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Abstract
This study was aimed to determine the risk factors of endoscopic variceal ligation-(EVL) induced ulcer bleeding.
The prevalence of EVL-induced ulcer bleeding is reported to be 3.6%. However, there are only limited reports of this serious

complication, and the risk factors and the treatment methods are not well established.
A total of 430 patients who had undergone EVL in ChonnamNational University Hospital from January 2014 to October 2016 were

studied. EVL was performed for prophylaxis or acute hemorrhage. The patients were classified into 2 groups: a bleeding group (n=
33) and a non-bleeding group (n=397). The patients who had endoscopically confirmed EVL-induced ulcer bleeding were included
in the bleeding group.
EVL-induced ulcer bleeding occurred in 7.7% (n=33) of the patients. In a multivariate analysis, model for end-stage liver disease

(MELD) score >10 (odds ratio [OR]: 3.42, 95% confidence interval [CI]: 1.10–10.64), concomitant GV F3 (OR: 14.1, 95% CI:
2.84–71.43), and detachment of o-ring bands on follow-up endoscopy (OR: 8.06, 95%CI: 2.55–25.64) were independent predictive
factors of EVL-induced ulcer bleeding. Various endoscopic modalities were attempted for hemostasis (EVL in 8 cases [24.2%],
endoscopic variceal obturation [EVO] with cyanoacrylate in 6 cases [18.2%], argon plasma coagulation [APC] in 1 case (3%),
Sengstaken–Blakemore (SB) tube in 3 cases [9.1%]), and proton pump inhibitor therapy only in 15 cases (45.5%).
MELD score >10, concomitant GV F3, and detachment of o-ring bands on follow-up endoscopy are risk factors for EVL-induced

ulcer bleeding.

Abbreviations: APC = argon plasma coagulation, APRI = AST to platelet ratio index, BB = beta-blocker, EGD =
esophagogastroduodenoscopy, EV = esophageal varices, EVL = endoscopic variceal ligation, EVO = endoscopic variceal
obturation, GV = gastric varices, HCC = hepatocellular carcinoma, MELD = model for end-stage liver disease, PPI = proton pump
inhibitor, PT = prothrombin time, SB tube = Sengstaken–Blakemore tube.
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1. Introduction

Gastroesophageal varices are one of the most common
complications of liver cirrhosis. Their prevalence is 40% of
Child A patients and increases up to 85% of Child C patients.[1]

Despite various efforts over the past decades, the mortality from
esophageal variceal bleeding still remains 15% to 20%.[2]

Currently, non-selective beta-blockers (BBs) or endoscopic
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variceal ligation (EVL) is recommended for primary prophylaxis
of esophageal variceal bleeding. When active esophageal variceal
bleeding occurs, the initial treatment of choice is EVL with
pharmacologic treatment.[3]

The prevalence of EVL-induced ulcer bleeding is reported to be
3.6% to 15%,[4–7] and in some cases, this bleeding is fatal.[8,9] On
the day after EVL, thrombi begin to develop in the strangulated
vessels.[10] Approximately, 3 to 7 days after the banding, the
rubber bands slip off and esophageal ulcerations develop, which
heal within 2 to 3 weeks.[11] When early slippage of the rubber
bands occurs, before the occlusion of the varix with a mature
thrombus, rebleeding from the ulceration may occur. However,
there are only limited reports of this serious complication and the
risk factors and treatment methods are not well established.
Vanbiervliet et al[12] have suggested that previous upper variceal
digestive bleeding, peptic esophagitis, high AST to platelet ratio
index (APRI) score, and low prothrombin time (PT index) are the
risk factors for EVL-induced ulcer bleeding. Several traditional
treatment methods, including cyanoacrylate injection, EVL, and
transjugular intrahepatic portosystemic shunt,[13,14] and novel
treatment methods, such as hemospray[15,16] and esophageal
stent[17] have been suggested in past studies, but these reports
included only a small number of patients. The aim of this study
was to assess the risk factors of EVL-induced ulcer bleeding, and
find appropriate treatment methods.
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Figure 1. Flowchart of the enrolled patients.

