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Abstract
AIM
To determine if end-stage renal disease (ESRD) is a 
risk factor for post endoscopic retrograde cholangio-
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pancreatography (ERCP) adverse events (AEs). 

METHODS
We performed a retrospective cohort study using the 
Nationwide Inpatient Sample (NIS) 2011-2013. We iden-
tified adult patients who underwent ERCP using the Inter-
national Classification of Diseases 9th Revision (ICD-9-CM). 
Included patients were divided into three groups: ESRD, 
chronic kidney disease (CKD), and control. The primary 
outcome was post-ERCP AEs including pancreatitis, blee-
ding, and perforation determined based on specific ICD-
9-CM codes. Secondary outcomes were length of hospital 
stay, in-hospital mortality, and admission cost. AEs and 
mortality were compared using multivariate logistic re-
gression analysis.

RESULTS
There were 492175 discharges that underwent ERCP 
during the 3 years. The ESRD and CKD groups contained 
7347 and 39403 hospitalizations respectively, whereas 
the control group had 445424 hospitalizations. Post-ERCP 
pancreatitis (PEP) was significantly higher in the ESRD 
group (8.3%) compared to the control group (4.6%) 
with adjusted odd ratio (aOR) = 1.7 (95%CI: 1.4-2.1, aP 
< 0.001). ESRD was associated with significantly higher 
ERCP-related bleeding (5.1%) compared to the control 
group 1.5% (aOR = 1.86, 95%CI: 1.4-2.4, aP  < 0.001). 
ESRD had increased hospital mortality 7.1% vs  1.15% in 
the control OR = 6.6 (95%CI: 5.3-8.2, aP  < 0.001), longer 
hospital stay with adjusted mean difference (aMD) = 5.9 d 
(95%CI: 5.0-6.7 d, aP  < 0.001) and higher hospitalization 
charges aMD = $+82064 (95%CI: $68221-$95906, aP < 
0.001). 

CONCLUSION
ESRD is a risk factor for post-ERCP AEs and is associated 
with higher hospital mortality. Careful selection and close 
monitoring is warranted to improve outcomes.

Key words: End-stage renal disease; Nationwide Inpatient 
Sample; Endoscopic retrograde cholangiopancreatography

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Recognizing risk factors for endoscopic retrograde 
cholangiopancreatography (ERCP)-related complications 
is essential to reduce adverse events (AEs). There are 
limited data evaluating ERCP outcomes in renal disease. 
In a retrospective cohort study using the Nationwide 
Inpatient Sample 2011-2013 and including 492175 dis-
charges, we compared inpatient ERCP AEs, mortality and 
length of stay between patients with and without renal 
disease. We found end-stage renal disease (ESRD) to 
be associated with higher post ERCP pancreatitis [8.3%, 
adjusted odd ratio (aOR) = 1.7, aP  < 0.001], bleeding 
(5.1%, aOR = 1.86, aP  < 0.001), mortality (7.1%, aOR 
= 6.6, aP  < 0.001) and longer hospital stay (5.9 d, aP < 
0.001). Physicians should consider special interventions in 
ESRD patients to decrease ERCP AEs.

Sawas T, Bazerbachi F, Haffar S, Cho WK, Levy MJ, Martin 
JA, Petersen BT, Topazian MD, Chandrasekhara V, Abu Dayyeh 
BK. End-stage renal disease is associated with increased post 
endoscopic retrograde cholangiopancreatography adverse 
events in hospitalized patients. World J Gastroenterol 2018; 
24(41): 4691-4697  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i41/4691.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i41.4691

INTRODUCTION
End-stage renal disease (ESRD) is an increasing, highly 
prevalent public health problem for which 660000 
Americans are being treated. Of these, 468000 are on 
dialysis[1]. Patients with ESRD have increased bile cho-
lesterol levels, high saturation index in the bile[2], and 
subsequently increased risk for gallstone formation. In 
addition, they are more prone to cholestasis secondary 
to autonomic dysfunction in uremia[3,4]. Endoscopic retro-
grade cholangiopancreatography (ERCP) is a safe, mini-
mally invasive approach for pancreaticobiliary disease 
management. The American Society for Gastrointestinal 
Endoscopy (ASGE) recently updated their guidelines 
on adverse events (AEs) associated with ERCP[5]. This 
guideline emphasized the importance of recognizing risk 
factors for ERCP-related complications, careful patient 
selection, and targeted maneuvers to reduce the risk of 
AEs. We hypothesized that ESRD might be a risk factor 
associated with higher ERCP-related AEs. Prior data 
have shown a higher risk of perforation during other 
endoscopic procedures such as colonoscopy among 
ESRD patients[6]. Chronic kidney disease (CKD) is a 
proven predictor of mortality in upper gastrointestinal 
bleeding[7,8]. However, there are limited published data 
evaluating AEs of ERCP in ESRD and CKD. Determining 
whether ESRD is a risk factor for ERCP-related AEs 
would guide endoscopists in efforts to undertake focused 
interventions to reduce the incidence of these AEs. The 
aim of our study was to evaluate ERCP-related AEs in 
ESRD and CKD, using a large national cohort. 

