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Abstract

BACKGROUND

Esophageal variceal bleeding is a severe complication associated with liver cirrhosis
and typically necessitates endoscopic hemostasis. The current standard treatment is
endoscopic variceal ligation (EVL), and Western guidelines recommend antibiotic
prophylaxis following hemostasis. However, given the improvements in prognosis for
variceal bleeding due to advancements in the management of bleeding and treatments
of liver cirrhosis and the global concerns regarding the emergence of multidrug-
resistant bacteria, there is a need to reassess the use of routine antibiotic prophylaxis

after hemostasis.

AIM
Using multi-center data, we assessed the effectiveness of antibiotic prophylaxis in

patients treated with EVL.

METHODS




We conducted a 13-year observational study using the Tokushukai Medical Database
across 46 hospitals. Patients were divided into the prophylaxis group (received
antibiotics on admission or the next day) and the non-prophylaxis group (did not
receive antibiotics within one day of admission). The primary outcome was composed
of 6-week mortality, 4-week rebleeding, and 4-week spontaneous bacterial peritonitis
(SBP). The secondary outcomes were each individual result and in-hospital mortality. A
logistic regression with inverse probability of treatment weightingwas used. A
subgroup analysis was conducted based on the Child-Pugh classification to determine
its influence on the primary outcome measures, while sensitivity analyses for antibiotic

type and duration were also performed.

RESULTS

Among 980 patients, 790 were included (prophylaxis: 232, non-prophylaxis: 558). Most
patients were males under the age of 65 years with a median Child-Pugh score of 8. The
composite primary outcomes occurred in 11.2% of patients in the prophylaxis group
and 9.5% in the non-prophylaxis group. No significant differences in outcomes were
observed between the groups (adjusted odds ratio, 1.11; 95% confidence interval, 0.61-
1.99; P = 0.74). Individual outcomes such as 6-week mortality, 4-week rebleeding, 4-
week onset of SBP, and in-hospital mortality were not significantly different between
the groups. The primary outcome did not differ between the Child-Pugh

subgroups. Similar results were observed in the sensitivity analyses.

CONCLUSION
No significant benefit to antibiotic prophylaxis for esophageal variceal bleeding treated
with EVL was detected in this study. Global reassessment of routine antibiotic

prophylaxis is imperative.

Key Words: Esophageal varices; Endoscopic hemostasis; Antibiotic prophylaxis; Liver

cirrhosis; Inverse Probability of Treatment Weighting




Ichita C, Shimizu S, Goto T, Haruki U, Itoh N, Iwagami M, Sasaki A. Effectiveness of
antibiotic prophylaxis for acute esophageal variceal bleeding in patients with band

ligation: A large observational study. World | Gastroenterol 2023; In press

Core Tip: Esophageal variceal bleeding, a serious condition linked to liver cirrhosis,
often requires endoscopic treatment. While Western guidelines suggest using antibiotics
after endoscopic treatment, data from multiple Japanese medical centers indicates that
these prophylactic antibiotics are not associated with 6-week mortality. Based on
advances in cirrhosis treatment and the appropriate use of antibiotics, the necessity of

routine prophylaxis must be reassessed.

INTRODUCTION

Esophageal variceal bleeding is a life-threatening complication in patients with liver
cirrhosisl'l, and endoscopic hemostasisis recommended as the first line of
treatment(2]. However, even after hemostasis, there isa risk for infection, such
as spontaneous bacterial peritonitis (SBP)Pl,and rebleeding triggered by these
infectionsl*l, which are believed to contribute to increased mortality. While current
Japanese guidelines do not specifically address antibiotic prophylaxisl®], Western
guidelines advocate prophylaxis for all patients!7-101.

