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ABSTRACT

Background: The association between delayed post-polypectomy bleeding and chronic kidney disease remains unclear.
Objective: This study investigated whether patients with chronic kidney disease are at an increased risk of delayed post-
polypectomy bleeding.

Methods: This cohort study included patients who underwent colonoscopy and polypectomy in Korea between 2005 and 2022.
We assessed various covariates, including patient-, polyp-, and procedure-related factors, using propensity score matching and
inverse probability of treatment weighting to determine the impact of chronic kidney disease on delayed post-polypectomy
bleeding risk.

Results: Out of 21,562 patients, 16,591 with 41,014 polyps were included in the analysis. Of these, 2057 (12.4%) had chronic
kidney disease, with 894 in early-stage (stages 1 and 2) and 1163 in advanced-stage (stages 3-5). There were 14,534 individuals
without chronic kidney disease. After propensity score matching, the risk of delayed post-polypectomy bleeding in patients with
chronic kidney disease was significantly higher than that in the non-chronic kidney disease group (OR 1.80, CI 1.12-2.89,
p = 0.01). The risk increased with chronic kidney disease stage (OR 2.38, 95% CI 1.01-5.64 for early stage; OR 2.80, 95% CI 1.20-
6.51 for advanced stage, all p < 0.05). The results remained robust after inverse probability analysis.

Conclusions: Chronic kidney disease is an independent risk factor for delayed post-polypectomy bleeding, even in the early
stages. The risk correlates with the chronic kidney disease stage. Meticulous attention is imperative during polypectomy for all
patients with chronic kidney disease, including those in the early stages.

Abbreviations: ANOVA, analysis of variance; BMI, body mass index; CFP, cold forceps polypectomy; CI, confidence interval; CKD, chronic kidney disease; CRC, colorectal cancer; CSP, cold snare
polypectomy; DM, diabetes mellitus; DOACs, direct oral anticoagulants; DPPB, delayed post-polypectomy bleeding; eGFR, estimated glomerular filtration rate; EMR, endoscopic mucosal resection;
ESD, endoscopic submucosal dissection; ESRD, end-stage renal disease; INR, international normalized ratio; IPPB, immediate post-polypectomy bleeding; IPTW, inverse probability of treatment
weighting; NSAIDs, nonsteroidal anti-inflammatory drugs; OR, odds ratio; PPB, post-polypectomy bleeding; PSM, propensity score matching; SCRAP, Severance Clinical Research Analysis Portal;
SMD, standardized mean difference.
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Summary

o Summarise the established knowledge on this subject

o Patients with chronic kidney disease (CKD) have an
elevated risk of developing colorectal cancer or
colorectal adenomas, underscoring the importance of
colonoscopy and colonoscopic polypectomy for early
detection and treatment.

o Although concerns about the safety of colonoscopic
polypectomy in patients with CKD are increasing, the
association between delayed post-polypectomy
bleeding (DPPB) and CKD remains unclear.

e What are the significant and/or new findings of this
study?

o CKD is an independent risk factor for DPPB, even in
its early stage, and that the level of risk correlated
with CKD stage.

o Careful monitoring of bleeding is necessary for at
least 1 month after colonoscopic polypectomy across
all CKD stages.

1 | Introduction

Colorectal cancer (CRC) is the third most prevalent malig-
nancy worldwide and the second most common cause of
cancer-related mortality, constituting approximately 10% of all
cancer incidences [1]. Early detection and treatment of CRC
offer significant potential to reduce morbidity and mortality,
presenting a viable opportunity for a cure [2-4]. The role of
colonoscopy with polypectomy is pivotal in mitigating cancer-
related mortality by early detection of CRC and removal of
precancerous lesions such as adenomas [5-7]. Although colo-
noscopic polypectomy is generally considered a safe and
effective procedure, it may cause potential complications,
including post-polypectomy bleeding (PPB), post-polypectomy
syndrome, and perforation. Importantly, the prevalence of
PPB as a common major complication is as high as 6.5% in the
general population [8]. PPB is categorised into immediate PPB
(IPPB) and delayed PPB (DPPB). DPPB is less frequent, with an
overall incidence of DPPB in colorectal polypectomy ranging
from 0.3% to 1.2% [9, 10]. However, DPPB poses a more serious
risk due to its unpredictable onset and requires intensive
management, including hospitalisation, endoscopic haemo-
static procedures, blood transfusion, and occasional colectomy
[11]. Thus, identifying the risk factors for DPPB is crucial to
prevent complications and improve outcomes in patients with
a high risk of bleeding.

