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Abstract
Background  Patients with chronic kidney disease (CKD) are at an increased risk choledocholithiasis, requiring intervention 
with endoscopic retrograde cholangiopancreatography (ERCP). Data on ERCP-related adverse events in this population is 
limited, hence this study.
Methods  This retrospective cohort study utilized the TriNetX database to assess the odds of ERCP-related adverse events in 
patients with stages 4 and 5 chronic kidney disease, as well as end-stage renal disease (ESRD) on dialysis. Primary outcomes 
were ERCP-related pancreatitis (PEP), bleeding, cholangitis, and perforation. Secondary outcomes were failure to extubate/
new post-procedure intubation, intensive care unit (ICU) admissions, and all-cause mortality.
Results  After propensity score matching, our study included 4450 patients in the aCKD cohort and 4450 patients in the 
matched control cohort who underwent ERCP. Patients with aCKD had an increased odds of bleeding (OR 2.1, p < 0.001), 
cholangitis (OR 1.6, p < 0.001), ICU admissions (OR 2.2, p < 0.001), intubation (OR 3.0, p < 0.001) and mortality (OR 1.8, 
p < 0.001) compared to those with normal renal function. The odds of PEP (OR 1.1, p = 0.542) and perforation (OR 1.3, 
p = 0.528) were statistically similar between the two cohorts. No subgroup differences in ERCP-related AE were found except 
for increased ICU admissions odds in ESRD patients.
Conclusion  aCKD patients are a demonstrably high-risk group for certain ERCP-related AEs but not for PEP or perforation, 
a finding that may change the previous widespread perception of increased PEP risk in this population. Additional studies 
are needed to validate our findings and investigate potential interventions to improve clinical outcomes in this high-risk 
population.
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Abbreviations
ERCP	� Endoscopic retrograde cholangiopancreatography
PEP	� Post-ERCP pancreatitis
aCKD	� Advanced chronic kidney disease
CKD4	� Chronic kidney disease, stage 4
CKD5	� Chronic kidney disease, stage 5
ESRD	� End-stage renal disease

Chronic kidney disease affects an estimated one in seven 
adults in the United States, approximately 36 million Ameri-
cans [1]. Of these, 0.4% of patients have stage 4 chronic 
kidney disease, 0.2% have stage 4 chronic kidney disease 
and nearly 808,000 people in the United States (US) have 
end-stage renal disease (ESRD), with 69% of ESRD patients 
estimated to be on dialysis [2].

Patients with ESRD are at increased risk of cholestasis 
and gallstone formation, which may in turn lead to chole-
docholithiasis and or cholangitis [3, 4]. Endoscopic retro-
grade cholangiopancreatography (ERCP) is an advanced 
endoscopic procedure used for the definitive management 
of biliary and pancreatic disorders and is associated with 
adverse events (AEs) that can be potentially life-threatening 
such as post-ERCP pancreatitis (PEP) and post-sphincterot-
omy bleeding [5]. Few studies [6, 7] have explored ERCP-
related adverse events (AEs) in patients with ESRD patients 
only, but there is a gap in the literature regarding the risks 
of ERCP in patients with advanced chronic kidney disease 
(aCKD) which encompasses stages 4 and 5 chronic kidney 
disease as well. Therefore, to address this gap, we conducted 
a propensity-matched cohort study in the US to better char-
acterize ERCP-related complications in this population. Our 
a priori hypothesis was that patients with aCKD have higher 
odds of having ERCP-related AEs compared to the general 
population.

Methods

Study design and data source

This large, population-based, retrospective cohort study 
was conducted using the U.S. Collaborative Network in the 
TriNetX platform (Cambridge, MA, USA). TriNetX is a 
federated multicenter research network that provides real-
time access to a deidentified dataset from participating 
healthcare organizations' electronic health records (EHR). 
Clinical data is obtained directly from EHRs and supple-
mented by a built-in natural language processing system, 
which extracts relevant variables from clinical documents. 
Rigorous quality control is applied at the point of data 
extraction to ensure accuracy before inclusion in the data-
base. The platform displays only aggregate counts and 

statistical summaries to protect patient privacy, keeping 
data de-identified at all stages, with additional anonym-
ity safeguards such as masking patient counts below 11. 
Further details of the TriNetX network are described in 
previous studies [8–10]. We followed the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) reporting guideline [11].

