCC], lower hemo-

globin at admission, MELD score) and 7 factors were
significant on univariate analysis in 3 or more studies
(age, emergency indication for EVL, large esophageal
varices, presence of high-risk stigmata, higher serum
bilirubin, lower serum albumin, Child-Pugh C status).
Table 2 summarizes the relative effect of various pa-
rameters for risk of bleeding with subgroup analysis
based on type of bleeding (all-cause bleeding or post-
EVL ulcer bleeding). Figures 4-7 show the forest plot
for significant factors associated with risk of bleeding
or rebleeding with subgroup analysis.

Mortality with rebleeding after EVL

A total of 12 studies [14, 15, 18-27] with 753 pa-
tients reported on mortality after development of early
post-EVL bleeding. The pooled incidence of mortality
was 25.2% (95% CI: 14.0-36.3, I* = 90.8%). The inci-
dence of mortality with all-cause bleeding was 27.2%
(95% CI: 17.9-36.5, > = 0.0%) while the incidence of
mortality with post-EVL ulcer bleeding was 24.5%
(95% CI: 11.2-37.8, I* = 91.9%) with no heterogeneity
between the two groups (p = 0.741).

Assessment of publication bias,
meta-regression, and sensitivity analysis

Visual examination of the funnel plots showed pub-
lication bias with the incidence of post-EVL bleeding

Records identified from: Additional records
Databases (n = 876) identified from other
_ MEDLINE (n = 722) cources (n = 3)
2 ScienceDirect (n = 154)
'
= Records remove before screening:
Duplicate records removed <
L (n=185)
] l Records excluded:
Unrelated (n = 537
| Records screened (n = 794) |—> Review articlés (n= 1%0)
Case reports (n = 34)
= Y
% Reports sought for retrieval Reports not retrieved
Z (n=33) (n=3)
Y Reports excluded:
Reports assessed for eligibility Sclerotherapy (n = 5)
(n=30) Long-term data (n = 5)
L No comparator (n = 2)
— ¢ Insufficient data (n = 2)
2
S| | Studies included in meta-analysis
2 (n=16)

Fig. 1. PRISMA flow diagram of study selection for systematic review and
meta-analysis
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Table 1. Characteristics of included studies
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Bleed and Author Proportion (95% Cl) % Weight
Post-EVL ulcer I
Vieira da Rocha 2009 . o 0.073 (0.041, 0.127) 5.23
Vanbiervliet 2010 > 0.035(0.023, 0.052) 7.52
Kang 2016 * | 0.028 (0.017, 0.046) 7.54
Cho 2017 -+— 0.077 (0.055, 0.106) 6.72
Elhawari 2019 . 0.079 (0.044, 0.140) 4717
Jamwal 2019 _ N 0.037 (0.031, 0.043) 7.93
Reji 2020 - 0.057 (0.036, 0.087) 6.76
Hu 2021 » 0.085 (0.077,0.093) 7.86
Subgroup, DL (# = 93.7%, p = 0.000) : 0.057 (0.036, 0.077) 54.32
|
All cause rebleeding ]
Petrasch 2010 | 0.118(0.084, 0.163) 542
Xu 2011 ' 0.076 (0.052, 0.109) 6.46
Ripoll 2013 :—0— 0.110(0.079, 0.151) 5.76
Mostafa 2014 I —.— 0.205 (0.148, 0.278) 3.47
Sinclair 2015 = 0.110(0.081, 0.147) 6.03
Duenas 2019 | —-— 0.182(0.132,0.247) 3.95
Kundumadam 2020 = 0.053 (0.036, 0.077) 7.10
Drolz 2021 Y 0.048 (0.035, 0.066) 7.50
Subgroup, DL (# = 87.8%, p = 0.000) :<> 0.105 (0.074, 0.135) 45.68
I
I
Heterogeneity between groups: p = 0.010 I
Overall, DL (” = 91.9%, p = 0.000) @ 0.077 (0.061, 0.093) 100.00

0

T

Note: Weights are between-subgroup heterogeneity test are from random-effects model.

Fig. 2. Forest plot for incidence of early bleeding after band ligation with subgroup analysis

Changes in coagulation parameters are common in
patients with cirrhosis, especially those with decom-
pensation. However, the present analysis did not show
any association of bleeding with the value of prothrom-
bin time-international normalized ratio (PT-INR) or
platelet count, which a rebalanced coagulation system
may explain due to a reduction in both prothrombotic
and anti-thrombotic factors. Vieira da Rocha et al. [12]
found no difference in factor V, fibrinogen, protein C,
protein S, von Willebrand factor, or thromboelastogra-
phy between post-EVL bleeders and non-bleeders. In
the study by Drolz et al. [26], peri-interventional use of
coagulation products did not reduce the risk of bleed-
ing complications after EVL.