Chronic kidney disease (CKD) is defined as a progressive loss
of renal function, measured by the level of albuminuria and
the decline in the estimated glomerular filtration rate (eGFR)
[12]. According to the Global Burden of Disease study, the
global prevalence of CKD increased by 33% between 1990 and
2017, making it one of the fastest-growing causes of death
worldwide [13]. CKD significantly increases the risk of
various adverse health outcomes [14] and is linked to
numerous atherosclerotic cardiovascular diseases. The risk of
these complications escalates as kidney function declines,
leading to poorer prognoses and increased healthcare burdens
[15, 16].

In addition to cardiovascular risks, patients with CKD also have
an elevated risk of developing CRC or colorectal adenoma, likely
due to shared risk factors such as higher body mass index (BMI),
advanced age, and male sex, rather than CKD itself being a
direct risk factor [17-19]. This elevated cancer risk underscores
the importance of colonoscopy and colonoscopic polypectomy
for the early detection and treatment of CRC and adenoma in
patients with CKD. However, colonoscopy in patients with CKD
is associated with a higher risk of complications, notably PPB
[20-25]. This increased bleeding risk poses significant chal-
lenges in the management of patients with CKD and raises
concerns regarding the safety of colonoscopic polypectomy in
these populations. However, previous studies did not focus
specifically on patients with CKD or included only those with
end-stage renal disease (ESRD) [21, 25, 26]. In addition, most
studies failed to fully account for various medications, comor-
bidities, laboratory findings, and endoscopic factors, which can
lead to distorted and exaggerated conclusions [21, 23-25, 27, 28].
Furthermore, to our knowledge, no studies have evaluated
whether early- and advanced-stage CKD contributes to the risk
of DPPB. More comprehensive evidence is required to clarify the
risk of colonoscopic PPB in these patients.

Thus, this study aimed to investigate the association between
CKD and DPPB risk using a large cohort of data. It employed
propensity score matching (PSM) and inverse probability of
treatment weighting (IPTW) to mitigate confounding factors
and ensure robust results.

2 | Materials and Methods

2.1 | Data Source

Data were collected using the Severance Clinical Research
Analysis Portal (SCRAP) system. SCRAP searches and analyses
clinical data according to specific criteria and prospectively
collects longitudinal data. Anonymised data were extracted
from an operational database containing information on more
than 6,500,000 patients from November 2005 to the present.
SCRAP allows for extracting patient sociodemographic factors,
history, family history, medication, diagnoses, surgeries, clinical
observations, imaging (endoscopic and radiologic), laboratory
findings, histopathological results, and forms using registration
and visit numbers. Additionally, we conducted a comprehensive
review of the medical records of patients who underwent colo-
rectal polypectomy, including CKD and non-CKD, at Severance
Hospital and Yongin Severance Hospital, Korea, to further
substantiate the findings. This study was performed in accor-
dance with the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the Institutional Review Board of
Yongin Severance Hospital (IRB No. 9-2022-0116; date of
registration, October 21, 2022). Informed consent was not
required owing to the retrospective study design.

2.2 | Study Design and Patients

This was a two-centre retrospective cohort analysis involving
21,562 patients who underwent colonoscopy with polypectomy
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between November 2005 and June 2022. The inclusion criteria
were as follows: (1) adults aged > 18 years, and (2) patients who
underwent colonoscopic polypectomy for colorectal polyps. The
exclusion criteria were as follows: (1) age < 18 years, (2) un-
certain diagnosis of CKD, (3) on dialysis (ESRD), (4) insufficient
clinical and laboratory information, (5) combined inflammatory
bowel disease, and (6) familial adenomatous polyposis. To
evaluate the risk of DPPB associated with CKD, patients without
CKD who underwent polypectomy were matched with patients
with CKD based on CKD stage in a 1:1:1 (non-CKD: early-stage
CKD: advanced-stage CKD) ratio using PSM.

The CKD stage is categorised using the Kidney Disease:
Improving Global Outcomes criteria [29], and eGFR was calcu-
lated using the Chronic Kidney Disease Epidemiology Collabo-
ration equation [30] for early-stage and advanced-stage CKD.
Early-stage CKD includes stages 1 and 2 (eGFR > 60 mL/min/
1.73 m* with albuminuria), while advanced-stage CKD encom-
passes stages 3, 4 (15 < eGFR < 60 mL/min/1.73 m* with/without
albuminuria), and 5 (eGFR < 15 mL/min/1.73 m? without dial-
ysis) [12]. All eligible patients discontinued antiplatelets 5-7 days
before undergoing colorectal polypectomy, and direct oral anti-
coagulants (DOACs) were withheld 2 days before the procedure.
Depending on the patient's condition, the anticoagulants were
replaced with heparin as part of a tailored treatment approach.
After colorectal polypectomy, the endoscopist made individu-
alised decisions regarding the timing for resuming antiplatelet or
anticoagulant therapy, guided by previously established guide-
lines [31-33].