Study participants, inclusion and exclusion criteria

A real-time search and analysis of the U.S. Collaborative 
Network on the TriNetX platform was conducted from 
October 2015 when the use of ICD-10 codes was man-
dated by the Centers for Medicare and Medicaid (CMS), 
through to March 24, 2025. Our study had two cohorts. 
The advanced chronic kidney disease (aCKD) cohort 
included all adults (≥ 18 years) with a diagnosis of chronic 
kidney disease (CKD) stage 4 defined as an eGFR of 
15–29 ml/min/1.73 m2, CKD stage 5 defined as an eGFR 
of 15 ml/min/1.73 m2 or less for three months for now and 
end-stage renal disease (ESRD) patients on dialysis who 
underwent ERCP. These patient groups were identified by 
International Classification of Diseases-10 (ICD-10) codes 
and the Current Procedural Terminology (CPT) codes. 
Details on data sources and diagnosis codes used for 
patient selection and outcomes (according to predefined 
ICD-10, CPT, and RxNorm codes) are described further 
in Supplementary Table 1. To ensure ERCP occurred after 
the aCKD diagnosis, TriNetX's functionality for defining 
index events and excluding prior outcomes was applied, 
including only patients who received ERCP following 
the aCKD ICD-10 code. The control cohort consisted of 
all adults (≥ 18 years) who underwent ERCP in the same 
period and did not have an ICD-10 code for any CKD diag-
nosis. In both cohorts, we excluded patients less than the 
age of 18, patients who had ERCP prior to the diagnosis 
of aCKD and patients who had a documented diagnosis of 
stages 1, 2, or 3 chronic kidney disease.

Study outcomes

The primary outcomes of interest were the 7-day post-pro-
cedure odds of ERCP-related adverse events such as post-
ERCP pancreatitis (PEP), post-procedural bleeding and 
intraprocedural perforation, and post-procedural cholangitis. 
Secondary outcomes of interest were the 7-day post-proce-
dure odds of intensive care unit (ICU) admissions, failure 
to extubate and/or new post-procedure intubation for cardi-
orespiratory or mental status reasons 48 h post-procedure, 
and 30-day all-cause mortality. All ICD-10 codes used to 
identify these outcomes are listed in Supplementary Table 1.
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Statistical analysis

All statistical analyses were performed using the real-time 
analytics feature, TriNetX Live (TriNetX LLC, Cambridge, 
MA), on the TriNetX platform. Baseline characteristics of 
study cohorts were reported using means, standard devia-
tions, and proportions. Propensity score matching was done 
to balance confounding variables between groups thereby 
mitigating selection bias, increase precision and to avoid 
overfitting issues that sometimes arise with the use of tradi-
tional regression models. One-to-one (1:1) propensity score 
matching was performed for demographics (age, sex and 
ethnicity), comorbidities (diabetes mellitus, hypertension, 
ischemic heart disease, cirrhosis, thrombocytopenia and 
hereditary factor VIII deficiency) and relevant medications 
(aspirin, clopidogrel, ticagrelor, prasugrel, warfarin, apixa-
ban, rivaroxaban, and dabigatran). The TriNetX platform 
generates propensity scores for individual subjects through 
logistic regression analysis based on the selected covariates. 
Patients were matched using a greedy nearest-neighbor algo-
rithm with a caliper width of 0.1 pooled standard devia-
tions, which was determined optimal. To prevent bias from 
the nearest-neighbor algorithm, TriNetX randomizes row 
order. After PSM, outcome measures were calculated and 
expressed as odds ratios (OR) with 95% confidence inter-
vals (CIs). Statistical significance was defined as a two-sided 
p-value < 0.05.