MATERIALS AND METHODS
Data source and study population
We used the Nationwide Inpatient Sample (NIS) years 
2011 through 2013 to conduct a cohort study. These 
years were chosen since they were the most recent years 
available at the time we conducted the analysis. The NIS 
is the largest all-payer inpatient database in the United 
States. Each year contains over 7 million inpatients 
regardless of their insurance from all community hospi-
tals, excluding rehabilitation and long-term acute care 
hospitals, participating in the Healthcare Cost and Utili-
zation Project (HCUP), sponsored by the Agency for 
Healthcare Research and Quality. The quality control 
procedures performed by HCUP have demonstrated relia-
bility and accuracy, specifically pertaining to the principal 
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diagnoses and dates of hospitalization. The year 2011 
contained a 20% sample of the participating state’s 
hospitals then included all discharges from the selected 
hospitals. However, the sampling design was changed 
in the year 2012 and after to include a 20% sample of 
discharges from each hospital participating in HCUP from 
each state. We applied the trend weights provided by the 
NIS to combine the datasets from 2011 through 2013. 
The NIS data includes demographic variables (age, sex, 
race), up to 25 primary and secondary diagnoses, up to 
15 primary and secondary procedures, hospital charges, 
and length of stay.

We included hospitalized patients age 18 years or 
older who underwent ERCP during their hospital stay. Dis-
charges were identified using International Classification 
of Diseases 9th Revision (ICD-9-CM) for the ERCP 
procedure codes[9] (Supplementary Table 1). Included 
adult patients were divided into three groups using the 
ICD-9-CM codes. Study group 1 included patients with 
ESRD on dialysis; study group 2 included patients with 
CKD not on dialysis regardless of their stage. The control 
group was composed of patients without CKD or ESRD 
(Supplementary Table 2). 

Outcome assessment
The primary outcome was post-ERCP AEs including post-
ERCP pancreatitis, bleeding, and perforation. Secondary 
outcomes were length of hospital stay, in-hospital mor-
tality, and admission cost. We isolated ERCP AEs from 
admission diagnosis by considering the primary and 

secondary diagnosis as indications (DX 1 and 2) and the 
subsequent diagnoses (DX 3-25) as AEs (Supplementary 
Table 3). Patients with primary or secondary diagnosis of 
acute pancreatitis were classified as acute pancreatitis 
not related to ERCP. Whereas, patients with acute pan-
creatitis codes from DX3-25 who did not have acute 
pancreatitis code in DX1 and 2 were considered post-
ERCP pancreatitis (PEP). This method was used and 
validated in prior studies[9,10]. Based on this methodology, 
the estimated percentage of PEP in this database was 
4.8%, which is similar to the incidence previously re-
ported in the literature[11,12]. Based on this we felt that 
the methodology accurately captured PEP. We assessed 
the severity of pancreatitis by respiratory and circulatory 
failure using the ICD-9 codes (Supplementary Table 3). 
Length of hospital stay, hospital mortality, and cost were 
provided by the NIS data. Charlson comorbidity index 
(CCI) was calculated and used to account for other co-
morbidities, as this has been demonstrated to be a well-
validated measure of comorbidity adjusting for disease 
burden in administrative data[13]. We excluded CKD 
from CCI to avoid accounting for it twice in the adjusted 
analysis. However, we kept the full CCI score in the 
descriptive data (Table 1). CCI scores ranged from 0 to 
17, with higher numbers representing a greater comor-
bidity burden. We also performed a subgroup analysis 
based on ERCP indication (diagnostic and therapeutic). 

