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ABSTRACT

Background and study aims With newer imaging modal-
ities, indications for use of endoscopic retrograde cholan-
giopancreatography (ERCP) have changed in the last dec-
ade. Despite advances in ERCP, paucity in recent literature
regarding utilization and outcomes of ERCP exists. Thus,
the aim of this study was to assess the inpatient use of
ERCP, outcomes, and most common indications.

Patients and methods Retrospective-cohort study using
the Nationwide Inpatient Sample 2007-2016. All patients
with ICD9-10CM procedural codes for ERCP were included.
The primary outcome was the use of ERCP. Secondary out-
comes included determining procedural specifics (stenting,
sphincterotomy and dilation), complications (post-ERCP
pancreatitis [PEP], bile duct perforation), hospital length of
stay, total hospital costs and charges. Multivariate regres-
sion analysis was used to adjust for confounders.

Results A total of 1,606,850 patients underwent inpatient
ERCP. The mean age was 59 years (60% female). The total
number of ERCPs increased over the last decade. Patients
undergoing ERCP in 2016 had greater odds of undergoing
bile duct stent placement, pancreatic duct (PD) stenting,
biliary dilation, pancreatic sphincterotomy, PEP and biliary
perforation. Inpatient mortality decreased. Hospital char-
ges increased, while length of stay (LOS) decreased.
Conclusions The number of ERCPs increased in the past
decade. Odds of therapeutic interventions and complica-
tions increased. The most common principal diagnoses
were choledocholithiasis and gallstone-related AP. Hence,
physicians must be aware to promptly diagnose and treat
complications. These findings may reflect the increased
case complexity and fact that ERCP continues to evolve
into an increasingly interventional tool, contrasting from
its former role as a predominantly diagnostic and gallstone
extraction tool.

Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) is a
complex endoscopic procedure used to evaluate pancreatobili-
ary ductal anatomy through the use of fluoroscopy and con-
trast to determine suitable interventions for both benign and
malignant pathology. ERCP was initially developed in the late
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1960’s as a diagnostic procedure and subsequently evolved to
a therapeutic procedure with the first biliary sphincterotomy
performed in 1974 in Kyoto, Japan [1-4]. In recent years, the
role of ERCP has shifted from being a diagnostic and therapeu-
tic procedure, to mainly being a therapeutic procedure [5]. Pre-
vious reports have shown that inpatient utilization of ERCP has
been decreasing since 1996, which is believed to be due to the
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widespread availability of newer imaging modalities such as
magnetic resonance cholangiopancreatography (MRCP) and
endoscopic ultrasound (EUS) [5-8].

In the United States, current training in ERCP requires a prior
3-year training in internal medicine followed by a 3-year train-
ing program in general gastroenterology and finally an addi-
tional year in advanced endoscopy training. During that final
year, the trainee is expected to acquire the necessary cognitive
skills for decision-making, as well as the core ERCP technical
skills [9, 10]. As the demand for advanced endoscopists contin-
ues to increase, the number of academic programs offering
ERCP training has increased, which highlights the importance
of competency assessment in the area [10,11]. Some of the
key factors that have been noted to influence competency po-
sitively include training at large-volume centers and a bile duct
cannulation rate of 80% to 90%, emphasizing that the total
number of procedures to achieve proficiency varies among trai-
nees and should, as such, be individualized [12-16].

Although previous epidemiological data are available on the
topic, there have been significant recent technological and sci-
entific advances in advanced endoscopy. There continues to be
a paucity of recent large studies exploring temporal trends in
the use of ERCP. Thus, the aim of the current study was to as-
sess the current temporal trends in inpatient utilization of
ERCP, and identification of common indications and interven-
tions, procedural complications, and healthcare resource utili-
zation using the largest public inpatient database in the United
States throughout the past decade.

