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Abstract

BACKGROUND

Post-polypectomy bleeding is a common adverse event associated with colono-
scopic polypectomy. Although various risk factors for delayed post-polypectomy
bleeding (DPPB) have been identified, the relationship between immediate post-
polypectomy bleeding (IPPB) and subsequent DPPB risk remains unclear. Fur-
thermore, risk factors for DPPB specifically among patients who experience IPPB
have not been systematically evaluated.

AIM

To investigate the association between IPPB and DPPB, hypothesizing that
patients experiencing IPPB would have a higher risk of subsequent DPPB, and to
identify independent risk factors for DPPB among patients who experienced IPPB.

METHODS
In this retrospective cohort study, we analyzed the data of patients who under-
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went colonoscopic polypectomies in the Republic of Korea between 2005 and
2022. Information on multiple covariates, including patient-, polyp-, and pro-
cedure-related factors, was collected. Patients were categorized based on IPPB
occurrence, and DPPB incidence was compared between the groups. The
McNemar test was used to assess the association between IPPB and DPPB.
Logistic regression analysis was used to identify risk factors for DPPB among
patients with IPPB.

RESULTS

Of the 16684 patients included, 933 (5.59%) experienced IPPB and 15751 (94.41%)
did not. Among patients with IPPB, 35 (3.75%) developed DPPB, whereas 246
(1.56%) of patients without IPPB developed DPPB, demonstrating a statistically
significant positive association between IPPB and DPPB [paired odds ratio (OR) =
3.65, 95% confidence interval (CI): 3.17-4.20, P < 0.001]. Following multivariable
analysis among patients with IPPB, trainee-performed procedures was identified
as the only independent risk factor for DPPB (OR = 3.091, 95%CI: 1.037-9.219, P =
0.043).

CONCLUSION

IPPB occurrence is significantly associated with an increased risk of DPPB,
suggesting the need for careful preventive strategies, particularly for procedures
performed by trainees.

Key Words: Colonoscopy; Colonic polyps; Post-polypectomy bleeding; Immediate post-
polypectomy bleeding; Delayed post-polypectomy bleeding; Risk factors

Core Tip: Post-polypectomy bleeding is one of the most common adverse effects in
colonoscopic polypectomies. In our study, we found that patients with immediate post-
polypectomy bleeding have a higher risk of developing delayed post-polypectomy
bleeding. Procedures performed by trainees were associated with a higher risk of
delayed post-polypectomy bleeding, highlighting the need for careful preventive
strategies, particularly in procedures performed by trainees.

Citation: Hwang JH, Hyun HK, Gwon SH, Son NH, Huh CW. Immediate post-polypectomy
bleeding is associated with an increased risk of delayed post-polypectomy bleeding: A large
retrospective cohort study. World J Gastroenterol 2026; 32(24): 118775
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INTRODUCTION

Colorectal cancer, a major cause of global morbidity and mortality, has the third
highest incidence among all cancers and contributes substantially to cancer-related
deaths[1,2]. Colonoscopic polypectomy has become the cornerstone strategy for
reducing the incidence and associated mortality of colorectal cancer[3-7]. Despite its
established clinical benefits, colonoscopic polypectomy can result in adverse events
such as post-polypectomy bleeding (PPB), perforation, and coagulation syndrome
following the procedure. Among these, PPB represents the most frequent complica-
tion, with an incidence rate of approximately 0.3%-6.1% of all cases[8-10].

PPB can be classified into immediate PPB (IPPB) and delayed PPB (DPPB). IPPB
refers to bleeding that persists for at least 1 minute or presents as active spurting
immediately after polyp resection[11,12]. Although IPPB occurs in approximately 2.8%
of colonoscopic polypectomies, most cases can be effectively managed with immediate
endoscopic hemostatic interventions, including hemoclip application, cauterization,
and epinephrine injection[11,13]. In contrast, DPPB is defined as bleeding occurring
between procedure completion and 30 days post-polypectomy, requiring emergency
department visits, hospitalization, or repeat endoscopic interventions[14]. Although
DPPB occurs less frequently, with incidence rates of 0.3%-1.5%, patients may require
emergency care, blood transfusion, or even surgical intervention[9,14,15]. Therefore,
identifying the risk factors for DPPB is important for preventing adverse events and
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optimizing outcomes in patients with elevated bleeding risk.