Statistical analysis
Baseline characteristics were presented as a percentage 
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ESRD, n  = 7347 Control, n  = 445424 P value CKD, n  = 39403 P value

Age, mean (SE), yr 65.5 (0.42) 58 (0.12) < 0.001 75.35 (0.18) < 0.001
Female 3477 (47.3) 271300 (61) < 0.001 17626 (44.7) < 0.001
Race < 0.001 < 0.001
  White 3221 (43.8) 280738 (63) 26905 (68.3)
  Black 1520 (20.7) 36875 (8.3) 3517 (8.9)
  Hispanic 1467 (20) 68492 (15.4) 3729 (9.5)
   Asian/Pacific Islander 454 (6.2) 14081 (3.2) 1466(3.7)
   Native American 105 (1.4) 2828 (0.6) 185 (0.5)
   Other 235 (3.2) 14928 (3.3) 982 (2.5)
   Missing 344 (4.7) 27483 (6.2) 2619 (6.6)
Charlson comorbidity index < 0.001 < 0.001
   0 0 203229 (45.6) 0 (0)
   1 0 104584 (23.5) 0 (0)
   2 975 (13.3) 55808 (12.5) 6417 (16.3)
   > 2 6372 (86.7) 81804 (18.4) 32986 (83.7)
Coagulopathy 668 (9) 15102 (3.4) < 0.001 2633 (6.7) < 0.001
ERCP indication < 0.001 < 0.001
   Diagnostic 1990 (27) 102074 (22.9) 9493 (24.1)
   Therapeutic 5257 (73) 343350 (77.1) 29910 (75.9)
Health insurance < 0.001 < 0.001
   Medicare 5655 (77) 189044 (42.7) 31759 (80.7)
   Medicare 923 (9.9) 59219 (13.4) 1718 (4.4)
   Private 827 (11.3) 142807 (32.3) 4766 (12)
   Self-pay 40 (0.5) 32785 (7.4) 463 (1.2)
   Others 92 (1.3) 18822 (4.2) 670 (1.7)

Table 1  Baseline characteristics of 492175 nationally estimated discharges in the Nationwide Inpatient Sample from 2011 to 
2013 who underwent endoscopic retrograde cholangiopancreatography comparing end-stage renal disease and chronic kidney 
disease to control group without renal disease n  (%)

ESRD: End-stage renal disease; CKD: Chronic kidney disease; ERCP: Endoscopic retrograde cholangiopancreatography.
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patients (mean age: 58 ± 0.12 years) and more women 
61% compared to ESRD (mean age: 65.5 ± 0.42, 
females: 47.3%), and CKD (mean age: 75.35 ± 0.18, 
females: 44.7%).

Renal disease groups had higher CCI scores with 
over 80% of patients carrying a CCI > 2 compared to 
18.4% with high CCI in the control group (aP < 0.001). 
Therapeutic intervention was the major indication 
for ERCP (> 70%) in all three groups. The majority 
of discharges in the ESRD and CKD were covered by 
Medicare insurance (71% and 81% respectively). In 
contrast, patients in the control group were divided 
among different types of health insurance, with a higher 
proportion covered by private insurance at 33%.

Post-ERCP AEs
PEP was significantly higher in the ESRD group (8.3%) 
compared to the control group (4.6%) with adjusted OR 
(aOR) = 1.7 (95%CI: 1.4-2.1, aP < 0.001). The CKD 
group also had higher association with PEP (6.8% vs 
4.6; aOR = 1.5, 95%CI: 1.3-1.7, aP < 0.001). Among 
discharges who developed PEP, the severity of the pan-
creatitis was worse among the ESRD and CKD group. 
More patients in the ESRD and CKD group with PEP re-
quired mechanical ventilation compared to the control 
group with aOR = 2.8 (95%CI: 1.7-4.9, aP < 0.001) and 
aOR = 1.5 (95%CI: 1.1-2.1, aP = 0.01), respectively. 
There was no difference in developing hypotension be-
tween the ESRD aOR = 1.4 (95%CI: 0.6-3.3, P = 0.5) 
or CKD aOR = 1.4 (95%CI: 0.9-2.3, P = 0.13) and the 
control group.