Patients and methods
Study design and data source

Patients were selected from the Nationwide Inpatient Sample
(NIS) which is the largest publicly available, inpatient, all-payer
database in the United States. The dataset for the years 2007 to
2016 contains more than 70 million hospital stays, which are a
20 % stratified sample of over 4,000 non-federal acute care hos-
pitals of more than 40 states of the United States, and is repre-
sentative of 95% of hospital discharges nationwide. A principal
diagnosis, defined as the primary discharge diagnosis, as well as
up to 29 other secondary diagnoses are included in the dataset.
The dataset also includes codes for up to 15 procedures per-
formed during the hospital stay. It also allows determining
length of hospital stay, and total hospitalization charges, as
well as desired outcome measures such as calculations of inpa-
tient disease prevalence. All analyzed data was extracted from
the databases for the years 2007 to 2016 to design this retro-
spective cohort study.

Study population

All patients in the NIS dataset for 2007 to 2016 with an Interna-
tional Classification of Diseases, Ninth and Tenth Revisions,
Clinical Modification (ICD-9 and ICD-10 CM) principal proce-
dural code for ERCP were identified, signifying that only all pa-
tients undergoing inpatient ERCP were included. All codes are
included in »Supplemental Table1. In all patients with an
associated procedural code for ERCP, procedural specifics were
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obtained using their respective procedural ICD-9/10 codes.
These included biliary sphincterotomy, biliary stenting, biliary
dilatation, pancreatic sphincterotomy, PD stenting and PD dila-
tation. In addition, to evaluate the top indications for the pro-
cedures, the most common principal diagnostic codes were ob-
tained from all patients with an associated procedural code for
ERCP.

Variable definition

Patient general characteristics included demographics such as
age, gender, ethnicity, median income in zip code, and insur-
ance type. Hospital characteristics included hospital region,
teaching status, number of hospital beds and hospital location.
The HCUP divides the United States into four geographical loca-
tions into census regions: Northeast, Midwest, South and West.
Each patient’s vital status at the conclusion of hospital stay, to-
tal days of hospitalization and total hospitalization charges
were also abstracted from the database. To account for patient
comorbidities, the Deyo adaptation of the Charlson Comorbid-
ity Index was used, which is a validated tool for large database
analysis [17]. For ICD-9codes, the variable acute post-ERCP
pancreatitis was defined using acute pancreatitis as a second-
ary diagnosis only if it was associated with an ERCP procedural
code, and included only if the ERCP was not done on the day of
the admission.

Outcomes

The aim of this study was to determine the temporal trends in
the use of inpatient ERCP in the United States in the past dec-
ade.

Secondary outcomes were to determine the top five princi-
pal diagnoses associated with an associated procedural code
for ERCP (hereafter referred to as ERCP indications), as well as
comparing the ERCP indications in the year 2016 to the year
2007. In evaluating procedural complications, temporal trends
in occurrence of ERCP-related perforation and post-ERCP pan-
creatitis (PEP) were examined. Temporal trends in resource uti-
lization as measured by hospital costs, total hospitalization
charges and length of stay were also explored.

Statistical analysis

Discharge-level weights published by the HCUP were used to
estimate the total number of patients undergoing ERCP. Fish-
er’s exact test was used to compare proportions and analysis
of variance was utilized to compare means. To assess associa-
tions between ERCP and the outcomes of interest, adjusted
odds ratios and adjusted means comparing the year 2016 to
the year 2007 were obtained by multivariate logistic regression.
The multivariate logistic regression model was constructed by
first examining variables that are known to be associated with
the outcomes on previous studies and conducting a univariate
regression analysis. If the variables were associated with the
outcomes on univariate analysis with a P<0.10, they were in-
cluded in the multivariate model. Variables that were included
in the model were age, gender, ethnicity, insurance carrier, me-
dian income in patient zip code, Charlson Comorbidity Index,
weekend admission, hospital region, urban location, teaching
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status and number of hospital beds. All statistical analyses were
conducted using STATA, Version 14 (StataCorp LP, College Sta-

» Table 1 Patient characteristicsin 2007 and 2016.

tion, Texas, United States)_ Variable 2007 2016 P value
Age 58.6 years 60.3 years <0.01
Results
Female gender 50.8% 49.2% <0.01
Patient characteristics o
Ethnicity
A total nu.mbe.r of 1,606,850 patients were identified who un- R T 0
derwent inpatient ERCPs. Mean age was 59 years, and 60%
= African American 8.6% 9.1%

were female. Baseline characteristics of patients who under-
went ERCP in 2007 and 2016 are summarized in » Table1. The = Hispanic 16.7% 15.6
majority of patients were white, followed by Hispanics. There