Colonoscopic polypectomies were performed after standard
bowel preparation using two or 4 L of polyethylene glycol
electrolyte solution. During conscious sedation endoscopy,
midazolam was administered intravenously at a dose of 0.05-
0.07 mg/kg, with an additional 1-3 mg of midazolam or 10-
20 mg of propofol given as needed to achieve moderate sedation,
according to the endoscopist's judgement. All polypectomies
were performed by a gastroenterologist using high-definition
conventional colonoscopy (CF H260AL, CF H260AI, CF-
H290L, CF-HQ290I, GIF-HQ290, and GIF-HQ290; Olympus
Optical, Tokyo, Japan). All patients were followed up at an
outpatient visit within 1 month after the polypectomy to
confirm histopathological results, check clinical symptoms and
vital signs, and perform additional serum blood tests as
necessary.

2.3 | Covariates

2.3.1 | Patient-Related Variables

Patient-related factors, including age, sex, BMI, past medical
history, laboratory findings, and medication use, specifically
antiplatelets (aspirin, clopidogrel, prasugrel, and ticagrelor),
anticoagulants (warfarin and DOACs), nonsteroidal anti-
inflammatory drugs (NSAIDs), and corticosteroids, were care-
fully collected and analysed. Anti-thrombotics were promptly
resumed based on guidelines, although the exact timing varied
according to the clinical judgement of individual physicians.
Comorbidities included hypertension, diabetes mellitus (DM),

liver cirrhosis or chronic liver disease, cardiovascular disease,
cerebrovascular disease, and various other cancers. The
following laboratory findings were also examined for each pa-
tient: haemoglobin level, platelet count, and coagulation pa-
rameters, such as prothrombin time, partial thromboplastin
time, and international normalised ratio (INR), encompassing
all factors related to haemostasis.

2.3.2 | Polyp-Related Variables

Polyp-related factors, such as polyp size, morphology, location,
and histopathological results obtained during colorectal poly-
pectomy were also meticulously assessed. The polyp distribu-
tion was categorised as right (caecum, ascending colon, and
transverse colon), left (descending colon and sigmoid colon),
or rectal. Each polyp size was estimated using open biopsy
forceps with a fully open gap of 7 mm. The polyps were
classified using the modified criteria of the Japanese Research
Society Classification [34]. Polyp morphology was further
analysed based on the presence or absence of a stalk, classi-
fying the polyps into pedunculated polyps including sub-
pedunculated lesions (Isp and Ip), and nonpedunculated
polyps including sessile lesions (Is), flat polyps (II) and later-
ally spreading tumours. Histopathologically, resected polyps
were categorised into two groups: adenomatous, which in-
cludes tubular, tubulovillous, villous, and carcinoma in situ;
and non-adenomatous, encompassing serrated, hyperplastic,
inflammatory, and mixed types.

A representative polyp was selected for each patient, prioritizing
clinical significance and consistency with study objectives to
match the heterogeneous CKD and non-CKD groups for PSM
and IPTW [35-37]. Selection was based on a hierarchical
approach, starting with the largest polyp, followed by resection
methods (ESD, EMR, CSP, CFP) and polyp morphology (Ip, Isp,
LST, Is, ITa).

2.3.3 | Procedure-Related Variables

Procedure-related variables were thoroughly analysed,
including the endoscopic resection method, duration of the
procedure, endoscopist experience, quality of bowel prepara-
tion, preventive haemostasis, and IPPB. Endoscopic resection
techniques were based on polyp size and morphology at the
practitioner’s discretion. Cold forceps polypectomy (CFP) or
cold snare polypectomy (CSP) was employed for small polyps
(less than 10 mm), endoscopic mucosal resection (EMR) was
performed for larger polyps (10-20 mm), and endoscopic sub-
mucosal dissection (ESD) was applied to very large polyps
(greater than 20 mm) that EMR could not effectively remove or
those with a potential for high-grade dysplasia or malignancy.
Endoscopic resection techniques were categorised based on
electrocautery and submucosal injections (CFP and CSP vs.
EMR and ESD). During colorectal polypectomy, the total pro-
cedure time encompasses the time taken to reach the caecum or
terminal ileum during insertion and the time for withdrawal
from the caecum to the rectum until the examination concludes.
Endoscopist experience was classified as attending staff with
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two or more years of experience or trainees with less than
2 years of experience. Subspeciality certification requires
rigorous training, including 2000 diagnostic and 100 therapeutic
procedures over two years, ensuring advanced proficiency.
Bowel preparation quality for colonoscopy is categorised into
four groups based on the Aronchick bowel preparation scale:
poor, adequate, good, and excellent [38, 39]. IPPB is defined as
bleeding in an oozing pattern that persists for more than 1-
5 min during polypectomy despite continued irrigation [40, 41].
In cases where PPB was a concern, the practitioner employed
preventive haemostatic techniques, such as hemoclipping,
electrocoagulation, or epinephrine injection, used singly or
combined, based on clinical judgement.

