Name of Journal: World Journal of Gastroenterology
Manuscript NO: 88661
Manuscript Type: ORIGINAL ARTICLE

Retrospective Cohort Study
Effectiveness of antibiotic prophylaxis for acute esophageal variceal bleeding in patients with band ligation: A large observational study

Ichita C el al. Antibiotics prophylaxis for AVB

Chikamasa Ichita, Sayuri Shimizu, Tadahiro Goto, Uojima Haruki, Naoya Itoh, Masao Iwagami, Akiko Sasaki

Chikamasa Ichita, Uojima Haruki, Akiko Sasaki, Gastroenterology Medicine Center, Shonan Kamakura General Hospital, Kamakura 2478533, Japan

Chikamasa Ichita, Sayuri Shimizu, Tadahiro Goto, Department of Health Data Science, Yokohama City University, Kanagawa, Yokohama 2360027, Japan

Tadahiro Goto, TXP Research, TXP Medical Co., Ltd., Tokyo, Chiyoda-ku 1010042, Japan

Tadahiro Goto, Department of Clinical Epidemiology and Health Economics, School of Public Health, The University of Tokyo, Tokyo, Bunkyo-ku 1130033, Japan

Uojima Haruki, Department of Genome Medical Sciences Project, Research Institute, National Center for Global Health and Medicine, Chiba, Ichikawa 2728516, Japan

Naoya Itoh, Division of Infectious Diseases, Aichi Cancer Center, Aichi, Nagoya 4648681, Japan

Masao Iwagami, Department of Health Services Research, Institute of Medicine, University of Tsukuba, Chiba, Urayasu 2790021, Japan

Author contributions: Ichita C contributed to the planning, data gathering, literature review, writing, and editing of the manuscript; Shimizu S and Goto T are experts in epidemiological statistics and were responsible for the causal inference and analysis methods in this study; Haruki U is an expert in portal hypertension and provided appropriate advice in this field, whereas Itoh N is an expert in infectious diseases and offered appropriate guidance on antibiotics; Iwagami M is a leading expert in the use of the Tokushukai medical database and provided appropriate advice on its utilization; Sasaki A is an expert in endoscopy and provided valuable advice on endoscopic hemostasis; all the authors reviewed the various drafts of the manuscript and have approved the final version of the manuscript.

Corresponding author: Chikamasa Ichita, MD, Chief, Gastroenterology Medicine Center, Shonan Kamakura General Hospital, No. 1370-1 Okamoto, Kamakura 2478533, Japan. ichikamasa@yahoo.co.jp