Results

Baseline characteristics

We identified 4532 patients diagnosed with aCKD and 
167,823 control patients who underwent ERCP during the 
study period. The aCKD cohort had a higher proportion of 
older population (64.0 vs. 58.6, p < 0.001), male patients 
(53.1% vs. 41.7%, p < 0.001), African-American or Black 
patients (15.8% vs. 8.7%, p < 0.001), type 2 diabetes mel-
litus (45.5% vs. 17.2%, p < 0.001), hypertension (74.7% vs. 
40.6%, p < 0.001), ischemic heart disease (33.6% vs. 11.7%, 
p < 0.001), cirrhosis (19.4% vs. 4.0%, p < 0.001), thrombo-
cytopenia (24.5% vs. 5.9%, p < 0.001), and hereditary factor 
VIII deficiency (0.2% vs. 0.0%, p < 0.001) compared to the 
control cohort. Additionally, a greater proportion of patients 
in the aCKD cohort were on antiplatelets: aspirin (44.7% vs. 
22.2%, p < 0.001), clopidogrel (11.4% vs. 3.8%, p < 0.001), 
ticagrelor (1.2% vs. 0.4%, p < 0.001) and prasugrel (0.4% 
vs. 0.2%, p < 0.001), and on anticoagulants: warfarin (11.5% 
vs. 3.9%, p < 0.001) and apixaban (8.6% vs. 3.7%, p < 0.001, 
Table 1).

After propensity score matching was carried out, we had 
a total of 8900 patients who underwent ERCP (4450 patients 

in the aCKD cohort and 4450 patients in the matched con-
trol cohort). Propensity score matching was successful 
for all measures except age (aCKD patients were younger 
64.0 ± 15.0 vs. 65.2 ± 14.7, p < 0.001). A complete list of all 
demographic parameters, comorbidities, and relevant medi-
cations can be found in Table 1.

Primary outcomes

After PSM, a total of 101 patients (2.9%) in the aCKD cohort 
had bleeding after ERCP compared to 55 patients (1.4%) in 
the control group. The odds of post-procedural bleeding was 
higher in the aCKD cohort compared to the control cohort 
(OR 2.1, 95% CI 1.5–2.9, p < 0.001, Table 2). A total of 
262 patients (7.2%) had cholangitis after ERCP compared 
to 170 patients (4.5%) in the control group. The odds of 
post-procedural cholangitis was higher in the aCKD cohort 
compared to the control cohort (OR 1.6, 95% CI 1.3–2.0, 
p < 0.001). However, there were no statistically significant 
differences in PEP (4.7% vs. 4.4%; OR 1.1, 95% CI 0.9–1.3, 
p = 0.542) and intraprocedural perforation (0.3% vs. 0.2%; 
OR 1.3, 95% CI 0.6–3.0, p = 0.528) between the two cohorts 
(Fig. 1; Table 2).

Secondary outcomes

The aCKD cohort had significantly higher odds of 7-day all-
cause ICU admissions (OR 2.2, 95% CI 1.8–2.7, p < 0.001), 
intubations within 48 h of the procedure (OR 3.0, 95% CI 
1.7–5.3, p < 0.001) and 30 days all-cause mortality (OR 1.8, 
95% CI 1.5–2.2, p < 0.001) following ERCP compared to the 
matched cohort control (Table 2).

Subgroup analysis

Baseline characteristics

We identified 2490 patients diagnosed with ESRD on dialy-
sis and 1003 patients who underwent ERCP during the study 
period. The ESRD cohort had a higher proportion of male 
patients (56.9% vs. 41.9%, p < 0.001), African-American or 
Black patients (16.4% vs. 10.6%, p < 0.001), type 2 diabe-
tes mellitus (45.6% vs. 41.3%, p = 0.023), cirrhosis (27.0% 
vs. 12.0%, p < 0.001), thrombocytopenia (26.6% vs. 12.0%, 
p < 0.001), and hereditary factor VIII deficiency (0.2% vs. 
0.0%, p = 0.045) compared to the CKD4–5 cohort. Addition-
ally, a greater proportion of patients in the CKD4–5 cohort 
were on prasugrel (0.4% vs. 1%, p = 0.034), and on dabi-
gatran (0.4% vs. 1%, p < 0.034, Table 3).