Additionally, ESRD was associated with significantly 
higher ERCP-related bleeding (5.1%) compared to the 
control group 1.5% (aOR = 1.86, 95%CI: 1.4-2.4, aP < 
0.001) (Figure 1, Table 2). The CKD group had higher 
bleeding compared to the control group (3.7% vs 1.5%; 
aOR = 1.4, 95%CI: 1.2-1.6, aP < 0.001). Among the 
patients with ERCP-related bleeding, 51% of the ESRD 
and 46% of the CKD group required packed red blood 
(PRBC) transfusion compared to 40.5% in the control 
group (P = 0.1 and 0.13).

There was no significant difference in perforation 
between the ESRD 0.2% or CKD group 0.1% and the 
control group 0.07% (aOR = 3, 95%CI: 0.86-10.00, 
P = 0.08) and (aOR = 1.36, 95%CI: 0.6-3.2, P = 0.5) 
respectively. Among discharges who had perforation, 

and mean (standard error) and compared using Chi-
square test for nominal variables and the Student’s 
t-test for continuous ones. AEs were compared using 
univariate and multivariate logistic regression analysis 
for dichotomous outcomes and linear regression for 
continuous outcomes. Odds ratios (ORs) and mean dif-
ferences (MDs) were reported as crude and adjusted 
values controlling for baseline characteristics, which 
included age, sex, race, CCI, procedure indication, and 
health insurance. Discharge-levels sampling weights 
available in the database were applied to obtain national 
estimates representing discharges from all United States 
community hospitals. A trend weight was applied in the 
2011 database to combine it with the 2012 and 2013 
databases given the changes in the NIS survey design. 
Variables with more than 5% missing values were 
assigned a missing indicator level. A 2-sided aP-value < 
0.05 was considered statistically significant. All statistical 
analyses were performed using STATA 14.0 (StataCorp, 
College Station, TX, United States)

RESULTS
We identified 492175 discharges who underwent ERCP 
during the 3 years on the nationwide level. The ESRD 
and CKD groups contained 7347 and 39403 hospita-
lizations respectively, whereas the control group had 
445424 hospitalizations. Baseline characteristics are 
shown in Table 1. The control group included younger 

Type of complications ESRD 
n  = 7347

Control 
n  = 445424

Crude 
OR/MD (95%CI)

Adjusted 
OR/MD (95%CI)

Adjusted 
P  value

Death 526 (7.1) 5138 (1.15) 6.6 (5.3-8.2) 3.7 (2.9–4.6) < 0.001
Pancreatitis 611 (8.3) 20315 (4.6) 1.9 (1.6-2.3) 1.7 (1.4-2.1) < 0.001
Bleeding 377 (5.1) 6546 (1.5) 3.6 (2.86-4.59) 1.86 (1.4-2.4) < 0.001
Perforation 14 (0.2) 340 (0.07) 2.6 (0.8–8.4) 3 (0.86–10.00) 0.08
Length of hospital stay, mean days (SE) 13 (0.46) 6 (0.03) 7.2 (6.4-8.0) 5.9 (5.0-6.7) < 0.001

Table 2  In-hospital complications after endoscopic retrograde cholangiopancreatography from 2011 to 2013 based on data from 
the Nationwide Inpatient Sample comparing end-stage renal disease to controls n  (%)

ERCP: Endoscopic retrograde cholangiopancreatography; OR: Odd ratio; MD: Mean difference.

Hospital mortality

0            1        2               3       4         5            6        7          8        9          10      (%)

Perforation

Bleeding

PEP

Control
CKD
ESRD

Figure 1  Bar diagram of post endoscopic retrograde cholangio
pancreatography adverse events and hospital mortality percentages 
between endstage renal disease, chronic kidney disease, and control. 
CKD: Chronic kidney disease; ESRD: End-stage renal disease; PEP: Post 
endoscopic retrograde cholangiopancreatography pancreatitis.
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34.6% needed surgical intervention in the ESRD com-
pared to 12.6% in the control group (P = 0.5).  