Although previous studies have reported the risk factors for DPPB, such as pedunculated polyp morphology, polyp
size > 10 mm, right-sided location, thrombocytopenia, chronic kidney disease, anticoagulant use, and hypertension[14-
20], few studies have specifically examined the association between IPPB and DPPB. Existing literature on this
relationship has several critical limitations, including small sample sizes and a failure to fully account for important
confounding factors such as medication use, comorbidities, laboratory findings, and endoscopic procedural character-
istics[13,21]. Furthermore, previous studies have not focused specifically on patients who have experienced IPPB, nor
investigated the risk factors within this subgroup that may further increase the risk of subsequent DPPB. Therefore,
clarifying the association between IPPB and DPPB and identifying the risk factors of DPPB among patients with IPPB are
essential for developing risk-stratified post-polypectomy surveillance and preventive strategies. To our knowledge, no
previous study has systematically evaluated the independent risk factors for DPPB in patients with IPPB.

Accordingly, the aim of this study was to investigate the association between IPPB occurrence and DPPB risk and
identify independent risk factors for DPPB among patients who experienced IPPB in a large cohort that underwent
colonoscopic polypectomy.

MATERIALS AND METHODS

Data source

Data were extracted from the Severance Clinical Research Analysis Portal, an institutional clinical research database that
systematically collects and analyzes clinical information based on predefined protocols. The database contains
anonymized records of over 6.5 million patients accumulated since November 2005. Available data elements include
patient demographics, comorbidities, family history, diagnostic codes, imaging findings, laboratory values, and
pathological results, all linked through unique patient and visit identifiers. We retrospectively reviewed records of
patients who underwent colorectal polypectomy at Severance Hospital and Yongin Severance Hospital in South Korea.
This study was conducted in accordance with the Declaration of Helsinki (1975) and was approved by the Institutional
Review Board of Yongin Severance Hospital (IRB No. 9-2025-0210; date of registration: December 23, 2025). Given the
retrospective nature of this study, the requirement for individual informed consent was waived.

Patients and study design

This multicenter retrospective cohort study included 21562 patients who received colonoscopy with polypectomy
between November 2005 and June 2022. Patients aged 18 years or older who underwent polypectomy during
colonoscopy were eligible for enrollment. Exclusion criteria included age younger than 18 years, incomplete clinical or
laboratory data, history of bowel resection, inflammatory bowel disease, and familial adenomatous polyposis. After
applying the exclusion criteria, 41279 polyps in 16684 patients were included in the final analysis.

Patients on antiplatelet therapy were advised to withhold these medications for five to seven days before the scheduled
procedure to reduce periprocedural bleeding. Likewise, direct oral anticoagulants were held for 48 hours preceding the
procedure. Based on individual patient circumstances, anticoagulants were temporarily substituted with heparin as part
of a personalized management strategy. After polypectomy, the endoscopist evaluated the optimal timing for resuming
antiplatelet or anticoagulant therapy, which was restarted promptly according to established guidelines[22-24]. All
patients were prepared for colonoscopy by ingesting 2 L or 4 L of polyethylene glycol electrolyte solution before the
procedure. During endoscopy with conscious sedation, midazolam was administered intravenously at a dose of 0.05-0.07
mg/kg. Additional doses of midazolam (1-3 mg) or propofol (10-20 mg) were administered as required to sustain
sedation at the discretion of the endoscopist. All polypectomies were performed by a gastroenterologist using high-
definition colonoscopy equipment (CF H260AL, CF H260AI, CF-H290 L, CF-HQ290I, and GIF-HQ290; Olympus Optical,
Tokyo, Japan). After the procedure, all patients attended an outpatient follow-up appointment within four weeks.