Figure 2. Esophagogastroduodenoscopy (EGD) showed active oozing from
endoscopic variceal ligation (EVL)-induced ulcer site.
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2. Material and methods

2.1. Patients

This study was a retrospective case-control study. Four hundred
and thirty patients who had undergone EVL in Chonnam
National University Hospital from January 2014 to October
2016 were studied. EVL was performed for prophylaxis or acute
hemorrhage of the esophageal varices (EV). Following EVL, all
patients received pantoprazole 40mg intravenously for at least 3
days. Food intake was allowed 12hours after prophylactic EVL
and at the discretion of the physician after EVL of a bleeding EV.
All patients received broad-spectrum antibiotics and vasoactive
drugs according to the current guidelines.[3] Patients with a high
risk of bleeding (EV form 3 [F3] or red-color signs) underwent
follow-up endoscopy 1 to 2 weeks after EVL, in accordance with
the policy in our institution (Fig. 1).

2.2. Endoscopic treatment

Esophagogastroduodenoscopy (EGD) was performed using a
forward-viewing endoscope (GIFQ260,Olympus,Tokyo, Japan).
EVL (using a 6 shooter Saeed multiband ligator, Cook Medical
Endoscopy, Limerick, Ireland) was performed by occluding the
protruding variceal column with elastic rubber rings, using a
transparent cap attached to the distal end of the endoscope. N-
Butyl-2-cyanoacrylate (Histoacryl; B. BraunDexon, Spangenberg,
Germany) was mixed with ethiodized oil (Lipiodol; Guerbert,
Roissy, France) and was injected as a bolus dose of 0.5 to 2mL,
depending on the amount of the bleeding from the EVL-induced
ulcer. Argon plasma coagulation (APC) was performed through
theworking channel of the endoscope under direct visualization by
using an electrosurgical generator (VIO 300D, Erbe Elektrome-
dizin GmbH, Tuebingen, Germany) and a 2.3mm probe.
2.3. Definitions

EVL-induced ulcer bleeding was defined as endoscopically
confirmed active bleeding (spurting or oozing) from an ulcer
that was formed due to the slippage of the rubber band (Fig. 2).
We confirmed that there was no other upper gastrointestinal
bleeding source. Severe bleeding was defined as bleeding which
resulted in hypotension (blood pressure <90mmHg) or death
after EVL. Bleeding-related death was defined as death within 6
weeks of the index bleeding.[18] The size of EV was classified as
small, straight (F1); enlarged, tortuous (F2); or large, coil-shaped
that occupy more than one-third of the lumen (F3).[19,20] The
morphology of the gastric varices (GV) was classified according
to the system proposed by Hashizume et al[21]: tortuous (F1),
nodular (F2), or tumorous (F3).
2

2.4. Ethical considerations

The present study was conducted in accordance to the ethical
guidelines of the Declaration of Helsinki. This study was
approved by the Institutional Review Board of Chonnam
National University Hospital (IRB No.: CNUH-2016-208). All
patients gave informed consents.
2.5. Statistical analysis

Statistical analysis was performed using SPSS 20.0 (SPSS, Inc.,
IBM, Chicago, IL). Continuous data are shown as mean±SD,
and categorical data as absolute and relative frequencies.
Continuous variables between the bleeding and non-bleeding
groups were analyzed using Student t test. Categorical data were
examined using the Fisher exact test or x2 test with Yates
correction. In the multivariate analysis, binary logistic regression
models were used to investigate the risk factors associated with
EVL-induced ulcer bleeding. Variables with a P value�.05 at the
univariate analysis were selected for possible inclusion in the
multivariate analysis. Data for regression analysis are presented
as odds ratio with 95% confidence intervals.
3. Results

3.1. Baseline characteristics of the enrolled patients

The patients included 363 (84.4%) men and 67 (15.6%) women.
The mean age of the enrolled patients was 59.5±11.1 years
(range, 27–87 years). The Child–Pugh classification of enrolled
patients was A in 146 (34%) patients, B in 217 (60.5%) patients,
and C in 67 (15.6%) patients. The form of EVwas classified as F1
in 7 (1.6%) patients, F2 in 124 (28.8%) patients, and F3 in 299
(69.5%) patients. The form of concomitant GV was classified as
F0 in 99 (23%) patients, F1 in 140 (32.6%) patients, F2 in 134
(31.2%) patients, and F3 in 57 (13.3%) patients. EVL-induced
ulcer bleeding was observed in 33 (7.7%) patients. The mean
interval of EVL to EVL-induced ulcer bleeding was 8.5±5.1 days
(range, 1–19 days). Two hundred and twelve (49.3%) patients
had a previous history of variceal hemorrhage, 96 (22.3%)
patients had portal vein thrombosis, and 81 (18.8%) patients had



Table 1

Baseline clinical characteristics of the enrolled patients.

