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1. Abstract
1.1. Background: Advanced endoscopy, namely endoscopic retro-
grade cholangiopancreatography (ERCP), has an integral role in the 
diagnosis and management of  patients with Inflammatory Bowel 
Disease (IBD). ERCP is frequently performed in this population to 
diagnose Primary Sclerosing Cholangitis (PSC) or to manage stric-
tures. This study aims to evaluate ERCP-related AEs in IBD patients 
using a large national database as there is limited published data avail-
able evaluating AEs in the IBD population.

1.2. Methods: This is a retrospective cohort study performed using 
the National Inpatient Sample (NIS) database 2011-2014. All adult 
patients (≥ 18 years old) who underwent ERCP using the Interna-
tional Classification of  Diseases ICD-9 codes were identified. These 
patients were then divided into two groups: patients with IBD (study 
group) and patients without IBD (control group). Primary outcomes 
included ERCP-related AEs including post-ERCP pancreatitis 
(PEP), bleeding, and perforation. Secondary outcomes included all-
cause mortality (ACM) and length of  hospital stay (LOS). Primary 
and secondary outcomes were compared between study and control 
group using multivariate logistic regression analysis.

1.3 Results: A total of  108,182 patients who underwent ERCP 
were identified, of  which 1,230 (1.1%) had IBD. Patients with IBD 
were younger (54.36±18.45 vs 59.52±20.16), less likely to be female 
(49.3% vs 59.8%), and more likely to be African American (9.2% vs 
9.1%) compared to the control group (P < 0.05 for all). Additionally, 
IBD patients had less alcohol abuse (3.4% vs 4.3%, P > 0.05) com-

pared to the control group. Using multivariate logistic regression and 
after adjusting for potential cofounding factors including age, race, 
gender, and Elixhauser comorbidities, patients with IBD had no sta-
tistically significant difference in PEP (OR 0.9, 95% CI: 0.67-1.62), 
bleeding (OR 0.61, 95% CI: 0.23-1.6), post-ERCP perforation (OR 
2.06, 95% CI: 0.28-15.24) or ACM (OR 0.56, 95% CI: 0.25-1.27), 
(P > 0.05 for all). However, the adjusted LOS was slightly longer in 
the IBD group compared to the control group (5.93±5.58 days’ vs 
5.49±5.03 days, P < 0.05).

1.4. Conclusion: IBD patients undergoing ERCP may have a slight 
increase in LOS. However, carrying a diagnosis of  IBD did not in-
crease the risk of  ERCP related complications or inpatient mortality. 

2. Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is a com-
monly utilized procedure that is frequently performed in patients 
with inflammatory bowel disease (IBD) [1]. Due to advances in 
endoscopy, it has become a relatively safe and effective procedure 
[2]. However, as ERCP has become increasingly utilized, adverse 
events (AEs) have been noted; AEs commonly reported in the litera-
ture include post-ERCP pancreatitis (PEP), bleeding, perforation, or 
infection. Patients with certain comorbidities such as End-Stage Re-
nal Disease (ESRD) and Chronic Kidney Disease (CKD) may have 
increased post-ERCP AEs [3].

The incidence of  PEP has been estimated to be 3 to 5% in many 
large clinical studies [4-6]. Risk factors for PEP in the general pop-
ulation include prior PEP, female gender, and young age. Suspected 
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or known sphincter of  Oddi dysfunction also poses a risk for PEP 
[7]. Recent studies have suggested that NSAIDs, notably rectal indo-
methacin, could by itself  be effective in preventing PEP [8].

Post-ERCP bleeding occurs most often with sphincterotomy 
[9]. Most bleeding episodes tend to be mild to moderate in severity 
and self-limited. Patients with known bleeding disorders may suffer 
from life-threatening bleeding which may necessitate surgical or an-
giographic intervention [10]. The risk of  bleeding can be mitigated 
by identifying patients with coagulation disorders, correcting clotting 
defects, and utilizing careful endoscopic technique. Furthermore, 
multiple attempts of  common bile duct (CBD) cannulation and pre-
cut sphincterotomy may increase the risk of  duodenal perforation 
which can be fatal in patients with known bleeding disorders [11].