Covariates

Patient-related variables: Patient-related factors, including age, sex, body mass index (BMI), medical history, laboratory
results, and medication use, were systematically collected and analyzed. The medications evaluated included antiplatelet
agents (aspirin, clopidogrel, prasugrel, and ticagrelor), anticoagulants (warfarin and direct oral anticoagulants),
nonsteroidal anti-inflammatory drugs, and corticosteroids. The documented comorbidities included hypertension,
diabetes mellitus, liver cirrhosis or chronic liver disease, cardiovascular disease, cerebrovascular disease, chronic kidney
disease, and various malignancies. Laboratory assessments included hemoglobin levels, platelet counts, and coagulation
parameters such as prothrombin time, partial thromboplastin time, and international normalized ratio, providing a
comprehensive evaluation of hemostatic status.

Polyp-related variables: Polyp-related factors, including the size, morphology, location, number, and histopathological
findings from colorectal polypectomy specimens, were evaluated. Polyp distribution was classified as right-sided (cecum,
ascending colon, and transverse colon), left-sided (descending colon and sigmoid colon), or rectal. The size of each polyp
was estimated using fully open biopsy forceps with a 7-mm gap. Polyps were classified according to the modified
Japanese Research Society Classification criteria[25]. Morphological assessment was based on the presence or absence of a
stalk, categorizing polyps as pedunculated (including sub-pedunculated lesions, Isp, and Ip) or non-pedunculated, which
included sessile lesions (Is), flat polyps (II), and laterally spreading tumors. Histopathological analysis categorized the
resected polyps as adenomatous (tubular, tubulovillous, villous, and carcinoma in situ) or non-adenomatous (serrated,
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hyperplastic, inflammatory, and mixed types).

Procedure-related variables: Procedure-related variables, including the endoscopic resection method, procedure
duration, endoscopist experience, bowel preparation quality, and measures of hemostasis or prophylactic hemostasis,
were assessed. Endoscopist experience was classified into attending staff with at least two years of experience or trainees
with less than two years of experience. Subspecialty certification involves comprehensive training, including 2000
diagnostic and 100 therapeutic procedures over a two-year period, ensuring advanced competence. The choice of the
endoscopic resection technique was at the practitioner’s discretion and was determined by polyp size and morphology.
Cold forceps polypectomy or cold snare polypectomy was utilized for small polyps (< 10 mm), endoscopic mucosal
resection was used for moderately sized polyps (10-20 mm), and endoscopic submucosal dissection was used for larger
polyps (> 20 mm). Resection methods were classified according to electrocautery and submucosal injection use (cold
forceps polypectomy and cold snare polypectomy vs endoscopic mucosal resection and endoscopic submucosal
dissection). The total procedure time during colorectal polypectomy was calculated from scope insertion to completion,
including the time to reach the cecum or terminal ileum and the withdrawal time from the cecum to rectum. Bowel
preparation quality was graded into four categories (poor, adequate, good, and excellent) based on the Aronchick scale
[26,27]. During instances of IPPB, hemostatic techniques, such as hemoclipping, electrocoagulation, or epinephrine
injection, were utilized. When IPPB was absent, prophylactic hemostasis was considered at the clinician’s discretion for
patients with potential bleeding risk factors, including large polyps (= 20 mm), pedunculated polyps with thick stalks, or
patients receiving antithrombotic therapy[18]. However, considering the lack of clear consensus on the specific criteria for
prophylactic hemostasis, our institutions generally followed these considerations without a standardized protocol, and
practice patterns may have varied across endoscopists and time periods[18,28].

Outcomes

The main outcome of the study was to demonstrate the association between IPPB occurrence and DPPB risk and to
identify risk factors among patients experiencing IPPB to determine those at high risk who may require enhanced post-
polypectomy surveillance and preventive measures. IPPB was defined as bleeding persisting for 1-5 minutes during
polypectomy despite irrigation[12,29]. DPPB was characterized by the occurrence of at least one episode of hematochezia
necessitating endoscopic hemostasis that led to emergency intervention, hospitalization, or reintervention within 30 days
of polypectomy[14].

Statistical analysis

Given the retrospective study design, no formal sample size calculation was performed; instead, all eligible patients
during the study period were included to maximize statistical power. Continuous variables were expressed as the mean *
SD and compared using the independent two-sample t-test. Categorical variables were presented as frequencies and
percentages and analyzed using the y? or Fisher’s exact test, as appropriate. The McNemar test was used to assess
asymmetry in discordant IPPB-DPPB event patterns observed within the same individuals. For sensitivity analysis, the y*
test was used to confirm the association between IPPB and DPPB.