Secondary outcomes
Hospital mortality was significant higher in the ESRD 
group compared to the control group (7.1% vs 1.15%; 
OR = 6.6, 95%CI: 5.3-8.2, aP < 0.001). Multivariate 
analysis controlling for other confounders, which could 
influence hospital mortality showed persistent higher 
hospital mortality in the ESD group (aOR = 3.7; 95%CI: 
2.9-4.6, aP < 0.001) (Table 2). CKD was associated 
with higher hospital mortality as well, but to a lesser 
magnitude 3% with OR: 2.6 (95%CI: 2.3-3.0, aP < 
0.001). Controlling for confounders, the hospital mor-
tality aOR was 1.3 (95%CI: 1.14-1.6, aP < 0.001). 
Other predictors of higher hospital mortality from the 
multivariate analysis included age (aOR = 1.03 for each 
year, aP < 0.001), males (aOR = 1.2, aP < 0.001), black 
(aOR = 1.2 vs white, aP < 0.001), higher CCI (aOR = 8.1 
for CCI > 2 compared to CCI = 0, aP < 0.001) and post 
ERCP AEs (aOR = 3.2, aP < 0.001). Hospital mortality 
among patients who developed post ERCP AEs, was sig-
nificantly higher in the ESRD group (8%) compared to 
the control group who developed post ERCP AEs (2.5%), 
with an OR = 3.3 (95%CI: 1.5-7.1) and aOR = 2.7 
(95%CI: 1.15-16.30, aP = 0.02).

Length of hospital stay was significantly longer in the 
ESRD group with mean length of stay of 13.00 ± 0.46 d 
compared to 6.00 ± 0.03 d in the control, and adjusted 
mean difference (aMD) = 5.9 d (95%CI: 5.0-6.7 d, aP < 
0.001) (Table 2). The CKD group had significantly longer 
hospital stay with mean length of stay of 8.50 ± 0.11 d 
compared to the control group aMD = 1.4 d (95%CI: 
1.20-1.65 d, aP < 0.001) (Table 3). 

ESRD patients incurred higher hospitalization 
charges: $156577 per discharge (SE: $7952) compared 
to $61583 (SE: $778) in the control group (aMD = 
$+82064; 95%CI: $68221-$95906, aP < 0.001). 

Other factors associated with higher hospital cost 
included male (MD = $+7333, 95%CI: $5909-$8756, 
aP < 0.001), race (white and native American races had 
less charge compared to other races), higher comor-
bidities and post ERCP AEs. ESRD who developed post 
ERCP AEs had significantly higher charge compared 
to ESRD without ERCP AEs aMD = $133892 (95%CI: 
$76575-$191209, aP < 0.001) supporting that AEs were 

responsible for significant portion of the higher cost in 
the ESRD. CKD patients incurred higher hospital charges 
$83714 per discharge (SE: $1821) with aMD: $14482 
compared to the control group (95%CI: $11531- $17432, 
aP < 0.001). 

Subgroup analysis
We performed a subgroup analyses to assess the effect 
of ERCP indication (therapeutic vs diagnostic) on our 
outcomes. ESRD and CKD were associated with PEP 
and bleeding when ERCP was performed for therapeutic 
indications only but not for diagnostic purposes. There 
was no increased association with perforation in either 
group for therapeutic ERCP (Supplementary Table 4). 
Perforation was extremely rare in diagnostic ERCP and so 
a measure of association was not performed. 

In the ESRD group, hospital mortality, and length of 
stay were still higher for both therapeutic and diagnostic 
ERCP (Supplementary Table 4). Patients with CKD who 
were not on HD demonstrated higher associations with 
hospital mortality when they underwent therapeutic 
ERCP only. Length of hospital stay was higher in for both 
indications. 

DISCUSSION
In this nationwide study, we investigated ERCP-related 
AEs in patients with ESRD and CKD in hospitalized pa-
tients. Compared to the control group, ESRD and CKD 
were associated with higher post-ERCP AEs including PEP 
and bleeding. Furthermore, ESRD and CKD were asso-
ciated with longer hospital stay, higher hospital mortality, 
and greater cost compared to the control. When AEs 
developed, ESRD was associated with more complications 
including higher requirement for mechanical ventilation 
and surgical intervention. These findings were true 
among patients who underwent therapeutic ERCP. We 
did not notice higher AEs from diagnostic ERCP in either 
ESRD or CKD.

PEP is a serious and most common complication of 
ERCP[14]. Several risk factors were proven to be associated 
with increased risk for PEP[5]. Some of these factors are 
patient-dependent, such as age, gender, and history of 
PEP. Others are procedure-dependent. Recognizing these 
risk factors is important to provide appropriate preventive 
measures[5]. Our findings suggest that ESRD and CKD 

Type of complications CKD 
n  = 39403

Control 
n  = 445424

Crude 
OR/MD (95%CI)

Adjusted 
OR/MD (95%CI)