The rationale for this recommendation lies in several studies conducted prior to
the early 2000s that reported high mortality and an infection incidence of approximately
30% after upper gastrointestinal bleeding in patients with cirrhosisl112. However, since
the late 2000s, both mortality and infection incidence following upper gastrointestinal
bleeding have improved, to less than 10%['314l. This marked improvement can be
attributed to the shift in the recommended hemostatic method from endoscopic
injection sclerotherapy (EIS) to endoscopic variceal ligation (EVL) and advancements in
the treatment of liver cirrhosisl!5l. These findings have prompted a reconsideration of

the current practice of wuniversal antibiotic prophylaxis across all clinical




scenarios. Recent reports suggest that such prophylaxis may not always be necessary in
modern medical settings[16-191. Yet, these assertions are primarily from single-center
observational studies; no multi-center study has been conducted. Furthermore, the
inappropriate use of antibiotics, which has been identified as a cause of the emergence
of multidrug-resistant bacteria, is a global issuel2°l.

Therefore, we aim to reassess the effectiveness of antibiotic prophylaxis in
patients with esophageal variceal bleeding treated with EVL using data from several
centers in Japan over a 13-year period. It is crucial to conduct research in regions such
as Japan, where the guidelines do not recommend antibiotic prophylaxis after

hemostasis.

MATERIALS AND METHODS

Data Source

We conducted a retrospective cohort study usingdata from the Tokushukai
Medical Databasel?!l. The Tokushukai Group is a large hospital group in Japan that
manages more than 70 hospitals nationwide. 50 hospitals are part of the Diagnosis
Procedure Combination (DPC) system. The DPC system is a comprehensive payment
system used in Japan that is specifically designed for acute carel22l. The Tokushukai
Medical Database primarily comprises administrative claims data (specifically, DPC
inpatient data) and electronic health records, including inpatient and outpatient blood
test results.

The DPC inpatient data includes patient age; sex; admission and discharge
dates; discharge status; main diagnosis; comorbidities at admission; post-admission
complications recorded by the attending physician using the 2003 version of
the International Classification of Diseases, 10th revision (ICD-10) codes; types of
surgery (coded with original codes and text data in Japanese); and daily records of
drugs and procedures. A distinguishing feature of this database is its capacity to access
individual patient medical records.If necessary, additional details can

be retrieved directly from these records.




Patient Selection

This study included adult patients (aged =18 years) with esophageal variceal rupture
(ICD-10 code, 1850) who underwent emergency EVL on the day of admission
between January_2010 and December 2022. We excluded patients with the following
criteria: i) death occurring on the day of admission or the following day; ii) discharge on
the day of admission or the following day; iii) use of a mechanical ventilator on the day
of admission or the following day; iv) use of continuous renal replacement
therapy (CRRT) on the day of  admissi or the following day;
v) interventional radiology(IVR) or a surgical procedure on the day of admission or the
following day; and vi) the presence of symptoms of infection, defined as having a fever

of 238°C or obtaining a blood culture, on the day of admission or the following day.

Exposure

The patients were divided into prophylaxis and non-prophylaxis groups. The
prophylaxis group included patients who received antibiotics on the day of admission
or the following day. The non-prophylaxis group included patients who did not receive
antibiotics on the day of admission or the following day. The types of antibiotics
considered in this study are detailed in Table 1, and the duration of administration was

assumed to be at least one day.

Variables and outcomes

The variables included age, sex, the Barthel Index?4], the Child-Pugh Score and
classification/?»20], the Charlson Comorbidity Index[?”l, maintenance hemodialysis,
hepatic cancer, malignancy history, alcohol-related disease, and past varix history. We
also collected data regarding the use of antiplatelets, anticoagulants, nonsteroidal anti-
inflammatory drugs, corticosteroids, and acid blockers prescribed on the day of
admission or the following day or és part of the regular medications of the