Characteristics Number (%)

Patients numbers 430
Gender (male) 363 (84.4%)
Age, y 59.5±11.1 (27–87)
Cause of liver cirrhosis
HBV/HCV/HBV+HCV/alcohol/others 120 (27.9%)/59 (13.8%)/1

(0.2%)/227 (52.8%)/23 (5.3%)
Child–Pugh classification
A/B/C 146 (34%)/217 (60.5%)/67 (15.6%)

Form of EV
F1/F2/F3 7 (1.6%)/124 (28.8%)/299 (69.5%)

Form of concomitant GV
F0/F1/F2/F3 99 (23%)/140 (32.6%)/134 (31.2%)/57 (13.3%)

EVL-induced bleeding 33 (7.7%)
Follow up EGD during admission 99 (23%)
Interval of EVL to EVL-induced

ulcer bleeding, d
8.5±5.1 (1–19)

Previous history of variceal
bleeding

212 (49.3%)

Presence of PVT 96 (22.3%)
Presence of HCC 81 (18.8%)
Bleeding related death 23 (5.3%)
Initial WBC, /mm3 6054±3828
Initial Hb, g/dL 9.5±2.2
Initial PLT, /mm3 75.8±37.7
Initial PT index, % 57.0±15.4
Initial APRI score 3.9±8.5
Initial CPT score 7.7±1.9
Initial MELD score 9.0±2.2

APRI=AST to platelet ratio index, CPT=Child–Pugh–Turcotte, EV= esophageal varix,
EVL= esophageal variceal ligation, GV=gastric varix, Hb=hemoglobin, HBV=hepatitis B virus,
HCC=hepatocellular carcinoma, HCV=hepatitis C virus, MELD=model for end-stage liver disease,
PLT=platelet; PT=prothrombin time, PVT=portal vein thrombosis, WBC=white blood cell.

Table 2

Comparison of baseline characteristics between the patient groups.

Characteristics Bleeding group (n=33)

Gender (male) 31 (93.9%)
Age, y) 56.8±13.5
Cause of cirrhosis
HBV/HCV/HBV+HCV/alcohol/others 7 (21.3%)/7 (21.3%)/0 (0%)/17 (51.5%)/ 2 (

Child–Pugh classification
A/B/C 8 (24.2%)/13 (39.4%)/12 (36.4%)

Form of EV
F1/F2/F3 2 (6.1%)/9 (27.3%)/22 (66.7%)

Form of concomitant GV
F0/F1/F2/F3 5 (15.2%)/8 (24.2%)/10 (30.3%)/10 (30.3

Previous variceal bleeding, % 15 (45.5%)
Indication of EVL
Propylactic 7 (21.2%)
Emergent 26 (78.8%)

Associated PVT, % 24 (727.7%)
Associated HCC, % 22 (66.7%)
Bleeding related death, % 9 (27.3%)
Initial WBC, /mm3 7149±4027
Initial Hb, g/dL 9.3±1.7
Initial PLT, /mm3 80.3±35.6
Initial PT index, % 51.3±13.1
Initial APRI score 6.5±21.2
Initial CPT score 8.9±2.2
Initial MELD score 9.8±2.0

APRI=AST to platelet ratio index, CPT=Child–Pugh–Turcotte, EV= esophageal varix, EVL= esophageal
carcinoma, HCV=hepatitis C virus, MELD=model for end-stage liver disease, PLT=platelet, PT=prot
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hepatocellular carcinoma (HCC). Bleeding-related death rate
was 5.3% (23/430). Initial PT index of the enrolled patients was
57.0±15.4%, initial APRI score was 3.9±8.5, initial Child–-
Pugh–Turcotte score was 7.7±1.9, and initial model for end-
stage liver disease (MELD) score was 9.0±2.2. The baseline
clinical characteristics of the enrolled patients are shown in
Table 1.
3.2. Comparison of baseline characteristics between the
patient groups

