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Abstract. The aim of the present study was to conduct a 
meta‑analysis for elucidating the effects of antibiotic prophy‑
laxis on infection, rebleeding and mortality in patients who 
underwent endoscopic therapy for variceal hemorrhage. 
Articles on antibiotic prophylaxis and on‑demand antibiotic 
administration following endoscopic therapy for acute variceal 
bleeding were searched on PubMed, Embase and Cochrane 
Library between January 1959 and February 2024, to elucidate 
whether the use of prophylactic antibiotics was necessary. The 
quality of randomized controlled trials (RCTs) was assessed 
using the Cochrane risk‑of‑bias assessment tool and RevMan 
software version 5.4.1 was used for meta‑analysis of the data. 
The current meta‑analysis included four RCTs and 322 patients 
with acute variceal bleeding who underwent endoscopic 
therapy. All included studies were of high quality according 
to the Cochrane risk‑of‑bias assessment tool. According to 
the results of the meta‑analysis, the incidence of infection in 
the prophylactic antibiotic group was significantly lower than 
that in the on‑demand group [odds ratio (OR), 0.31; 95% confi‑
dence interval (CI), 0.13‑0.74; P=0.009]. The prophylactic 
antibiotic group also exhibited a lower incidence of rebleeding 
compared with that of the on‑demand group (OR, 0.37; 95% 
CI, 0.19‑0.72; P=0.003). No significant differences were noted 
in the incidence of mortality between the two groups (OR, 
0.92; 95% CI, 0.45‑1.92; P=0.83). In conclusion, the data indi‑
cated that antibiotic prophylaxis is recommended to be used in 
patients who have undergone endoscopic therapy for variceal 
hemorrhage.

Introduction

Acute variceal bleeding, including esophageal and gastric 
variceal bleeding, is the main cause of bleeding in 50‑60% of 
patients with cirrhosis (1). Acute variceal bleeding is usually 
complicated by ascites (34%), infection (30%), respiratory 
complications (24%), intensive care unit admission (20%), 
rebleeding (11%), encephalopathy (7%), acute kidney injury 
(6%) and failure to control bleeding (4%)  (2). In addition, 
acute variceal bleeding, one of the most fatal complications 
of cirrhosis, is responsible for 34‑50% of cirrhosis‑related 
deaths (3,4). In the last two decades, mortality from acute 
variceal bleeding has decreased from 40 to 15‑20% due to 
endoscopic therapy, including ligation, sclerotherapy and 
cyanoacrylate glue injection  (4,5). Endoscopy performed 
within 24 h is recommended for patients with acute upper 
gastrointestinal bleeding (6,7).

Some studies have reported low or no risk of infection 
following endoscopic therapy (8,9). However, certain studies 
have reported that endoscopic therapy can increase the risk of 
infection (10,11). Therefore, certain studies have recommended 
the use of antibiotic prophylaxis, leading to the on‑demand use 
of antibiotics following endoscopic therapy (12‑15).

Hou  et  al  (12) reported that, in addition to preventing 
infection, the administration of antibiotic prophylaxis 
following endoscopic therapy for acute variceal bleeding can 
decrease early and late rebleeding and mortality. However, 
Agarwal  et al  (14) and Liu  et al  (13) reported conflicting 
results, stating that antibiotic prophylaxis following endoscopy 
is not associated with mortality and rebleeding.

Endoscopic therapy is a useful method for the treatment of 
acute esophageal and gastric variceal bleeding; this therapy 
can decrease the risk of mortality in patients with acute vari‑
ceal bleeding. However, it remains unknown whether antibiotic 
prophylaxis is necessary to decrease infection, rebleeding 
and mortality. Inconsistent results from different randomized 
controlled trials (RCTs) (12‑15) have resulted in discrepan‑
cies in the reported data. Therefore, a systematic review and 
meta‑analysis was performed to integrate the data and provide 
guidance for gastroenterologists. The aim of the present study 
was to conduct a meta‑analysis that could elucidate the effects 

