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Abstract: Background/Aims: The adverse events associated with endoscopic retrograde cholan-
giopancreatography (ERCP) in end-stage renal disease (ESRD) patients undergoing hemodialysis
(HD) have not been sufficiently evaluated. This study aimed to review the morbidity and mortality
associated with ERCP in ESRD patients on HD using a systematic review and pooled analysis. Meth-
ods: A systematic review and pooled analysis were conducted on studies that evaluated the clinical
outcomes of ERCP in patients on HD. Random-effect model meta-analyses with subgroup analyses
were conducted. The methodological quality of the included publications was evaluated using the
risk of bias assessment tool for nonrandomized studies. The publication bias was assessed. Results:
A total of 239 studies were identified, and 12 studies comprising 7921 HD patients were included
in the analysis. The pooled estimated frequency of bleeding associated with ERCP in HD patients
was 5.8% (460/7921). In the subgroup analysis of seven comparative studies, the ERCP-related
bleeding rate was significantly higher in HD patients than in non-HD patients (5.5% (414/7544) vs.
1.5% (6734/456,833), OR 3.84; 95% CI 4.26–25.5; p < 0.001). The pooled frequency of post-ERCP
pancreatitis was 8.3%. The pooled frequency of bowel perforation was 0.3%. The pooled estimated
mortality associated with ERCP was 7.1% The publication bias was minimal. Conclusion: This
pooled analysis showed that ERCP-related morbidity and mortality are higher in HD patients than in
non-dialysis patients.

Keywords: endoscopic retrograde cholangiopancreatography; end-stage renal disease; hemodialysis;
adverse events; systematic review

1. Introduction

The prevalence of gallstone disease has been reported to be higher in chronic kidney
disease patients and end-stage renal disease (ESRD) patients on hemodialysis (HD) [1–3].
As the number of ESRD patients on HD with gallstones has increased, the need for en-
doscopic retrograde cholangiopancreatography (ERCP) in HD patients has gradually in-
creased [4].

ERCP is one of the most commonly performed therapeutic endoscopies; however,
therapeutic ERCP is an invasive procedure [5]. ERCP has an inherent risk of adverse
events, including bleeding, post-ERCP pancreatitis, bowel perforation, biliary infection,
and cardiopulmonary complications [6]. Although improvements in endoscopic technolo-
gies and skills are now making the complicated procedure more possible today, the risk of
complications remains a troublesome issue. In addition, the risk of ERCP-related adverse
events in HD patients might differ from those in the general population. In ESRD patients
undergoing HD, the risk of ERCP-related adverse events can be higher due to patient
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coagulopathies, including platelet dysfunction and activation of fibrinolysis, uremic condi-
tions, bowel vulnerability, immunocompromised status, and underlying cardiopulmonary
diseases [7–9]. For these reasons, performing ERCP in ESRD patients on HD has been
recognized as a procedure with a high risk of complications, and endoscopists regard it as
a burdensome procedure [10].

To date, there have been few relevant studies on ERCP in ESRD patients undergoing
HD because of ethical and practical limitations due to procedure-related morbidity and
mortality. Therefore, ERCP-related adverse events, including bleeding, post-ERCP pancre-
atitis, bowel perforation, and mortality, have not been sufficiently evaluated. This study
aimed to assess the outcomes of ERCP in ESRD patients on HD and focused on morbidity
using a systematic review and pooled analysis.

2. Materials and Methods
2.1. Study Identification and Selection Criteria

The systematic review and meta-analysis were conducted according to the preferred
reporting items for systematic reviews and meta-analyses (PRISMA) guidelines [11]. Elec-
tronic databases were searched, including Embase, MEDLINE (through PubMed), Web
of Science, Scopus, and Cochrane Library up to February 2022. The search terms cholan-
giopancreatography, endoscopic retrograde (MeSH), endoscopic retrograde cholangiopan-
creatography and dialysis (MeSH), or hemodialysis were used. Because there were only a
few relevant studies on this topic, we included retrospective single-arm studies and com-
parative studies if they met the following inclusion criteria: studies on ERCP in patients on
dialysis, available information on bleeding, bowel perforation, post-ERCP pancreatitis, and
mortality, full-text articles, and published in English. The exclusion criteria were as follows:
abstract only, reviews, case reports, commentaries, editorials, letters, irrelevancy to ERCP
in renal dialysis patients, not published in English, duplicate, and incomplete data. The
approval of the institutional review board (IRB) was waived in the design of this study and
written consent was not needed.