Received: October 4, 2023
Revised: December 12, 2023
[bookmark: OLE_LINK1198][bookmark: OLE_LINK1199][bookmark: OLE_LINK1218][bookmark: OLE_LINK1222][bookmark: OLE_LINK1223][bookmark: OLE_LINK1224][bookmark: OLE_LINK1227][bookmark: OLE_LINK1231][bookmark: OLE_LINK1242][bookmark: OLE_LINK1246][bookmark: OLE_LINK6798][bookmark: OLE_LINK6803][bookmark: OLE_LINK6812][bookmark: OLE_LINK6816][bookmark: OLE_LINK6827][bookmark: OLE_LINK6830][bookmark: OLE_LINK6834][bookmark: OLE_LINK7116][bookmark: OLE_LINK7119][bookmark: OLE_LINK7122][bookmark: OLE_LINK7125][bookmark: OLE_LINK7126][bookmark: OLE_LINK7127][bookmark: OLE_LINK7130][bookmark: OLE_LINK7133][bookmark: OLE_LINK7140][bookmark: OLE_LINK7141][bookmark: OLE_LINK7145][bookmark: OLE_LINK7150][bookmark: OLE_LINK7153][bookmark: OLE_LINK7158][bookmark: OLE_LINK7167][bookmark: OLE_LINK7173][bookmark: OLE_LINK7212][bookmark: OLE_LINK7213][bookmark: OLE_LINK7214][bookmark: OLE_LINK7215][bookmark: OLE_LINK7223][bookmark: OLE_LINK7228][bookmark: OLE_LINK7235][bookmark: OLE_LINK7236][bookmark: OLE_LINK7237][bookmark: OLE_LINK7240][bookmark: OLE_LINK7243][bookmark: OLE_LINK7250][bookmark: OLE_LINK7253][bookmark: OLE_LINK7513][bookmark: OLE_LINK7515][bookmark: OLE_LINK7522][bookmark: OLE_LINK7527][bookmark: OLE_LINK7530][bookmark: OLE_LINK7547][bookmark: OLE_LINK7550][bookmark: OLE_LINK7555][bookmark: OLE_LINK7559][bookmark: OLE_LINK7561][bookmark: OLE_LINK7608][bookmark: OLE_LINK7611][bookmark: OLE_LINK7616][bookmark: OLE_LINK7625][bookmark: OLE_LINK7628][bookmark: OLE_LINK7629][bookmark: OLE_LINK7633][bookmark: OLE_LINK7641][bookmark: OLE_LINK7568][bookmark: OLE_LINK7569][bookmark: OLE_LINK7571][bookmark: OLE_LINK7574][bookmark: OLE_LINK7577][bookmark: OLE_LINK7578][bookmark: OLE_LINK7583][bookmark: OLE_LINK7587][bookmark: OLE_LINK7597][bookmark: OLE_LINK7602][bookmark: OLE_LINK7605][bookmark: OLE_LINK7606][bookmark: OLE_LINK7610][bookmark: OLE_LINK7617][bookmark: OLE_LINK7620][bookmark: OLE_LINK7635][bookmark: OLE_LINK7649][bookmark: OLE_LINK7652][bookmark: OLE_LINK7655][bookmark: OLE_LINK7665][bookmark: OLE_LINK7684][bookmark: OLE_LINK7687][bookmark: OLE_LINK7690][bookmark: OLE_LINK7691][bookmark: OLE_LINK7695][bookmark: OLE_LINK7699][bookmark: OLE_LINK7703][bookmark: OLE_LINK7706][bookmark: OLE_LINK7709][bookmark: OLE_LINK7710][bookmark: OLE_LINK7711][bookmark: OLE_LINK7712][bookmark: OLE_LINK7718][bookmark: OLE_LINK7721][bookmark: OLE_LINK7722][bookmark: OLE_LINK7730][bookmark: OLE_LINK7734][bookmark: OLE_LINK7735][bookmark: OLE_LINK7736][bookmark: OLE_LINK7737][bookmark: OLE_LINK7738][bookmark: OLE_LINK7796][bookmark: OLE_LINK7799][bookmark: OLE_LINK7809][bookmark: OLE_LINK7813][bookmark: OLE_LINK7820][bookmark: OLE_LINK7836][bookmark: OLE_LINK7837][bookmark: OLE_LINK7838][bookmark: OLE_LINK7839][bookmark: OLE_LINK7843][bookmark: OLE_LINK7846][bookmark: OLE_LINK7867][bookmark: OLE_LINK7873][bookmark: OLE_LINK7876][bookmark: OLE_LINK7879][bookmark: OLE_LINK7882][bookmark: OLE_LINK7885][bookmark: OLE_LINK7894][bookmark: OLE_LINK7895][bookmark: OLE_LINK7896][bookmark: OLE_LINK7897][bookmark: OLE_LINK7903][bookmark: OLE_LINK7910][bookmark: