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Abstract
Background Band ligation (BL) plays a vital role in the treatment of oesophageal varices; however, the
procedure carries a considerable risk of band slippage, variceal site ulcer formation and post-treatment
bleeding. Our study aimed to explore the incidence of post-BL ulcer bleeding and to identify possible
associated factors.

Methods We retrospectively reviewed the records of patients with oesophageal varices who underwent
endoscopic haemostasis by BL at our institution between 2015 and 2020. We statistically compared the
patients with post-BL ulcer bleeding and those without (controls). The outcome variable was the
development of BL-induced ulcer bleeding. The patients’ demographics, clinical and laboratory
parameters, BL procedure outcomes and experts’ opinions were used as the independent variables and
possible associated factors.

Results Of the 4579 eligible patients 388 (8.5%) presented with post-BL ulcer bleeding. Proton pump
inhibitor (PPI) use was associated with a lower risk of post-BL ulcer bleeding (odds ratio, 0.77; 95%
con�dence interval [CI]: 0.603–0.983). The presence of high-risk stigmata indicated a 1.276 times higher
risk of bleeding (CI: 1.024–1.592), and a greater number of varices was associated with an increased risk
of post-BL ulcer bleeding (P = 0.007). The use of fewer bands per variceal site was associated with fewer
bleeding incidents (P = 0.008), while lower haemoglobin levels were associated with a higher probability
of bleeding (P = 0.007).

Conclusions The overall incidence of post-BL ulcer bleeding was 8.5%. The presence of high-risk stigmata
and a higher number of varices and bands per variceal site were associated with an increased risk of
bleeding. Adequate haemoglobin levels and the use of adjuvant PPIs and having were protective factors. 

Background
Oesophageal varices result from portal hypertension as a frequent manifestation of liver cirrhosis [1].
About 60%–80% of liver cirrhosis patients develop gastrointestinal varices, with oesophageal varices
constituting 17% [2, 3]. The frequency of developing oesophageal varices is �rmly attributed to the
severity of liver disease. Up to 40% and 85% of Child-Pugh class A and C liver disease patients,
respectively, are affected [4]. More prevalent in males (i.e. 60%) than females, the risk of developing
oesophageal varices increases by 8% in the second year following the diagnosis of chronic liver disease
and 30% in the sixth year post diagnosis [2].

Up to 50% of patients with oesophageal varices will present with bleeding at some point. The incidence of
bleeding per year is 15% for large varices and 5% for small varices [1]. Following an episode of bleeding
from oesophageal varices, 10%–20% of patients will not survive beyond six weeks [1]. Of the patients
who survive the �rst episode of bleeding, 60%–80% will rebleed in less than a year [5]. Rebleeding
episodes are associated with a fatality rate of around 33% [5, 6].
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While a small chance of spontaneous bleeding stoppage has been reported in an older study [7], the
current guidelines recommend medical interventions [5]. Common interventions include pharmacological
(i.e. somatostatin, octreotide, proton pump inhibitors [PPIs] and beta-blockers) and procedural
interventions, such as cyanoacrylate injection, balloon tamponade, embolization coils, sclerotherapy and
band ligation (BL), among others [3, 5].

BL or rubber-band ligation represents one of the oldest techniques in the treatment of gastrointestinal
varices [8]. It is inferior to cyanoacrylate injection and embolization coils in terms of the overall success
rate and rebleeding risk [3]. However, BL is cost-effective, less technically demanding than the
aforementioned techniques. It is therefore the most commonly used technique globally.

A typical BL procedure involves using an endoscope to suction the variceal site. A rubber band is then
wrapped around the base of the sac, thereby strangulating the area from the blood supply. The
strangulated variceal sac eventually falls off as a result of ischemia and necrosis, creating a small scar
[9]. Seemingly practicable, the procedure carries a considerable risk of band slippage, variceal site ulcer
formation and post-treatment bleeding [10, 11]. Our study aimed to explore the incidence of post-BL ulcer
bleeding and to identify possible associated factors using a large study sample.

