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Background/Aims: The appropriate number of band ligations during the first endoscopic session for acute variceal bleeding is debatable. We aimed to compare the technical aspects of
endoscopic variceal ligation (EVL) in patients with variceal bleeding according to the number of
bands placed per session.
Methods: We retrospectively reviewed multicenter data from patients who underwent EVL for
acute variceal bleeding. Patients were classified into minimal EVL (targeting only the foci with
active bleeding or stigmata of recent bleeding) and maximal EVL (targeting potential bleeding
sources in addition to the aforementioned targets) groups. The primary endpoint was 5-day treatment failure. The secondary endpoints were 30-day rebleeding, 30-day mortality, and intraprocedural adverse events.
Results: Minimal EVL was associated with lower rates of hypoxia and shock during EVL than
maximal EVL (hypoxia, 0.9% vs 2.9%; shock, 1.3% vs 3.4%). However, treatment failure was
higher in the minimal EVL group than in the maximal EVL group (odds ratio, 1.60; 95% confidence interval, 1.06 to 2.41). Age ≥60 years, Model for End-Stage Liver Disease score ≥15,
Child-Turcotte-Pugh classification C, presence of hepatocellular carcinoma, and systolic blood
pressure <90 mm Hg at initial presentation were also associated with treatment failure. In contrast, 30-day rebleeding and 30-day mortality did not differ between the minimal and maximal
EVL groups.
Conclusions: Given that minimal EVL was associated with a high risk of treatment failure, maximal EVL may be a better option for variceal bleeding. However, the minimal EVL strategy should
be considered in select patients because it does not affect 30-day rebleeding and mortality. (Gut
Liver, Published online August 30, 2021)
Key Words: Endoscopic hemostasis; Band ligation; Gastrointestinal hemorrhage; Esophageal
and gastric varices; Liver cirrhosis

INTRODUCTION
Endoscopic variceal ligation (EVL) has been found to
be helpful when treating variceal bleeding during the first
endoscopic session; therefore, it is used to reduce mortality
resulting from rebleeding.1,2 However, mortality among pa-

tients undergoing EVL remains high, and the reported rebleeding rates range from approximately 10% to more than
50%.3-5 The recent American Association for the Study of
Liver Diseases practice guidelines suggest that EVL sessions should be repeated at 1- to 4-week intervals until
obliteration of varix.6 This obliteration usually requires two
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to four sessions according to data collected from different
randomized clinical trials.7,8 Within the allowable safety
range for patient tolerability, endoscopic control of ligation
is undoubtedly the best treatment option.9 However, in
clinical practice, debate remains regarding how many varices should be targeted for bleeding control and eradication
during the first endoscopic session for acute variceal bleeding.
Gastroenterologists are sometimes hindered by the noncooperation of patients during endoscopic procedures,
and technical failure or fatal adverse events can occur in
extreme cases.10 Therefore, reducing the procedure time is
the most important factor for patient safety. Some endoscopists in Korea have tried to minimize the total procedure
time by targeting only the variceal focus with current
bleeding or those at high risk for stigmata, indicating recent bleeding (such as pin-point ulceration or fibrin plug).
In contrast, it has been suggested that the more ligation
bands that are applied, the earlier the eradication of varices while the fewer bands are applied, the more rebleeding within 6 months from the index event of bleeding.11,12
However, a recent randomized trial demonstrated that the
application of more than six bands during any EVL session
is not closely related to needs for fewer additional EVL
sessions for total eradication, prevention of rebleeding or
recurrence, or reduction of early/intermediate mortality
rates.12 This strategy was also associated with longer procedure times and higher rates of misfiring bands.
Nevertheless, there are no data or guidelines that directly compare the minimal (performing targeted band
ligation for only current oozing or spurting type bleeding
from varix or stigmata of recent bleeding) and maximal
(performing as many band ligations as possible for potential bleeding and active variceal bleeding) extent of EVL
for hemostasis of acute variceal bleeding during the first
endoscopic session. Therefore, we designed a retrospective
cohort study to compare treatment failure, rebleeding and
mortality within 30 days after initial EVL, and intraprocedural adverse event rates between the minimal and maximal EVL groups.