2.2. Study Selection, Quality Assessment, and Data Extraction

Study eligibility assessments, methodological quality assessments, and data extrac-
tion were independently performed by two investigators (T.Y.P. and C.S.B.) using a stan-
dardized data form according to the predetermined selection criteria. Discrepancies be-
tween the investigators were resolved through discussions or consultations with a third
evaluator (J.H.D.).

The quality of the included studies was evaluated using the risk of bias assessment
tool for non-randomized studies (RoBANS) [12]. The RoBANS tool contains six domains,
including the selection of participants, confounding variables, measurement of the inter-
vention (exposure), blinding of the outcome assessment, incomplete outcome data, and
selective outcome reporting [12]. RoBANS is a validated tool that is reliable and feasible for
assessing the methodological quality of non-randomized studies. Review Manager version
5.3.3 (RevMan for Windows 7, the Nordic Cochrane Centre, Copenhagen, Denmark) was
used to generate a summary of the RoBANS results. Data were extracted on the study de-
sign, the number of patients, demographic data, indications for ERCP, duration of dialysis,
the use of anticoagulants, concomitant cirrhosis, the type of sphincter therapy, bleeding,
bowel perforation, post-ERCP pancreatitis, and mortality.

2.3. Statistical Analysis

The primary outcome was to evaluate ERCP morbidity, including ERCP-related bleed-
ing, post-ERCP pancreatitis, and bowel perforation, in patients on dialysis. The sec-
ondary outcome was to evaluate the mortality associated with ERCP. Comprehensive
Meta-Analysis software (version 3, Biostat; Borenstein M, Hedges L, Higgins J and Roth-
stein H. Englewood, NJ, USA) was used for this meta-analysis. The pooled adverse event
rates with 95% confidence intervals (CIs) were calculated from the enrolled studies. The
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heterogeneity was determined using the I2 test, developed by Higgins, and measures
the percentage of the total variation across the studies [13]. I2 was calculated as follows:
I2 (%) = 100 × (Q − d f )/Q, where Q is Cochrane’s heterogeneity statistic and df is the
degrees of freedom. Negative I2 values were set to zero, and an I2 value greater than 50%
was considered to demonstrate substantial heterogeneity (range: 0–100%) [14]. Pooled
effect sizes with 95% CIs were calculated using a random effects model and the DerSimo-
nian and Laird method due to the methodological heterogeneity [15]. These results were
confirmed by I2 tests. Significance was set at a p-value of 0.05. The publication bias was
evaluated using a Begg’s funnel plot, Egger’s test of the intercept, Begg and Mazumdar’s
rank correlation test, and Duval and Tweedie’s trim and fill method [16–21]. Subgroup
analysis (bleeding) of specific outcomes described in all comparative studies of the dialysis
group versus the non-dialysis group was also performed with pooled odds ratios (ORs)
and 95% CIs using a random-effects meta-analysis. Subgroup analysis according to the
type of sphincter management was performed.

3. Results
3.1. Identification of Relevant Studies

A total of 239 studies were identified from Embase (n = 165), PubMed (n = 32), Web
of Science (n = 25), Scopus (n = 15), Cochrane Library (n = 2), and a manual search (n = 4).
Initially, 49 duplicate studies were removed. Of the remaining 194 studies, 182 studies
were excluded from the analysis for irrelevant studies on ERCP in HD patients (n = 127),
case reports (n = 31), guidelines (n = 11), commentaries, editorials, and letters (n = 7),
reviews (n = 4), and abstracts (n = 2). The remaining 12 studies were included in the final
analysis. A flow diagram of the study identification and selection process is shown in
Figure 1.
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3.2. Characteristics of the Enrolled Publications

A total of 7921 HD patients from the 12 studies were selected for the pooled analysis,
including 7 retrospective single-arm studies, 4 retrospective comparative studies, and
1 prospective single-arm study. The detailed characteristics of the included studies and
patients’ demographic data are summarized in Table 1. The 12 nonrandomized studies were
relatively similar in methodological quality, so a subgroup analysis was not performed.
The detailed quality evaluation is described in Figure 2. Outcomes of evaluated studies are
summarized in Table 2.