Hepatic venous pressure gradient (HVPG) is
known to be higher in patients who have had a var-
iceal bleed than in those who have not [29]. Patients
who undergo EVL for emergency indications tend to
have higher HVPG and hence a higher risk of rebleed-
ing. This finding is substantiated in our study as well.
The risk of first variceal bleeding correlates inde-
pendently with the size of the varix [29]. Contrary to
the results of multiple studies, the present analysis did

not show any association of the size of varices with the
risk of early post-EVL bleeding. However, there was an
increased risk of post-EVL bleeding with the presence
of high-risk stigmata. It is hypothesized that high-
risk stigmata indicate increased wall tension leading
to weak mucosa, which provides an unstable site for
the band placement. This results in premature band
detachment followed by ulcer formation and bleeding.

Among the other endoscopic parameters, concom-
itant gastric varices was significantly associated with
early post-EVL bleeding. EVL leads to a reduction in
the blood vessel size but not blood volume and pres-
sure. In the absence of gastric varices, the increased
blood volume or pressure in the EVs can be compen-
sated by diverting to cephalad collaterals (e.g., splenic
vein) until the EVL-induced ulceration heals, to pre-
vent rebleeding from the ulcer sites, which are more
fragile than the original mucosa. However, in the pres-
ence of gastric varices, with retrograde blood flow and
high pressure in the splenic vein, compensation cannot
occur properly, and the remaining blood volume and
pressure overload in the EV may result in rebleeding
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Plasma transfusion
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Fig. 3. Parameters evaluated for association with early bleeding/rebleeding after endoscopic variceal ligation
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Table 2. Summary table of risk factors associated with early bleeding with subgroup analysis

Parameters Subgroups No. of studies Relative effect Heterogeneity ~ Parameters Subgroups No. of studies Relative effect Heterogeneity
(participants)  (95% Cl) (%) (participants)  (95% Cl) (%)
Age Overall 12 studies  MD = -0.56 80 Presence Overall 6 studies OR =4.40 68
(8387 patients) (-2.53-1.42) of HCC (1484 patients) (1.88-10.32)
All-cause 6 studies  MD=-0.74 89 AII-cayse 4 Stud.ies OR =3.03 57
bleeding (2154 patients) (-4.71-3.23) bleeding (928 patients)  (1.08-8.50)
Post-EVL 6 studies MD = 0.43 0 Post-EVL 2 studies OR = 8.47 29
ulcer (6233 patients) (-0.43-1.28) ulcgr (556 patients)  (3.61-19.88)
bleeding bleeding
Emergency Overall 7 studies OR =2.03 79 Hemoglobin  Overall 8 studies MD =-1.11 93
EVL (6708 patients)  (1.07-3.86) (6873 patients)  (-1.91to
Large Overall 9 studies OR=132 84 ‘ ~031)
varices (2981 patients)  (0.53-3.27) Allcause 2 studies  MD =-2.03 79
All-cause 4 studies OR=2.19 92 bleeding (796 patients)  (-3.01 to
bleeding (1703 patients) (0.34-14.19) ~1.05)
PotEVL 5 studies OR = 0.94 56 PostEVL 6 studies ~ MD=-0.73 78
ulcer (1278 patients)  (0.42-2.09) ulcgr (6077 patients) ~ (-1.33 to
bleeding bleeding -0.13)
Gastic  Overall  3studies  OR=599 82 Seum - Overall - 9studies  MD =148 98
varices (1277 patients)  (1.06-33.90) bilirubin (7400 patients)  (0.55-2.40)
Number Overall 8 studies MD = 0.49 84 A[I-cayse 4 StUd].eS MD = 1.75 %
of bands (6950 patients) (0.02-0.97) bleeding (1753 patients)  (0.54-2.97)
Allcause  4studies ~ MD=0.87 84 POJES/L 5 6Z7Stu:t]ieesnts) (MOD7Z-;§S) .
bleeding (1838 patients)  (0.44-131) . P AR
. bleeding
Pousltc-:/L (5]?2“”2;;5 nts) ?32;00226(; 0 Serum Overall 8studies  MD=-0.14 92
bleeding P T albumin (6613 patients) (-0.37-0.08)
. - All-cause 3 studies MD =-0.11 92
High-risk ~ Overall 11 studies OR =131 0 . . 3
stigmata (7958 patients) ~ (1.09-1.58) bleeding (922 patients) _(-0.74052)
All-cause  4studies  OR =147 34 POJESIL (56315 tu:t]f: ) ?fg 3=2-_()0863) 84
bleeding (1639 patients)  (0.69-3.16) : p T
. bleeding
rostit (631 ;t”gt':ms) (? ol 535) 0 ChidPugh  Overall  10studies  OR=315 88
bleeding P R C status (6885 patients)  (1.50-6.64)
- - All-cause 4 studies OR =471 90
Peptic Overall 5 studies OR=1138 94 . )
esophagitis (5891 patients) (1.21-106.81) bleeding _ (759 patients) _(1.07-20.78)
Useof PP Overall  Ostudies  OR=0.73 54 PostEVL 6studies — OR=232 8
after EVL (7853 (046-1.17) ulcgr (6126 patients)  (1.13-4.79)
patients) bleeding
Allcause 3 studies OR = 120 2 MELD Overall 8 studies MD = 2.00 88
bleeding (1467 (0.55-2.'61) score (7377 patients)  (0.51-3.50)
patients) All-cause 3 studies MD = 4.40 0
PostEVL  6studies  OR =059 62 bleeding (a]tgls) (3.36-5.44)
ulcer (6386 studies)  (0.32-1.07) P
bleeding Post-EVL 5 studies MD = 0.52 60
ulcer (5976 (-0.44-1.47)