2.4 | Outcomes

The primary outcome was the association between CKD and the
risk of colonoscopic DPPB. DPPB was defined as the occurrence
of one or more episodes of haematochezia requiring manage-
ment with endoscopic haemostatic procedures, resulting in
emergency attendance, hospitalization, or reintervention within
30 days after polypectomy [42]. The secondary outcome was the
risk of DPPB depending on the CKD stage.

2.5 | Statistical Analysis

Means and standard deviations are presented for continuous
variables, and frequencies and proportions for categorical vari-
ables. In general, for continuous variables, mean comparisons
between independent non-CKD and CKD stage groups were
assessed using a one-way analysis of variance (ANOVA), and
mean comparisons between the non-CKD and CKD groups
were assessed using independent two-sample ¢-tests based on
features that satisfied the normal distribution, including the
results of the Shapiro-Wilk test. For categorical variables, the
results are presented using the chi-square test or Fisher's exact
test for both types of comparisons. Owing to the nature of
retrospective studies, imbalances in baseline characteristics be-
tween groups can directly affect the results; therefore, we
attempted to overcome this by utilising PSM, a special statistical
bias correction method. In particular, by applying the PSM
method to multiple groups, the study was designed to allow
comparisons between groups with the same number of people,
while all covariates were homogeneous (comparison of non-
CKD and early-stage CKD, comparison of non-CKD and
advanced-stage CKD, and comparison of early-stage CKD and
advanced-stage CKD). In addition, we simultaneously applied
the IPTW method, which considers the weight of matching
while utilising all included participants. We presented the re-
sults to prove the validity of our research from various angles.
For both methods, we calculated the standardised mean differ-
ence (SMD) to check for balance between groups, and an SMD
of 0.2 or less was considered adequate [43-45]. The univariate
and multivariate logistic regression, PSM, and IPTW results are
presented. All statistical analyses were performed using SAS
V9.4 software (SAS Institute Inc., Cary, NC, USA).

3 | Results

3.1 | Study Flow and Patients

Of the 21,562 participants, 41,014 polyps in 16,591 patients met
the inclusion criteria. The baseline characteristics of the study
population are shown in Table 1. There were 2057 (12.4%) pa-
tients in the CKD group and 14,534 (87.6%) in the non-CKD
group. In the CKD cohort, 894 patients (43.5%) were classified
as having early-stage CKD (stages 1 and 2), whereas 1163 pa-
tients (56.5%) were diagnosed with advanced-stage CKD (stages
3-5). A representative polyp was selected from multiple polyps
removed from a single patient based on size, endoscopic resec-
tion method, and morphology. After excluding unmatched in-
dividuals through PSM, 5173 polyps from 1713 individuals were
analysed in both cohorts. After applying the IPTW, 119,804
polyps from 46,486 patients were included in the analysis
(Table 1). The flowchart of this study is depicted in Figure 1.

The potential confounders for PPB, including factors correlated
with bleeding, such as medications (antiplatelets, anticoagu-
lants, NSAIDs, and corticosteroids), laboratory findings (hae-
moglobin level, platelet count, prothrombin time, partial
thromboplastin time, and INR), comorbidities, polyp-related
factors (size, morphology, location, and histopathological re-
sults), and procedure-related factors (resection method, dura-
tion of the procedure, endoscopist's experience, quality of bowel
preparation, preventive haemostasis, and IPPB), were well
matched using PSM and IPTW. The balance of covariates be-
tween the cohorts is presented in Figure S1. After propensity
score-matched analysis, all covariates were well-balanced (i.e.,
SMDs were < 0.2). The standard deviation for all characteristics
after IPTW adjustment was also less than 0.2, indicating that the
weighted populations were comparable.