Emerging data suggests that CKD may be a significant risk factor 
for post-ERCP AEs in hospitalized patients, including both PEP and 
bleeding. One potential explanation for increased PEP in these pa-
tients may be due to papillary edema from fluid overload that makes 
cannulation difficult. Alternatively, increased bleeding in patients 
with ESRD and CKD may be related to platelet dysfunction and 
coagulopathy in the setting of  uremia3. Physicians should cautiously 
select patients, ensure optimization of  volume status, and perform 
close post-procedural monitoring to mitigate adverse outcomes in 
patients with CKD.

There is limited data published which evaluates post-ERCP adverse 
events in patients with IBD and no large clinical studies to date which 
explore ERCP-related adverse effects in this population. This is the 
largest study to date that aims to evaluate ERCP-related AEs in IBD 
patients using a large national data base. 

3. Method
3.1. Patient population

This cross-sectional study was conducted using the National Inpa-
tient Sample (NIS) data from 2011 to 2014. The NIS represents the 
largest all-payer inpatient database in the United States and contains 
a sample of  over seven million inpatient hospitalizations each year 
from 46 states, which represents approximately 20% of  all the dis-
charges from all community hospitals participating in the Healthcare 
Cost and Utilization Project (HCUP). It does not include rehabilita-
tion and long-term acute care hospitals. Each encounter of  the NIS 
data includes up to 15 primary and secondary diagnoses and up to 15 
primary and secondary procedures. In addition, the quality control 
procedures performed by HCUP have demonstrated reliability and 
accuracy, specifically pertaining to the principal diagnoses and dates 
of  hospitalization. NIS also contains the patient demographics, dis-
charge status, length of  stay (LOS), disease severity, and comorbidity 
measures.

3.2. Study Population, Inclusion, and Exclusion Criteria

All adult patients (≥18 years old) from the NIS years 2011-2014 were 
included. Using the International Classification of  Diseases 9th ver-
sion (ICD-9) code, all records with ERCP using the following codes: 
51.10, 51.11, 51.64, 51.82, 51.84, 51.85, 51.87, 51.88, 52.13, 52.14, 
52.93, and 52.98 were identified. Patients’ demographics and co-
morbidities were identified using the Clinical Classification Software 
(CCS) codes provided by the HCUP, the Elixhauser comorbidities, 
and the appropriate ICD-9 codes. Supplementary tables (Table 1 & 
Table 2) show comorbidities ICD-9 codes, Elixhauser comorbidities, 
and other comorbidities of  interest. Because NIS is a publicly avail-
able database, institutional board review approval was not required.

Supplementary Table 1: International Classification of  Diseases, ninth edition, clinical modification and clinical classifications software codes used to 
identify comorbidities, procedures and outcomes. 
Variable Source Code(s)

ERCP ICD-9-CM
51.10, 51.11,51.64, 51.82, 51.84,
51.85, 51.87, 51.88, 52.13,
52.14, 52.93, 52.98

Post procedural bleeding ICD-9-CM 998.1, 998.11, 998.12, 998.13
Perforation ICD-9-CM 576.3
IBD CCS 154
Abbreviations: CCS = Clinical Classification Software; ICD-9-CM = International Classification of Diseases, Ninth Edition, Clinical Modification, 
IBD: inflammatory bowel disease

P >0.05 for all.
Abbreviations: PEP: post-ERCP Pancreatitis; OR: odds ratio, CI: confidence interva
Figure 1: Odds Ratio for the Adverse Events Post ERCP Comparison Between Inflammatory Bowel Disease and Non- Inflammatory Bowel Disease Pa-
tients
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Supplementary Table 2: List of  Elixhauser Comorbidities included in our 
analysis