N
=
)
S

. . . . R : = Asian 3.7% 3.9%
was no significant difference in patient income or hospital re-
gion. As compared to 2007, patients had higher Charlson co- * Other
morbidity index in 2016 (Charslon comorbidity index of >3: Median Income in zip code
28.2% vs 17.5%, P<0.01). More patients had Medicare (48.1% R — 6.1 581%
vs 44.5%) and Medicaid (15.2% vs 11.4%) insurance in 2016 as ’ ’ ’
compared to 2007.More patients were admitted to teaching = $38K-47,999 25.3% 25.3% 0.29
hospitals in 2016 as compared to 2007 (73.0% vs 47.4%, « $48K-63,999 24.8% 24.9%
respectively. P<0.01). . 564,000 30 o
ERCP prevalence and indications Charlson Comorbidity Index
The inpatient use of ERCP increased from 0.38% (148,179) in . 0 50.9% 38.0%
2007 to 0.44% (156,874) in 2016, (trend P value<0.01) (» Ta-
ble2, > Fig.1). = 1 20.0% 20.3% <0.01
The top five principal diagnosis for ERCP were: choledocho- .2 11.6% 13.2%
lithiasis (499,339, 31.1%), acute biliary pancreatitis (175,476, + 3ormore 17.5% 28.2%
11.0%), ascending cholangitis (79,607, 4.9 %), unspecified cho-
Insurance

ledochal obstruction (51,902, 3.2%), and pancreatic head mass
(37,223, 2.3%). = Medicare 44.5% 48.1%

From 2007 to 2016, the proportion of choledocholithiasis as
the primary indication for ERCP decreased from 40.4 % to 30.2%
but it continued to be the primary indication for ERCP. The pro-
portion of ERCP for acute cholangitis increased from 4.1% in = Outof pocket 6.1% 4.8%
2007 to 10.8 % in 2016. Rates of ERCP for acute biliary pancrea-

= Medicaid 11.4% 15.2% <0.01

= Private 34.3% 29.2%

= Other 3.7% 2.7%

titis decreased from 13.9% to 8.8%, and for unspecified ob-
struction increased from 5.8% to 7.8%, from 2007 to 2016, Hospital region
respectively (» Table 3). = North 20.8% 19.0%
ERCP-related interventions = Midwest 2192 213 Lisi
The rates of various ERCP related interventions are summarized * South 34.1% 36.2%
in » Table4. Biliary sphincterotomy was the most common in- « West 23.5% 22.9%
tervention performed (2007: 68.2%, 2016: 62.6%), followed P E— 9279 96.6% <0.01
by placement of biliary stents (2007: 23.6 %, 2016: 43.6 %). Bili-
ary dilation was performed in 5.3 % of cases in 2007 as compar- Teaching hospital 47.4% 73.0% <0.01
edto 10%in 2016.PD stent placement was done in 9% of ERCPs Bed S
in 2016 as compared to 5.1 % in 2007.

After performing the multivariable analysis outlined in the = small 9-1% 14.1%
methods section and adjusting for confounders, the use of bili- = Medium 24.9% 27.2% <0.01
ary sphincterotomy (aOR: 0.94, P=0.12), pancreatic sphincter- . large 66.0% 57.7%
otomy (aOR: 1.45, P=0.06), and PD dilation (aOR: 1.2, P=0.6)
was unchanged in 2016 compared to 2007.On the other hand, Weekend admission 21.7% 23.5% <0.01
the use of biliary stents (aOR: 2.17, P<0.01), biliary dilation Table of baseline characteristics comparing patients undergoing ERCP in
(aOR: 1.71, P<0.01), and PD stent placement (aOR: 1.57, P< 2016 to 2007.

0.01) significantly increased from 2007 to 2016.
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» Table2 Use of ERCP from 2007 to 2016.