3.2 | Risk Factors for DPPB

In univariate analysis, several factors significantly increased the
risk of DPPB (Table 2). Age, male sex, low BMI, hypertension,
DM, cardiovascular and cerebrovascular disease, CKD, use of
antiplatelets and anticoagulants, lower haemoglobin levels, and
prolonged prothrombin time or INR were significantly associ-
ated with increased DPPB risk (all p < 0.05). Polyp-related
factors, including the number of polyps, larger polyp size, and
pedunculated polyps, significantly increased the risk of DPPB
(all p < 0.05). Procedure-related factors such as the resection
method (EMR or ESD), extended procedure times, IPPB, and
implementation of preventive haemostasis also increased the
risk of DPPB (all p < 0.05). Multivariate analysis revealed that
the risk of DPPB was significantly increased by factors such as
DM (odds ratio [OR] 1.49, 95% confidence interval [CI] 1.11-
2.00; p < 0.01), CKD (OR 1.44, 95% CI 1.05-1.98; p = 0.03), use
of anticoagulants (OR 2.32, 95% CI 1.23-4.38; p = 0.01), a higher
number of polyps (OR 1.05, 95% CI 1.02-1.09; p < 0.01), larger
polyp sizes (20-30 mm: OR 8.45, 95% CI 5.33-13.41; p < 0.01,
> 30 mm: OR 11.05, 95% CI 5.57-21.93; p < 0.01), pedunculated
polyps (OR 1.35, 95% CI 1.04-1.75; p = 0.02), and extended
procedure time (OR 1.01, 95% CI 1.00-1.01; p = 0.04) (Table 2).
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21,562 patients underwent

colonoscopy with polypectomy

v

41,014 polyps in 16,591 patients
included in this study

v

Non-CKD group (n=14,534)
CKD group (n=2,057)
« Early CKD (n=894)

« Advanced CKD (n=1,163)

|

Exclusion criteria age <18 years (n=3)

uncertain diagnosis of CKD (n=912)

patients with dialysis (n=294)

insufficient clinical and laboratory information (n=2.438)
combined inflammatory bowel disease (n=1,317)

or familial adenomatous polyposis (n=7)

'

!

1:1:1 PSM
5,173 polypsin 1,713 patients

IPTW
119,804 polyps in 46,486 patients

Non-CKD group (n=571)

Non-CKD group (n=16,638)

CKD group (n=1,142)
« Early CKD (n=571)
« Advanced CKD (n=571)

CKD group (n=29,848)
« Early CKD (n=15,875)
« Advanced CKD (n=13.973)

FIGURE1 | Study flow chart. Of the 21,562 patients, 16,591 patients with 41,014 polyps met the inclusion criteria. The CKD group comprised 2057
patients (12.4%), whereas the non-CKD group included 14,534 individuals (87.6%). In the CKD cohort, 43.5% had early-stage CKD and 56.5% had
advanced-stage CKD. After excluding unmatched participants using PSM, 5173 polyps in 1713 participants were analysed, and the IPTW analysis

included 119,804 polyps in 46,486 patients.

3.3 | Association Between CKD and DPPB

Both PSM and IPTW analyses demonstrated that patients with
CKD exhibited a higher OR for DPPB than non-CKD individuals
(PSM, OR 1.80, CI 1.12-2.89, p = 0.01; IPTW, OR 1.98, CI 1.72-
2.28, p < 0.01) (Figure 2). Notably, early-stage CKD (stages 1 and
2) also presented a significantly elevated risk of DPPB (OR 2.38,
95% CI 1.01-5.64; p = 0.02). The OR for DPPB increased pro-
gressively with the advancing CKD stage, indicating a higher risk
in advanced stages (OR 2.80, 95% CI 1.20-6.51; p < 0.01)
(Figure 2). The results obtained using IPTW are consistent with
those obtained using PSM (OR 1.37, 95% CI 1.16-1.62 for early-
stage and OR 1.46, 95% CI 1.23-1.73 for advanced-stage, all
p < 0.05).

3.4 | Sensitivity Analysis

A sensitivity analysis comparing incidence rates between CKD
and non-CKD groups was conducted by categorizing CKD into
five stages. The results of this analysis were consistent with the
main findings, confirming a higher risk of DPPB across all CKD
stages compared with non-CKD patients (Figure S2). Addition-
ally, a separate sensitivity analysis stratified by polyp size
(< 10 mm, 10-20 mm, 20-30 mm, and more than 30 mm)
demonstrated that larger polyps were progressively associated
with a higher risk of DPPB in both the CKD and non-CKD cohorts
(Figure S3).

Over the past decade, the adoption of CSP, linked to lower DPPB
risk, has increased globally. We conducted additional analyses

at 10-year intervals (2005-2013, 2014-2022) to account for these
changes, as detailed in Figure S4. These interval-based sensi-
tivity analyses yielded findings that were relatively aligned with
the main results of our study.

4 | Discussion

This large cohort study investigated the association between
CKD and the risk of colonoscopic DPPB. The main findings are:
(1) Compared with the non-CKD group, individuals with CKD
had a 1.80-fold increased risk of DPPB. (2) Even early-stage
CKD was associated with a 2.38-fold increase in DPPB risk
compared with non-CKD individuals. (3) The risk of DPPB
significantly correlated with CKD severity, showing a trend of
increasing risk with more advanced CKD stages (early-stage
CKD, OR 2.38; advanced-stage CKD, OR 2.80). (4) The results
remained consistently robust when analysed using IPTW.