Of the 430 enrolled patients, 33 patients who experienced EVL-
induced ulcer bleeding were classified as the “bleeding group,”
and the other 397 patients were classified as the “non-bleeding
group” (Fig. 1). The analysis of both groups is shown in Table 2.
There were more patients with hepatitis C virus (HCV) infection
(21.3% vs. 13.1%, P= .005), Child–Pugh classification C
(36.4% vs. 13.9%, P= .008), and concomitant GV F3 (30.3%
vs. 11.8%, P= .012) in the bleeding group, than the non-bleeding
group. HCC was more frequently present in the non-bleeding
group (66.7% vs. 87.4%, P= .036). Initial PT index, Child–Pugh
score, and MELD score were associated with EVL-induced ulcer
bleeding (P= .026, P< .05, and P= .022, respectively). More
bleeding-related death was observed in the bleeding group than
the non-bleeding group (27.3% vs. 3.6%, P= .005). Other
baseline clinical characteristics were not significantly different
between the 2 groups. A total of 99 patients (33 patients in the
bleeding group and 66 patients in the non-bleeding group)
received follow-up endoscopy within 1 to 2 weeks after EVL. On
follow-up endoscopy, 28 patients (84.8%) had detachment of the
rubber bands in the bleeding group, but this was also observed in
26 patients (39.4%) in the non-bleeding group (P< .001). (These
data are not shown in the table).
Non-bleeding group (n=397) P

332 (83.6%) .138
59.8±10.9 .144

6.1%) 113 (28.5%)/52 (13.1%)/1 (0.3%)/210 (52.9%)/1 (5.35%) .005

138 (34.8%)/204 (51.4%)/55 (13.9%) .008

5 (1.3%)/115 (29%)/277 (69.8%) .155

%) 94 (23.7%)/132 (33.2%)/124 (31.2%)/47 (11.8%) .012
203 (51.1%) .589

92 (23.2%) .797
305 (76.8%)
310 (78.1%) .514
327 (82.4%) .036
14 (3.6%) .005

5693±3802 .087
9.5±2.0 .614
75.5±37.9 .479
57.5±15.5 .026
3.7±6.4 .456
7.6±1.8 <.001
8.9±2.4 .022

variceal ligation, GV=gastric varix, Hb=hemoglobin, HBV=hepatitis B virus, HCC=hepatocellular
hrombin time, PVT=portal vein thrombosis, WBC=white blood cell.
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Table 3

Univariate and multivariate analysis of potential risk factors for
EVL-induced ulcer bleeding.

Variable Odds ratio 95% CI P

Univariate analysis
Child–Pugh class C 3.47 0.14–0.60 .001
PT index <50% 2.37 1.15–4.90 .02
MELD score >10 2.28 0.21–0.90 .025
Concomitant gastric varices F3 3.39 0.13–0.66 .003
Associated HCC 2.44 0.19–0.89 .024
Detachment of o-ring bands
on follow-up endoscopy

8.33 0.04–0.35 <.001

Multivariate analysis
MELD score >10 3.42 1.10–10.64 .034
Concomitant gastric varices F3 14.1 2.84–71.43 .001
Detachment of o-ring bands
on follow-up endoscopy

8.06 2.55–25.64 <.001

CI= confidence interval, EVL=esophageal variceal ligation, HCC=hepatocellular carcinoma,
MELD=model for end-stage liver disease, PT=prothrombin time.

Table 4

Treatment methods and clinical outcomes of EVL-induced ulcer
bleeding.