2007 2008 2009 2010
Total 148,179 162,609 162,419 167,943
Percentage 0.38% 0.41% 0.41% 0.43%

2011

170,931

0.44%

2012 2013 2014 2015 2016
161,685 160,714 160,100 155,695 156,874
0.44% 0.45% 0.45% 0.43% 0.44%

Temporal trend in use of ERCP from 2007 to 2016. The total number of patients is shown, as well as the respective percentage relative to the total number of dis-

charges each year.

170000

165 000

160 000

ERCP Number

\/

155000

150 000

2007 2008 2009 2010 20112012 2013 2014 2015 2015
Year

» Fig.1 Graphic representation of temporal trends in the use of
ERCP from 2007 to 2016.

» Table3 Most common ERCP indications in 2016 compared to 2007.

Indication 2007 2016 Percent change
Choledocholithiasis 40.4% 30.2% -10.2%
(N=499,339)

Acute biliary pancreatitis 13.9% 8.8% -5.1%
(N=175,476)

Ascending cholangitis 4.1% 10.8% +6.7%
(N=79,607)

Unspecified obstruction 5.8% 7.8% +2.0%
(N=51,902)

Pancreatic head mass 2.5% 2.9% +0.4%
(N=37,223)

Non-codable indication 33.3% 39.5% +6.2%

(N=495,810)

Top principal diagnoses associated with procedural codes of ERCP in 2016
compared to 2007. Although the most common indications were similar, use
of ERCP for choledocholithiasis and acute biliary pancreatitis decreased,
while use of ERCP for ascending cholangitis and non-codable indications in-
creased.

Timing to ERCP

The mean time to ERCP in patients with acute cholangitis as
well as acute biliary pancreatitis decreased from 2.6 days in
2007 to 2.2 days in 2016 (P<0.01).

After adjusting for confounders, the mean time to ERCP in
patients with acute cholangitis [adjusted mean time difference:
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-0.7 days (95% Cl: -0.9 to -0.4, P<0.01) as well as acute biliary
pancreatitis (adjusted mean time difference: -0.7 days [95% Cl:
-0.9t0 -0.6, P<0.01]) decreased in 2016 as compared to 2007.

ERCP-related complications

The percentage of post-ERCP pancreatitis (PEP) increased from
12.3% to 16.5% from 2007 to 2016. After adjusting for con-
founding factors, the odds of PEP were significantly higher in
2016 as compared to 2007 (aOR: 1.49, 95% Cl: 1.39-1.60, P<
0.01 (» Table5).

The rates of ERCP-related perforation remained low over the
past decade (2007: 0.1%, 2016: 0.3%), but significantly in-
creased in 2016 as compared to 2007 (aOR: 3.65, 95% Cl: 1.6
to 7.9, P<0.01).

Resource utilization

The mean length of stay (LOS) for patients who underwent
ERCP was 7 and 6.1 days in 2007 and 2016, respectively. After
adjusting for confounding factors, the LOS was significantly de-
creased in 2016 as compared to 2007 (adjusted mean differ-
ence in LOS: -1.6 Days, P<0.01,95% Cl: -1.9 to -1.4, P<0.01).

The mean total hospitalization charges increased from
$56,577 in 2007 to $77,804 in 2016. This difference persisted
after adjusting for confounding factors with mean additional
total hospitalization charges of $14,729 in 2016 as compared
to 2007 (95% Cl: $10,218 to $19,239), P<0.01) (» Table6).

Discussion

In the current study, we used the largest publically available in-
patient database to show that the annual inpatient utilization
of ERCP continues to increase over the past decade. Even
though choledocholithiasis continues to remain the most com-
mon indication for ERCP, the proportion of ERCPs for choledo-
cholithiasis decreased from 40.4% to 30.2% over the past 10
years. We also noted that there has been shift in the utilization
rates of ERCP to other interventional indications. An increased
proportion of ERCPs are now being done for cholangitis, while
the use of ERCP in acute biliary pancreatitis is decreasing. In ad-
dition, we show that while rates of biliary sphincterotomy, pan-
creatic sphincterotomy and PD dilation remain constant over
the past decade, while the use of biliary stents, pancreatic
stents and biliary dilation significantly increased over this time
period. In regards to ERCP-related complications, rates of post-
ERCP pancreatitis were noted to have increased in the past dec-
ade despite the current emphasis on preventive measures such
as double wire technique, rectal indomethacin and PD stenting.