1 Acquired immune deficiency

2 Alcohol abuse

3 Deficiency anemia

4 Rheumatoid arthritis/collagen vascular disease

5 Chronic blood loss anemia

6 Congestive heart failire

7 Coagulopathy

8 Depression

9 Diabetes mellitus, uncomplicated

10 Diabetes mellitus, complicated

11 Drug abuse

12 Hypertension

13 Hypothyroidism

14 Liver disease

15 Lymphoma

16 Fluid and electrolyte abnormality

17 Metastatic cancer

18 Neurodegenerative disorder

19 Obesity

20 Paralysis

21 Peripheral vascular disease

22 Psychosis

23 Pulmonary circulation disorderes

24 Renal Failure

25 Solid tumor without metastasis

26 Peptic ulcer disease

27 Valvular disease

28 Weight loss

3.3. Outcome Assessment

Primary outcomes included post-ERCP AEs: PEP, bleeding, and 
perforation. Secondary outcomes included LOS and in-hospi-
tal mortality. All patients who underwent ERCP were divided into 
two groups: IBD group (study group) and non-IBD group (control 
group). ERCP AEs were isolated from admission diagnosis by con-
sidering the primary and secondary diagnosis as indications for ad-
mission (DX 1 and 2) and the subsequent diagnoses (DX 3-25) as 
AEs. Patients with primary or secondary diagnosis of  acute pancre-
atitis (DX1 and DX2) were classified as acute pancreatitis not related 
to ERCP. Patients with acute pancreatitis codes from DX3-25 who 
did not have acute pancreatitis code in DX1 and 2 were considered 
PEP. This method was used and validated in prior studies [12,13].

3.4. Statistical Analysis

The data are expressed as mean values ± standard deviation and 
frequencies were reported in percentages. Independent t-tests were 
used for the comparison of  continuous variables measurements, 
while chi-square test was used for categorical variables. Multivariate 
logistic regression analysis was used to assess AEs. The regression 
model was adjusted for the following: patient’s age, race, gender, hos-
pital location, patient medical insurance and socioeconomic status, 
and Elixhauser comorbidities. P-value ≤ 0.05 were considered sta-
tistically significant. SPSS version 25 software (IBM Corp, Armonk, 
NY) was used for all statistical analyses.

3.5. Results

A total of  108,182 patients underwent ERCP were identified, of  
which 1,230 (1.13%) had IBD. IBD patients were younger (54.36 ± 
18.45 vs 59.52 ± 20.16), less likely to be female (49.3% vs 59.8%), 
and more likely to be African American (9.2% vs 9%) compared to 
the control group (P < 0.05 for all). In addition, IBD patients had 
less alcohol abuse compared to the non-IBD group (3.3% vs 4.3%, P 
< 0.05). Using multivariate logistic regression and after adjusting for 
potential cofounding factors, the IBD group had no statistically sig-
nificant difference in the odds of  PEP (OR 0.89, 95% CI: 0.66–1.21, 
P > 0.05), bleeding rate (OR 0.61, 95% CI: 0.23 – 1.63), perfora-
tion (OR 2.06, 95% CI: 0.28- 15.24) or inpatient mortality (OR 0.56, 
95% CI: 0.25- 1.27), (P >0.05 for all). Of  note, the adjusted LOS 
was slightly longer in the IBD group compared to the control group 
(5.49±5.03vs 5.93±5), (P <0.05). 
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Table 1: Baseline Characteristics Comparison of  Inflammatory Bowel Disease and Non- Inflammatory Bowel Disease Patients

Variable IBD Non-IBD P-Value
Age (mean ± SD) 54.36 ± 18.45 59.52 ± 20.16 <0.05
Females % 49.3 59.8 <0.05