MATERIALS AND METHODS
1. Patients
This was multicenter retrospective observational comparative study conducted for all patients who underwent
any intervention for varix at Hallym University Medical
Center, which consists of five hospitals between January
1, 2011, and December 31, 2017. Exclusion criteria were
as follows: (1) patients who underwent only prophylactic
2 www.gutnliver.org

EVL; (2) patients who underwent other primary therapy
for variceal bleeding, such as endoscopic injection sclerotherapy; (3) patients who underwent other rescue therapies, such as transjugular intrahepatic portosystemic shunt,
splenorenal shunt therapy (balloon-occluded retrograde
transvenous obliteration or coil-assisted retrograde transvenous obliteration); (4) patients who refused admission;
and (5) patients with insufficient data on medical records.
2. Endoscopic procedures
Patients were managed according to the American Association for the Study of Liver Diseases practice guidelines in which early vasoactive agents (e.g., somatostatin
or terlipressin) should be initiated at the same time with
admission, and endoscopic therapy should be performed
within 12 hours after initial presentation. For successful
hemostasis, appropriate endoscopic therapy could be applied according to the bleeding source (on the preferential
basis EVL if the bleeding focuses were esophageal or cardiac varices, and endoscopic sclerotherapy if the bleeding focuses were fundal gastric varices). Prophylactic antibiotics
were administered to all patients with acute variceal bleeding from initial presentation to 7th day. After index EVL,
patients underwent repeat EVL, scheduled 1 to 3 weeks
until the varices became small or were eradicated. Since
then, the recommended interval of surveillance endoscopy
could be increased from every 1 or 2 months to every 4 or
5 months, and then sequentially maintained every 6 to 12
months indefinitely.13 All EVL procedures were performed
by an experienced endoscopist who had performed approximately 1,000 cases of standard upper endoscopy and
20 cases of EVL per year. Furthermore, we did not apply a
multiband device during emergent EVL for acute variceal
bleeding.
3. Definition and study endpoints
Acute variceal bleeding was classified as an active bleeding (current oozing or spurting type bleeding on the varix)
or the stigmata suggesting recent bleeding on the grade 2
(F2) or higher size of varices.14 Stigmata of recent bleeding
was defined as the presence of a pin-point ulceration on
the varix, adherent clot, or white protrusion in the setting
of hematemesis but no other cause of upper gastrointestinal bleeding.15
Patients were divided into two groups, the minimal
EVL group and the maximal EVL group, according to
the extent of band ligation for treatment of acute variceal
bleeding during the first endoscopic session. The minimal
EVL group consisted of patients who underwent minimal
band ligation targeting only current oozing or spurting
type bleeding from the varix or stigmata (adherent clot,
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white protrusion, or pin-point ulceration) of a recent
bleeding. The maximal EVL group included patients who
underwent as many band ligations as possible for potential bleeding (positive red color sign or huge varices) as
well as active variceal bleeding. Rebleeding was defined as
variceal bleeding after initial bleeding control.16 If rebleeding occurred within 5 days from the initial EVL, the initial
therapy was considered to have failed.16 Rebleeding events
evaluated at other hospitals were included if the clinical
and endoscopic information was exact and available.
Hypoxia was defined as desaturation (oxygen saturation
[SpO2] <90%). Shock was defined as state of circulatory
failure manifested by falling the systolic blood pressure
(SBP) below 90 mm Hg. Furthermore, bradycardia was defined as a heart rate of less than 60 beats per minute.
The primary endpoint of the study was 5-day treatment
failure, which was defined as failure to control variceal
bleeding, early rebleeding, or death within 5 days.17 The
secondary outcomes included 30-day rebleeding, 30-day
mortality after initial EVL, and intraprocedural adverse
event rates in both groups. We also evaluated clinical outcomes according to the subgroups of the Model for EndStage Liver Disease (MELD) score (MELD ≥15 and MELD
<15 subgroups).

overall survival between the maximal and minimal EVL
groups. Additionally, the Cox proportional hazard model
was used to identify the risk factors for 30-day mortality.
In the multivariable logistic regression and Cox proportional hazard models, age, sex, and variables with p-value
of less than 0.1 in the univariable logistic regression model
were selected as covariates. In the analysis of rebleeding
risk within 30 days, the Fine and Gray18 competing risk
regression model was used because death is a competing
risk for rebleeding. All reported p-values are two-sided,
and p-values <0.05 were considered statistically significant.
All statistical analyses were conducted using R statistical
software version 4.0.2 (R Foundation for Statistical Computing, Vienna, Austria).