Kroner Paul T et al. Use of ERCP... Endoscopy International Open 2020; 08: E761-E769



» Table4 Intra-procedural interventions in ERCP in 2016 compared to 2007.

Procedural Specific 2007

Biliary sphincterotomy 101,097 (68.2%)

Biliary dilatation 7,889 (5.3%)
Biliary stenting 35,013 (23.6%)
Pancreatic sphincterotomy 302 (0.2%)
Pancreatic duct dilatation 607 (0.4%)

Pancreatic duct stenting 7,503 (5.1%)

2016 P value aOR (95 % Cl), P value
98,250 (62.6 %) <0.01 0.94 (0.86-1.02), 0.12
15,745 (10.0%) <0.01 1.71(1.41-2.07),<0.01
68,365 (43.6%) <0.01 2.17(1.37-1.68),<0.01
480 (0.3%) <0.01 1.45(0.99-2.13), 0.06
975 (0.6 %) 0.05 1.20(0.62-2.32),0.59
13,975 (9.0%) <0.01 1.57 (1.28-1.91),<0.01

Intra-procedural specifics in patients undergoing ERCP in 2016 compared to 2007. Adjusted odds ratios, 95 % confidence intervals and respective P values are re-

ported.

» Table5 Occurrence of Post-ERCP pancreatitis from 2007 to 2016.

Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 Total
Total (per- 18,161 21,623 21,326 21,824 22,615 21,250 21,720 21,590 22,910 25,804 218,812
centage) (12.3%) (13.3%) (13.3%) (13.0%) (13.2%) (13.1%) (13.5%) (13.5%) (14.7 %) (16.5%) (13.6%)
Adjusted 1.49(1.39-1.60),<0.01

odds ratio

(95% Cl),

Pvalue

Occurrence of post-ERCP pancreatitis in number and percentage of cases during the period from 2007 to 2016 as well as adjusted odds ratio, confidence interval and

P value for 2016 versus 2007.

> Table6 Resource utilization associated with use of ERCP comparing 2007 to 2016.

Unadjusted

2007 2016
Hospital costs $17,814 $18,782
Hospitalization charges $56,577 $77,804
Hospital Length of Stay 7.0 6.1

Adjusted
P value aoR (95 % Cl), P value
<0.01 -$865 (-$1,769-$39), 0.06
0.01 $14,729($10,218-$19,239),<0.01
0.01 -1.6(~1.9,-1.4) <0.01

Economic burden of ERCP from 2007 to 2016.Unadjusted and adjusted costs, charges and length of hospital stay are presented.

ERCP-related perforations have also increased from 2007 to
2016.As far as resource utilization trend, despite length of hos-
pital stay becoming shorter over the past 10 years, the total
hospitalization charges increased over time.

Our study showed that there was increasing trend of inpati-
ent utilization of ERCP over the past decade. Although a numer-
ical difference was found, it is not significantly striking (0.38
%-0.44 %) in the study period. This finding is contrary to pre-
vious studies by Mazen and Ahmed which showed a decrease
in inpatient utilization of ERCP [5,6]. In previous reports, the
decreasing number of inpatient ERCP was thought to be due
to two factors. First, since ERCP has now become a primarily
therapeutic procedure rather than both diagnostic and thera-
peutic due to the availability of MRCP and EUS [6]. The second
being the increasing outpatient utilization of ERCP [18]. Thus,
the NIS would not detect these patients. Lastly, some of the
previous studies did not include certain procedural ICD codes

Kroner Paul T et al. Use of ERCP... Endoscopy International Open 2020; 08: E761-E769

pertaining to ERCP. Despite this, our study shows that the inpa-
tient use of ERCP has increased over the past decade. We be-
lieve that this finding is not necessarily surprising. Over the
past decade, even though use of ERCP as a diagnostic modality
has rightfully decreased, there have been significant strides in
therapeutic ERCP. With the advent of EUS and MRCP, use of
ERCP perhaps underwent a transient decline. However, use of
cholangioscopy and ERCP for complex biliary stone and biliary
pathology has been increasing and evolving. This is also consis-
tent with the increasing number of training programs for ad-
vanced endoscopy fellowship, which results in an increased ab-
solute number of physicians being able to perform ERCP, and
then translated into increased total number of ERCPs per-
formed [11]. These findings were also seen in another study by
Moffatt et al. which included both inpatient and outpatient
ERCPs from 1984 to 2009 and showed an overall increase in to-
tal number of procedures [19]. However, further studies are
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needed using both outpatient and inpatient populations to de-
termine an accurate number of annual ERCPs in the United
States.