Race % <0.05
White 80.8 66.2
Black 9.2 9

Hispanic 5.4 16

Asian or Pacific Islander 1.1 3.6

Native American 0.4 0.6
Other 3.0 3.4

Hospital Region % <0.05
Northeast 23.2 20
Midwest 25.2 22.2

South 30.8 33.5
West 20.8 24.3

Bed Size % <0.05
Small 8.9 10.5

Medium 219.7 25.1
Large 71.4 64.4

Location/Teaching Status % <0.05
Rural 3.6 4.6

Urban Nonteaching 25 35.5
Urban Teaching 71.4 59.9

Primary expected payer % <0.05
Medicare 40 46.6
Medicaid 9 13.5

Private Insurance 44.5 29.9
Self-Pay 2.7 6.3

No Charge 0.5 0.7
Other 3.3 3

Median Household Income % <0.05
0 to 25 percentiles 20.9 26.5
26 to 50 percentiles 21.5 25.8
51 to 75 percentiles 28.1 25.2
76 to 100 percentiles 29.4 22.5

Alcohol abuse % 3.3 4.3 <0.001

4. Discussion
Advanced endoscopy, particularly ERCP, has an integral role in the 
diagnosis and management of  patients with IBD; However, prior 
to this study, the safety of  the IBD population undergoing ERCP 
had not yet been extensively evaluated. Given the limited availably 
of  published data, our study is the largest to date to evaluate ER-
CP-related AEs in IBD patients using a large national database. We 
demonstrate that IBD patients undergoing ERCP may have a slight 
increase in their LOS, but no increased risk of  ERCP-related compli-
cations (PEP, bleeding, perforation) or inpatient mortality. As the use 
of  ERCP continues to rise, it becomes increasingly important to risk 
stratify patients to prevent complications [23].

Hepatobiliary disorders occur frequently in patients with IBD and 
commonly exist as an extra intestinal manifestation, though con-
current autoimmune hepatobiliary disease can occur separately [14]. 
Hepatobiliary disorders are equally common in patients with ulcer-
ative colitis (UC) and Crohn’s disease (CD) [15]. Hepatobiliary symp-
toms do not generally parallel the activity of  bowel inflammation 
[16]. ERCP is frequently used in IBD patients with primary scleros-
ing cholangitis (PSC), dominant strictures, and cholangiocarcinoma 
[17]. 

PSC is characterized by progressive inflammation, obliterative fi-
brosis, and destruction of  the intra‐hepatic and/or extra‐hepatic 
bile ducts which can lead to biliary cirrhosis [18, 19]. Most patients 
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with PSC have underlying IBD, usually UC, with a prevalence around 
90% [20]. It is reported that 1.4–7.5% of  patients with IBD will go 
on to develop PSC during the course of  their disease [21]. Patients 
with symptomatic (pruritis, cholangitis) dominant strictures should 
undergo dilation and/or stent placement. Dominant strictures may 
harbor malignancy, mainly cholangiocarcinoma [22, 23]; Therefore, 
brushings for cytology, or preferably cholangioscopic-guided biop-
sies, should be considered. Forty percent of  patients who do not 
have a dominant stricture initially will develop one in 5 years [24]. An 
annual incidence of  cholangiocarcinoma was reported in 0.6–1% of  
PSC patients [25]. It may arise at any stage of  PSC and may present 
as a liver mass or intraductal tumor [26].