OLE_LINK7977][bookmark: OLE_LINK7979][bookmark: OLE_LINK7983][bookmark: OLE_LINK7984][bookmark: OLE_LINK7985][bookmark: OLE_LINK1][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK10][bookmark: OLE_LINK14][bookmark: OLE_LINK17][bookmark: OLE_LINK2][bookmark: OLE_LINK11][bookmark: OLE_LINK20][bookmark: OLE_LINK29][bookmark: OLE_LINK34][bookmark: OLE_LINK37][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK46][bookmark: OLE_LINK49][bookmark: OLE_LINK54][bookmark: OLE_LINK57][bookmark: OLE_LINK60][bookmark: OLE_LINK65][bookmark: OLE_LINK72][bookmark: OLE_LINK75][bookmark: OLE_LINK82][bookmark: OLE_LINK84][bookmark: OLE_LINK87][bookmark: OLE_LINK100][bookmark: OLE_LINK103][bookmark: OLE_LINK108][bookmark: OLE_LINK174][bookmark: OLE_LINK177][bookmark: OLE_LINK184][bookmark: OLE_LINK187][bookmark: OLE_LINK192][bookmark: OLE_LINK197][bookmark: OLE_LINK200][bookmark: OLE_LINK203][bookmark: OLE_LINK208][bookmark: OLE_LINK216][bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK226][bookmark: OLE_LINK229][bookmark: OLE_LINK233][bookmark: OLE_LINK236][bookmark: OLE_LINK241][bookmark: OLE_LINK1310][bookmark: OLE_LINK1318][bookmark: OLE_LINK1324][bookmark: OLE_LINK1325][bookmark: OLE_LINK1326][bookmark: OLE_LINK6][bookmark: OLE_LINK12][bookmark: OLE_LINK19][bookmark: OLE_LINK26][bookmark: OLE_LINK30][bookmark: OLE_LINK36][bookmark: OLE_LINK42][bookmark: OLE_LINK51][bookmark: OLE_LINK61][bookmark: OLE_LINK66][bookmark: OLE_LINK74][bookmark: OLE_LINK78][bookmark: OLE_LINK1219][bookmark: OLE_LINK1220][bookmark: OLE_LINK1232][bookmark: OLE_LINK1233][bookmark: OLE_LINK1236][bookmark: OLE_LINK1241][bookmark: OLE_LINK1247][bookmark: OLE_LINK1255][bookmark: OLE_LINK1261][bookmark: OLE_LINK1267][bookmark: OLE_LINK1269][bookmark: OLE_LINK1272][bookmark: OLE_LINK1282][bookmark: OLE_LINK1286][bookmark: OLE_LINK1290][bookmark: OLE_LINK1291][bookmark: OLE_LINK1295][bookmark: OLE_LINK1299][bookmark: OLE_LINK1303][bookmark: OLE_LINK1307][bookmark: OLE_LINK1311][bookmark: OLE_LINK1327][bookmark: OLE_LINK1334][bookmark: OLE_LINK1340][bookmark: OLE_LINK1342][bookmark: OLE_LINK1346][bookmark: OLE_LINK1352][bookmark: OLE_LINK3][bookmark: OLE_LINK15][bookmark: OLE_LINK23][bookmark: OLE_LINK21][bookmark: OLE_LINK1225][bookmark: OLE_LINK1237][bookmark: OLE_LINK1244][bookmark: OLE_LINK1250][bookmark: OLE_LINK1251][bookmark: OLE_LINK1256][bookmark: OLE_LINK1262][bookmark: OLE_LINK1273][bookmark: OLE_LINK1276][bookmark: OLE_LINK1283][bookmark: OLE_LINK1292][bookmark: OLE_LINK1297][bookmark: OLE_LINK1301][bookmark: OLE_LINK1305][bookmark: OLE_LINK1312][bookmark: OLE_LINK1315][bookmark: OLE_LINK1319][bookmark: OLE_LINK1322][bookmark: OLE_LINK7224][bookmark: OLE_LINK7229][bookmark: OLE_LINK7234][bookmark: OLE_LINK7241][bookmark: OLE_LINK7244][bookmark: OLE_LINK7259][bookmark: OLE_LINK7264][bookmark: OLE_LINK7268][bookmark: OLE_LINK7274][bookmark: OLE_LINK7279][bookmark: OLE_LINK7288][bookmark: OLE_LINK7290][bookmark: OLE_LINK7295][bookmark: OLE_LINK7300][bookmark: OLE_LINK7301][bookmark: OLE_LINK7302][bookmark: OLE_LINK7305][bookmark: OLE_LINK7308][bookmark: OLE_LINK7618]Accepted: January 3, 2024
Published online: 