Variables
Total
(n=33)

Bleeding-related
death (n=9, 27.3%)

Treatment methods
EVL 8 (24.2%) 2 (22.2%)
EVO 6 (18.2%) 1 (11.1%)
APC 1 (3%) 0 (0%)
SB tube 3 (9.1%) 1 (11.1%)
PPI only 15 (45.5%) 5 (55.6%)

APC= argon plasma coagulation, EVL= esophageal variceal ligation, EVO= esophageal variceal
obliteration, SB tube=Sengstaken–Blakemore tube, PPI=proton-pump inhibitor.
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3.3. Analysis of potential risk factors for EVL-induced
ulcer bleeding

We evaluated potential risk factors for EVL-induced ulcer
bleeding. In a univariate analysis, Child–Pugh class C (P= .001),
PT index <50% (P= .02), MELD score >10 (P= .025),
concomitant GV F3 (P= .003), presence of HCC (P= .024),
and detachment of o-ring bands on follow-up EGD (P< .001)
were associated with EVL-induced ulcer bleeding (Table 3). In
multivariate analysis, MELD score >10 (P= .034), concomitant
GV F3 (P= .001), and detachment of o-ring bands on follow-up
EGD (P< .001) were independent predictive factors of EVL-
induced ulcer bleeding (Table 3).

3.4. Treatment methods and clinical outcomes of EVL-
induced ulcer bleeding

Of the 33 patients who were confirmed to have EVL-induced ulcer
bleeding, 24.2%ofpatients underwentEVLand18.2%,3%,9.1%,
and 45.5% of patients received endoscopic variceal obturation
(EVO), APC, Sengstaken–Blakemore (SB) tube, and proton pump
inhibitor (PPI) only as the rescue therapy for EVL-induced ulcer
bleeding, respectively (Table 4). EVL was the most commonly
performed rescue therapy, performed in 24.2% of the patients.
Bleeding-relateddeathwasobserved in27.3%of thebleedinggroup.
Mortality was highest in the PPI only treated group (55.6%).
3.5. Subgroup analysis of EVL-induced ulcer bleeding

The definition of severe bleeding was bleeding that resulted in
hypotension or death after EVL. The subgroup analysis showed
that 11 patients (2.6%) were in the severe bleeding group and 22
patients (5.1%) were in the non-severe bleeding group. Baseline
clinical characteristics were not significantly different between the
2 groups (Table 5). Requirement of packed red blood cell (PRC)
transfusion, hypotension, and death were more frequently
observed in the severe bleeding group. Sex, age, Child–Pugh
score, early detachment of o-ring, presence of HCC, portal vein
thrombosis, and emergent EVL were not associated with severe
bleeding.

4. Discussion

Significant EVL-induced ulcer bleeding occurs in 3.6% to 15% of
cases,[4–7] and the mortality is reported to be as high as 52%.[12]
4

However, the risk factors of EVL-induced ulcer bleeding have not
been clearly identified, and there are currently no guidelines for
the treatment of this potentially lethal complication.
This study is unique in that the incidence rate, risk factors, and

treatment methods of the EVL-induced ulcer bleeding were
comprehensively evaluated. In addition, this is a large number
cohort study including 430 patients who received prophylactic or
emergent EVL, with follow-up endoscopies in 99 patients (23%)
within 1 to 2 weeks following EVL. The detachment of rubber
bands was also assessed for the first time.
The incidence of EVL-induced ulcer bleeding in our study was

7.7% of all EVL episodes. The reason for EVL did not affect the
incidence of EVL-induced ulcer bleeding. Among the 99 patients
who received prophylactic EVL, 7 patients (7.1%) had EVL-
induced ulcer bleeding, and among the 331 patients who received
emergent EVL, 26 (7.9%) experienced EVL-induced ulcer
bleeding. The incidence of EVL-induced ulcer bleeding in our
study is higher than recently published rates of about 2.8%.[12,22]

However, the rate of severe bleeding, which was defined as
bleeding associatedwith hypotension or death, was 2.6%, similar
to the previous reports. The high proportion (23%) of follow-up
endoscopies within 1 to 2 weeks after EVL made it possible to
detect minor EVL-induced ulcer bleeding and may explain the
high prevalence in our study.
The mortality rate of the EVL-induced ulcer bleeding was