Antibiotic prophylaxis vs. on‑demand antibiotic 
treatment in endoscopic therapy for variceal hemorrhage: 

A meta‑analysis of randomized controlled trials
ZHANG TAO,  WENFENG PU,  YUHONG GUO,  YAN ZHANG,  XIAOBO TANG,  YING HOU,  

DAN HU,  JIAN CHEN,  JUAN YANG,  ZHONGHAN DU,  SIQING LI  and  SHENGGANG FENG

Department of Gastroenterology, Nanchong Central Hospital, The Second Clinical Medical College, 
North Sichuan Medical College, Nanchong, Sichuan 637000, P.R. China

Received September 19, 2023;  Accepted April 10, 2024

DOI: 10.3892/etm.2024.12629

Correspondence to: Dr Zhang Tao, Department of 
Gastroenterology, Nanchong Central Hospital, The Second Clinical 
Medical College, North Sichuan Medical College, 97 South 
Renming Road, Nanchong, Sichuan 637000, P.R. China
E‑mail: 305514271@qq.com

Key words: antibiotic prophylaxis, on‑demand, endoscopic therapy, 
variceal hemorrhage, meta‑analysis

https://www.spandidos-publications.com/10.3892/etm.2024.12629


TAO et al:  ANTIBIOTIC PROPHYLAXIS FOR ENDOSCOPIC THERAPY2

of antibiotic prophylaxis on infection, rebleeding and mortality 
in patients that had undergone endoscopic therapy for variceal 
hemorrhage.

Materials and methods

Eligibility of included studies. The PubMed (http://www.
ncbi.nlm./pubmed/), Embase (http://www.embase.com.) and 
Cochrane Library (http://www.cochranelibrary.com/www.
cochranelibrary.com/) databases were systematically searched 
between January 1959 and January 2024, to ensure that all 
relevant literature was covered. The search terms used were: 
(‘antibiotics’) AND (‘variceal bleeding’) AND (‘endoscopy’ or 
‘ligation’ or ‘sclerotherapy’ or ‘glue’).

Inclusion criteria. The comparative studies that explored the 
efficacy of antibiotic prophylaxis and on‑demand treatment 
for acute variceal bleeding following endoscopic therapy 
were included. In addition, only RCTs written in English were 
included. The patients in the prophylactic group received 
antibiotic treatment immediately following randomization. 
The antibiotics were used only when infection was suspected 
or established in the on‑demand antibiotic‑treatment group of 
patients. The main outcome was the incidence of infection. 
The secondary outcomes were the incidence of rebleeding, 
early rebleeding and mortality. The information on the 
method of randomization, usage of antibiotics and assessment 
of infection were necessary for the inclusion of the studies. 
Infection was defined as fever (>38˚C), hypothermia (<36˚C), 
unexpected hemodynamic instability, tachypnea, new onset of 
symptoms, such as cough, dysuria, septicemia, urinary tract 
infection, spontaneous peritonitis and pneumonia, or positive 
blood cultures. Rebleeding was defined as rebleeding within 
2 months after initial control of bleeding. Early bleeding was 
defined as rebleeding within 7 days after initial control of 
bleeding.

Exclusion criteria. The following exclusion criteria were used: 
i) Non‑comparative studies, retrospective studies and studies 
that were not RCTs; ii) patients with non‑acute esophageal 
or gastric variceal bleeding; iii) studies in which the patients 
did not receive prophylactic antibiotics following endoscopic 
therapy; iv) studies that did not include control groups with 
patients administered on‑demand antibiotics; and, v) studies 
that were not written in English.

Data extraction. Following the initial database search, three 
reviewers independently screened the titles and abstracts, 
and excluded irrelevant articles according to the inclusion 
and exclusion criteria. The number of studies excluded along 
with the reasons for exclusion were recorded. Following the 
initial examination of the titles and abstracts, the reviewers 
performed a thorough evaluation of the included articles and 
extracted information, including the leading author, country, 
publication year, baseline characteristics, endoscopic thera‑
peutic methods and outcome indicators involving incidence of 
infection, rebleeding, early rebleeding and mortality. In case 
of disagreement among the three reviewers, the final decision 
was made through discussion and a mutual consensus between 
the researchers was achieved.