Logistic regression analysis was used to identify risk factors for DPPB among patients with IPPB. Given the relatively
small number of DPPB events among patients with IPPB, Firth’s penalized likelihood method was employed in the
multivariable logistic regression analysis to reduce potential small-sample bias, including overfitting. Variables with a P <
0.2 in the univariate analysis were included in the multivariable logistic regression model. Potential multicollinearity
among predictor variables was assessed based on conceptual and procedural relationships. Polyp size = 10 mm
(categorical) was excluded from the multivariable model because this variable represents a dichotomized form of the
continuous polyp size variable already included in the model, and including both would introduce mathematical
redundancy. Similarly, withdrawal time was excluded owing to its inherent relationship with total procedure time, of
which it constitutes a substantial component. The remaining variables included in the final model (BMI, chronic kidney
disease, polyp size, polyp number, non-adenomatous polyp, procedure time, and trainee endoscopist) represent clinically
and statistically distinct characteristics without conceptual overlap. Furthermore, multicollinearity was strictly evaluated,
and the variance inflation factor for all variables in the final model remained below 2, indicating a negligible level of
collinearity. The results were presented as odds ratios (OR) with 95% confidence intervals (CIs). All statistical analyses
were performed using SAS version 9.4 (SAS Institute, Cary, NC, United States), and data were visualized using R (version
4.5.1; R Project for Statistical Computing, Vienna, Austria). Statistical significance was defined as a two-sided P value of <
0.05.

RESULTS

Study flow and patient characteristics

Among the 21562 screened participants, 16684 patients met the inclusion criteria, encompassing a total of 41279 polyps.
Of these patients, 933 (5.59%) exhibited IPPB involving 3784 polyps, whereas 15751 patients (94.41%) with 37545 polyps
showed no signs of immediate bleeding. Among the patients who experienced IPPB, 35 of 933 individuals (3.75%)
developed DPPB, whereas 246 of 15751 patients without IPPB (1.56%) developed DPPB (Figure 1). Table 1 shows a
comparison of the baseline characteristics between patients who developed DPPB after IPPB (n = 35) and those who
experienced IPPB alone (1 = 898). Significant differences were observed in BMI (P = 0.004), polyp size (P = 0.002), number
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Variables IPPB only (n = 898) DPPB after IPPB (n = 35) Pvalue
Patient-related factor

Demographic variables

Age, years 62.71+11.27 63.63 £10.74 0.6359
Male 613 (68.26) 22 (62.86) 0.5010
Body mass index, kg/m? 23.81+3.44 22.09 +£3.34 0.0042*
Comorbidities

Hypertension 238 (26.50) 10 (28.57) 0.7858
Diabetes mellitus 189 (21.05) 9 (25.71) 0.5076
Liver cirrhosis or chronic liver disease 30 (3.34) 0 (0.00) 0.6233
Cardiovascular and cerebrovascular disease 71 (7.91) 4 (11.43) 0.5184
Chronic kidney disease 148 (16.48) 9 (25.71) 0.1520
Cancers 194 (21.60) 9 (25.71) 0.5631
Medications

Antiplatelet agents 41 (4.57) 3(8.57) 0.2254
Anticoagulants 17 (1.89) 1(2.86) 0.5008
NSAIDs and corticosteroids 94 (10.47) 4 (11.43) 0.7795
Laboratory findings

Hemoglobin, g/dL 13.21+2.07 12.92 +1.82 0.4219
Platelet count, 10°/L 234.15 £ 83.36 216.26 +72.70 0.2112
Prothrombin time, INR 1.01 £0.18 1.01 £0.17 0.8329
aPTT, second 31.55 +7.56 31.03 £ 5.62 0.6025
Polyp-related factors

Polyp number per patient 3.94 +3.43 5.60 + 4.47 0.0367*
Polyp size (mm) 9.09 +4.95 13.69 £ 8.00 0.0018*
Polyp size (mm) > 10 mm 319 (35.64) 23 (65.71) 0.0003"
Morphology (%) 0.4116
Non-pedunculated 496 (55.61) 17 (48.57)