Methods
Study design and setting

This retrospective case–control study was conducted at the Gastroenterology Department of the Third
Xiangya Hospital of Central South University, Changsha, Hunan Province, People’s Republic of China. We
reviewed all the patient records with oesophageal varices who attended our department between February
2015 and February 2020.

Study population

Our study included participants who met the three main inclusion criteria: (1) older than 18 years, (2)
having oesophageal varices from any aetiology and (3) underwent emergent or elective BL as a treatment
or prophylaxis. These eligible participants were categorized into either the case group or the control
group. The case group comprised participants who met the three inclusion criteria and had
endoscopically proven bleeding from a BL-induced ulcer (i.e. post-BL ulcer bleeding) without any other
cause of bleeding to explain the symptom. In contrast, the control group did not have endoscopically
proven bleeding from a BL-induced ulcer. We excluded patients who (1) underwent BL in combination
with other haemostasis procedures such as the use of coils or cyanoacrylate injection, (2) died within the
�rst two days following the BL haemostasis procedure, (3) were lost during the follow-up period, (4) had
missing data and (5) did not consent to participate in the study.

Band ligation procedure
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The Speedband Superview Super 7TM Multiple Band Ligator (Boston Scienti�c) was used to tie (i.e.
strangulate) high-risk varices or actively bleeding varicose veins. Adjuvant pharmacological treatments
(i.e. PPIs and antibiotics) and other treatments, such as blood transfusion, hydration, balloon tamponade,
transjugular intrahepatic portosystemic shunt and transplantation, were performed according to the
hospital’s guidelines [5] at the time and the gastroenterologist’s discretion. All the BL procedures were
performed by consultant gastroenterologists, consultant surgeons or specialist trainees under
supervision. All the methods were carried out in accordance with relevant guidelines and regulations.

Data collection process

Before collecting the data, we sought approval from the Institutional Review Board of the Third Xiangya
Hospital, Central South University, and were assigned approval number 2019-S475.

We utilized the hospital’s electronic patient database to identify eligible patients. The data collected from
the eligible patients included demographics, clinical and laboratory parameters and BL procedure
outcomes. We independently collected and recorded the data in Microsoft Excel spreadsheets before
cross-checking the data for correctness.

Outcomes and variables

The outcome variable was bleeding from a BL-induced ulcer, and the independent variables were
obtained from the patients’ demographics, clinical and laboratory parameters and BL procedure
outcomes. Further independent variables were identi�ed by reviewing the literature and obtaining experts’
opinions. One BL procedure was considered per participant.

The continuous variables included age, MELD score, duration of admission (in days), time to the �rst
endoscopy (in hours), number of varices, number of bands per variceal site, number of blood units
transfused and laboratory investigation results [2, 6]. The categorical variables comprised sex (i.e. male
or female), Child-Turcotte-Pugh score (i.e. A, B or C), aetiology of cirrhosis (i.e. alcoholic liver disease, non-
alcoholic fatty liver disease, viral, alcoholic liver disease plus viral, autoimmune liver disease or other),
haemostasis treatment urgency (i.e. elective or emergent) and adjuvant use of PPIs [12, 13]. The other
categorical variables included high-risk stigmata (i.e. yes/no), history of variceal bleeding (i.e. yes/no),
use of antiplatelets (i.e. yes/no), use of anticoagulants (i.e. yes/no), re�ux oesophagitis (i.e. yes/no) and
comorbidities (i.e. hepatic encephalopathy, spontaneous bacterial peritonitis, hepatorenal syndrome,
portal vein thrombus and others) [10, 14].