patient. The antiplatelet drugs used included aspirin, ticlopidine, clopidogrel,




prasugrel, and ticagrelor. The anticoagulants prescribed included warfarin, dabigatran,
edoxaban, rivaroxaban, apixaban, and heparin. Laboratory data collected on the day of
admission included total bilirubin (mg/dL), aspartate aminotransferase (U/L), alanine
aminotransferase (U/L), albumin (g/dL), white blood cells (/pL), hemoglobin (g/dL),
platelets (103/pL), C-reactive protein (mg/dL), prothrombin time percentage (PT%,
%), activated partial thromboplastin time (APTT, sec), and estimated glomerular
filtration rate (eGFR, mL/min/1.73 m?). Additionally, the shock indexI?2° was
evaluated based on the vital signs at the hospital visit. The use of vasopressors and red
blood cell transfusion volume on the day of admission were also obtained. Age was
classified into four categories: <65, 65-74, 75-84, and 285 years. The Barthel Index was
categorized into three groups: 0 (worst disability), 1-99, and 100 (full ability). Albumin
and PT% were categorized according to the Child-Pugh score, while APTT was
categorized into <40, 40-60, and 260 sec groups. All variables, excluding the Child-Pugh
classification, were used as confounders in the analysis.

The primary outcome was a composite of 6-week mortality, 4-week rebleeding,
and 4-week onset of SBP. We defined rebleeding as cases when patients underwent
endoscopic hemostasis procedures, such as EVL, EIS, or endoscopic clip hemostasis,
two or more days after admission. To ensure outcome accuracy, all hemostatic
procedures were verified by an endoscopy specialist using electronic medical
records. Hemostatic procedures not associated with active bleeding but instead
performed for future bleeding prevention, such as EVL or EIS on other varices and
argon plasma coagulation, were excluded. SBP was defined as a polymorphonuclear
cell count of 250/puL or greaterl?, resulting from an ascites puncture performed
during hospitalization. The secondary outcomes were the individual assessments of 6-
week mortality, 4-week rebleeding, and 4-week onset of SBP each assessed
individually and in-hospital mortality. Also included were the 4-week onset
of Clostridium difficile infection (CDI) and the length of hospital stay. CDI was defined
as a diagnosis of ICD-10 code A047 on the second day of hospitalization or later and

patients who were administered metronidazole or oral vancomycin.




aatistical methods
Continuous variables are reported as median and interquartile range (IQR), and
categorical variables are reported as numbers and percentage. We determined the
average treatment effect on the treated-based inverse probgbility of treatment
weighting (IPTW) for the prophylaxis and non-prophylaxis groups. This method
minimizes the effects of selection bias and imbalances in patient backgrounds between
groupsl®.32. We estimated the propensity scores using logistic regression with
phylaxis as the dependent variable and all covariates as independent variables.
Balances in baseline variables were also examined using standardized mean differences
(SMD), and absolute values <10% were considered balanced.’ We used logistic
regression to evaluate odds ratios (ORs) with 95% confidence intervals (CIs) to assess
the outcomes for categorical variables. The length of hospital stay was evaluated using
negative binomial regression with rate ratios and 95%CI. The two-sided significance
level for all tests was set at p<0.05.

For the subgroup analysis, we evaluated the interaction effect between
antibiotic prophylaxis and the Child-Pugh classification on the primary composite
outcome. We employed logistic regression with IPTW, consistent with our primary
analysiSﬁ)proach, using a dataset derived from multiple imputation data.

We conducted several sensitivity analyses to determine the robustness of our
inferences. First, we performed both propensity score matching (PSM) to evaluate the
robustpess of the results. For PSM, we used the same propensity scores estimated for
IPTW. A one-to-one PSM was conducted utilizing the nearest neighbor method without
replacement. The caliper width was set at 20% of the standard deviation of the
propensity scores on the logit scale. Second, considering the absence of a clear
consensus on the duration of antibiotic prophylaxis, we narrowed the exposure period
to those who received antibiotics for 2 days, 3 days, and 4 or more days. For these
analyses, the exposure timing, definition of the control group, and analysis methods

were identical to those used in the main analysis. Third, there is no consensus regarding




the appropriate type of antibiotic for prophylaxis. Therefore, to investigate the potential
differences in outcomes due to the type of antibiotic used, we conducted a similar
analysis with only third-generation cephalosporins that have a relatively large amount
of evidence as the exposurelSl.