Pedunculated 396 (44.39) 18 (51.43)

Location 0.4261
Right colon 467 (52.30) 22 (62.86)

Left colon 336 (37.63) 11 (31.43)

Rectum 90 (10.08) 2 (5.71)

Histopathologic results 0.0511
Adenomatous 455 (71.77) 24 (88.89)

Non-adenomatous 179 (28.23) 3 (11.11)

Procedure-related factors

Resection method 0.8104
Cold (CFP, CSP) 227 (25.42) 9(27.27)

Hot (EMR, ESD) 666 (74.58) 24 (72.73)

Procedure time, minute 40.48 +20.57 47.67 +24.05 0.0442°
Insertion time 10.23 +16.83 8.97 +6.53 0.3168
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Withdrawal time 30.26 +22.60 38.70 £ 22.65 0.0305"
Endoscopist experience 0.0712
Experienced 283 (31.51) 6 (17.14)

Trainee 615 (68.49) 29 (82.86)

Bowel preparation 0.4183
Excellent + good 749 (83.41) 31 (88.57)

Adequate + poor 149 (16.59) 4 (11.43)

Hemostasis or preventive hemostasis 531 (59.13) 21 (60.00) 0.9183
4P < 0.05.

IPPB: Immediate post-polypectomy bleeding; DPPB: Delayed post-polypectomy bleeding; NSAIDs: Nonsteroidal anti-inflammatory drug; INR:
International normalized ratio; aPTT: Activated partial thromboplastin time; CFP: Cold forceps polypectomy; CSP: Cold snare polypectomy; EMR:
Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

21562 patients underwent colonoscopy with polypectomy
from November 2005 to June 2022

Exclusion criteria:

Age < 18 years (n = 3);

Insufficient clinical and laboratory information
(n = 3551);

Combined inflammatory bowel disease
(n=1317); or

Familial adenomatous polyposis (1 = 7)

41279 polyps in 16684 patients included in this study

Immediate PPB patients Non-immediate PPB patients
3784 polyps in 933 patients (5.59%) 37545 polyps in 15751 patients (94.41%)
Delayed PPB patients Non-delayed PPB patients Delayed PPB patients Non-delayed PPB patients
196 polyps in 35 patients 3538 polyps in 898 patients 942 polyps in 246 patients 36603 polyps in 15505 patients
(3.75%) (96.25%) (1.56%) (98.44%)

Figure 1 Flowchart of the study population. PPB: Post-polypectomy bleeding.

of polyps per patient (P = 0.037), and withdrawal time between the two groups (P = 0.031).

Association between IPPB and DPPB

The analysis revealed a significant positive association between IPPB and DPPB (Figure 2). Among the 933 patients with
IPPB, 35 (3.75%) subsequently developed DPPB; among the 15751 patients without IPPB, 246 (1.56%) developed DPPB
(McNemar P value < 0.001). The DPPB proportion was significantly higher among patients with IPPB (3.75%, 95%CI:
2.58%-5.12%) than that among patients without IPPB (1.56%, 95%ClI: 1.37%-1.77%), yielding a paired OR of 3.65 (95%CI:
3.17-4.20). Sensitivity analysis via the ¥ test confirmed a significant positive association between IPPB and DPPB (OR =
2.46, 95%CI: 1.71-3.52, P < 0.001), consistent with the McNemar test results.

Risk factors for DPPB in patients experiencing IPPB

In the univariate analysis of patients with IPPB, lower BMI, larger polyp size, higher number of polyps, and longer
procedure and withdrawal times were associated with an increased risk of DPPB. Trainee-performed procedures showed
a borderline association with DPPB. Multivariable logistic regression analysis, which included variables with P < 0.2 in
the initial univariate analysis, identified trainee-performed procedures as the only independent risk factor significantly
associated with DPPB (OR = 3.091, 95%CI: 1.037-9.219; P = 0.043) (Table 2).
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Table 2 Risk factors for delayed post-polypectomy bleeding among immediate post-polypectomy bleeding patients

Variable Univariate OR (95%Cl) Pvalue Multivariable' OR (95%Cl) Pvalue
Patient-related factor