4. Statistical analysis
Factors associated with treatment failure were assessed
using the logistic regression analysis. The Kaplan-Meier
plots and the log-rank tests were used to compare the

RESULTS

5. Ethical guidelines
The Institutional Review Board of the Hallym University Medical Center approved this study (IRB number:
2017-07-005). In addition, this study was conducted in
accordance with good clinical practice guidelines, the Declaration of Helsinki, and the Health Insurance Portability and Accountability Act. Since this was a retrospective
analysis, the need for informed consent was waived.

1. Study population and baseline characteristics
A total of 1,823 patients underwent intervention for var-

Patients underwent endoscopic intervention for varix (n=1,823)

Excluded (n=450)
Patients who underwent only prophylactic EVL (n=257)
Patients who underwent primary EIS (n=91)
Patients who underwent shunt therapy (n=17)
Patients who underwent primary BRTO or CRTO (n=24)
Patients who refused admission (n=9)
Patients with insufficient medical record (n=52)

Analysis all patients underwent EVL for hemostasis of acute variceal bleeding (n=1,373)

Maximal EVL (n=681)

Death within 30 days (n=44)
Treatment failure (n=52)

Minimal EVL (n=692)

Death within 30 days (n=83)
Treatment failure (n=96)

Fig. 1. Study flow diagram. Treatment failure was defined as the failure to control bleeding, early rebleeding, or death within 5 days.
EVL, endoscopic variceal ligation; EIS, endoscopic injection sclerotherapy; BRTO, balloon-occluded retrograde transvenous obliteration; CRTO,
coil-assisted retrograde transvenous obliteration.
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ix at Hallym University Medical Centers during the study
period; of these, 450 patients were excluded for the following reasons: underwent only prophylactic EVL (n=257),
primary endoscopic injection sclerotherapy (n=91),
transjugular intrahepatic portosystemic shunt (n=17), or
primary balloon-occluded retrograde transvenous obliteration or coil-assisted retrograde transvenous obliteration
(n=24); refused admission (n=9); and had insufficient
details on medical records (n=52). The remaining 1,373
patients were included in the analyses and divided into the
maximal EVL (n=681) and minimal EVL groups (n=692)
according to the extent of band ligation during the first
EVL session (Fig. 1).
Table 1 presents the baseline characteristics of the included patients. The mean age and proportion of males
were 55.6 years and 79.9% in the maximal EVL group and
55.4 years and 81.6% in the minimal EVL group, respectively. Regarding the causes of liver cirrhosis, the maximal
EVL group had a higher rate of hepatitis B virus infection,

but there was no difference between the groups for other
causes. The MELD score and Child-Turcotte-Pugh (CTP)
score as parameters of liver function were significantly
higher in the minimal EVL group than in the maximal
EVL group (MELD: 11.2±5.1 vs 10.3±4.1, p<0.001; CTP:
10.1±2.5 vs 9.7±2.4, p=0.008). The history of EVL did not
differ between the groups (maximal vs minimal: 37.4% vs
37.3%, p<0.956). Additionally, there was no difference between groups regarding patients who were prescribed nonselective beta-blockers as prophylaxis for variceal bleeding
(maximal vs minimal: 30.8% vs 31.1%, p=0.953).
2. Endoscopic findings of varices
Table 2 shows the endoscopic findings of the varices.
The most common source of bleeding in each group was
the esophageal varix. The red color sign and higher grades
of varices were more common in the maximal EVL group
than in the minimal EVL group (red color sign: 89.0%
vs 83.1%, p=0.002; grade F3: 43.5% vs 32.8%, p<0.001).