After propensity score matching was carried out, we had a 
total of 1566 patients who underwent ERCP (783 patients in 
each cohort). Propensity score matching was successful for 
all measures. A complete list of all demographic parameters, 
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Table 1   Baseline patient characteristics before and after propensity-score matching (PSM)

The values in bold are p-values that are less than 0.05, suggesting statistically significant differences between both groups
aCKD advanced chronic kidney disease (CKD4–5 and ESRD), PSM propensity-score matching, SD standard deviation

Before PSM After PSM

aCKD Control p-value aCKD Control p-value

Total number of patients, n 4455 161,463 4450 4450
Demographics
 Age (mean ± SD) 64.0 ± 15.0 58.6 ± 18.5  < 0.001 64.0 ± 15.0 65.2 ± 14.7  < 0.001
 Male (%) 53.1 41.7  < 0.001 53.1 54.5 0.180

Race
 White (%) 63.2 70.1  < 0.001 63.3 65.1 0.073
 African American or Black (%) 15.8 8.7  < 0.001 15.7 15.6 0.884
 Asian (%) 4.6 3.9 0.079 4.6 4.7 0.802

Ethnicity
 Hispanic or Latino (%) 10.8 9.9 0.035 10.9 9.8 0.109

Comorbidities
 Diabetes mellitus (%) 45.5 17.2  < 0.001 45.4 46.4 0.317
 Hypertension (%) 74.7 40.6  < 0.001 74.7 75.3 0.509
 Ischemic heart disease (%) 33.6 11.7  < 0.001 33.5 32.9 0.559
 Cirrhosis (%) 19.4 4.0  < 0.001 19.4 19.4 0.979
 Thrombocytopenia (%) 24.5 5.9  < 0.001 24.4 23.9 0.569
 Hereditary factor VIII deficiency (%) 0.2 0.0  < 0.001 0.2 0.2 1

Medications
 Aspirin (%) 44.7 22.2  < 0.001 44.6 44.3 0.293
 Clopidogrel (%) 11.4 3.8  < 0.001 11.3 10.6 0.733
 Ticagrelor (%) 1.2 0.4  < 0.001 1.2 1.1 0.266
 Prasugrel (%) 0.4 0.2 0.001 0.4 0.2 0.177
 Warfarin (%) 11.5 3.9  < 0.001 11.5 10.6 0.187
 Apixaban (%) 8.6 3.7  < 0.001 8.6 7.6 0.095
 Rivaroxaban (%) 2.3 2.1 0.332 2.3 2.1 0.386
 Dabigatran (%) 0.4 0.3 0.395 0.4 0.2 0.177

Table 2   ERCP-related adverse 
events: primary and secondary 
outcomes of interest

The values in bold are p-values that are less than 0.05, suggesting statistically significant differences 
between both groups
ERCP endoscopic retrograde cholangiopancreatography, aCKD advanced chronic kidney disease (CKD4–5 
and ESRD), AE adverse events, CI confidence interval, OR odds ratio, AMS altered mental status

Outcomes of interest OR, 95% CI p-value

Primary outcomes of interest
 Post-ERCP pancreatitis 1.1 (0.9–1.3) 0.542
 Post-procedural bleeding 2.1 (1.5–2.9)  < 0.001
 Intraprocedural perforation 1.3 (0.6–3.0) 0.528
 Post-procedural cholangitis 1.6 (1.3–2.0)  < 0.001

Secondary outcomes of interest
 7-Day intensive care unit admissions (all-cause) 2.2 (1.8–2.7)  < 0.001
 Failure to extubate post-procedure/new intubation for AMS/cardio-

pulmonary reasons within 48 h of the procedure
3.0 (1.7–5.3)  < 0.001

 30-Day mortality (all-cause) 1.8 (1.5–2.2)  < 0.001
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comorbidities, and relevant medications can be found in 
Table 3.

Outcomes

After PCM, the odds of 7-day ICU admission post-ERCP 
were higher in the ESRD cohort compared to the CKD4–5 
group (OR 1.6, 95% Cl 1.0–2.6, p = 0.043). However, there 
were no statistically significant differences in all other out-
comes between the two cohorts (Fig. 2; Table 4).

Discussion

This study was conducted with reported procedural out-
comes from the TriNetX database, a collection of large 
multicenter, nationally representative real-world data. This 
is the largest study to our knowledge investigating ERCP-
related adverse events (AEs) in patients with CKD4, CKD5 
and ESRD patients on hemodialysis—collectively referred 
to as advanced chronic kidney disease (aCKD) in this study, 
with data that has undergone propensity score matching to 
mitigate the selection bias that is prevalent in retrospective 
studies.