Table 1. Characteristics of the studies included in the meta-analysis.

Study Nation Design No. of Patients Indications for ERCP, No. Duration of
Dialysis, Years

Anticoagulant
Use, No.

Cirrhosis,
No.

Nelson [22], 1994 United
States

Retrospective
single arm

HD 14
Non-dialysis 177

CBD stone 73
Cholangitis 41

Tumor/stricture 26
Gallstone pancreatitis 16

SOD/papillary stenosis 17
Bile leak 4
Others 4

N/A 5 N/A

Williams [23], 2007 United
Kingdom

Prospective
single arm

HD 6
Non-dialysis 4555

CBD stone 2477
Malignancy 891
Pancreatitis 435

Gallstone pancreatitis 16
Cholangitis 245

Bile leak 100
SOD 69

Others 344

N/A N/A 43

Takahara [24], 2012 Japan Retrospective
single arm HD 37 CBD stone 37 5.1 (0.03–14.8) * 12 6

Hori [25], 2014 Japan Retrospective
single arm HD 76

CBD stone 43
Mucinous neoplasm 7

Pancreas cancer 6
Others 20

6 (1–35) * 30 2

Ikarashi [26], 2017 Japan Retrospective
single arm

HD 19
Non-dialysis 1094

CBD stone 801
Malignant biliary stricture 256

Sphincter of Oddi dysfunction 13
Acute cholecystitis 11 Benign

biliary stricture 11
Other 21

N/A 56 16

Kim [27], 2018 Republic
of Korea

Retrospective
comparative

HD 28, PD 11
Non-dialysis 78 CBD stone 117 8 (1–24) * 13

12
1
2

Sawas [10], 2018 United
States

Retrospective
comparative

ESRD 7347
CKD 39,403
Non-dialysis

445,424

N/A N/A N/A N/A

Nakaji [28], 2018 Japan Retrospective
comparative

HD 38
Non-dialysis 1480 CBD stone 1518 N/A 25

1 12

Tsai [29], 2019 Taiwan Retrospective
comparative

HD 74
Non-dialysis 3487

CBD stone 64
Malignancy 9
Pancreatitis 5

N/A None ** None **

Park [30], 2020 Republic
of Korea

Retrospective
single arm HD 61 CBD stone 61 4.1 (4.7) † 38 N/A

Nakaji [31], 2020 Japan Retrospective
single arm HD 123 CBD stone 123 5 (1–24) * 8 0

Wu [32], 2022 Taiwan Retrospective
single arm HD 80 CBD stone 80 N/A 31 N/A

ERCP, endoscopic retrograde cholangiopancreatography; HD, hemodialysis; PD, peritoneal dialysis; ESRD, end-
stage renal disease; CKD, chronic kidney disease; CBD, common bile duct; SOD, sphincter of Oddi dysfunction;
N/A, not available. * Median, (Range); † Mean, (SD); ** Patients with anticoagulant use and cirrhosis were
excluded from this study.
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Table 2. Outcomes of evaluated studies.

Study Groups
No. of

Patients
(Procedures)

Age, Years Sex, M:F Type of Sphincter
Therapy

Bleeding,
No. (%)

Post-ERCP
Pancreatitis,

No. (%)

Bowel
Perforation,

No. (%)

Mortality,
No. (%)

Nelson [22], 1994 Dialysis
Control

14
177 66 (19) 108:69 EST 4/14 (28.6)

6/177 (3.4) N/A N/A N/A

Williams [23], 2007 Dialysis
Control

6
4555 65.0 (16.7) 1970:2591 EST 3/6 (50)

25/4555 N/A N/A N/A

Takahara [24], 2012 Dialysis 37 71 (49–88) * 25:12 EPBD 2/37 (5.4) 2/37 (5.4) 1/37 (2.7) 0/37 (0)

Hori [25], 2014 Dialysis 76 70 (33–87) * 55:21 EST ± EPBD 4/76 (5.3) 6/76 (7.9) 0/76 (0) 2/76 (2.9)

Ikarashi [26], 2017 Dialysis
Control

19
1094 74 (14–101) * 643:470 EST 3/19 (15.8)