Quality assessment of the included studies. Two researchers 
were assigned to assess the risk of bias in each trial using 
the Cochrane risk‑of‑bias assessment tool  (16). The seven 
domains of the Cochrane risk‑of‑bias assessment tool were 
used to assess the bias for each individual study as follows: 
Randomization, allocation, blind involvement of participants 
and study personnel, outcome assessors, incomplete outcome 
data, selection of reporting and other bias  (17). Following 
evaluation, the included studies were graded into three levels, 
including ‘unclear risk of bias’, ‘low risk of bias’, and ‘high 
risk of bias’.

Statistical analysis. RevMan software version 5.4.1 (The 
Nordic Cochrane Center; The Cochrane Collaboration, 2020) 
was used to analyze the extracted data. The χ2 test was used 
to qualitatively assess the heterogeneity of the groups (P<0.05 
was considered to indicate a statistically significant differ‑
ence) and the I2 statistic was used to quantitatively evaluate the 
overall heterogeneity of the studies (18).

A random‑effect model was used for all analyses as recom‑
mended in the Cochrane Handbook for Systematic Reviews of 
Interventions version 5.1.0 (https://training.cochrane.org/hand‑
book/archive/v5.1/). Odds ratios (ORs) and 95% confidence 
intervals (CIs) were used to present the summarized estimates 
for the dichotomous data (17). The effect estimates and 95% 
CIs of the individual and overall studies are shown in the 
figures using forest plots. A funnel plot was not drawn as the 
total number of studies assessed was <10 (19).

Results

Study retrieval and selection. Following the database search, 
a total of 695 studies were selected for the initial screening. 
Following removal of the duplicates, 287 studies were 
excluded and following searching of the titles and abstracts 
of the remaining 408 studies, 389 were excluded, leaving only 
19 studies. Following assessment of the full‑text articles for 
eligibility, 11 retrospective studies were excluded, leaving 
eight prospective studies for review. The qualitative and 
quantitative analyses were performed and four prospective 
RCTs were finally included in the present meta‑analysis. A 
flow diagram of the process of study retrieval and selection is 
shown in Fig. 1.

Characteristics of the eligible studies. Table I summarizes the 
basic characteristics of the four studies; they were published 
from 1994 to 2019, and the study sites were distributed across 
the following four areas: India, China, Taiwan and Australia. 
All of the included articles were RCTs. Across the four RCTs, 
326 patients were involved. The sample size of each trial ranged 
from 39 to 120 patients. There were no significant differences 
in sex ratio, mean age ± standard deviation and the Child‑Pugh 
score (12‑15) or grade (A/B/C) between the intervention and 
control groups in each RCT. All four studies included patients 
with acute variceal bleeding and those who had undergone 
endoscopic treatment including endoscopic variceal ligation 
(EVL), endoscopic variceal sclerotherapy (EVS) and tissue 
adhesive injection. The intervention methods of the antibiotic 
prophylaxis group in the included articles were divided into 
two types. One intervention method was: Intravenous ofloxacin 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  28:  340,  2024 3

(200 mg) q12H for 2 days, followed by oral ofloxacin (200 mg) 
q12H for 5 days following endoscopic therapy. The other inter‑
vention method was: Intravenous cefotiam (2 g) or intravenous 
cefotaxime (1 g) administered one day prior to endoscopic 
therapy. The intervention method for the on‑demand group in 
all four studies was: Antibiotics such as ofloxacin, cefotiam 
or cefotaxime were used only when infection was suspected 
or established. The outcomes of all four studies included the 

incidence of infection and mortality, and three of the included 
articles reported outcomes of the incidence of rebleeding. 
The assessments of infection, rebleeding and mortality are 
described in detail in the previous studies (12‑15).