PEP is the most common post-ERCP related adverse 
event with a reported incidence of 10.2% [12]. Interest-
ingly, our data doesn’t show an increased odds of PEP in 
our cohort compared to the control population, which is in 
contrast with previously reported data. The 2019 published 
European Society for Gastrointestinal Endoscopy guide-
lines [13] suggest there may be an increased risk of PEP in 
patients with ESRD, a statement based on two studies. The 
larger study by Sawas et al. [7] was a retrospective study 
looking at 2011 to 2013 data from the nationwide inpatient 
sample, with the vast majority of patients being controls. 
They found significant odds of pancreatitis in ESRD patients 
(adjusted OR 1.7, p < 0.001) and any-stage CKD (adjusted 
OR 1.5, p < 0.001). It is notable however that the propensity 
score matching we employed in this study mitigates against 
selection bias better and likely provides a more precise esti-
mate of the odds of post-ERCP pancreatitis in this patient 
population. When propensity score matching was applied 
to Kim et al. [14], the second study cited by the guidelines, 
they did not find a difference in the incidence of post-ERCP 
pancreatitis. This was notably a small study with only 39 
patients in the dialysis group and the authors were not able to 
calculate an odds ratio. Park et al. [15] report the same fre-
quency of PEP in patients on hemodialysis (5.4% to 10.3%) 
compared to the general population and a recent systematic 

Fig. 1   Adverse event rates for 
primary and secondary out-
comes of interest in patients in 
aCKD and control cohorts
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review and meta-analysis comprehensively evaluating for 
predictors of PEP did not find that chronic kidney disease 
increases the risk of PEP [16]. Our data therefore suggests 
that the association between advanced chronic kidney dis-
ease and post-ERCP pancreatitis may have previously been 
overstated. This is clinically relevant, as extra potentially 
harmful precautions such as increased intravenous fluid 
administration which can lead to poor outcomes, may not 
be necessary in this patient population.

Post-procedural bleeding was noted in 2.9% of patients 
with aCKD and compared to the control group, aCKD 
patients had higher odds of post-ERCP bleeding. This 
finding was similar to other studies that evaluated post-
ERCP AE in this high-risk population [7, 17] including a 
systematic review and pooled analysis by Park et al. [15] 
assessing morbidity and mortality associated with ERCP 
in hemodialysis (HD) patients which found a higher pro-
portion of post-procedure bleeding in patients on hemo-
dialysis (5.5%, 414/7544) compared with patients not on 

hemodialysis (1.5%, 6734/456,833, OR 3.84, 95% CI 
4.26–25.5, p < 0.001). Multiple hypotheses have been sug-
gested to explain the increased risk of bleeding in patients 
with aCKD including platelet dysfunction due to intrinsic 
platelet abnormalities and impaired platelet-vessel interac-
tions [18, 19]. Other theories include having lower blood 
counts and the increased use of antiplatelet and anticoagula-
tion agents in this population [20].

We found an increased odds of cholangitis in the 
advanced CKD cohort compared to the control cohort. To 
our knowledge, there is no other study that has previously 
assessed this particular ERCP-related adverse event in 
aCKD patients, so we do not have a comparator. However, 
we urge caution with the interpretation of this finding for 
a few reasons. First, in the general population, cholangitis 
has been estimated to occur in less than 3% of all patients 
undergoing an ERCP [5] but this is not the case in our data 
which shows a much higher than normal incidence of chol-
angitis even in our control cohort. One possible explanation 

Table 3   Baseline patient characteristics before and after propensity-score matching (PSM), subgroup analysis

The values in bold are p-values that are less than 0.05, suggesting statistically significant differences between both groups
CKD chronic kidney disease, PSM propensity-score matching, SD standard deviation

Before PSM After PSM

ESRD + dialysis CKD4–5 p-value ESRD + dialysis CKD4–5 p-value

Total number of patients, n 2490 1003 783 783
Demographics
 Age (mean ± SD) 60.0 ± 15.0 73.4 ± 13.0  < 0.001 70.6 ± 12.1 70.4 ± 12.6 0.781
 Male (%) 56.9 46.9  < 0.001 51.5 51.1 0.879

Race
 White (%) 61.7 69.2  < 0.001 67.6 66.0 0.520
 African American or Black (%) 16.4 10.6  < 0.001 12.4 12.4 1
 Asian (%) 4.9 6.0 0.207 5.5 5.6 0.912