Our study also showed that choledocholithiasis and acute
biliary pancreatitis were by far the primary indications for inpa-
tient ERCP, which is consistent with previous studies [5, 19,20].
However, we did note that there have been shifts in the propor-
tions of indications for ERCP. Even though choledocholithiasis
remains the most common indication for ERCP, the proportion
of ERCP in patients with acute biliary pancreatitis has de-
creased. This is expected and consistent with other recent stud-
ies, since consensus guidelines recommend that ERCP should
only be performed in acute biliary pancreatitis patients if they
have cholangitis or have documented or increased suspicion of
choledocholithiasis [21,22]. Interestingly, our analysis showed
that a greater number of ERCPs are being performed for cho-
langitis now as compared to 10 years ago. This could be due to
the increasing availability of ERCP. Another reason for this result
could be that ICD-10-CM now has more specific codes for acute
cholangitis as compared to ICD-9-CM.

Additionally, our study has shown that while the use of sev-
eral standard ERCP-related interventions (i.e. biliary sphincter-
otomy, pancreatic sphincterotomy) has remained constant, the
use of some ERCP-related interventions such as use of biliary
stents, pancreatic duct (PD) stents and biliary dilation has in-
creased at a statistically significant level over the past decade.
There could be multiple reasons for this. Foremost, is that
ERCP is now primarily a therapeutic procedure, so more pa-
tients are likely to undergo ERCP-related interventions. Another
reason for this is likely related to the advancements in endo-
scopic techniques and accessories which has made ERCP more
popular in the use of complex pancreatobiliary diseases. Also,
much more widespread availability and options for biliary
stents are also likely contributing to this. In regards to the in-
creased use of PD stent placements over the past decade, this
is likely due to overwhelming data showing reduction in PEP
after PD stent placement [22]. On the other hand, increased
use of PD stent placement could also be due to increased un-
dertaking of ERCP for therapy of pancreatic diseases. Similarly,
the increased utilization of biliary dilation is likely reflective of
advances in modern technology and the increased use of ERCP
in complex biliary pathology. Another plausible reason could be
that, as liver transplantation continues to increase, need for
ERCP in these patients has also increased [23]. In one study,
the utilization of ERCP in liver transplant recipients was report-
ed to be as high as 45 % [24].

Our analysis showed an increasing trend of overall inpatient
ERCP-related complications over time. The current inpatient
rate of PEP is 16.5% and the odds of PEP have increased over
time. The rate of PEP in our study is much higher than most pre-
vious studies in which it ranges around 4% [25-28]. Even
though Cheng et al. did a multicenter study of 1115 patients
and reported a PEP rate of 15.1% [29], we feel that this number
is likely an over representation since the ICD-CM does not have
a specific code for PEP. In addition, the fact that only inpatient
procedures are being evaluated in this study may also play a
role. It is speculated that inpatients may have a higher comor-
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bidity burden and may be experiencing a clinical situation
(which has them admitted in the hospital) that may be placing
them at higher risks of complications. Despite this, the overall
increasing trend of PEP is concerning. This could be related to
increasing use of ERCP for complicated cases warranting hospi-
tal admission, as mentioned above, which is likely resulting in a
greater number of cases of PEP. This is also evident by the fact
that our analysis showed that the patients undergoing ERCP in
2016 tended to have a higher comorbidity burden (increased
Charlson comorbity index), and that a greater number of pa-
tients are undergoing ERCP at teaching hospitals. Previously,
one large systematic review has shown that center and endos-
copists with low ERCP volume are more likely to have ERCP-
related complications. ERCP-related perforation has previously
been noted to be 0.3 to 0.6 % [30-33]. Our study showed sim-
ilar rates of ERCP-related perforations. However, the odds of
ERCP related perforations have also increased over the past
decade. This again could be related to the increasing use of
ERCP for more complex cases, but also raises the concern of
lack of standardized ERCP training, as there continue to be an
increasing number of advanced endoscopy fellowship training
programs [11].