Quality assessment of the included studies. All four studies 
were randomized using computer‑generated numbers and 
the data were reported in sealed envelopes for allocation 

Figure 1. Flow chat of study screening and selection.
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concealment. The patients were blinded for intervention in only 
one of the included studies via the administration of a 100 ml 
saline solution placebo (13). All four studies had assessed 
the incidence of infection and mortality (12‑15). Three of the 
included studies reported the incidence of rebleeding (12‑14). 
However, none of the four studies mentioned a blinded assess‑
ment of the outcomes, while the follow‑up outcomes of all the 
included patients in the four studies were reported. Publication 
years, countries and Endoscopic treatment methods are the 
unclear risks of bias. The quality assessment of four studies is 
shown in Fig. 2.

Incidence of infection. Of the four RCTs (12‑15), two studies 
reported that the comparisons between the on‑demand and 
the prophylactic antibiotics groups indicated lack of statistical 
significance (14,15). The other two studies reported that the 
prophylactic antibiotics group exhibited a lower incidence of 
infection compared with the on‑demand group (12,13). The 
four eligible RCTs involving 322 patients reported the inci‑
dence of infection following endoscopic therapy in patients 
with variceal bleeding. The meta‑analysis suggested that the 
incidence of infection in the prophylactic antibiotics group 
was significantly lower than that noted in the on‑demand 
group (OR, 0.31; 95% CI, 0.13‑0.74; P=0.009; I2, 33%; Fig. 3).

Incidence of rebleeding. Of the included articles, three studies 
involving 283 patients reported the incidence of rebleeding 
in the two groups following endoscopic therapy  (12‑14); 
two studies, including those by Agarwal  et  al  (14) and 
Liu  et al  (13), reported non‑significant differences in the 
incidence of rebleeding between the prophylactic antibi‑
otics and the on‑demand groups. However, Hou et al  (12) 
reported that the prophylactic antibiotics group exhibited a 
lower incidence of rebleeding than that of the on‑demand 
group. The meta‑analysis of the three included studies 
suggested that the prophylactic antibiotics group exhibited 
a lower incidence of rebleeding compared with that of the 
on‑demand group (OR, 0.37; 95% CI, 0.19‑0.72; P=0.003; I2, 
0%; Fig. 4). Furthermore, two studies reported the incidence 
of early rebleeding  (12,14). Early rebleeding was defined 
as rebleeding within 7 days following the initial control of 
bleeding (14). A meta‑analysis of the two studies, involving 
176 patients, suggested that compared with the on‑demand 
group, the prophylactic antibiotics group exhibited a lower 
incidence of early rebleeding (OR, 0.38; 95% CI, 0.15‑1.0; 
P=0.05; I2, 0%; Fig. 5).

Incidence of mortality. All four included studies, involving 
322 patients, reported the incidence of mortality. Liu et al (13) 
reported no deaths among the included patients, but the three 
other included studies reported a lack of statistically signifi‑
cant differences in the incidence of mortality between the two 
groups (12‑15). The meta‑analysis of the four included RCTs 
suggested absence of a statistically significant difference in 
the incidence of mortality between the two groups (OR, 0.92; 
95%CI, 0.45‑1.92; P=0.83; I2, 9%; Fig. 6).

Publication bias. In the present meta‑analysis, <10 articles 
were included. Therefore, a publication bias test based on a 
funnel plot was not conducted.