Ethnicity
 Hispanic or Latino (%) 12.8 7.0  < 0.001 9.2 8.0 0.418

Comorbidities
 Diabetes mellitus (%) 45.6 41.3 0.023 45.8 44.1 0.477
 Hypertension (%) 71.4 72.8 0.422 74.2 73.1 0.606
 Ischemic heart disease (%) 34.2 36.9 0.137 38.4 36.8 0.498
 Cirrhosis (%) 27.0 12.0  < 0.001 13.8 13.5 0.883
 Thrombocytopenia (%) 26.6 12.0  < 0.001 16.9 14.7 0.239
 Hereditary factor VIII deficiency (%) 0.4 0 0.045 0 0 1

Medications
 Aspirin (%) 39.1 35.5 0.052 35.1 36.5 0.562
 Clopidogrel (%) 9.7 11.0 0.261 11.1 10.9 0.872
 Ticagrelor (%) 1.2 1.1 0.957 1.4 1.3 0.826
 Prasugrel (%) 0.4 1.0 0.034 1.3 1.3 1
 Warfarin (%) 8.6 9.8 0.301 11.0 9.8 0.456
 Apixaban (%) 8.8 9.0 0.827 8.7 8.8 0.929
 Rivaroxaban (%) 2.3 3.1 0.191 2.7 2.7 1
 Dabigatran (%) 0.4 1.0 0.034 1.3 1.3 1
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Fig. 2   Adverse event rates for 
primary and secondary out-
comes of interest in patients in 
ESRD on dialysis and CKD4–5 
cohorts, subgroup analysis

Table 4   ERCP-related adverse 
events: primary and secondary 
outcomes of interest in our 
subgroup analysis

The value in bold is p-value that is less than 0.05, suggesting statistically significant differences between 
both groups
ERCP endoscopic retrograde cholangiopancreatography), AE adverse events, CI confidence interval, OR 
odds ratio, AMS altered mental status

Outcomes OR, 95% CI p-value

Primary outcomes of interest
 Post-ERCP pancreatitis 1.1 (0.6–1.8) 0.716
 Post-procedural bleeding 0.9 (0.5–1.9) 0.845
 Intraprocedural perforation 1.0 (0.4–2.4) 1.00
 Post-procedural cholangitis 1.0 (0.6–1.5) 0.90

Secondary outcomes of interest
 7-Day intensive care unit admissions (all-cause) 1.6 (1.0–2.6) 0.043
 Failure to extubate post-procedure/new intubation for AMS/cardio-

pulmonary reasons within 48 h of the procedure
1.0 (0.4–2.4) 1.00

 30-Day mortality (all-cause) 1.3 (0.9–2.0) 0.144
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is that available literature suggests patients with ESRD on 
dialysis have an increased overall risk of developing infec-
tions [21] so the development of post-procedure infectious 
symptoms from any cause might initially be attributed to 
cholangitis and coded as such due to temporal proximity to 
the ERCP. This then results in an over-estimation of chol-
angitis incidence. That being said, a study by Lee et al. [22] 
has demonstrated that patients with pre-existing renal dys-
function are at increased risk for multiorgan dysfunction in 
acute cholangitis, leading to increased morbidity and mor-
tality. Hence, until this finding is negated by future studies, 
it is not unreasonable to pursue meticulous intraprocedural 
biliary drainage of contrast after all interventions are done 
and to consider consistent use of periprocedural antibiot-
ics for now. With respect to our last primary outcome, we 
also found a similar odds of perforation between our aCKD 
cohort and the control cohort, which aligns with what the 
current literature suggests [15].

Our results for secondary outcomes suggest increased 
odds of ICU admissions, failure to extubate or new intuba-
tions within 48 h post ERCP, and all-cause mortality in our 
aCKD cohort compared to the control cohort. The propor-
tion of 30-day all-cause mortality in the aCKD population 
of 6.9% is also higher than in previously published data [15]. 
Again, this is another finding we recommend interpreting 
with caution as the database does not allow for more granu-
lar analysis to determine the driving etiology for each of 
these poor outcomes and whether these poor outcomes are 
directly related to the ERCP procedure itself or the popula-
tion of interest who tend to have significant comorbidities. 
This in turn means we are unable rule out confounders of 
this presumed association. However, if these findings are 
corroborated by future studies, then one possibility is vol-
ume overload in these patients may be a driving factor for 
the higher-than-expected odds of failed post-procedure extu-
bations, new intubations and intensive care unit admissions. 
Periprocedural intravenous fluid administration is the norm 
while performing ERCPs and while the rate of administra-
tion is typically reduced in patients with advanced renal dys-
function, these patients may still receive a larger than antic-
ipated fluid volume especially if they undergo prolonged 
procedures. Until these findings are categorically disproved, 
it may be prudent to coordinate non-emergent procedures 
with dialysis sessions in those who are already on dialysis.