Table 1. Baseline Characteristics of Included Patients
Variable

Maximal EVL (n=681)

Minimal EVL (n=692)

p-value

Age, yr
Male sex
BMI, kg/m2
Current smoking
Alcohol intake
Etiology of liver disease
HBV
HCV
Alcohol
Others
Initial laboratory findings
WBC, /μL
Hemoglobin, g/dL
Platelet, ×103/μL
AST, IU/L
ALT, IU/L
Creatinine, mg/dL
Albumin, g/dL
Total bilirubin, mg/dL
PT, INR
MELD score
CTP classification
A (5–6)
B (7–9)
C (10–15)
Presence of HCC
History of HEP
History of EVL
Usage of nonselective beta blocker
SBP at presentation, mm Hg

55.6±11.4
544 (79.9)
23.2±3.4
285 (41.9)
343 (50.4)

55.4±11.4
565 (81.6)
22.9±3.3
297 (42.9)
396 (57.2)

0.788
0.412
0.055
0.702
0.011

228 (33.5)
49 (7.2)
283 (41.6)
109 (16.0)

173 (25.0)
43 (6.2)
262 (37.9)
115 (16.6)

0.001
0.518
0.168
0.771

6,110 (4,100–9,300)
9.6 (7.5–11.7)
100 (67–135)
52 (34–102)
31 (20–50)
0.8 (0.7–1.1)
3.2 (2.8–3.5)
1.5 (0.9–2.6)
1.4 (1.2–1.6)
10.3±4.1

7,400 (5,375–10,550)
9.3 (7.5–11.1)
101 (70–137)
58 (36–117)
29 (19–48)
0.9 (0.7–1.2)
3.0 (2.6–3.4)
1.7 (1.0–3.3)
1.4 (1.3–1.7)
11.2±5.1

14 (2.1)
383 (56.2)
284 (41.7)
155 (22.8)
82 (12.0)
255 (37.4)
210 (30.8)
117.5±19.8

14 (2.0)
332 (48.0)
346 (50.0)
149 (21.5)
90 (13.0)
258 (37.3)
215 (31.1)
116.8±22.6

<0.001
0.106
0.555
0.031
0.183
0.002
<0.001
0.004
0.005
<0.001
0.008

0.603
0.625
0.956
0.953
0.544

Data are presented as mean±SD, number (%), or median (interquartile range).
EVL, endoscopic variceal ligation; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; WBC, white blood cell; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; PT, prothrombin time; INR, International normalized ratio; MELD, Model for End-Stage Liver
Disease; CTP, Child-Turcotte-Pugh; HCC, hepatocellular carcinoma; HEP, hepatic encephalopathy; SBP, systolic blood pressure.
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Table 2. Comparison of Endoscopic Findings between the Maximal and Minimal EVL Groups
Variable

Maximal EVL (n=681)

Bleeding source
Esophageal varix
Gastric varix
Endoscopic classification
Active variceal bleeding
High-risk stigmata
Grade of varix
F1
F2
F3
Upper margin of varix
Stomach cardia
Lower esophagus
Mid esophagus
Upper esophagus
Color of varix
Blue
White
Red color sign
Total procedure time, min

Minimal EVL (n=692)

p-value
0.624

562 (82.5)
119 (17.5)

564 (81.5)
128 (18.5)

265 (38.9)
416 (61.1)

461 (66.6)
231 (33.4)

37 (5.4)
348 (51.1)
296 (43.5)

101 (14.6)
364 (52.6)
227 (32.8)

16 (2.3)
138 (20.3)
387 (56.8)
140 (20.6)

15 (2.2)
164 (23.7)
405 (58.5)
108 (15.6)

638 (93.7)
43 (6.3)
606 (89.0)
15.1±9.4

656 (94.8)
36 (5.2)
575 (83.1)
11.4±9.3

<0.001

<0.001

0.080

0.418

0.002
<0.001

Data are presented as number (%) or mean±SD.
EVL, endoscopic variceal ligation.
Table 3. Clinical Outcomes and Adverse Events between the Maximal and Minimal EVL Groups
Variable
Numbers of band at first session
Requiring blood transfusion within 72 hours
Units of packed RBCs
Adverse event during EVL
Aspiration pneumonia
Hypoxia
Bradycardia
Shock
Death
Treatment failure*
Rebleeding within 30 days
HEP after EVL within 30 days
30-Day mortality
Cause of death
Variceal bleeding
HCC
Hepatic failure
Infection
Others
Duration of follow-up, day
Prophylactic EVL on same hospitalization
Number of endoscopic sessions for complete eradication
1
2
3
4
5
6
Length of hospital stay, day