bleeding patients)

Cl - confidence interval, EVL - endoscopic variceal ligation, HCC - hepatocellular carcinoma, MD - mean difference, MELD - Model for End-Stage Liver Disease, OR - odds ratio,
PPI - proton pump inhibitors
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Study Peptic esophagitis+ Peptic esophagitis— 0dds ratio 0dds ratio

or Subgroup Events  Total Events Total  Weight  M-H, Random, 95% Cl Year M-H, Random, 95% CI

Vanbiervliet 2010 5 5 12 96 16.1% 74.36[3.87, 1428.35] 2010 -
Sinclair 2015 2 16 19 733 20.2% 537[1.14,25.29] 2015 - -

Elhawari 2019 5 12 5 114 20.4% 15.57 [3.63, 66.80] 2019

Reji 2020 15 19 16 317 21.0%  70.55[20.99, 237.09] 2020 —t

Hu 2021 32 468 35 4111 22.2% 0.77[0.53,1.13] 2021

Total (95% Cl) 520 5371  100.0%  11.38[1.21,106.81] ——
Total events 59 408 , , , ,
Heterogeneity: t2 = 5.83, 2 = 69.98, df = 4 (p < 0.00001), P = 94% 0.005 0.1 1 10 200
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Fig. 4. Forest plot showing the odds of rebleeding with (A) presence of peptic esophagitis and (B) gastric varices

Study Bleeding No bleeding Mean difference, Mean difference,

or Subgroup Mean SD Total Mean SD  Total IV, Random, 95% CI Year IV, Random, 95% CI
1.13.1 All cause bleeding

Petrasch 2010 6.2 22 30 6 25 225 10.2% 0.20 [-0.65, 1.05] 2010 N R —

Xu 2011 65 05 26 51 09 316 14.7% 1.4071.18,1.62] 2011 -
Kundumadam 2020 39 16 24 36 15 430 11.7% 0.30 [-0.36,0.96] 2020 I
Drolz 2021 5 061 38 4 061 749 14.7% 1.00[0.80, 1.20] 2021 —
Subtotal (95% Cl) 118 1720 51.3% 0.87[0.44, 1.31] -
Heterogeneity: t2 = 0.14, %% = 18.32, df = 3 (p = 0.0004), # = 84%

Test for overall effect: Z = 3.92 (p < 0.0001)

1.13.2 Post-EVL ulcer bleeding

VieiradaRocha 200949 1.1 11 44 1 139 11.6% 0.50 [-0.17,1.17] 2009 -
Vanbiervliet 2010 5 1.8 17 53 2 84 9.4% -0.30[-1.26,0.66] 2010 —_—

Jamwal 2019 32205 141 325 141 12.7% 0.20 [-0.33,0.73] 2019 —T

Hu 2021 31 06 388 29 06 4191 15.1% 0.20[0.14,0.26] 2021 =

Subtotal (95% Cl) 557 4555 48.7% 0.20[0.14, 0.26] ¢
Heterogeneity: 2 = 0.00; 2 = 1.82, df = 3 (p = 0.61), £ = 0%

Test for overall effect: Z = 6.38 (p < 0.00001)

Total (95% CI) 675 6275  100.0% 0.49 [0.02, 0.97] g
Heterogeneity: 72 = 0.39, %2 = 156.19, df = 7 (p < 0.00001), # = 96% _‘2 _’1 0 1‘ 2‘
Test for overall effect: Z = 2.04 (p = 0.04) No rebleeding Rebleeding

Test for subgroup differences: %2 = 8.95, df = 1 (p = 0.003), ” = 88.8%

Fig. 5. Forest plot comparing the difference in number of applied bands between early bleeders and non-bleeders

at the more vulnerable ulcer sites (EVL-induced ulcer
bleeding) [20].