Subgroup analysis revealed so significant differences 
in adverse events between the two cohorts except for ICU 
admissions 7 days post-procedure. This suggests that the 
progression from CKD4 to ESRD does not substantially 
alter the overall risk profile. While the rate of these com-
plications does not differ, we do not know if the severity is 
higher in the ESRD group. Dialysis patients may be more 
vulnerable to hemodynamic instability, sepsis or metabolic 
derangements requiring intensive care. Hence, we would 

recommend coordinating non-emergent cases around hemo-
dialysis sessions to manage volume/electrolytes and reduce 
the odds of ICU admissions.

The strengths of our study are a large, nationally repre-
sentative sample size and the use of propensity score match-
ing to mitigate against selection bias. This study has several 
inherent limitations. This is a retrospective cohort study. 
There may be residual unmeasured confounders which pro-
pensity score matching cannot mitigate against. Causality 
cannot be established for our positive results. The timing of 
holding and resumption of different platelet and anticoagu-
lation agents was not captured in the data available to us, 
which could have influenced the odds of increased bleed-
ing following ERCP. Like any database-based study, this 
research carries inherent concerns regarding possible diag-
nostic errors, incomplete documentation of certain variables, 
and inaccuracies in recorded diagnoses and ICD-10 codes. 
Additionally, we cannot assess whether hospital volume and 
individual operator experience would affect outcomes given 
the database is de-identified. Finally, complications might be 
underreported, especially if patients sought treatment out-
side the participating network, which is particularly relevant 
for post-procedure complications.

Conclusion

In conclusion, aCKD is associated with higher odds of 
ERCP related adverse events with the notable exception of 
post-ERCP pancreatitis (PEP), which had similar odds to 
the control cohort, a finding that may change the previous 
widespread perception of increased PEP risk in this popula-
tion. Further prospective research is needed to validate our 
findings.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00464-​025-​12323-x.

Author contributions  Conceptualization: IO, HB, Statistical analysis: 
HB, IO, AB, Manuscript preparation: HB, IO, AB, JJG, Manuscript 
review and editing: VR, ASD, UP, MB, JJG, EN, IM, HW, DR, OA, 
IB, CJM.

Declarations 

Disclosures  Dr. John J. Guardiola: Travel Support—Boston Scientific, 
Olympus Corporation, Ovesco Endoscopy AG. Drs. Hussein Baydoun, 
Azizullah Beran, Aladdin Said Dahbour A, Mina Batarseh, Ujwala 
Pamidimukkala, Vikram R Rajagopalan, Eugene Nwankwo, Islam 
Mohamed, Clive Jude Miranda, Daryl Ramai, Hisham Wehbe, Olu-
wafisayo Adebiyi, Indira Bhavsar-Burke, and Itegbemie Obaitan have 
no relevant conflicts of interest or financial ties to disclose.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 

https://doi.org/10.1007/s00464-025-12323-x


412	 Surgical Endoscopy (2026) 40:404–412

as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Gupta R, Woo K, Yi JA (2021) Epidemiology of end-stage kidney 
disease. Semin Vasc Surg 34(1):71–78

	 2.	 National Institutes of Health, National Institute of Diabetes and 
Digestive and Kidney Diseases (ND) United States Renal Data 
System. In: 2024 USRDS Annual Data Report: epidemiology of 
kidney disease in the United States. National Institutes of Health, 
National Institute of Diabetes and Digestive and Kidney Diseases, 
Bethesda

	 3.	 Pauletzki J et al (1996) Gallbladder emptying and gallstone forma-
tion: a prospective study on gallstone recurrence. Gastroenterol-
ogy 111(3):765–771

	 4.	 Sood P et al (2012) Chronic kidney disease and end-stage renal 
disease predict higher risk of mortality in patients with primary 
upper gastrointestinal bleeding. Am J Nephrol 35(3):216–224