Adjusted 
P  value

Death 1176 (3) 5138 (1.15) 2.6 (2.3-3.0) 1.3 (1.14-1.55) 0.001
Pancreatitis 750 (6.8) 20315 (4.6) 1.5 (1.3-1.6) 1.5 (1.3-1.7) < 0.001
Bleeding 1454 (3.7) 6546 (1.5) 2.56 (2.25–2.90) 1.4 (1.2-1.6) < 0.001
Perforation 43 (0.1) 340 (0.07) 1.4 (0.7–2.9) 1.36 (0.6–3.2) 0.5
Length of hospital stay, mean days (SE) 8.5 (0.11) 6 (0.03) 2.45 (2.24-2.67) 1.4 (1.20-1.65) < 0.001

Table 3  In-hospital complications after endoscopic retrograde cholangiopancreatography from 2011 to 2013 based on data from 
the Nationwide Inpatient Sample comparing chronic kidney disease to controls n  (%)

CKD: Chronic kidney disease; OR: Odd ratio; MD: Mean difference.
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patients are at increased risk for PEP. One possible theory 
behind the increased association between ESRD and 
PEP may be papillary edema from fluid overload posing 
difficult biliary cannulation[5]. In a previous study of 76 
patients with ESRD who underwent ERCP in Japan, 
the incidence of PEP was 7.9%[15]. Their mortality from 
PEP was 1/6 (16.7%). In our current study, hospital 
mortality among ESRD patients who developed PEP 
was 7.9%. We also found significant increase in the 
requirement of mechanical ventilation among patients 
with ESRD. This reflects the challenge of managing PEP 
in dialysis patients. Pancreatitis management is mainly 
dependent on early volume support. Dialysis patients 
are at risk for fluid overload and respiratory failure from 
fluid replacement. On the other hand, inadequate fluid 
support will accelerate end organ damage, resulting in a 
high risk of death. The strong association between PEP 
and mortality requires physicians to enact measures suf-
ficient to assure better outcomes. Appropriate patient 
selection is always important and even more so in 
high-risk patients to prevent PEP and other AEs. When 
feasible, other diagnostic imaging modalities such as 
magnetic resonance cholangiopancreatography (MRCP) 
and endoscopic ultrasound should be considered first, 
reserving ERCP largely for therapeutic indications. While 
these principles are true for all patients, they should be 
followed methodically in patients considered high-risk for 
post-ERCP AEs, including patients on dialysis. 

In a study by Hori et al[15], ERCP-related bleeding 
was noted in 5.3% of patients with ESRD on dialysis. 
This is similar to our study where ERCP related bleeding 
complicated 5.1% of ESRD undergoing ERCP. The in-
creased association with bleeding might be due to plate-
lets dysfunction and coagulopathy secondary to uremia. 
The severity of bleeding, however, seemed to be similar 
between the ESRD and the control group as the need 
for blood transfusion was not significantly different. Endo
scopic papillary balloon dilation for bile duct stones was 
evaluated as a possible method to minimize the risk for 
bleeding in patients on hemodialysis. Takahara et al[16] 
found that the risk of bleeding using the balloon papillary 
dilation was 5.4%. However, all bleeding occurred in 
patients who had other risk factor beside renal disease. 

Perforation is an uncommon complication of ERCP. 
The reported incidence of post-ERCP perforation is 
between 0.08%-0.6%[5,17]. Perforation is usually secon-
dary to luminal perforation from the scope, extension of 
sphincterotomy cut, or bile duct perforation secondary 
to the guidewire penetration outside the lumen[5]. In 
the current study, we found no significant increase in 
perforation associated with ERCP in ESRD or CKD. The 
need for surgical intervention to manage perforation was 
also similar between the groups.  

Hospital mortality was significantly higher in the 
ESRD group (7.1%). The elevation in mortality can be 
attributed to the high AEs, comorbidities and challenges 
associated with management of ESRD patients. Post-
ERCP mortality in dialysis patients was reported in an-

other study to be only 2.6%[15]. The lower mortality in 
that study might be attributed to different health care 
settings. Our study included hospitalized patients, of 
whom 75% underwent therapeutic ERCP. In the study by 
Hori et al[15], ERCP was performed in different settings, 
with 68% of patients undergoing therapeutic ERCP.

Finally, we found significantly higher admission cost 
associated with ESRD, which might be driven in part by 
the dialysis cost. However, AEs and longer hospital stay 
might also have contributed to the substantially higher 
charges. In fact, when we compared hospital charges 
between ESRD who developed AEs and those who did 
not, we found that the majority of the cost (MD: $133892) 
was from the AEs. 