Several studies have reported an increased risk of colorectal
neoplasia, including CRC and colorectal adenoma, in patients
with CKD or ESRD [17-19]. The incidence of CRC or colorectal
adenoma is approximately twice as high in the CKD population
than in the general population [17, 18]. Therefore, early iden-
tification and treatment of precancerous and early cancer le-
sions through colonoscopic polypectomy are crucial in these
patients to prevent progression to invasive CRC. However,
concerns about the safety of colonoscopic polypectomy in pa-
tients with CKD are increasing [21-25]. Previous studies have
indicated that CKD or ESRD is associated with an
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TABLE 2 | Logistic regression of risk factors for DPPB.

Univariate Multivariate (adjusted)
Variables OR 95% CI p-value OR 95% CI p-value
Patient-related factor
Demographic variables
Age, years 1.03 1.02-1.04 < 0.01 1.01 0.99-1.02 0.34
Male 1.31 1.02-1.69 0.03 1.10 0.84-1.44 0.48
Body mass index, kg/m? 0.96 0.92-0.99 0.03 0.96 0.92-1.00 0.05
Comorbidities
Hypertension 1.87 1.45-2.40 < 0.01 1.22 0.91-1.65 0.19
Diabetes mellitus 2.34 1.81-3.02 < 0.01 1.49 1.11-2.00 0.01
Liver cirrhosis and chronic liver disease 0.81 0.44-1.51 0.51
Cardiovascular and cerebrovascular disease 1.81 1.27-2.59 < 0.01 1.13 0.76-1.69 0.54
Chronic kidney disease 2.51 1.91-3.30 < 0.01 1.44 1.05-1.98 0.03
Cancers 1.30 0.97-1.74 0.08
Medication
Antiplatelets 1.93 1.23-3.01 < 0.01 1.31 0.81-2.12 0.27
Anticoagulants 3.26 1.86-5.72 < 0.01 2.32 1.23-4.38 0.01
NSAIDs and corticosteroids 0.93 0.61-1.43 0.75
Laboratory findings
Haemoglobin, g/dL 0.87 0.82-0.92 < 0.01 0.95 0.89-1.01 0.11
Platelet count, 10°/L 1.00 0.99-1.00 0.94
Prothrombin time, INR 1.50 1.03-2.19 0.03 1.00 0.60-1.65 0.99
aPTT, sec 1.01 1.00-1.03 0.06
Polyp-related factors
Polyp number per patient 1.16 1.13-1.20 < 0.01 1.05% 1.02-1.09 0.01
Polyp size (mm) 1.12 1.11-1.14 < 0.01
Polyp size
< 10 mm (Reference) (Reference)
10-20 mm 5.25 4.01-6.88 0.33 3.35 2.44-4.62 0.09
20-30 mm 14.48 9.60-21.82 < 0.001 8.45 5.33-13.41 < 0.01
> 30 mm 16.34 8.46-31.58 < 0.001 11.05 5.57-21.93 < 0.01
Morphology
Non-pedunculated (Reference) (Reference)
Pedunculated 2.11 1.66-2.70 < 0.01 1.35 1.04-1.75 0.02
Location
Right colon (Reference)
Left colon 1.03 0.80-1.33 0.45
Rectum 0.85 0.56-1.30 0.40
Histopathologic results
Non-adenomatous (Reference)
Adenomatous 1.26 0.91-1.75 0.16
(Continues)
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TABLE 2 | (Continued)
Univariate Multivariate (adjusted)
Variables OR 95% CI p-value OR 95% CI p-value
Procedure-related factors
Resection method
Cold (CFP, CSP) (Reference) (Reference)
Hot (EMR, ESD) 2.79 2.20-3.54 < 0.01 1.26 0.95-1.67 0.11
Procedure time, min 1.02 1.01-1.02 < 0.01 1.01 1.00-1.01 0.04
Endoscopist experience
Trainee (Reference)
Experienced 0.91 0.71-1.16 0.43
Bowel preparation
Excellent + good (Reference)
Adequate + poor 1.20 0.88-1.63 0.25
Preventive haemostasis 2.50 1.86-3.38 < 0.01 0.92 0.64-1.32 0.65
Immediate post-polypectomy bleeding 2.54 1.76-3.65 < 0.01 1.10 0.72-1.66 0.66

Abbreviations: aPTT, activated partial thromboplastin time; CFP, cold forceps polypectomy; CSP, cold snare polypectomy; DPPB, delayed post-polypectomy bleeding;
EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; INR, international normalized ratio; NSAID, nonsteroidal anti-inflammatory drug; OR,

odd ratio.