27/1094 (2.5) N/A N/A N/A

Kim [27], 2018 Dialysis
Control

39
78

65.6 (12.6) †
65.6 (12.5) †

22:17
46/32 EST or EPBD ± NF 9/39 (23.1)

4/78 (5.1)
4/39 (10.3)
5/78 (6.4)

0/39 (0)
1/78 (1.3)

0/39 (0)
0/78 (0)

Sawas [10], 2018 Dialysis
Control

7347
445,424

65.5 (0.42) †
58 (0.12) †

3870:3477
174,124:271,300 N/A

377/7347 (5.1)
6546/445,424

(1.5)

611/7347 (8.3)
20,315/445,424

(4.6)

14/7347 (0.2)
340/445,424

(0.07)

526/7347 (7.1)
5138/445,424

(1.15)

Nakaji [28], 2018 Dialysis
Control

38
1480

70.7 (9.3) †
74.8 (12.9) †

22:16
791:689 EST ± EPLBD 11/38 (29.0)

39/1480 (2.6) N/A N/A N/A

Tsai [29], 2019 Dialysis
Control

74 (81)
3487 (4025) 67 (33–86) ** 32:42 EST or EPBD ** 7/81 (8.64)

** 87/4025 (2.16) N/A N/A N/A

Park [30], 2020 Dialysis 61 69.7 (10.7) † 36: 25
EST 30

EPBD 23
EST + EPBD 8

8/61(13.1) 3/61 (4.9) 0/61 (0) 0/61 (0)

Nakaji [31], 2020 Dialysis 123 71(47–101) * 79:44 EST ± EPLBD 20/123 (16.3) N/A N/A N/A

Wu [32], 2022 Dialysis 80 N/A 36:44
EST 21

EPBD 28
EST + EPBD 31

12/80 (15.0) 7/80 (8.8) 0/80 (0) 0/80 (0)

ERCP, endoscopic retrograde cholangiopancreatography; N/A, not available; EST, endoscopic sphincterotomy; NK, needle knife; EPBD, endoscopic papillary balloon dilation; EPLBD,
endoscopic papillary large balloon dilation. CKD patients without dialysis were excluded from the final meta-analysis. * Median, (Range). † Mean, (SD). ** Events/procedures.
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3.3. Pooled Analysis

The pooled estimated frequency of bleeding associated with ERCP from the 12 studies
was 5.8% (460/7921) in the HD patients, which was higher than the 1.5% (6734/456,833) in
non-HD patients. (Figure 3). In the subgroup analysis of the seven comparative studies,
the ERCP-related bleeding rate was significantly higher in dialysis patients with 5.5%
(414/7544) in the dialysis group versus 1.5% (6734/456,833) in the control group (OR 3.84,
95% CI 4.26–25.5, p < 0.001) (Figure 4). The pooled estimated frequency of bleeding was
18.4 % in the EST group, which was higher than the 12.4% in EST and/or EPBD group
(Supplementary Materials: Figures S1 and S2). The funnel plot for the bleeding in dialysis
patients showed asymmetry in the left lower quadrant and a trim and fill analysis showed
that seven comparative studies were missed or trimmed (Figure 5). The pooled estimated
frequency of post-ERCP pancreatitis was 8.3% (Figure 6). The pooled estimated frequency
of bowel perforation associated with ERCP was 0. 3% (Figure 7). The pooled estimated
mortality associated with ERCP was 7.1% (Figure 8). The pooled frequency of ERCP-related
adverse events in the dialysis cohort is summarized in Table 3.
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Table 3. Summary of ERCP-related adverse events in 7921 dialysis patients.

Adverse Events No. (%)

Post-ERCP pancreatitis * 633 (8.3)
Mortality * 528 (7.1)
Bleeding 460 (5.8)

Bowel perforation * 15 (0.3)
ERCP, endoscopic retrograde cholangiopancreatography. * Total number (n = 7640).