Age (per year) 1.007 (0.977-1.039) 0.6355

Male sex 0.787 (0.391-1.584) 0.5018

BMI 0.847 (0.758-0.947) 0.0037 0.901 (0.797-1.018) 0.0930
Hypertension 1.109 (0.525-2.344) 0.7859

Diabetes mellitus 1.299 (0.598-2.818) 0.5084

Chronic kidney disease 1.754 (0.806-3.820) 0.1570 1.699 (0.707-4.082) 0.2362

Polyp-related factors

Polyp number 1.105 (1.027-1.187) 0.0071 1.041 (0.939-1.156) 0.4437
Polyp size (per mm) 1.105 (1.059-1.152) <0.0001 1.056 (0.989-1.129) 0.1050
Polyp size 210 mm 3.461 (1.700-7.048) 0.0006 Excluded”

Non-adenomatous polyp 0.318 (0.095-1.068) 0.0639 0.364 (0.106-1.243) 0.1067

Procedure-related factors

Procedure time (per minute) 1.013 (1.000-1.025) 0.0470 0.997 (0.978-1.017) 0.7651
Withdrawal time (minute) 1.016 (1.003-1.029) 0.0157 Excluded”
Trainee endoscopist 2.224 (0.913-5.417) 0.0784 3.091 (1.037-9.219) 0.0429

IMultivariable model included variables with P < 0.2 in univariate analysis.

2Excluded from multivariable model: Polyp size = 10 mm due to collinearity with continuous polyp size; Withdrawal time due to collinearity with total
procedure time.

Bold P value indicates P < 0.2 in univariate analysis or P < 0.05 in multivariable analysis. OR: Odds ratio; CI: Confidence interval; BMI: Body mass index.

DISCUSSION

In this large retrospective cohort study, we investigated the association between IPPB and DPPB and the risk factors for
DPPB among patients with IPPB, with the aim of identifying high-risk patients who require enhanced post-polypectomy
surveillance and preventive strategies. The major findings were as follows: (1) Patients with IPPB had a 3.6-fold higher
incidence of DPPB than patients without IPPB; and (2) Among patients with IPPB, procedure performance by trainees
was the only independent risk factor for DPPB (OR = 3.091, 95%ClI: 1.037-9.219).

Previous studies reported that DPPB occurred in approximately 1.5%-1.7% of patients with IPPB, with reported ORs of
2.9-3.3, indicating that IPPB is a significant risk indicator for DPPB development[11,13,15]. However, previous studies
had limitations, including small sample sizes and inadequate adjustment for confounding factors such as antiplatelet or
anticoagulant use, polyp characteristics, comorbidities, laboratory findings, histopathological results, and endoscopic
procedure details[11,13,15,21,30]. To overcome these limitations, we conducted a large-scale study comprising 41279
polyps in 16684 patients and included an extensive assessment of relevant variables. We demonstrated that patients
experiencing IPPB had a significantly higher risk of DPPB, with procedure performance by trainees identified as an
independent risk factor for DPPB among patients with IPPB. However, the precise mechanisms underlying the
association between IPPB and DPPB remain unclear.

From a conceptual standpoint, IPPB may function as a risk indicator for subsequent DPPB. One plausible explanation
is that IPPB reflects underlying vascular vulnerability or incomplete hemostasis at the polypectomy site; such conditions
may predispose patients to delayed bleeding as the temporary wound eschar detaches and blood vessels are exposed
before complete re-epithelialization[31]. Although IPPB occurrence itself is not predictable, the quality of hemostasis at
the time of IPPB is modifiable and may partially mitigate subsequent DPPB risk. Notably, procedure performance by
trainees was identified as the only independent risk factor for DPPB in patients with IPPB. Although case complexity and
IPPB severity were not directly measured, this association remained significant after adjusting for procedure time, polyp
size, and polyp number, which may serve as proxies for procedural complexity. Several previous studies have also
reported less experienced endoscopists as an independent risk factor for DPPB[17,31,32]. These findings support trainee
endoscopist status as an independent risk factor for DPPB and suggest the importance of adequate supervision and
training during polypectomy procedures, particularly for patients who experience IPPB[33]. Several variables including
BMLI, polyp size, polyp number, and procedure time were significant in univariate analysis but not in the multivariable
model. This may reflect confounding relationships or overlapping effects among the multiple factors associated with PPB.