Maximal EVL (n=681)

Minimal EVL (n=692)

p-value

4.8±2.0
398 (58.4)
3.7±3.4

1.6±0.9
552 (79.8)
3.9±2.8

<0.001
<0.001
0.221

11 (1.6)
20 (2.9)
6 (0.9)
23 (3.4)
5 (0.7)
52 (7.6)
21 (3.2)
35 (5.1)
44 (6.5)

16 (2.3)
6 (0.9)
6 (0.9)
9 (1.3)
8 (1.2)
96 (13.9)
31 (4.7)
72 (10.4)
83 (12.0)

0.438
0.005
>0.999
0.012
0.579
<0.001
0.203
<0.001
<0.001
0.009

9 (1.3)
3 (0.4)
30 (4.4)
1 (0.1)
1 (0.1)
770 (225–1,466)
184 (27.0)
1.4±0.6
441 (64.8)
228 (33.5)
9 (1.3)
1 (0.1)
0
2 (0.3)
9 (6–14)

14 (2.0)
9 (1.3)
52 (7.5)
2 (0.3)
6 (0.9)
714 (116–1,549)
324 (46.8)
1.5±0.6
380 (54.9)
297 (42.9)
11 (1.6)
1 (0.1)
3 (0.4)
0
9 (7–14)

0.186
<0.001
0.001

0.267

Data are presented as mean±SD, number (%), or median (interquartile range).
EVL, endoscopic variceal ligation; RBC, red blood cell; HEP, hepatic encephalopathy; HCC, hepatocellular carcinoma.
*Treatment failure was defined as failure to control bleeding, early rebleeding, or death within 5 days.
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Furthermore, 66.6% (461/692) of patients in the minimal
EVL group and 38.9% (265/681) of patients in the maximal EVL group had active variceal bleeding (p<0.001).
The total procedure time was shorter in the minimal EVL
group than in the maximal EVL group (11.4±9.3 minutes
vs 15.1±9.4 minutes, p<0.001).
3. Clinical outcomes and adverse events of EVL
Clinical outcomes and adverse events associated with
EVL according to the extent of EVL are shown in Table
3. The number of bands used during the first endoscopic

session in the maximal EVL group was significantly higher
than that in the minimal EVL group (4.8±2.0 vs 1.6±0.9,
p<0.001). Within 72 hours after EVL, red blood cell transfusion was required more often in the minimal EVL group
than in the maximal EVL group (79.8% vs 58.4%, p<0.001),
without significant differences in the total units of transfused red blood cells between groups.
Regarding intraprocedural adverse events, the minimal EVL group presented significantly lower rates of hypoxia (0.9% vs 2.9%, p=0.005) and shock (1.3% vs 3.4%,
p=0.012) than the maximal EVL group. Treatment failure

Table 4. Factors Associated with Treatment Failure
Variable
Extent of EVL
Maximal EVL
Minimal EVL
Age
<60 yr
≥60 yr
Sex
Male
Female
BMI
<25 kg/m2
≥25 kg/m2
Current smoking
Absent
Present
Alcohol consumption
Absence
Presence
MELD
<15
≥15
CTP
A or B
C
HCC
Absent
Present
SBP at presentation
≥90 mm Hg
<90 mm Hg
Grade of varix
F1
F2 or F3
Red color sign
Absent
Present
Endoscopic classification
Active variceal bleeding
High-risk stigmata

No.