The overall incidence of  PEP, derived from a systematic review of  
randomized control trials using stents and placebo/no-stent arms to 
prevent PEP, was found to be 9.7% [27, 28]. In a systematic sur-
vey of  prospective studies evaluating the incidence rates of  ERCP 
complications, PEP occurred in 3.47% of  patients [10]. A retrospec-
tive analysis of  ERCPs, which evaluated 294 patients with PSC who 
underwent 657 ERCPs, found that PEP was diagnosed in 1.2% of  
procedures [17]. Most studies demonstrate ranges of  PEP between 
3 and 5% [28]. Risk factors are additive and include females, younger 
age [29], sphincter of  Oddi dysfunction [30], normal bilirubin, ab-
sence of  bile duct stones, and difficult and prolonged cannulation. 
Procedural factors placing patients at high risk consist of  multiple 
cannulation attempts, pancreatic sphincterotomy, precut sphincter-
otomy, pneumatic dilation or ampullectomy, multiple contrast injec-
tions into the pancreatic duct, or excessive injections of  contrast into 
the pancreatic duct [31, 32]. Patients with IBD are frequently on pan-
creatotoxic medications such as azathioprine and prednisone, which 
may increase their risk of  developing PEP. In a retrospective study 
evaluating 173 patients, pancreatotoxic drugs significantly increased 
the risk of  PEP (OR 3.7, 95% CI 1.1-12.4) [33]. In our study the risk 
of  PEP was not significantly increased when comparing the IBD to 
non IBD population (OR 0.9, 95% CI: 0.67–1.62).

Patients with PSC have an increased risk of  cholangitis due to diffi-
culty in achieving complete drainage [34]. Elevated biliary pressures 
lead to biliary-venous reflux causing sepsis [35]. If  biliary stents 
become occluded, cholangitis is a frequent complication [36]. In a 
retrospective analysis, cholangitis was diagnosed in 2.4% of  proce-
dures despite intraoperative antibiotics [17]. A systematic survey of  
prospective studies recorded a post-ERCP infection rate of  1.4% 
of  patients [10]. Efforts should be made to utilize as little contrast 
as possible, aspirate bile before injection, decompress obstruction 
(ERCP or surgically), and administer prophylactic antibiotics, espe-
cially in patients with PSC [37].

With regards to bleeding, a retrospective analysis states post-ERCP 
bleeding occurred in 0.7% of  procedures [17]. A systematic survey 
of  prospective studies recorded a post-ERCP bleeding rate in 1.3% 
of  patients [10]. Bleeding typically occurs after sphincterotomy. In a 
systematic survey of  21 prospective studies of  over 16,000 patients 

undergoing ERCP, there were a total of  226 bleeding episodes (1.3 
percent), with eight deaths (0.05 percent), with severe bleeding in 
66 of  the 226 episodes (29%) [10]. Our study suggests that IBD 
itself  is not a patient-related factor which would increase the risk of  
post-ERCP bleeding. 

Many studies have reported on the incidence of  post-ERCP per-
foration, occurring overall in approximately 0.4% of  patients. The 
historical incidence was as high as 2.1% but has since decreased due 
to increasing skill of  endoscopists [38]. Type I perforations (free 
bowel wall) account for 25% of  perforations, type II (periampullary 
injury) for 46%, type III (pancreatic or bile duct) for 22%, and type 
IV (retroperitoneal air) for 3% [39]. Our study focused on the pres-
ence of  IBD as a risk factor for perforation incidence – there was 
no evidence to suggest a correlation of  IBD and increased risk of  
perforation.

To the best of  the authors’ knowledge, this the largest cross-sectional 
study that evaluated the risk of  post-ERCP AEs in IBD population. 
Naturally, our study comprises some limitations. NIS relies on the 
accuracy of  clinical data and the validity of  medical diagnoses, which 
might differ among individuals and facilities. Furthermore, NIS can-
not specify the severity of  the IBD disease or the medications being 
used for the treatment. NIS is based on inpatient data this inclusion 
could lead to a larger number of  sick individuals in the data, which 
might have affected the generalizability of  the results. The exclusion 
of  academic hospitals by the database could potentially exclude pa-
tients with more complex diseases.

5. Conclusion
In conclusion, our study, the largest study to date investigating the 
risk of  post-ERCP adverse events in IBD patients, reveals no ev-
idence of  increased risk of  perforation, bleeding, pancreatitis, or 
inpatient mortality post-ERCP. This study promises the safety of  
ERCP in this high-risk patient population, however, thoughtful se-
lection for this invasive procedure is always advised.
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