4. Discussion

This systematic review reviewed the morbidity and mortality associated with ERCP
in HD patients. The pooled estimated frequency of ERCP-related bleeding was 6.2%
in this review and is significantly higher than the previously reported rate of 0.3–2%
in an average cohort; this increased frequency was found even though variability and
severity of bleeding from post-ERCP adverse events were considered according to the
definitions [5,33]. According to the subgroup analysis, a significantly higher rate of post-
ERCP bleeding was observed in HD patients (5.5%, (414/7544)) compared with non-HD
patients (1.5% (6734/456,833)) (OR 3.84, 95% CI 4.26–25.5, p < 0.001). This higher rate of
post-ERCP bleeding indicates that bleeding might be a potential hazard for HD patients.

The mechanism responsible for the excessive bleeding in ESRD patients on HD has not
been elucidated; however, platelet dysfunctions such as impaired platelet adhesiveness and
altered platelet–vessel wall interactions are regarded as a possible reason [8]. The frequency
of bleeding after endoscopic sphincterotomy (EST) in HD patients has been reported to be
8.1–23.1% [27,29] and is higher than in the general population, which is 2.5–5% [5]. In a
recent study, the frequency of post-EST bleeding was reported to be up to 29% in ESRD
patients on HD, and this risk is significantly higher than in non-HD patients (OR, 13.30;
95 % CI, 5.78–30.80; p < 0.001) [28]. Endoscopic papillary balloon dilation (EPBD) can be
used as an alternative to EST in cases with a high risk of bleeding, such as liver cirrhosis or
coagulopathy patients, to avoid bleeding. However, some reports have indicated the high
risk of post-ERCP bleeding when performing ERCP in patients receiving anticoagulant
agents [34,35]. Recently, post-ERCP bleeding was compared the different sphincter man-
agement techniques, EST, EPBD, and one-half EST plus EPBD, in ESRD patients on HD.
One-half EST followed by EPBD combination therapy significantly reduced post-ERCP
bleeding compared with EST single therapy (OR, 0.07; 95% CI, 0.01–0.72; p = 0.026) [32].
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Although evaluations of ERCP-related adverse events in HD patients are an important
clinical issue, prospective randomized controlled trials regarding the clinical outcomes of
ERCP in HD patients and the general population have never been conducted because of
practical limitations. However, several retrospective studies from 2012 have been reported,
but during the ten years until now, a total of 10 retrospective full-text papers have been
published. The first retrospective observatory study regarding ERCP using an HD cohort
was published in 2012 and evaluated EPBD on HD patients instead of EST as a sphincter
management method [24]. The authors concluded that EPBD needed to be performed
carefully in HD patients with an additional bleeding risk factor, such as Child-Pugh class C
liver cirrhosis or those taking antiplatelet agents at the time of the EPBD [36].

Recently, a predictive model of bleeding following EST was created using cut-off
values for age, platelet count, prothrombin time and INR (PT-INR), and the duration of HD,
which increased the post-EST bleeding risk, and used data from 123 HD patients [31]. In HD
patients, a platelet count of less than 120,00 was a strong risk factor for post-EST bleeding.

Post-ERCP pancreatitis is the most common adverse event and is always a worrisome
issue because it can result in considerable morbidity and mortality in HD patients as well
as the general population [37–39]. In the general population, the frequency of post-ERCP
pancreatitis has been reported to be 3.4% to 6.0% in average-risk groups and 8% to 13.1%
in high-risk groups [40]. In HD patients, the frequency of post-ERCP pancreatitis has
been reported to be 5.4% to 10.3%, which is similar to the general population [10,24,25,27].
However, acute pancreatitis in HD patients is more of a worry because of the vigorous fluid
therapy, which is the primary treatment for acute pancreatitis, and HD would be restricted
due to volume overloading.

The pathogenesis of post-ERCP pancreatitis has not been established, and it seems
to be related to whether the uremic condition of HD patients affects the development or
prevention of post-ERCP pancreatitis. In addition, the prevention of post-ERCP pancreatitis
has not been determined even though, in the general population, the administration of
rectal non-steroidal anti-inflammatory drugs (NSAIDs) has been known to prevent post-
ERCP pancreatitis. However, the effect of rectal NSAIDs varies and is suboptimal according
to the patient’s post-ERCP pancreatitis risk, ERCP technique, the use of a prophylactic
pancreatic duct stent, and other pharmacologic modalities. In HD patients, the use of
rectal NSAIDs is limited and is commercially unavailable in some countries. Prophylactic
fluid therapy is also limited due to volume overloading, pulmonary edema, or cardiac
congestion in HD patients. Although, prophylactic pancreatic duct stent insertion can be
performed regardless of the patient’s condition.