Bias mitigation

Both authors independently performed the data collection followed by data cross-checking to ensure the
accuracy of the data. Moreover, we utilized the strengthening the reporting of observational studies in
epidemiology (STROBE) tool [15] customized for case–control studies in the write-up of this manuscript
to reduce reporting bias.
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Data analysis

We initially analyzed the patients’ demographic characteristics using mean (and standard deviation) and
proportions. For the categorical variables, we used either Pearson’s, chi-square or Fisher’s exact tests to
compare the parameters of the case and control groups depending on the respective tests’ assumptions.
We performed post-hoc tests by Bonferroni’s adjustment for the crosstabulation of signi�cant categorical
variables and calculated the odds ratios. An odds ratio of <1 or >1 corresponded with reduced or
increased odds, respectively, of a post-BL bleeding event, while an odds ratio of 1 suggested no
association.

For the continuous variables, we utilized either the independent t-test or Mann–Whitney U-test to compare
the case and control groups depending on whether the variables demonstrated normal or non-normal
distribution curves, respectively. We used the Shapiro–Wilk’s test to determine the statistical signi�cance
of normality. A P-value of <0.05 was considered statistically signi�cant.   

Additional analysis

We explored the number and causes of death in relation to post-BL ulcer bleeding status. We compared
the case and control groups in this respect using Fisher’s exact test and calculated the odds ratio.  

Results
A total of 4579 patients were included in our study. The cohort was followed up for six weeks, and 388
(8.5%) patients presented with bleeding from BL-induced ulcers (i.e. case group), while 4198 (91.5%)
patients did not (i.e. control group) (Figure 1). The mean time for the occurrence of post-BL ulcer bleeding
was 11.4 ± 2.3 days. 

Table 1 summarizes the baseline characteristics of the 4579 patients who participated in our study. There
was no statistically signi�cant difference between the case and control groups with respect to age, sex,
MELD or Child-Pugh scores. However, a cirrhotic aetiology demonstrated statistical signi�cance (P =
0.03).
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Table 2 presents a comparison of the clinical parameters between the case and control groups. The
incidence of BL-induced ulcer bleeding was 9.5% (i.e. 318 events) and 8.2% (i.e. 70 events) for elective
and emergent BL, respectively. The use of PPIs was associated with a lower risk of BL-induced ulcer
bleeding, the odds ratio was 0.77 (95% con�dence interval [CI]: 0.603–0.983). Patients with high-risk
stigmata observed during endoscopy had a 1.276 times higher risk of bleeding (95% CI: 1.024–1.592).

The case group had a higher mean number of varices compared to the control group (P = 0.007), which
means that a higher number of varices was associated with BL-induced ulcer bleeding in our study.
Similarly, more bands were used in the case group (mean, 3.1 ± 0.6) compared to the control group
(mean, 2.9 ± 0.6), signifying that the use of fewer bands was associated with a lower incidence of BL-
induced ulcer bleeding. Moreover, the case group had lower haemoglobin levels compared to the control
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group (P = 0.007), which indicated that lower haemoglobin levels were associated with a higher
probability of bleeding from BL-induced ulcers.

Mortality

Twenty-seven patients died during the follow-up period, 11 of whom were in the case group. The patients
in the case group had a higher risk of death compared to those in the control group (odds ratio, 7.6; 95%
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CI: 3.508–16.524). Figure 2 is a radar chart summarizing the causes and frequency of death in the case
and control groups.

Discussion
BL plays a vital role in the treatment of oesophageal varices. However, the procedure carries a small risk
of band slippage, variceal site ulcer formation and post-treatment bleeding. Our study aimed to explore
the incidence of post-BL ulcer bleeding and to identify possible associated factors.

After a mean follow-up time of 11.4 ± 2.3 days, the incidence of post-BL ulcer bleeding was 8.5%. This
�nding is higher than that previously reported by Jamwal et al. (3.6%) [14] and Cho et al. (7.7%) [16]. The
differences may be attributable to the studies’ methodological differences. Our study included 10 times
more participants compared to that of Cho et al. [16], while Jamwal et al. followed up their participants
for twice the time we followed up our patients. Older studies reported up to a 15% incidence of post-BL
ulcer bleeding [17]; however, this may be due to the lack of advanced technical know-how compared to
the present.