In this study, we handled missing data by making a missing at-random
assumption and conducting multiple imputations. These multiple imputations were
conducted using chained equations with 100 imputed datasets and 200 iterations (maxit
=200) for each dataset. The imputation models included all the variables of interest and
relevant auxiliary variables. Pooled estimates were obtained by combining the results
across the imputed datasets, according to Rubin's rules(3334].

All analyses were performed using R software (version 4.2.3; R Foundation for

Statistical Computing, Vienna, Austria).

Sample size calculation

Based on previous reports, we assumed the incidence of the composite outcome to be
15%I[", and the antibiotic administration rate to be >30%['°], expecting an unexposed to
exposure ratio of approximately 2:1. We set a clinically meaningful risk ratio of 0.5 that
was clinically meaningful for the composite outcomes associated with antibiotic
prophylaxis!'-¥l. With an a error of 0.05 and a power of 80%, using Kelsey's equation,
the required sample size was calculated to be 687 cases. Our sample size became larger

than the predefined sample size, as described in the Results section.

hics
This study was conducted in accordance with the Declaration of Helsinki. It was
reviewed and approved by the Institutional Review Board of the Future Medical
Research Centre Ethical Committee (Approval Number TGE02100-02).Due to the
observational nature of the study, where patient data were accessed from hospital
medical records without taking biological samples from patients, informed patient

consent was deemed not necessary. Instead, an opt-out method was used and provided




on the website of each hospital. This study is based on the Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE) guidelines.

RESULTS

A total of 980 patients from 46 hospitals who met the inclusion criteria were considered
for inclusion in this study (Table 2). After applying the exclusion criteria, 790 patients
were included in the analyses (Figure 1). The patients were divided into the
prophylaxis (1 = 232) and non-prophylaxis (n = 558) groups. Antibiotic prophylaxis was
administered in 29.4% of patients. Most patients were male, under 65 years of age, and
had a moderate level of functional independence (Table 3). The prevalence of alcohol-
related diseases, varix rupture history, and p-blocker usage were higher in the
prophylaxis group. Other variables, including the Child-Pugh score and the Charlson
Comorbidity Index, were similar between the groups. The antibiotics used in the
prophylaxis group included four carbapenems, 32 first-generation cephalosporins, 51 s-
generation cephalosporins, 106 third-generation cephalosporins, 14 beta-lactamase
inhibitor combinations, 22 macrolides, and three lincosamides. The mean duration of
administration was 4.59 days.

We ensured that the baseline conditions for the analysis were appropriately
met. Figure 2 illustrates the overlap of the propensity scores for each group within one
of the imputed datasets. The average C-statistic across the imputed datasets was 0.64. A
comparison of patient characteristics before and after IPTW, as indicated by SMD, is
outlined in Table 3 and Figure 3. Upon the application of IPTW, a balanced equivalence
in the baseline characteristics was achieved between the groups.

Table 4 presents the outcomes before and after adjustment using IPTW. Before
the applicatign of IPTW, the composite outcome was 11.2% in the prophylaxis group
and 9.5% in the non-prophylaxis group;the 6-week mortality was 6.9% in the
prephylaxis group and 6.6% in the non-prophylaxis group; the 4-week rebleeding was
3@3 in the prophylaxis group and 2.9% in the non-prophylaxis group; the 4-week onset

of SBP was 2.2% in the prophylaxis group and 1.8% in the non-prophylaxis group; and




the in-hospital mortality was 6.0% in the prophylaxis group and 6.1% in the non-
prophylaxis group. There was one case of CDI in each group (0.4% in the prophylaxis
group and 0.2% in the non-prophylaxis group). The median length of hospital stay was
8 days (IQR: 5-15 days) in the prophylaxis group and 9 days (IQR: 6-15 days) in the non-
prophylaxis group.