The risk of bowel perforation is high in HD patients due to vulnerable bowels. There
are exceptionally high risks of bowel perforation in peritoneal dialysis (PD) patients due to
underlying intra-abdominal adhesions and peritonitis. In a large retrospective study, the
mortality of ERCP was reported to be 7.1% in patients with ESRD, which was significantly
higher than in patients without ESRD (1.2%) [10]. The frequency of perforation during
ERCP was reported to be approximately 0.1–1.0% [5,6,41]. In this meta-analysis, the pooled
estimated frequency of perforation associated with ERCP was 0.6%, which is comparable
with the previous studies [5,6,41]. Perforation, such as EST site perforation or free duodenal
perforation, is a rare complication of ERCP, but depending on the anatomic site of the
perforation, surgical interventions, such as Whipple’s operation or pylorus-preserving
pancreaticoduodenectomy (PPPD), can be required; however, these interventions are as-
sociated with a mortality of 8.5–32% [42,43]. However, in cases where the perforation
occurred due to duodenoscopy, the perforation can be fixed with minor surgery, such as
over the scope clips (OTSCs), unlike PPPD [44–46]. Therefore, PPPD after ERCP perforation
is extremely rare.

The mortality associated with ERCP has been reported to be 0.8–2.2% in previous
studies [5]. The pooled estimate of ERCP-related mortality in this study was 4.1%, which
is higher than that in the previous reports. Two studies observed mortality out of the
four included in this meta-analysis [10,24,25,27]. One of the two is a small observational
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noncomparative study from a Japanese HD cohort [25]. The mortality rate in this study
was 2.6% (2/76), and the deaths were caused by post-ERCP pancreatitis and aspiration
pneumonia. The other is a large retrospective case-control study from a nationwide inpa-
tient sample (NIS) from a United States cohort [10]. The mortality of ERCP in patients with
ERSD in this study was significantly higher than that in patients without renal dysfunction
(7.1% (526/7347) vs. 1.2% (5138/445,424), OR 3.7, 95% CI 2.9–4.6, p < 0.001) [10].

This meta-analysis has several notable inherent limitations. First, due to a scarcity
of relevant, high-quality studies, this meta-analysis is mainly based on a few low-quality
studies, including noncomparative retrospective studies. Clinical trials evaluating the
outcomes of ERCP in patients with ESRD would be unethical and clinically problematic
since performing ERCP on high-risk patients could result in procedure-related morbidity
and mortality. Because of this, studies regarding this issue are scarce, and inevitably
retrospective single-arm studies were included in the final analysis; therefore, conclusions
are limited. Second, 7921 HD patients from 12 studies were included; however, 7347 (92.8%)
of the patients were from one study [10]. Therefore, the result of this analysis is strongly
dependent on only one study and is a severe limitation of this pooled analysis. Third, there
are many conflicting factors in performing ERCP in ESRD patients, and none of these factors
could be considered in this meta-analysis, including heterogeneous indications for ERCP,
the use of anticoagulants, underlying cardiopulmonary diseases, duration of hemodialysis,
the type of sphincter management, such as EST, EPBD, or endoscopic papillary large
balloon dilation (EPLBD), rescue precut or fistulotomy, prophylactic pancreatic stents
or pharmacologic agents for prevention of post-ERCP pancreatitis, the experience of the
endoscopist, the hospital volume of ERCP procedures, periampullary diverticulum, and the
use of magnetic resonance cholangiopancreatography (MRCP) as an alternative diagnostic
to ERCP. Fourth, subgroup analysis of important factors for post ERCP-bleeding including
the use of anticoagulants, concomitant cirrhosis, the type of sphincter therapy did not
performed due to incomplete data. This can be notable limitation of this systematic review.

In conclusion, this pooled analysis showed that ERCP-related morbidity and mortality
are higher in HD patients than in non-dialysis patients. Mainly, the subgroup analysis
identified that a significantly higher rate of post-ERCP bleeding was observed in HD
patients. Therefore, considering the high risk of procedure-related adverse events, further
attention should be given prior to performing ERCP on HD patients, and additional risk
versus benefit assessments should be performed before making decisions regarding ERCP
in HD patients.
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