Discussion

Acute variceal bleeding, one of the most fatal complications 
of cirrhosis, is responsible for 34‑50% of cirrhosis‑related 
deaths (3,4,20). The management of acute variceal bleeding 
requires a multidisciplinary approach, including pharmacolog‑
ical, endoscopic and radiological interventions (21). Endoscopic 
therapy and antibiotic prophylaxis, as independent factors, 
improve the survival and decrease the mortality rate of patients 
with acute variceal bleeding  (22,23). Carbonell  et  al  (22) 
reported that the incidence of mortality in patients with acute 
variceal bleeding decreased from 42.6% in 1980 to 14.5% in 
2000 due to a combination of endoscopic therapy and antibiotic 
prophylaxis. In addition, for patients with Child‑Pugh class 
A, mortality decreased from 9% in 1980 to 0% in 2000 (22). 
Vuachet et al (24) reported similar results; specifically, endo‑
scopic therapy and antibiotic prophylaxis decreased the 6‑week 
mortality rate and the number of red cell unit transfusions. 
For esophageal variceal bleeding, endoscopic therapy includes 
EVL and EVS  (25,26), and tissue adhesive injections are 
recommended (27). Antibiotic use has been reported to reduce 
the mortality of patients with variceal bleeding (28); morover, 
it prevented infection in patients following endoscopic therapy. 
The UK guidelines and the Korean Association for the Study 
of the Liver clinical practice guidelines have recommended 
short‑term antibiotic use (covering gram‑negative antibiotic 
administration within 1 day) for patients with acute variceal 
bleeding (7,29). The European Society for Gastrointestinal 
Endoscopy guidelines have recommended intravenous 

Figure 2. Risk of bias of all four studies.
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erythromycin (250 mg) 30‑120 min prior to upper gastroin‑
testinal endoscopy in patients with suspected acute variceal 
bleeding, in the absence of contraindications (30). By contrast, 
Lee et al (31) reported that early prophylactic antibiotic use 
increased the risk of early bacterial infections, whereas it did 
not decrease the risk of infection in cases with acute variceal 
bleeding and it did not prevent infection in patients following 
endoscopic therapy. Bacteremia has also been reported 
in patients with variceal bleeding following endoscopic 

therapy (10,11). Ueno et al (32) reported that the prophylactic use 
of antibiotics was not associated with the 30‑day mortality rate 
or the frequency of nosocomial bacterial infections. However, 
Jia et al (8) reported a low risk of bacteremia in patients with 
varices following endoscopic therapy. Zuckerman  et al  (9) 
reported that bacteremia was not associated with endoscopic 
therapy in patients with variceal bleeding. Therefore, whether 
endoscopic therapy for patients with varices increases the rate 
of infection remains to be elucidated.

Figure 3. Meta‑analysis of incidence of infection.

Figure 4. Meta‑analysis of incidence of rebleeding.

Figure 5. Meta‑analysis of incidence of early rebleeding.

Figure 6. Meta‑analysis of incidence of mortality.
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Infection is one of the main factors associated with mortality 
following the cessation of initial variceal bleeding (33). Whether 
antibiotic prophylaxis is necessary to prevent bacterial infection and 
to decrease the mortality of patients with variceal bleeding following 
endoscopic therapy has been debated. Following a search and 
screening of the databases according to the inclusion and exclusion 
criteria, four RCTs were included (12‑15). All four studies reported 
different results involving the incidence of infection, rebleeding and 
mortality; two articles reported that antibiotic prophylaxis was not 
necessary for patients with variceal bleeding following endoscopic 
therapy due to the lack of significant difference in the incidence 
of infection between the antibiotic prophylaxis and the on‑demand 
groups (14,15). By contrast, the other two studies reported opposing 
results, which indicated that antibiotic prophylaxis was necessary 
to prevent bacterial infection in patients with variceal bleeding 
following endoscopic therapy (12,13). The present meta‑analysis 
with 322 patients from the four included studies suggested that 
antibiotic prophylaxis was necessary to prevent bacterial infec‑
tion due to the incidence of infection in the prophylactic antibiotic 
group being significantly lower than that noted in the on‑demand 
antibiotic group. Furthermore, the meta‑analysis of three included 
studies, involving 283 patients, suggested that antibiotic prophy‑
laxis decreased the incidence of rebleeding (12‑14). Based on a 
meta‑analysis of two included studies involving 176 patients, anti‑
biotic prophylaxis was also beneficial in decreasing the incidence 
of early rebleeding (12,14). However, with regard to the incidence 
of mortality, the present meta‑analysis of the four included RCTs, 
involving 322 patients, suggested that antibiotic prophylaxis did 
not decrease mortality in patients with variceal bleeding following 
endoscopic therapy. Inclusion and meta‑analysis of the four 
RCTs suggested that the interventions performed in the antibiotic 
prophylaxis group aided the prevention of bacterial infection and 
rebleeding in patients with variceal bleeding following endoscopic 
therapy compared with those in the on‑demand group; however, 
these interventions did not decrease mortality.