	 5.	 Chandrasekhara V et al (2017) Adverse events associated with 
ERCP. Gastrointest Endosc 85(1):32–47

	 6.	 Imai N et al (2010) High incidence of colonic perforation dur-
ing colonoscopy in hemodialysis patients with end-stage renal 
disease. Clin Gastroenterol Hepatol 8(1):55–59

	 7.	 Sawas T et al (2018) End-stage renal disease is associated with 
increased post endoscopic retrograde cholangiopancreatography 
adverse events in hospitalized patients. World J Gastroenterol 
24(41):4691–4697

	 8.	 Vell MS et al (2023) Association of statin use with risk of liver 
disease, hepatocellular carcinoma, and liver-related mortality. 
JAMA Netw Open 6(6):e2320222

	 9.	 Huynh DJ, Renelus BD, Jamorabo DS (2023) Reduced mortality 
and morbidity associated with metformin and SGLT2 inhibitor 
therapy in patients with type 2 diabetes mellitus and cirrhosis. 
BMC Gastroenterol 23(1):450

	10.	 Beran A et al (2025) Risk of post-polypectomy bleeding after 
colorectal endoscopic mucosal resection in patients with cirrhosis: 

a propensity-matched analysis of the US Collaborative Network. 
Am J Gastroenterol. https://​doi.​org/​10.​14309/​ajg.​00000​00000​
003322

	11.	 von Elm E et  al (2008) The strengthening the reporting of 
observational studies in epidemiology (STROBE) statement: 
guidelines for reporting observational studies. J Clin Epidemiol 
61(4):344–349

	12.	 Akshintala VS et al (2023) Incidence, severity, and mortality of 
post-ERCP pancreatitis: an updated systematic review and meta-
analysis of 145 randomized controlled trials. Gastrointest Endosc 
98(1):1-6.e12

	13.	 Dumonceau JM et al (2020) ERCP-related adverse events: Euro-
pean Society of Gastrointestinal Endoscopy (ESGE) Guideline. 
Endoscopy 52(2):127–149

	14.	 Kim SB, Kim KH, Kim TN (2018) Safety and efficacy of endo-
scopic retrograde cholangiopancreatography for choledocholithi-
asis in long-term dialysis: a propensity score analysis. Dig Dis Sci 
63(11):3141–3146

	15.	 Park TY et al (2022) Outcomes of endoscopic retrograde cholan-
giopancreatography in end-stage renal disease patients undergoing 
hemodialysis: a systematic review and pooled analysis. J Pers Med 
12(11):1883

	16.	 Beran A et al (2024) Predictors of post-endoscopic retrograde 
cholangiopancreatography pancreatitis: a comprehensive sys-
tematic review and meta-analysis. Clin Gastroenterol Hepatol 
23(11):1905–1916

	17.	 Hori Y et al (2014) Feasibility of endoscopic retrograde cholan-
giopancreatography-related procedures in hemodialysis patients. 
J Gastroenterol Hepatol 29(3):648–652

	18.	 Kaw D, Malhotra D (2006) Platelet dysfunction and end-stage 
renal disease. Semin Dial 19(4):317–322

	19.	 Eberst ME, Berkowitz LR (1994) Hemostasis in renal disease: 
pathophysiology and management. Am J Med 96(2):168–179

	20.	 Lohr JW, Schwab SJ (1991) Minimizing hemorrhagic complica-
tions in dialysis patients. J Am Soc Nephrol 2(5):961–975

	21.	 Sarnak MJ, Jaber BL (2000) Mortality caused by sepsis in patients 
with end-stage renal disease compared with the general popula-
tion. Kidney Int 58(4):1758–1764

	22.	 Lee JM et al (2015) Risk factors of organ failure in cholangitis 
with bacteriobilia. World J Gastroenterol 21(24):7506–7513

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14309/ajg.0000000000003322
https://doi.org/10.14309/ajg.0000000000003322

	Advanced chronic kidney disease increases the odds of ERCP adverse events but not post-ERCP pancreatitis: a propensity-matched analysis of the US Collaborative Network
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Methods
	Study design and data source
	Study participants, inclusion and exclusion criteria
	Study outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Primary outcomes
	Secondary outcomes
	Subgroup analysis
	Baseline characteristics
	Outcomes


	Discussion
	Conclusion
	References