“For each increase in the number of polyps, the risk of DPPB increases by 5%.

FIGURE 2 |

PSM 1:1*
Non-CKD group
CKD group

PSM 1:1:1**

Odds ratio 95%Cl

Reference
1.80 (1.12, 2.89)

Non-CKD group Reference

Early-stage CKD group 2.38(1.01, 5.64)

Advanced-stage CKD group 2.80(1.20, 6.51)

IPTW 1:17

Non-CKD group Reference

CKD group — 1.98 (1.72,2.28)

IPTW 1:1:171

Non-CKD group Reference

Early-stage CKD group — - 1.37 (1.16, 1.62)

Advanced-stage CKD group S 1.46 (1.23,1.73)
0.5 2 4

*PSM 1:1 analysis set compared the non-CKD and CKD groups, adjusting for
baseline characteristics between the two groups

**PSM 1:1:1 analysis set included non-CKD, early-stage CKD, and advanced
stage CKD groups, ensuring that the baseline characteristics of all three
groups matched accordingly

T Weights were calculated for two-group comparisons to estimate the OR
1T Weights were calculated for three-group comparisons to estimate the OR

Forest plot of the risk of DPPB in patients with chronic kidney disease (PSM and IPTW). Both PSM and IPTW analyses showed that

patients with CKD had a significantly higher risk of DPPB than non-CKD individuals (OR 1.80, CI 1.12-2.89, p = 0.01; OR 1.98, CI 1.72-2.28,

p < 0.01).

approximately twofold higher risk of colonoscopic PPB or
perforation [24, 25]. Another prospective, cross-sectional,
multicenter study of 5152 patients who underwent polypectomy
identified nine risk factors positively associated with the

incidence of IPPB, including CKD as one of the analysed vari-
ables [23]. However, these studies had notable shortcomings,
such as focussing only on patients with ESRD and not those
with CKD and failing to utilise a variety of statistical analyses,
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limiting the strength of their conclusions [21, 25, 26]. Addi-
tionally, most studies did not fully adjust for confounding fac-
tors such as the use of antiplatelets or anticoagulants, the
characteristics of polyps (including their shape, location, and
numbers), laboratory findings, histopathological results, or de-
tails related to endoscopic procedures [21, 23-28]. Given the
heterogeneity of the CKD population compared to the general
population, it is challenging to determine the safety of colono-
scopic polypectomy in CKD from previous studies [46, 47].
Therefore, to address these limitations, we conducted a
comprehensive study with a substantial sample size
(n = 41,014), meticulously adjusting for all potential risk factors
using PSM and IPTW to provide robust evidence.

Our study comprehensively addressed the patient-, polyp-, and
endoscopic procedure-related factors. We examined the rela-
tionship between CKD severity and DPPB following colono-
scopic polypectomy by employing robust analytical methods
such as PSM and IPTW. Through these rigorous analyses, we
demonstrated that the risk of DPPB significantly increases not
only in advanced-stage CKD but also in early-stage CKD. These
findings provide clear evidence that strategies to prevent
bleeding should be implemented during colonoscopy and pol-
ypectomy in all patients with CKD. Close inspection and irri-
gation of the resection site to monitor for IPPB may be beneficial
to minimize the risk of complications in patients with CKD [48,
49]. Moreover, using diathermy-free techniques (CSP, cold
EMR) rather than diathermy-based techniques (traditional
EMR) can help minimize bleeding risks [50]. Although ESGE
guidelines do not recommend routine clip closure [35], it can be
considered for high-risk patients, such as those with CKD and
large polyps (> 10 mm). In such cases, the proactive use of
prophylactic endoscopic techniques may be advantageous.

DPPB is an infrequent occurrence with a very low associated
mortality rate [51]. However, its impact should not be under-
estimated as its occurrence often necessitates repeat endoscopic
procedures, a significant number of hospitalizations and
increased healthcare costs ultimately causing patient discomfort
and reduced quality of life (QOL) [52]. According to our study,
patients with CKD exhibit a significantly higher incidence of
DPPB compared with the general population, which adversely
affects healthcare costs, patient safety, and overall QOL.
Recognizing the heightened risk of DPPB in CKD patients and
implementing strategies to mitigate this risk are of critical
clinical importance. Furthermore, providing patients with
adequate attention and detailed explanations about their con-
dition and the measures being taken to reduce DPPB risk is
essential for optimal care and safety.