 2 / 2

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
To evaluate the effectiveness of antibiotic prophylaxis in patients treated for 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-wk mortality, 4-wk rebleeding, and 4-wk spontaneous bacterial peritonitis (SBP). The secondary outcomes were each individual result and in-hospital mortality. A logistic regression with inverse probability of treatment weighting was 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-wk mortality, 4-wk rebleeding, 4-wk 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.
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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-wk 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 cirrhosis[1], and endoscopic hemostasis is recommended as the first line of treatment[2]. However, even after hemostasis, there is a risk for infection, such as spontaneous bacterial peritonitis (SBP)[3], and rebleeding triggered by these infections[4,5], which are believed to contribute to increased mortality. While current Japanese guidelines do not specifically address antibiotic prophylaxis[6], western guidelines advocate prophylaxis for all patients[7-10].
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 cirrhosis[11,12]. However, since the late 2000s, both mortality and infection incidence following upper gastrointestinal bleeding have improved, to less than 10%[13,14]. 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 cirrhosis[15]. These findings have prompted a reconsideration of the current practice of universal antibiotic prophylaxis across all clinical scenarios. Recent reports suggest that such prophylaxis may not always be necessary in modern medical settings[16-19]. 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 issue[20].
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 using data from the Tokushukai medical database[21]. 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 care[22,23]. 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 bleeding (ICD-10 code, I850) who underwent emergency EVL on the day of admission between January 2010 and December 2022. We excluded patients with the following criteria: (1) Death occurring on the day of admission or the following day; (2) discharge on the day of admission or the following day; (3) use of a mechanical ventilator on the day of admission or the following day; (4) use of continuous renal replacement therapy (CRRT) on the day of admission or the following day; (5) interventional radiology (IVR) or a surgical procedure on the day of admission or the following day; and (6) the presence of symptoms of infection, defined as having a fever of ≥ 38 ℃ 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[24], the Child-Pugh Score and classification[25,26], the Charlson Comorbidity Index[27], maintenance hemodialysis, hepatic cancer, malignancy history, alcohol-related disease, and past varix rupture 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 as 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 (/μL), hemoglobin (g/dL), platelets (103/μL), 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 m2). Additionally, the shock index[28,29] 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, 65-4, 75-84, and ≥ 85 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 ≥ 60 sec groups. All variables, excluding the Child-Pugh classification, were used as confounders in the analysis.
The primary outcome was a composite of 6-wk mortality, 4-wk rebleeding, and 4-wk 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/μL or greater[7,30], resulting from an ascites puncture performed during hospitalization. The secondary outcomes were the individual assessments of 6-wk mortality, 4-wk rebleeding, and 4-wk onset of SBP each assessed individually and in-hospital mortality. Also included were the 4-wk 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.

Statistical 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 probability 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 groups[31,32]. We estimated the propensity scores using logistic regression with prophylaxis as the dependent variable and all covariates as independent variables. Balances in baseline variables were also examined using standardized MD (SMD), and absolute values < 10% were considered balanced[33]. 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 analysis approach, 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 robustness 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 d, 3 d, 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 exposure[8].
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[33,34].
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%[11], and the antibiotic administration rate to be > 30%[16], 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[11,35]. With an α 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.

Ethics
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: No. 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 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 (n = 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 β-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 (Table 4). The mean duration of administration was 4.59 d.
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 5 presents the outcomes before and after adjustment using IPTW. Before the application of IPTW, the composite outcome was 11.2% in the prophylaxis group and 9.5% in the non-prophylaxis group; the 6-wk mortality was 6.9% in the prophylaxis group and 6.6% in the non-prophylaxis group; the 4-wk rebleeding was 3.9% in the prophylaxis group and 2.9% in the non-prophylaxis group; the 4-wk 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 d (IQR: 5-15 d) in the prophylaxis group and 9 d (IQR: 6-15 d) in the non-prophylaxis group.
Upon adjustment with IPTW, no significant differences regarding the composite outcome (adjusted OR, 1.11; 95%CI, 0.61-1.99; P = 0.74), 6-wk mortality (adjusted OR, 0.97; 95%CI, 0.47-1.98; P = 0.93), 4-wk rebleeding(adjusted OR, 1.21; 95%CI, 0.45-3.24; P = 0.71), 4-wk 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%CI, 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 6). The sensitivity analyses of the PSM results and antibiotic duration were consistent with the main analysis (Table 7, 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%[35-39]. In contrast, only one RCT reported after 2010 reported early mortality and rebleeding rates of 3% and 8.5%, though the infection incidence was not assessed[13]. In this study, the 6-wk mortality was 6.7%, 4-wk rebleeding was 3.2%, and 4-wk onset of SBP was 1.9%, highlighting the improving treatment outcomes. Although a 2022 systematic review advocated for the benefits of antibiotic prophylaxis[15], 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[7-10,40]. While several previous RCTs incorporated EIS into their hemostatic protocols[35-39], both the current investigation and the most recent RCT focused exclusively on EVL[13]. 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[41]. 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[41]. It may be necessary to reconsider the use of antibiotic prophylaxis for patients with cirrhosis in current medical settings. 
Our study’s findings, revealing no significant benefit of antibiotic prophylaxis in patients undergoing EVL for esophageal variceal bleeding, add to the critical discourse on the necessity of routine prophylactic antibiotics in an era marked by escalating antibiotic resistance. The burgeoning concern for multidrug-resistant organisms (MDROs), highlighted in recent studies, is a pressing global health issue[42-44]. While our study did not directly address the intricate challenge of MDROs' emergence, the results imply that indiscriminate antibiotic use might not offer additional advantages and may, in fact, exacerbate the threat of antibiotic resistance. Consequently, our findings support a prudent reevaluation of antibiotic prophylaxis practices, especially in clinical environments where MDRO prevalence is high, and the risk of fostering resistance is a significant worry.
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 prophylaxis[45-47]. 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.