In our study, the mean time for the occurrence of post-BL ulcer bleeding was 11.4 ± 2.3 days. This �nding
is higher than that previously reported by Cho et al. [16], who described a mean of 8.5  ±  5.1 days. As with
the incidence of post-BL ulcer bleeding, the difference could be attributed to the use of different
methodologies. Our �nding, however, was in line with that of Jamwal et al., who reported a range of 10–
13 days. While Jamwal et al. used a longer follow-up time compared to that in our study, both studies
utilized large sample sizes.    

While there was no association between the bleeding event and BL treatment urgency (P = 0.162) in our
study, there was a higher incidence of post-BL bleeding following elective BL (9.5%) than emergent BL
(8.2%). This �nding is in contrast to those of previous studies [16, 18] where there were higher incidences
for emergent BL. While the reason may again be due to methodological differences between the studies,
we recommend that robust studies be undertaken to explore this �nding.

In our results, the use of PPIs was associated with a reduced risk of post-BL ulcer bleeding (odds ratio,
0.77; 95% CI: 0.603–0.983). This �nding is in agreement with those of several other studies [13, 19]. The
use of PPIs to reduce the size of an ulcer and lower the risk of re�ux oesophagitis and post-prophylactic
BL bleeding has been established [12, 20]. However, a study by Wu et al. [21] contradicted this �nding.
The difference could be ascribed to the patient population. While our study included patients with both
elective and emergent BL, Wu et al. included only emergent BL patients in their study.

The presence of high-risk stigmata was associated with a 1.276 times higher risk of post-BL ulcer
bleeding (95% CI: 1.024–1.592) in our study. While previous studies have identi�ed numerous risk factors
as linked with post-haemostatic procedure rebleeding, we could not locate any studies reporting an
association between high-risk stigmata and post-BT ulcer bleeding. Our �nding may be explained by the
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fact that weak mucosa (i.e. high-risk stigmata) provide an unstable site for band placement, which could
result in premature band detachment and subsequently ulcer formation and bleeding [22].

The case group in our study had a statistically signi�cantly higher mean number of varices, and more
bands were utilized per variceal site compared to the control group. While it might seem logical that the
more varices there are, the greater the chance of variceal-related complications, a study by Shaheen et al.
[23] demonstrated no relationship between these variables. Notwithstanding, Shaheen et al. used a
smaller sample size compared to that in our study. On the other hand, our �ndings correlated with those
of a previous study with regard to the number of bands utilized [24].

The control group in our study had a statistically signi�cantly higher mean haemoglobin level before BL
treatment than the case group. This suggests that lower haemoglobin levels are associated with an
increased risk of post-BL ulcer bleeding. Singh et al. [25] found that haemoglobin levels decrease
spontaneously with the increasing severity of liver disease. This may suggest that our case group had
more severe liver cirrhosis and therefore more severe varices than the control group. It could also explain
the higher risk of death (i.e. 7.6) observed in the case group.

Study limitations and strengths

The present study was retrospective in design and therefore less robust compared to prospective studies.
It also involved only Chinese patients, which could mean less generalizability. On the other hand, our
study had a large sample size and thus provides more information, less uncertainty and more reliable
results.

Conclusion
The overall incidence of post-BL ulcer bleeding was 8.5% in our study. The presence of high-risk stigmata
and an increased number of varices and bands per variceal site was associated with an increased risk of
post-BL ulcer bleeding. Nevertheless, the use of adjuvant PPIs and having adequate haemoglobin levels
were associated with a lower risk of bleeding from a post-BL ulcer.    

List Of Abbreviations
BL – Band ligation

95% CI – 95% con�dence interval

PPI - Proton pump inhibitor

MELD - Model for End-Stage Liver Disease

STROBE - Strengthening the reporting of observational studies in epidemiology
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Figure 1

Causes and frequency of death in the case and control groups.
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Figure 1

Flow diagram of the selection of eligible patients