27.3% in our study, which is significantly higher than the
mortality rate (3.6%) observed in the patients without EVL-
induced ulcer bleeding. This mortality rate was similar to a
previous report of 28% by Sinclair et al,[22] but lower than
another report of 52% by Vanbiervliet et al.[12] In the study by
Sinclair et al, the use of prophylactic antibiotics was not recorded.
However, in the study by Vanbiervliet et al, the cause of death in
the majority of the patients was sepsis, and this was explained by
the low rate of prophylactic antibiotic usage (62%). The patients
in our study received prophylactic antibiotics according to the
guidelines,[3] and this may explain the lower mortality rate and
emphasizes the importance of prophylactic antibiotics when
performing emergent EVL.
In our study, MELD score >10, concomitant GV F3, and

detachment of o-ring bands were independent risk factors for the
EVL-induced ulcer bleeding. Previously reported independent
predictive factors such as emergent EVL, previous history and
treatment of upper variceal bleeding, high APRI score, and low
PT index,[12,22] were not risk factors in our study. Poor liver
function has been well known as a predictive factor for bleeding
in patients with liver cirrhosis,[6,7] and a previous study reported
MELD score as a risk factor for EVL-induced bleeding as well.[22]



Table 5

Subgroup analysis of EVL-induced ulcer bleeding group.

Variable Severe bleeding
group (n=11, 2.6%)

Non-severe bleeding
group (n=22, 5.1%) P

Gender (male) 11 (100%) 20 (90.9%) .542
Age, y 59.1±11.5 56.7±14.4 .495
Child–Pugh score 9.1±2.6 8.7±2.1 .667
MELD score 10.1±2.2 9.7±2.0 .543
Interval of EVL to EVL-induced ulcer bleeding, d 9±5.3 8.3±5.2 .710
Requirement of PRC transfusion, Units 5.4±3.2 3.1±2.8 .041
Hypotension 9 (81.8%) 0 (0%) <.001
Detachment of o-ring 1 (9.1%) 4 (18.2%) .643
Concomitant GVF3 3 (27.3%) 7 (31.8%) .885
Indication of EVL
Prophylactic 3 (27.3%) 4 (18.2%) .547
Emergent 8 (72.7%) 18 (81.8%)

Previous variceal bleeding 7 (63.6%) 11 (50%) .712
Treatment methods (PPI/EVO/EVL/SB tube/APC) 3 (27.3%)/3 (27.3%)/3 (27.3%)/2 (18.2%)/0 (0%) 12 (54.5%)/3 (13.6%)/5 (22.7%)/1 (4.5%)/1 (4.5%) .393
Associated HCC 5 (45.5%) 6 (27.3%) .437
Associated PVT 4 (36.4%) 5 (22.7%) .681
Bleeding related death 7 (63.6%) 2 (9.1%) .002

APC= argon plasma coagulation, EVL= esophageal variceal ligation, EVO= esophageal variceal obliteration, GV=gastric varices, HCC=hepatocellular carcinoma, PPI=proton-pump inhibitor, PRC=packed
red cell, PVT=portal vein thrombosis, SB tube=Sengstaken–Blakemore tube.
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Our study confirmed that a higherMELD score is a risk factor for
EVL-induced ulcer bleeding.
Interestingly, concomitant GV F3 was a predictive factor for

EVL-induced ulcer bleeding in our study. This is a new risk
factor, which has not been evaluated in previous studies. When
the liver becomes cirrhotic and portal hypertension develops,
portosystemic collaterals develop in an attempt to decompress the
pressure. Increased blood flow and increased blood volume
worsen the formation of collaterals.[23] The blood reflux in the
left gastric vein that originally drained into the portal vein, results
in esophageal variceal formation. The retrograde blood flow in
the short gastric veins that drain into the splenic vein makes GVs.
EVL is performed for the reduction of the blood vessel size to
prevent bleeding, not for the reduction in the blood volume or
pressure. Thus, the still increased blood volume or pressure
should be compensated by other parts of the cephalad collaterals
(e.g., splenic vein) until the EVL-induced ulceration heals to
prevent rebleeding from the ulcer sites that are more fragile than
the original mucosa. However, when there is a large GV F3, with
retrograde blood flow and high pressure in the splenic vein,
compensation cannot occur properly and remaining blood
volume and pressure overload in the EV may result in rebleeding
at the more vulnerable ulcer sites (EVL-induced ulcer bleeding).
This hypothesis corresponds well with our previous findings, in
which higher rebleeding rates were observed after sclerotherapy
of GV in cases with large EV.[24] Thus, the potential to
compensate for the increased blood volume and pressure in
the whole cephalad collateral system may be important in the
acute phase after EVL or sclerotherapy of gastroesophageal
varices.
Detachment of the o-ring bands on follow-up endoscopy was