Another important finding was the association of
HCC with an increased risk of bleeding. HCC can lead
to increased portal pressure due to neovascularization,
arteriovenous shunting within the tumor, and liver ar-
chitecture modifications [30]. In turn, this may impact
the risk of initial bleeding and rebleeding from esopha-
geal varices. In the study by Ripoll et al. [16], analyzing
the outcome of variceal bleeding in patients with HCC,
5-day failure was similar, but the 6-week rebleeding
rate (16% vs. 7%, p = 0.025) and mortality rate (30%

vs. 15%, p = 0.003) were higher in the HCC group.
On multivariate analysis, Child-Pugh score, presence
of HCC, presence of portal vein thrombosis (PVT),
and lack of secondary prophylaxis were independent
predictors of mortality.

In their landmark paper, Villanueva et al. [31] de-
fined a hemodynamic response in HVPG by reduc-
tion > 10% after administration of NSBBs as predic-
tive of decreased bleeding risk. Thus, reducing portal
pressure by using NSBB may be a therapeutic option
for preventing variceal bleeding. Duefas et al. [21]
observed a negative association between the dose of
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Fig. 6. Forest plot comparing the difference in mean hemoglobin between early bleeders and non-bleeders
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Fig. 7. Forest plot comparing the difference in MELD score between early bleeders and non-bleeders

NSBB and the risk of rebleeding. However, the same
has not been reported in other studies. The role of
NSBBs in preventing early rebleeding after EVL is yet
to be elucidated.

Currently, there are no guidelines recommending
routine PPI usage after EVL. In the present analysis,
peptic esophagitis was associated with an increased
risk of early bleeding after EVL, but PPI use did not
reduce the risk of bleeding. It is possible that the dose
or duration of PPI may have been suboptimal. In a pre-
vious meta-analysis [32], the use of PPI was found to
reduce the risk of bleeding after variceal endotherapy
(OR =0.52, 95% CI: 0.35-0.77), and this benefit of PPI

was seen only when it was prescribed for > 1 month.
Meanwhile, PPI use was not found to impact bleed-
ing-related mortality. However, the studies included
in the previous meta-analysis were heterogeneous,
including EVL and sclerotherapy for esophageal var-
ices and cyanoacrylate glue injection for gastric var-
ices. Hence, further studies are needed to determine
the optimal dose and duration of PPI to prevent early
bleeding after EVL.

In the present analysis, the pooled incidence of
mortality with early bleeding after EVL was 25.2%.
However, we could not assess the predictive factors
of mortality associated with post-EVL bleeding. Most
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studies reporting mortality have not accounted for
competing risks. The present presumption that bleed-
ing was the precipitating event underestimates mor-
tality secondary to other competing risks in cirrhosis.
This is an inherent shortcoming for most studies de-
scribing early rebleeding and also reporting mortality.
In the study by Jamwal et al. [23], post-EVL bleeding
ulcers (PEBUs) were classified based on their endo-
scopic appearance as types A (ulcer with spurting),
B (ulcer with oozing), C (ulcer with clot or pigmented
base), and D (ulcer with clean base). Type A and B ul-
cers were responsible for around 70% of mortality as-
sociated with PEBUs. Hence, endoscopic classification
of PEBUs may help in deciding treatment strategies.
However, this classification needs further validation.

The strengths of our study are that we were able
to assess the incidence of post-EVL bleeding with as-
sociated mortality in a large cohort of patients. Also,
the study was able to establish associations between
various risk factors and bleeding after EVL. There are
a few limitations to our meta-analysis which need dis-
cussion. First, the analysis included both prospective
and retrospective studies, which may have limited data
quality. However, due to the limited number of pro-
spective studies, we would have missed important re-
sults by not including retrospective studies. Secondly,
as a few parameters were not evaluated as they were
not significantly predictive, we could have missed
some potentially prognostic variables. However, the
objective of the analysis was to determine the most
consistent and reliable variables to predict post-EVL
bleeding, and thus we included only variables that
were strong predictors. Lastly, we could not assess the
predictors of early post-EVL bleeding in non-cirrhotic
patients, which remains a future area of research.

To conclude, early rebleeding after EVL is a com-
mon event occurring in 7.7% of patients. The presence
of a lower hemoglobin level and higher MELD score at
admission, associated gastric varices, and use of a higher
number of bands during endoscopy, and peptic esopha-
gitis on follow-up endoscopy, were the most important
predictors of early bleeding after EVL in this meta-anal-
ysis. A higher index of suspicion for rebleeding must be
kept in this cohort of patients after EVL for esophageal
varices. Mortality secondary to rebleeding is high and
occurs in 25% of patients. Close monitoring of high-risk
patients who undergo EVL for the first 2 weeks is neces-
sary to reduce mortality due to rebleeding.
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