Our study has several inherent limitations. First, we 
used ICD-9-CM codes to identify patients who underwent 
ERCP, those with renal disease, and their outcomes, 
thus our study is subject to the limitations implied by 
these codes. However, we applied similar methods to 
previously validated published data, using administrative 
codes to appropriately capture our population and out-
comes. Second, distinguishing procedure AEs from 
indications is challenging. We considered DX 1 and 2 
as indication and DX 3-25 as AEs. We feel that we ap-
propriately captured these AEs since the association with 
post-ERCP AEs and mortality in our control group were 
similar to the ones reported in the literature. Third, this 
is a cohort retrospective study, with inherent limitations 
including residual confounders, which could have affected 
our outcomes. Fourth, there is potential for recording 
bias, as chronic conditions may be under-coded in se-
verely ill patients. Fifth, the NIS does not include data 
about patients who developed AEs after discharge. Read-
missions are not captured; therefore, complication rates 
might be underestimated. 

In conclusion, ESRD is associated with a higher asso-
ciated with ERCP related AEs and with significant health 
care burden in hospitalized patients requiring ERCP. 
Based on our findings, we suggest closer monitoring 
for ESRD patients undergoing ERCP. Physicians might 
consider special peri-procedure interventions in ESRD 
patients in efforts to decrease AEs including careful 
patient selection, optimization of fluid volume status and 
use of various prophylactic or therapeutic endoscopic 
interventions, with closer observation after ERCP. Addi-
tional prospective studies are needed to investigate the 
value of any particular intervention in improving clinical 
outcomes following ERCP in this high-risk population. 

ARTICLE HIGHLIGHTS
Research background
End-stage renal disease (ESRD) is associated with increased risk for biliary 
diseases. Endoscopic retrograde cholangiopancreatography (ERCP) is the 
standard treatment for most biliary diseases. Prior data have shown renal 
disease to be a risk factor for perforation during other endoscopic procedures 
such as colonoscopy and a proven mortality predictor in upper gastrointestinal 
bleeding. There are limited published data evaluating ERCP outcomes in 
ESRD. 
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Research motivation
The American Society for Gastrointestinal Endoscopy (ASGE) guideline 
emphasized the importance of recognizing risk factors for ERCP-related 
complications, careful patient selection, and targeted maneuvers to reduce 
the risk of adverse events (AEs). We hypothesized that ESRD is associated 
with higher ERCP AEs. This would guide endoscopists in efforts to undertake 
focused interventions to reduce the incidence of these AEs. 

Research objectives
The main objective of our study is to evaluate ERCP outcomes in ESRD using 
a large national cohort. We evaluated the association between ESRD and AEs, 
hospital mortality, length of stay and cost.

Research methods
In a retrospective cohort study using the Nationwide Inpatient Sample (NIS) 
years 2011-2013 and including 492175 discharges, we compared inpatient 
ERCP AEs between patients with ESRD and individuals without renal diseases. 
We compared ERCP outcomes using logistic regression model and applying 
appropriate weighted sampling design.

Research results
ESRD was associated with higher AEs including post ERCP pancreatitis 
[8.3%, adjusted odd ratio (aOR) = 1.7, aP < 0.001] and bleeding (5.1%, aOR 
= 1.86, aP < 0.001) compared to patients without renal disease. ESRD was 
also associated with higher hospital mortality (7.1%, OR = 6.6, aP < 0.001) and 
longer hospital stay [mean difference (MD) = 5.9 d, aP < 0.001]. The remaining 
problem is identifying appropriate interventions to minimize AEs in this high-risk 
group

Research conclusions
ESRD is associated with higher post ERCP AEs and hospital mortality and 
longer hospital stay. The current study emphasizes on the importance of 
identifying risk factors for ERCP AEs and include ESRD as a one these 
factors. Based on these findings, physicians might consider special peri-
procedure interventions in ESRD patients in efforts to decrease AEs including 
careful patient selection, optimization of fluid volume status and use of various 
prophylactic or therapeutic endoscopic interventions, with closer observation 
after ERCP.

Research perspectives
ESRD is associated with higher ERCP AEs, higher mortality and longer hospital 
stay. Additional prospective studies are needed to investigate the value of any 
particular intervention in improving clinical outcomes following ERCP in this 
high-risk population. 
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