Limitations
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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Figure 1 Patient flow.
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Figure 2 Overlap of the propensity score of each group.
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Figure 3 Comparison of standardized mean difference before and after inverse probability of treatment weighting. IPTW: Inverse probability of treatment weighting; RBC: Red blood cell; eGFR: Glomerular filtration rate; NSAIDs: Nonsteroidal anti-inflammatory drugs.
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Figure 4 Comparison of standardized mean difference before and after propensity score matching. RBC: Red blood cell; eGFR: Glomerular filtration rate; NSAIDs: Nonsteroidal anti-inflammatory drugs.
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Figure 5 Forest plot of sensitivity analysis. IPTW: Inverse probability of treatment weighting.
[bookmark: _Hlk152852008]Table 1 List of antibiotics included in the study
	[bookmark: _Hlk136858398]ATC Code
	Type of antibiotics

	J01AA
	Tetracyclines

	J01BA
	Amphenicols

	J01BB
	Macrolides, lincosamides and streptogramins

	J01CA
	Penicillins with extended spectrum

	J01CE
	Beta-lactamase sensitive penicillins

	J01CF
	Beta-lactamase resistant penicillins

	J01CR
	Combinations of penicillins, including beta-lactamase inhibitors

	J01DB
	First-generation cephalosporins

	J01DC
	Second-generation cephalosporins

	J01DD
	Third-generation cephalosporins

	J01DE
	Fourth-generation cephalosporins

	J01DF
	Monobactams

	J01DH
	Carbapenems

	J01EA
	Trimethoprim and derivatives

	J01EB
	Short-acting sulfonamides

	J01EC
	Intermediate-acting sulfonamides

	J01ED
	Long-acting sulfonamides

	J01EE
	Combinations of sulfonamides

	J01FA
	Macrolides

	J01FF
	Lincosamides

	J01FG
	Streptogramins

	J01GA
	Aminoglycoside antibacterials

	J01GB
	Other aminoglycosides

	J01MA
	Fluoroquinolones

	J01MB
	Other quinolone antibacterials

	J01XA
	Glycopeptide antibacterials

	J01XB
	Polymyxins

	J01XC
	Steroid antibacterials

	J01XD
	Imidazole derivatives

	J01XE
	Nitrofuran derivatives

	J01XX
	Other antibacterials


[bookmark: _Hlk152852019]ATC: Anatomical Therapeutic Chemical.
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Table 2 Distribution of facilities and cases across regions in Japan
	Region
	Number of facilities
	Number of cases

	Hokkaido
	3
	34

	Tohoku
	2
	5

	Kanto
	14
	319

	Chubu
	5
	32

	Kansai
	11
	359

	Chugoku/Shikoku
	1
	2

	Kyushu/Okinawa
	10
	229



[bookmark: _Hlk152852041]Table 3 Patient characteristics, missing data, and comparison of standardized mean differences, n (%)
	[bookmark: _Hlk135698913]
	Before Imputation 
and IPTW
	After imputation and IPTW

	
	prophylactic groups
	Non-prophylactic groups
	
	
	

	Variables
	(n = 232)
	(n = 558)
	Missing (%)
	SMD
	SMD

	Age, yr
	
	
	0
	0.18
	0.01

	< 65
	143 (61.6)
	322 (57.7)
	
	
	

	65-74
	46 (19.8)
	144 (25.8)
	
	
	

	75-84
	39 (16.8)
	75 (13.4)
	
	
	

	≥ 85
	4 (1.7)
	17 (3.0)
	
	
	