Treatment failure, No. (%)*

681
692

Univariable analysis

Multivariable analysis

OR (95% CI)

p-value

OR (95% CI)

p-value

52 (7.6)
96 (13.9)

1
1.95 (1.37–2.78)

<0.001

1
1.60 (1.06–2.41)

0.024

926
447

91 (9.8)
57 (12.8)

1
1.34 (0.94–1.91)

0.102

1
1.54 (1.03–2.31)

0.036

1,109
264

118 (10.6)
30 (11.4)

0.93 (0.61–1.42)
1

1,029
344

114 (11.1)
34 (9.9)

1
0.88 (0.59–1.32)

0.536

791
582

87 (11.0)
61 (10.5)

1
0.95 (0.67–1.34)

0.760

634
739

72 (11.4)
76 (10.3)

1
0.89 (0.64–1.26)

0.523

1,178
195

68 (5.8)
80 (41.0)

1
11.36 (7.80–16.54)

<0.001

1
9.31 (6.17–14.04)

<0.001

743
630

45 (6.1)
103 (16.3)

1
3.03 (2.10–4.38)

<0.001

1
1.60 (1.05–2.43)

0.029

1,069
304

100 (9.4)
48 (15.8)

1
1.82 (1.25–2.63)

0.002

1
1.80 (1.18–2.75)

0.006

1,286
87

119 (9.3)
29 (33.3)

1
4.90 (3.02–7.96)

<0.001

1
3.82 (2.17–6.73)

<0.001

138
1,235

16 (11.6)
132 (10.7)

1
0.91 (0.53–1.58)

0.745

192
1,181

19 (9.9)
129 (10.9)

1
1.12 (0.67–1.86)

0.670

726
647

90 (12.4)
58 (9.0)

1.44 (1.01–2.04)
1

0.733

0.041

1.12 (0.75–1.68)
1

0.574

OR, odds ratio; CI, confidence interval; EVL, endoscopic variceal ligation; BMI, body mass index; MELD, Model for End-Stage Liver Disease; CTP,
Child-Turcotte-Pugh; HCC, hepatocellular carcinoma; SBP, systolic blood pressure.
*Treatment failure was defined as failure to control bleeding, early rebleeding, or death within 5 days.
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1.00

Survival probability

p<0.001 (by log-rank test)

0.75

0.50

0.25
Maximal EVL
Minimal EVL

0
0

5

10

15

20

25

30

Time (day)
Number at risk
Maximal EVL
Minimal EVL

681
692

Extent of EVL

Age

Sex

MELD

CTP

HCC

652
647

649
637

Maximal EVL
(n=681)

Reference

Minimal EVL
(n=692)

1.26
(0.86 1.85)

<60 Years
(n=926)

Reference

>60 Years
(n=447)

1.26
(0.86 1.83)

Female
(n=264)

0.87
(0.54 1.39)

<15
(n=1,178)

Reference

>15
(n=195)

8.65
(5.90 12.69)

A or B
(n=743)

Reference

C
(n=630)

1.91
(1.25 2.94)

Absent
(n=1,069)

Endoscopic classification

Prophylactic EVL on
same hospitalization

615
580

1.72
(1.18 2.50)
Reference

<90 mm Hg
(n=87)

3.28
(2.12 5.09)

High-risk stigmata
(n=726)

617
587

Reference

>90 mm Hg
(n=1,286)

Active variceal bleeding
(n=647)

624
599

Reference

Male
(n=1,109)

Present
(n=304)

SBP at presentation

634
613

Fig. 2. Kaplan-Meier plots for overall
survival within 30 days.
EVL, endoscopic variceal ligation.

Reference
1.17
(0.80 1.70)

Absent
(n=865)

Reference

Present
(n=508)

1.49
(1.02 2.17)