The mechanisms underlying the increased bleeding risk in pa-
tients with CKD are poorly understood and vary between early-
stage and advanced-stage CKD, necessitating further research
[27, 28]. In early-stage CKD, although the decrease in eGFR is
not severe, the presence of albuminuria indicates endothelial
cell dysfunction in the glomerular basement membrane as well
as systemic endothelial cell dysfunction. This dysfunction can
lead to an impaired balance between prothrombotic and
antithrombotic factors, compromising the integrity of the
vascular endothelium and thereby increasing the susceptibility
to bleeding. In advanced-stage CKD, the risk of bleeding is likely

to be elevated due to more severe systemic endothelial cell
dysfunction, in addition to other factors such as uraemic platelet
dysfunction, in which the accumulation of uraemic toxins im-
pairs platelet function and reduces their ability to aggregate
properly and form effective clots, significantly elevating the risk
of bleeding. Furthermore, patients with advanced CKD
frequently suffer from anaemia due to erythropoietin deficiency,
which exacerbates bleeding tendencies by reducing the number
of red blood cells available to support platelet plug formation.
Although these factors are believed to contribute to increased
bleeding risk in CKD, additional research is necessary to fully
understand these mechanisms.

Previous studies have reported that various patient- or polyp-
related factors (e.g., advanced age, diabetes, liver disease,
anti-thrombotic use, polyp size, and resection method) can
influence the risk of DPPB [23, 26, 53]. While the results for
many of these factors remain inconsistent [25, 40, 54], the
polyp size and resection method have shown a relatively
consistent association with PPB in the literature [35, 36]. In
our study, polyp size demonstrated a significant association
with DPPB in both univariate and multivariate analyses,
including within the CKD cohort. However, the resection
method did not show a significant relationship with DPPB in
our dataset. Typically, polyp size plays a critical role in
determining the resection method (cold vs. hot) [35, 36].
Consistent with this, our data revealed a statistically significant
association between polyp size and resection method
(Cochran-Armitage Trend Test, p < 0.0001). In the multivariate
analysis (Table 2), polyp size remained significant, while the
resection method did not, likely due to the strong correlation
between these two factors.

This study has several strengths. First, we used a large clinical
cohort, enabling large-scale PSM with 27 covariates, a feature
lacking in previous studies. Meticulous matching of potential
confounders may influence the risk of PPB, including socio-
demographic factors, comorbidities, medication use, laboratory
findings, and several polyp- or procedure-related factors that
mitigate confounding. Second, considering the significant het-
erogeneity of the patients with CKD compared with the general
population, we simultaneously performed both PSM and IPTW
to reduce heterogeneity and achieve a balance between the
groups. Both PSM and IPTW yielded highly consistent results.
These methodological strengths ensured robust and reliable
results, highlighting the intricate relationship between CKD and
the risk of DPPB. Furthermore, multigroup PSM for head-to-
head comparisons in multiple cohorts provided strong evi-
dence through a sensitivity analysis, confirming the results
under perfect control. Simultaneously presenting IPTW results
with weights accounted for using the entire pooled population
reinforced the robustness of our findings.

This study has some limitations. First, despite including
various covariates, this study may not have eliminated the
impact of residual confounders from inadequately measured
or missing factors. For instance, our dataset lacked informa-
tion on CKD duration, the Charlson Comorbidity Index,
indication of colonoscopy, and exact timing of anti-thrombotic
resumption, all of which may impact DPPB risk. Second, the
selection of representative polyps from patients with multiple
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polyps could be a confounding variable and may have resulted
in a selection bias. However, representative polyps were
selected not randomly but by considering factors associated
with bleeding risk and by differentially prioritising size,
resection method, and polyp morphology [36, 55]. Third, our
retrospective cohort study could not establish a causal rela-
tionship between CKD and DPPB. Although this study was
conducted on a large scale, with considerable efforts to control
for bias, the findings suggest only a potential association be-
tween CKD and DPPB. Fourth, PSM analysis was conducted
by grouping CKD into early and advanced stages due to
insufficient sample sizes for robust interpretation. Nonethe-
less, sensitivity analysis categorizing CKD into five stages
showed consistently high DPPB risks across all stages,
consistent with the main findings. Fifth, patients undergoing
renal replacement therapy (defined as those on dialysis or
with a history of kidney transplantation) were excluded from
our study as these individuals may have a different risk profile
for DPPB compared to those with CKD. This exclusion could
introduce selection bias. Finally, as the study was conducted
at only two centres and primarily involved the Korean pop-
ulation, caution should be exercised when applying and
interpreting these results to other ethnic groups or countries.
Therefore, larger, multicenter studies, including patients
receiving renal replacement therapy, are required to validate
our findings and provide stronger evidence on the relationship
between CKD and DPPB risk.

In conclusion, CKD, including early-stage CKD, is closely
associated with DPPB, and this association becomes stronger as
CKD progresses. Therefore, careful monitoring of bleeding is
necessary for at least 1 month after colonoscopic polypectomy
across all CKD stages.
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