	Sex, male (%)
	181 (78.0)
	417 (74.7)
	0
	0.08
	< 0.01

	Barthel index (%)
	
	
	17.3
	0.10
	< 0.01

	100 (full activity)
	83 (40.5)
	186 (41.5)
	
	
	

	1-99
	63 (30.7)
	152 (33.9)
	
	
	

	0 (worst disability) 
	59(28.8)
	110 (24.6)
	
	
	

	Child-Pugh score, median (IQR)
	8 (7-10)
	8 (7-10)
	12.9
	0.05
	0.03

	Child-Pugh classification (%)
	
	
	10.1
	0.06
	0.02

	A
	42 (19.4)
	93 (18.8)
	
	
	

	B
	110 (50.9)
	266 (53.7)
	
	
	

	C
	64 (29.6)
	136 (27.5)
	
	
	

	[bookmark: _Hlk152852821][bookmark: _Hlk152852801]Presence of ascites
	67 (31.0)
	171 (34.5)
	
	
	

	Comorbidities
	
	
	
	
	

	Charlson Comorbidity Index, median (IQR)
	4 (4-5)
	4 (4-5)
	0
	< 0.01
	0.01

	Maintenance hemodialysis
	3 (1.3)
	8 (1.4)
	0
	0.01
	< 0.01

	Hepatic cancer
	38 (16.4)
	112 (20.1)
	0
	0.10
	< 0.01

	Malignant tumor history
	29 (12.5)
	65 (11.6)
	0
	0.03
	< 0.01

	Alcohol-related disease
	127 (54.7)
	246 (44.1)
	0
	0.21
	< 0.01

	Past varix rupture history
	63 (27.2)
	127 (22.8)
	0
	0.10
	< 0.01

	Medications
	
	
	
	
	

	Antiplatelet use
	3 (1.3)
	8 (1.4)
	0
	0.01
	< 0.01

	Anticoagulant use
	5 (2.2)
	8 (1.4)
	0
	0.05
	< 0.01

	NSAIDs use
	5 (2.2)
	13 (2.3)
	0
	0.01
	[bookmark: _Hlk147049091]< 0.01

	Corticosteroid use
	0 (0)
	2 (0.4)
	0
	0.09
	< 0.01

	Acid blocker use
	214 (91.8)
	486 (87.1)
	0
	0.15
	< 0.01

	β blocker use
	26 (11.2)
	26 (4.7)
	0
	0.24
	< 0.01

	Laboratory data
	
	
	
	
	

	Total bilirubin, mg/dL, median (IQR)
	1.6 (1-2.9)
	1.4 (0.9-2.4)
	3.2
	0.13
	0.02

	Aspartate aminotransferase, U/L, median (IQR)
	54.5 (32.2-94.8)
	47 (31-83)
	2.2
	0.09
	[bookmark: _Hlk146837987]0.01

	Alanine aminotransferase, U/L, median (IQR)
	30.5 (20-47)
	27 (19-42)
	2.2
	0.08
	< 0.01

	Albumin
	
	
	4.6
	0.11
	0.02

	> 3.5 g/dL
	37 (16.5)
	72 (13.6)
	
	
	

	2.8–3.5 g/dL
	97 (43.3)
	256 (48.3)
	
	
	

	< 2.8 g/dL
	90 (40)
	202 (38.1)
	
	
	

	White blood cell, /μL, median (IQR)
	7720 (5900-10700)
	7300 (5200-10400)
	1.8
	0.15
	0.01

	Hemoglobin, g/dL, median (IQR)
	9 (7.3-10.5)
	8.5 (6.9-10.2)
	1.8
	0.12
	< 0.01

	Platelet, 103/μL, median (IQR)
	99 (72-139)
	103 (75-144)
	1.8
	< 0.01
	[bookmark: _Hlk147049113]0.02

	C-reactive protein, mg/dL, median (IQR)
	0.3 (0.1-0.7)
	0.3 (0.1-0.8)
	4.7
	0.03
	0.04

	Prothrombin time
	
	
	5.9
	0.02
	< 0.01

	> 70%
	48 (21.5)
	113 (21.7)
	
	
	

	40%-70%
	138 (61.9)
	324 (62.3)
	
	
	

	< 40%
	37 (16.6)
	83 (16.0)
	
	
	