The methods of antibiotic prophylaxis differed among the 
four RCTs. The two antibiotic prophylaxis methods performed 
were as follows: Intravenous ofloxacin (200 mg q12H) for 
2 days, followed by oral ofloxacin (200 mg q12H) for 5 days 
after endoscopic therapy (12,14); intravenous cefotiam (2 g) or 
intravenous cefotaxime (1 g) administered 1 day prior to endo‑
scopic therapy (13,15). The application of prophylaxis for 7 days 
may influence the outcomes compared with administration of 
prophylaxis for 1 day. The UK guidelines recommend the 1‑day 
antibiotic prophylaxis program prior to endoscopic therapy 
(7), while two previous studies have used the 7‑day antibiotics 
prophylaxis program (34,35). The outcomes from antibiotics 
treatment occurring 7 days following endoscopic therapy and 
those occurring during prophylaxis antibiotics treatment on the 
first day prior to endoscopic therapy have not been reported 
for patients with variceal bleeding; a previous study evaluating 
these parameters provided certain clarifications, including Child 
Pugh grade A/B/C, regarding the optimal antibiotic prophylaxis 
treatment (34). An additional issue that remains to be elucidated 
is the type of antibiotic; two studies involving the prophylactic 
intravenous first‑generation cephalosporin, cefazolin and the 
third‑generation cephalosporin, ceftriaxone, for patients with 
variceal bleeding following endoscopic interventions reported 
contrasting results that third‑generation cephalosporin ceftri‑
axione was not superior to the first‑generation cephalosporin 

cefazolin (34,35). A previous study by Wu et al (34) that included 
713 patients reported that the third‑generation cephalosporin 
ceftriaxone exhibited improved efficacy compared with the 
first‑generation cephalosporin cefazolin in preventing infection 
and reducing rebleeding in patients who underwent endoscopic 
therapy for acute variceal bleeding. The UK guidelines also 
recommend the third‑generation cephalosporin ceftriaxione as 
antibiotic prophylaxis following endoscopic therapy for acute 
variceal bleeding (7). However, a previous study by Lee et al (35) 
that included 84 patients reported contradictory results, stating 
that the first‑generation cephalosporin cefazolin exhibited 
improved efficacy than that of the third‑generation cephalo‑
sporin ceftriaxone; notably, the latter was administered to a 
small sample size of patients. A clinical RCT or meta‑analysis 
with a larger sample size is required to determine the optimal 
prophylactic antibiotic following endoscopic intervention for 
patients with acute variceal bleeding.

The present meta‑analysis that included four RCTs with 
322 patients suggested that the antibiotic prophylaxis group 
exhibited a lower incidence of infection and rebleeding 
following endoscopic therapy in patients with variceal bleeding 
compared with that of the on‑demand group. However, no 
significant difference was noted in the mortality between the 
two groups. The current meta‑analysis discussed the effec‑
tiveness of prophylactic antimicrobial therapy and included 
a small number of studies, providing limited value for daily 
clinical practice. Notably, the different intervention methods 
of the prophylaxis group in the four studies may have affected 
the outcomes of the current meta‑analysis. High‑quality 
evidence obtained from RCTs or meta‑analyses with a larger 
sample size are required to elucidate the optimal prophylactic 
antibiotic and antibiotic prophylaxis method for patients with 
variceal bleeding following endoscopic therapy.
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