Upon adjustment with IPTW, no significant differences regarding the composite
outcome (adjusted OR, 1.11; 95%ClI, 0.61-1.99; P = 0.74), 6-week mortality (adjusted OR,
0.97; 95%Cl, 0.47-1.98; P = 0.93), 4-week rebleeding(adjusted OR, 1.21; 95%CI, 0.45-3.24;
P = 0.71), 4-week onset of SBP (adjusted OR, 1.20; 95%CI, 0.32-4.46; P = 0.78), or in-
hospital mortality (adjusted OR, 0.89; 95%CI_0.42-1.87; P = 0.75) were observed
between the groups. The length of hospital stay did not significantly differ between the
groups (adjusted rate ratio, 1.06; 95%ClI, 0.94-1.19; P = 0.34).

In the subgroup analysis, there was no significant interaction between antibiotic
prophylaxis and the Child-Pugh classification in relation to the composite outcome (p
for interaction = 0.32) (Table 5).

The sensitivity analyses of the PSM results and antibiotic duration were

consistent with the main analysis (Table 6 and Figures 4 and 5).

DISCUSSION
This long-term observational study involving data from 46 acute care hospitals across
Japan explored the effectiveness of antibiotic prophylaxis for esophageal variceal
bleeding treated with EVL. No benefits of antibiotic prophylaxis in terms of composite
outcomes, individual outcomes, or length of hospital stay were identified. The
effectiveness of prophylactic antibiotics in terms of composite outcomes were not
significantly affected by the Child-Pugh classification.

Our findings underscore the diminishing role of universal prophylactic
antibiotic administration in modern medical settings, aligning more closely with post-
2010 results rather than older data. In previous randomized controlled trials (RCTs)

regarding variceal bleeding that were conducted until the early 2000s, early mortality




ranged from 4.2- 24%, rebleeding from 12.5-20.8%, and the incidence of infections from
15-27.5%13531. In contrast, only one RCT reported after 2010 reported early mortality
and rebleeding rates of 3% and 85%, though the infection incidence was not
assessed[13l. In this study, the 6-week mortality was 6.7%, 4-week rebleeding was 3.2%,
and 4-week onset of SBP was 1.9%, highlighting the improving treatment
outcomes. Although a 2022 systematic review advocated for the benefits of antibiotic
prophylaxisl!5l, it included one RCT published after 2010. The majority of studies
reported after 2010 are single-center observational studies, indicating a lack of strong
evidence supporting the routine use of antibiotics prophylaxis in contemporary
settings.

The outcomes of our study can be understood through several underlying
factors. The predominant role of EVL in hemostasis may have played a significant role
in our findings. EVL results in fewer complications compared to EIS and offers superior
control over bleeding[71040. While several previous RCTs incorporated EIS into their
hemostatic protocolsi3-39, both the current investigation and the most recent RCT
focused exclusively on EVLI3] This shift in technique may have contributed to a
reduced incidence of complications, such as infections, suggesting that the need for
antibiotic prophylaxis may be less pronounced when EVL is conducted. Additionally,
the exclusion criteria of this study provides context. Severe patients, including those
requiring mechanical ventilation, CRRT, IVR, or surgery, may have an inherent
increased need for antibiotics. By design, our study did not include these patients.
When patients that have effectively undergone hemostasis using EVL are included and
critically ill patients are excluded, prophylactic antibiotics may not be as crucial as
previously reported.

In recent years, a study evaluating the effectiveness of antibiotic prophylaxis for
patients with cirrhosis presenting with upper gastrointestinal bleeding was conducted
in Japan using a large-scale database.l*1l In this study, the rate of antibiotic prophylaxis
was 11.5%. Although the target was upper gastrointestinal bleeding and not esophageal

variceal bleeding, it is evident that prophylactic antibiotics are not typically




administered to patients with cirrhosis in Japan. Similar to our findings, their study did
not demonstrate the utility of prophylactic antibiotic administration.l!lIt may be
necessary to reconsider the use of antibiotic prophylaxis for patients with cirrhosis in
current medical settings.