	Activated partial thromboplastin time
	
	11.4
	0.08
	0.01

	[bookmark: OLE_LINK273]≤ 40 sec
	185 (87.3)
	436 (89.3)
	
	
	

	40-60 sec
	23 (10.8)
	47 (9.6)
	
	
	

	> 60 sec
	4 (1.9)
	5 (1.0)
	
	
	

	eGFR < 30 mL/min/1.73 m2
	19 (8.3)
	40 (7.3)
	1.9
	0.03
	< 0.01

	Shock index > 1
	94 (41.4)
	197 (36.5)
	3
	0.10
	< 0.01

	Vasopressor use
	7 (3.0)
	19 (3.4)
	0
	0.02
	[bookmark: _Hlk147049140]< 0.01

	RBC transfusion, Unit, median (IQR)
	4 (0-4)
	2.5 (0-4)
	0
	0.09
	< 0.01


[bookmark: _Hlk152852081]IPTW: Inverse probability of treatment weighting; SMD: Standardized mean difference; IQR: Interquartile range; eGFR: Glomerular filtration rate; RBC: Red blood cell.

[bookmark: OLE_LINK275][bookmark: _Hlk152852054]Table 4 Antibiotic use in prophylaxis group
	Antibiotic class
	Number of patients

	Carbapenems
	4

	First-Generation Cephalosporins
	32

	Second-Generation Cephalosporins
	51

	Third-Generation Cephalosporins
	106

	Beta-Lactamase Inhibitor Combinations
	14

	Macrolides
	22

	Lincosamides
	3



Table 5 Crude and inverse probability of treatment weighting outcomes, n (%)
	
	Before imputation and IPTW
	After imputation and IPTW

	[bookmark: _Hlk136242033]Outcomes
	Prophylaxis group (n = 232)
	Non-prophylaxis group (n = 558)
	 Odds ratio (95%CI)
	Odds ratio (95%CI)
	P value

	[bookmark: _Hlk147050777]Composite outcome
	26 (11.2)
	53 (9.5)
	1.20 (0.72-1.96)
	[bookmark: _Hlk147050772]1.11 (0.61-1.99)
	0.74

	6-wk mortality
	16 (6.9)
	37 (6.6)
	1.04 (0.55-1.88)
	0.97 (0.47-1.98)
	0.93

	4-wk rebleeding
	9 (3.9)
	16 (2.9)
	1.37 (0.57-3.08)
	1.21 (0.45-3.24)
	0.71

	[bookmark: _Hlk147049579]4-wk onset of SBP
	5 (2.2)
	10 (1.8)
	1.21 (0.37-3.44)
	1.20 (0.32-4.46)
	0.78

	In-hospital mortality
	14 (6.0)
	34 (6.1)
	0.99 (0.50-1.84)
	0.89 (0.42-1.87)
	0.75

	
	
	
	
	
	

	
	
	
	
	
	

	
	Before imputation and IPTW
	After imputation and IPTW

	Outcome
	Prophylaxis group (n = 232)
	Non-prophylaxis group (n = 558)
	Rate ratio (95%CI)
	Rate ratio (95%CI)
	P value

	Length of hospital, median (IQR)
	8 (5-15)
	9 (6-15)
	1.01 (0.90-1.14)
	1.06 (0.94-1.19)
	0.34


IPTW: Inverse probability of treatment weighting; CI: Confidence interval; IQR: Interquartile range.
Table 6 Outcomes of subgroup analysis
	Child-Pugh classification
	Odds ratio (95%CI)
	P value
	P for interaction

	A
	0.87 (0.22–3.34)
	0.84
	0.32

	B
	0.79 (0.46–1.38)
	0.41
	

	C
	1.91 (1.20–3.02)
	0.01
	




Table 7 Outcomes of sensitivity analysis
	Analysis method
	Odds ratio (95%CI)
	P value

	IPTW
	1.11 (0.61-1.99)
	0.74

	Propensity score matching
	1.12 (0.62-2.03)
	0.71

	Duration of antibiotics
	
	

	2 d or more
	1.14 (0.59-2.20)
	0.70

	3 d or more
	1.05 (0.50-2.21)
	0.91

	4 d or more
	0.96 (0.43-2.18)
	0.93

	Third-generation cephalosporins only
	1.57 (0.64-3.87)
	0.33


CI: Confidence interval; IPTW: Inverse probability of treatment weighting.
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