another risk factor for EVL-induced ulcer bleeding in our study.
In the bleeding group, 84.8% of patients had detachment of the
rubber bands, but this was observed in 39.4% of patients in the
non-bleeding group (P< .001). Most of the EVL-induced ulcer
bleeding occurred within 2 weeks of the procedure (29/33,
87.9%) and most of the severe bleeding was observed in this
period (10/11, 90.9%). These findings are comparable to
5

previous reports suggesting that massive bleeding from EVL-
induced ulcers usually occurs between 5 and 10 days when the o-
ring bands were detached.[9,25,26] However, 4 patients (12.1%)
had bleeding in 15 to 19 days after EVL and 1 of these patients
died in our study. In a previous report of autopsy specimens from
6 patients, non-healed ulcers were observed 22 days after
ligation.[10] Our finding is similar to this report, suggesting that
signs for rebleeding should be observed for 3 weeks after EVL.
Several studies have been conducted to evaluate the efficacy of
PPIs or sucralfate in promoting ulcer healing and reducing
bleeding after EVL, but the results were inconclusive.[12,22,27]

Further studies to look for methods to enhance ulcer healing are
needed.
It is not always possible to avoid EVL in patients with high

MELD score and concomitant large GV. It is especially impossible
in cases of emergent EVL. However, meta-analysis of EVL versus
BB in primary prophylaxis shows that both treatments reduce
bleeding and mortality significantly.[28] Thus, when primary
prophylaxis of EV is needed in patients with these risk factors, BB
might be considered rather than EVL. But this treatment strategy
needs a well-designed randomized controlled trial.
In subgroup analysis of the EVL-induced ulcer bleeding group,

the mortality was significantly higher in the severe bleeding group
(63.6% vs. 9.1%). Associated factors for severe bleeding were
presence of hypotension and requirement of PRC transfusion.
Higher MELD or Child–Pugh score, concomitant GV F3,
detachment of o-ring bands, previous history of variceal bleeding,
and prophylactic or emergent EVL were not associated with
severe bleeding. Therefore, there is no way to predict the severity
of EVL-induced ulcer bleeding before EVL. When patients with
EVL-induced bleeding experience hypotension and require more
than 6 units of PRC transfusion, a high mortality rate can be
predicted and other rescue therapies such as early transjugular
intrahepatic portosystemic shunt or liver transplantation may be
needed.
In our study, various treatment modalities including EVL,

EVO with N-butyl-2-cyanoacrylate, APC, SB tube, or intrave-
nous PPIs only were used to control EVL-induced ulcer bleeding.
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We noticed a trend towards increased mortality in patients who
received PPIs only as a rescue therapy, but this was not
statistically significant. Further large number, prospective
randomized studies are warranted to find best treatment methods
for EVL-induced ulcer bleeding.
There are several limitations of our study. First, this was a

retrospective study; therefore, the findings in our study may not
apply to the general population. Secondly, the treatment
modalities applied to EVL-induced ulcer bleedings were
dependent on the physician’s preference and decision. Thirdly,
novel treatment methods, such as hemospray or esophageal
stents, were not used. In addition, the number of patients who
received different rescue therapies was too small to find statistical
significance. Lastly, follow-up EGD after EVL was not done at
the same time, thus the status of detachment of o-ring bands was
inconsistently observed. Further prospective studies, including
strict follow-up EGD schedules, are needed to confirm this risk
factor for EVL-induced bleeding.
In conclusion, EVL-induced ulcer bleeding is not a rare

complication of EVL and has a relatively high mortality rate.
MELD score>10, concomitant GV F3, and detachment of o-ring
bands in follow-up endoscopy are the predictive factors for EVL-
induced bleeding. This complication was most commonly
observed within 2 weeks after EVL, but could also occur as
late as 19 days. Therefore, pharmacologic treatment with BBs
may be better as primary prophylaxis than EVL in patients with
these risk factors, and when EVL is unavoidable, patients should
be observed for signs of rebleeding for 3 weeks.
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