Patient groups for whom prophylactic antibiotic administration is beneficial
must be identified. In our study, we demonstrated only the average effect across the
population, showing that antibiotic prophylaxis is not effective. Previous reports have
indicated differences in effectiveness based on the severity of the Child-Pugh
classification. Although we conducted a subgroup analysis evaluating the interaction
effect between antibiotic prophylaxis and the Child-Pugh classification on the primary
composite outcome, we did not observe any significant results. Machine learning
models are currently being used to identify heterogenous effects of antibiotic
prophylaxisl >4l Using such methods, patients who would benefit from antibiotic
prophylaxis must be identified.

Our study has several strengths. First, focusing on esophageal varix bleeding,
this study was conducted on an unprecedented scale and comprised a wide sample of
patients from multiple hospitals throughout various regions in Japan, bolstering the
generalizability of our results. Second, The Tokushukai Medical Database offered us
unique access to detailed blood test data, vital signs, and the ability to review electronic
medical records in-depth. This enabled us to conduct a study with heightened

precision.

a‘nitatio ns

However, this study is not without limitations. First, due to the observational nature of
this study, potential unmeasured confounding factors may be present. Second, the
study is based on data from Japanese individuals, which limits the ability to generalize
these findings to other populations or races. Third, the study encompasses only
hemostasis information resulting from EVL. Patients who received treatment solely

through EIS, balloon tamponade, or pharmacological interventions, such as




somatostatin and vasopressors, were excluded. Fourth, treatment approaches differ
notably between Japan and other countries. In Japan, a transjugular intrahepatic
portosystemic shunt is not covered by insurance; therefore, no patients in our study

received this treatment.

CONCLUSION

Our extensive multicenter observational study did not find a significant benefit to
antibiotic prophylaxis for esophageal variceal bleeding treated with EVL. These results
suggest that the recommendation for routine prophylactic antibiotic administration may
not be universally essential. With growing concerns regarding the misuse of antibiotics
and the consequential emergence of multidrug-resistant bacteria combined with
advances in the management of esophageal variceal bleeding and liver cirrhosis
treatment, there is a compelling need for a global reassessment of the necessity of

routine antibiotic prophylaxis.

ARTICLE HIGHLIGHTS

Research background

Esophageal variceal bleeding is a critical complication of liver cirrhosis, typically
managed with endoscopic variceal ligation (EVL). While current Western guidelines
advocate antibiotic prophylaxis post-EVL, the evolving landscape of cirrhosis
management and the rise of multidrug-resistant bacteria necessitate a reevaluation of

this practice.

Research motivation

This study was motivated by the need to reassess the effectiveness of routine antibiotic
prophylaxis following EVL in the context of improved cirrhosis treatments and
increasing concerns regarding antibiotic resistance. Understanding the real-world
impact of prophylaxis on patient outcomes may result in a more effective and judicious

use of antibiotics.




Research objectives

The primary objective was to evaluate the effectiveness of antibiotic prophylaxis in
patients undergoing EVL for esophageal variceal bleeding using data from multiple
Japanese medical centers. The study aimed to provide evidence that could influence

future guideline recommendations and clinical practice.

Research methods

A 13-year observational study was conducted, using the Tokushukai Medical Database
that includes data from 46 hospitals. Patients were categorized into prophylaxis and
non-prophylaxis groups, with outcomes measured in terms of mortality, rebleeding,
and spontaneous bacterial peritonitis. Logistic regression, inverse probability of

treatment weighting, subgroup, and sensitivity analyses were conducted.

Research results

The study included 790 patients, and the primary outcomes were not significantly
different between the prophylaxis and non-prophylaxis groups. These findings
persisted across various subgroups and sensitivity analyses, suggesting that routine

antibiotic prophylaxis post-EVL may not be beneficial.

Research conclusions

These findings challenge the current standard of prescribing antibiotics following EVL
for esophageal variceal bleeding. They highlight the need for a global reassessment of
this practice, considering the minimal impact on patient outcomes and the broader

context of antibiotic resistance.

Research perspectives
Future research should focus on personalized approaches to antibiotic use in cirrhosis-

related procedures, considering patient-specific factors and broader public health




concerns. Further studies should also explore alternative strategies for managing

complications in patients with liver cirrhosis.
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