0.5

1
HR

2

5

10

Fig. 3. Forest plot of the Cox proportional hazard model for 30-day mortality. The black rectangle and bar indicate the HR and 95% confidence interval, respectively.
EVL, endoscopic variceal ligation; MELD, Model for End-Stage Liver Disease; CTP, Child-Turcotte-Pugh; HCC, hepatocellular carcinoma; SBP,
systolic blood pressure; HR, hazard ratio.
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rates were higher in the minimal EVL group than in the
maximal EVL group (13.9% vs 7.6%, p<0.001). However,
the rebleeding rate within 30 days after EVL did not differ
between the groups. A total of 127 patients in the entire cohort died within the first 30 days. The most common cause
of death was hepatic failure in both groups.
Supplementary Table 1 shows the clinical outcomes of
the subgroup analyses according to the baseline MELD
score. Although the treatment failure rate was higher in
the MELD ≥15 subgroup than in the MELD <15 subgroup,
it did not differ between the minimal and maximal EVL
groups in the MELD ≥15 subgroup. Hypoxia and shock
also did not differ between the minimal and maximal EVL
groups in the MELD ≥15 subgroup. In the MELD <15
subgroup, however, the treatment failure rate in the minimal EVL group was higher than that in the maximal EVL
group.
The multivariable logistic regression model for treatment failure is presented in Table 4. After adjusting for
potential confounding variables, minimal EVL was shown
to be associated with treatment failure (odds ratio, 1.60;
95% confidence interval [CI], 1.06 to 2.41). Age ≥60 years,
MELD score ≥15, CTP classification C, presence of hepatocellular carcinoma (HCC), and SBP <90 mm Hg on initial presentation were also risk factors for treatment failure.
4. Survival analysis
Supplementary Table 2 shows the competing risk analysis for 30-day rebleeding. MELD score ≥15, presence of
HCC, and prophylactic EVL during the same hospitalization were associated with rebleeding (MELD ≥15: subdistribution hazard ratio [SHR], 3.09; 95% CI, 1.70 to 5.61;
HCC: SHR, 2.23; 95% CI, 1.27 to 3.94; prophylactic EVL:
SHR, 1.78; 95% CI, 1.02 to 3.10). However, minimal EVL
did not affect the 30-day rebleeding (SHR, 0.84; 95% CI,
0.47 to 1.49).
Kaplan-Meier plots showed that the maximal EVL
group had superior overall survival within 30 days when
compared with the minimal EVL group (p<0.001) (Fig. 2).
In the MELD ≥15 subgroup, no significant difference in
30-day mortality was identified between the minimal and
maximal EVL groups, whereas the maximal EVL group
was superior to the minimal EVL group in the MELD <15
subgroup (Supplementary Fig. 1). However, the significant impact of minimal EVL on the 30-day mortality was
not identified in the Cox proportional hazard model after
adjustment for potential confounding variables (Fig. 3).
MELD score ≥15, SBP <90 mm Hg at initial presentation,
CTP classification C, presence of HCC, and prophylactic
EVL during the same hospitalization were significant risk
factors for 30-day mortality (MELD ≥15: hazard ratio [HR],
8 www.gutnliver.org

8.65; 95% CI, 5.90 to 12.69; SBP <90 mm Hg: HR, 3.28;
95% CI, 2.12 to 5.09; CTP classification C: HR, 1.91; 95%
CI, 1.25 to 2.94; presence of HCC: HR, 1.72; 95% CI, 1.18
to 2.50; prophylactic EVL: HR, 1.49; 95% CI, 1.02 to 2.17).

DISCUSSION
The current study reported the outcomes of patients
with acute variceal bleeding according to the extent of EVL
that they received at the initial presentation. The overall
treatment success rate, rebleeding rate, and mortality rate
in our study were consistent with the results reported in
previous studies.12,19-21 In our study, a minimal extent of
EVL increased the risk of treatment failure. However, the
30-day rebleeding rate after initial EVL did not differ between the groups, and the rates of hypoxia and shock were
lower in the minimal EVL group than in the maximal EVL
group.
EVL is a standard therapy for esophageal and cardiac
varices; however, only a few studies are available on the optimal number of bands that should be used during the procedure. Harewood et al. 22 compared the number of bands
per session and the bleeding incidence. In their study,
which had a small sample size of 40 patients, they could
not find a significant correlation between the median
number of bands used for EVL and bleeding episodes for
rebleeding and non-rebleeding groups. Another study reported a correlation between the number of ligation bands
and bleeding from ligation ulcers; patients with bleeding at
ligation sites were treated with significantly more ligation
bands.15 Therefore, they assumed that the application of
more bands could be a risk factor for additional bleeding
from ulcers. Furthermore, Ramirez et al. 12 conducted a
prospective study involving 86 patients that compared the
placement of a maximum of six bands per session with the
placement of more than six bands per session. According
to the results of that study, the placement of more than six
bands per session was not associated with better outcomes
in terms of variceal bleeding recurrence and overall mortality. Although that study provided some indication of the
optimal number of bands for EVL, the cutoff number of
bands was decided based on the multiband device containing six bands that was available on the market at that time.
Data regarding differences in clinical outcomes when
using fewer than six bands are lacking. During our study,
the minimal EVL group received only 1.6 bands per session, whereas the maximal EVL group received 4.8 bands.
The high treatment failure rate of the minimal EVL group
suggests that the minimal use of bands is not an optimal
strategy for hemostasis of acute variceal bleeding. How-