Our findings have important clinical implications. IPPB serves as an indicator identifying patients at elevated DPPB
risk. Patients experiencing IPPB should be recognized as a high-risk group warranting closer surveillance and enhanced
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McNemar
P value < 0.0001
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Figure 2 Association analysis between immediate post-polypectomy bleeding and delayed post-polypectomy bleeding. OR: Odds ratio; Cl:
Confidence interval; IPPB: Immediate post-polypectomy bleeding; DPPB: Delayed post-polypectomy bleeding.

post-procedure vigilance. Based on our findings, we suggest the following considerations for clinical practice. First,
meticulous inspection and thorough irrigation of the resection site, extended monitoring for IPPB detection, and
application of combination hemostatic techniques may help minimize subsequent DPPB risk. Although current
guidelines do not recommend routine clip closure[34], prophylactic clip placement may be considered in select cases,
particularly when trainees perform a polypectomy. Second, extra caution is warranted when resuming antithrombotic
therapy in patients with IPPB, particularly after procedures performed by trainees, with decisions made in close
consultation with the prescribing physician. Third, patients could be provided with comprehensive information and
detailed explanations of bleeding symptoms and preventive measures to ensure their safety. Finally, our results suggest
the potential value of increased supervision during trainee-performed polypectomies, particularly when IPPB occurs,
along with focused training in effective immediate hemostasis techniques and a lower threshold for promptly involving
attending physicians[18,28,35]. However, these recommendations are based on observational associations and require
prospective validation prior to their implementation as standard practice.

This study had some limitations. First, despite accounting for numerous covariates, residual confounding factors may
persist owing to unmeasured or inadequately measured factors, such as the precise timing of antithrombotic resumption,
which could influence the risk of DPPB. However, current guidelines do not provide a standardized protocol regarding
exact resumption timing[22-24], making standardized measurement inherently difficult. In this study, we adjusted for
established risk factors identified in previous studies and incorporated all measurable variables available in our dataset.
Second, the relatively small number of DPPB events among patients with IPPB (n = 35) limited the statistical power of the
multivariable analysis. Nevertheless, the primary analysis comparing DPPB rates between patients with and without
IPPB had sufficient power owing to the large overall sample size. Moreover, the significant association observed for
trainee-performed procedures despite the limited number of events suggests a robust effect. Although the number of
DPPB events among patients with IPPB was limited, we addressed the potential risk of overfitting by applying Firth’s
penalized likelihood method in the multivariable analysis. In addition, sensitivity analyses using alternative analytical
approaches yielded consistent results, supporting the robustness of our findings. Third, the definition of IPPB as bleeding
persisting for 1-5 minutes despite irrigation relies on operator judgment, which may introduce inter-observer variability.
Additionally, variability in the application of hemostatic techniques across endoscopists may have introduced procedural
inconsistencies. However, international consensus on the definition of intraprocedural bleeding remains incomplete[11,
18,21], and our time-based definition is comparable to those employed in prior studies[18]. Fourth, owing to the
retrospective nature of this cohort study, a definitive causal relationship between IPPB and DPPB could not be
established. Nonetheless, given the rare and unpredictable occurrence of IPPB, conducting a large prospective study
would be challenging. Despite the large sample size and concerted efforts to minimize bias, our findings indicate an
association rather than causality and require prospective validation before clinical implementation. Finally, the study was
conducted at two tertiary referral hospitals in Korea, with a relatively high proportion of high-risk patients and
procedures performed by trainees, which may limit its generalizability to other settings, countries, or populations. Future
prospective multicenter studies or randomized controlled trials with larger event numbers are warranted to validate our
findings and address these limitations.
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CONCLUSION

This large retrospective cohort study demonstrated a significant positive association between IPPB and subsequent DPPB
risk, with patients who experienced IPPB experiencing a 3.6-fold higher incidence of DPPB. We suggest that, for cases of
IPPB following colonoscopic polypectomies, particularly those performed by trainees, several preventive strategies
should be considered to reduce the risk of DPPB.
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