Jung JH, et al: Proper Extent of EVL

ever, maximal EVL does not guarantee less rebleeding and
better survival. Given that hypoxia and shock were more
common in the maximal EVL group than in the minimal
EVL group, the minimal EVL strategy may be chosen for
patients with variceal bleeding with poor general conditions or hemodynamic instability. Although the effects of
second-look endoscopic treatment were not analyzed during this study, Wang et al. 23 recently reported that secondlook endoscopic treatment, which is performed after EVL
for acute bleeding of large endoscopic varices, is an option
for reducing early rebleeding.
In addition to the EVL extent, high MELD score, advanced grade of CTP classification, presence of HCC, and
shock at presentation were also significantly associated
with treatment failure in our study. Hemodynamic instability and baseline patient performance are well-known
conditions related to morbidity and mortality rates of acute
variceal bleeding.8,24,25 These factors are also related to the
30-day mortality of patients. However, the extent of EVL
was not associated with 30-day mortality. In the subgroup
analysis, according to the MELD score, there was no significant difference in terms of treatment failure, rebleeding, and mortality between the minimal and maximal EVL
groups in patients with MELD ≥15. In other words, the
minimal EVL strategy may be a feasible option for patients
with acute variceal bleeding with a high MELD score.
The possibility that the patient’s underlying condition
influenced the selection of the EVL method should be considered when interpreting our results. As can be seen from
Table 2, the baseline endoscopic findings of the presence
of active bleeding, the red color sign, and the grades of the
varices differed between the groups. The presence of active
bleeding may be associated with low baseline SBP at presentation and a higher requirement for transfusion, leading physicians to use the minimal number of EVL bands
for short procedures. Additionally, the higher incidence of
high-risk stigmata, the red color sign, and F3 grade varices might indicate the need for a greater number of EVL
bands.
Although this was a multicenter, large-scale study, it had
several limitations. First, the extent of EVL was determined
at the clinicians’ discretion after considering the patient’s
general condition because clinical consensus regarding the
extent of EVL has not been established yet. It means that
the extent of EVL is a mediator rather than an exposure in
this study. Although we adjusted for potentially confounding variables, including MELD score, CTP classification,
presence of HCC, endoscopic classification (active variceal
bleeding vs high-risk stigmata), and shock, hidden or unmeasured factors may remain. We hope to this limitation
can be overcome through randomized controlled trials.

Second, patients in both groups were not evenly matched,
especially in terms of baseline liver function, CTP class,
and MELD score. However, our study involved the largest number of patients with acute variceal bleeding, and
we tried to compensate for the selection bias as much as
possible with sufficient statistical power. Third, the EVL
protocols were not uniform across patients because of the
retrospective nature of the study. A prospective study with
predefined EVL protocols may help to reach a definitive
conclusion.
Despite these limitations, our multicenter real-world
data provide a better understanding of the optimal extent
of EVL for patients with acute variceal bleeding. Maximal
EVL may be a better treatment option for acute variceal
bleeding because of the lower risk of treatment failure than
minimal EVL. However, the maximal EVL was associated with more frequent hypoxia and shock during EVL
compared to minimal EVL. Additionally, 30-day rebleeding and mortality did not differ between the minimal and
maximal EVL groups. Taken together, the minimal EVL
strategy may be considered in selective patients with poor
general conditions or hemodynamic instability.
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