In regards to healthcare resource utilization, mean LOS for
patients undergoing ERCP ranged from 7.0 to 6.1 days from
2007 to 2106, respectively. This is consistent with seen in other
studies [5]. However, despite that the reasons for hospitaliza-
tion in patients undergoing ERCP barely changed (gallstone-
related disease and ductal strictures in 2007 compared to gall-
stone-related disease, pancreatic head masses and ductal stric-
tures in 2016), deeper knowledge on the baseline comorbid-
ities between the two groups would have been key to better ex-
plore the differences in resource utilization. Despite the de-
crease in LOS, we found that total hospitalization charges in-
creased over time, which is a trend observed across all medical
conditions, and is assumed to be due to changing insurance po-
licies and models.

There are some limitations to our study. First, it is a retro-
spective analysis due to the nature of the NIS database. Second,
due to the administrative nature of the database, it has been
documented that claims-based databases are susceptible to in-
accurately entered or missing codes [34]. However, ICD-9 CM
codes have been shown to have a high specificity and sensitivity
when used to study gastrointestinal diseases [35]. Third, we
were not able to identify the level of complexity of ERCP, prior
ERCP history (index or repeat ERCP, native papilla), and use of
preventative measures against PEP as these factors are not co-
ded in the NIS.Moreover, the NIS only has data on inpatient
data and thus, our study did not include outpatient ERCP utili-
zation rates, which now constitute a large number of ERCPs.
Also, the NIS does not contain information regarding use of
medications and laboratory data. The ICD-9/10-CM coding sys-
tem does not have a diagnostic code for PEP as well, which is
perhaps contributing to the increased number of PEP reported
in our cohort. Last, readmissions are unable to be tracked
within the database.

Despite these limitations, our study has several strengths.
Our study provides the latest and most up-to-date data on in-
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patient use of ERCP using the largest national inpatient data-
base in the United States. We also used the newly re-designed
NIS 2016 database which using the latest ICD-10-CM coding
system which has more specific diagnostic codes for diseases
such as acute biliary pancreatitis and cholangitis. This informa-
tion was lacking in prior studies due to the use of ICD-9-CM
coding system. Therefore, our study is the first evaluating the
comprehensive information regarding ERCP using both 1CD-9
as well as ICD-10 diagnostic codes. Our study also shows that
after a transient decline in inpatient use of ERCP, the utilization
of inpatient ERCP is increasing once again. This is accompanied
by a speculated increased-complexity of ERCP cases as evident
by increased use of ERCP-related interventions and post-ERCP
complications. This information is especially important in the
current era of increasing interventional ERCP. As the number
of advanced endoscopy training programs increases and there
continues to be a strong interest in additional advanced endo-
scopic procedures such as per-oral endoscopic myotomy
(POEM), third space endoscopy, and endo-bariatric procedures,
the focus of these training programs might shift away from the
rigorous ERCP training of the past. Therefore, advanced endos-
copy training programs should still focus on competence based
ERCP training as outlined by the American Society of Gastroin-
testinal Endoscopy (ASGE) [36].

Conclusion

In conclusion, inpatient use of ERCP is increasing. This is accom-
panied by an increase in ERCP-related interventions likely re-
flective of an increasing complexity of cases. The rate of post-
ERCP complications also is increasing. Further studies are need-
ed to identify whether the complexity of ERCP procedures and
related indications are changing, as well as determining wheth-
er the technique is associated with increased observed compli-
cations. More data on outpatient utilization of ERCP along with
its associated resource utilization burden is also needed.
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» Supplemental Table 1 Utilized ICD9 /10 diagnostic and procedural codes. ICD-9 and ICD-10 diagnostic and procedural codes used

Diagnosis/procedure

Endoscopic retrograde
cholangiopancreatography

Biliary sphincterotomy

Biliary ductal dilation

Biliary duct stenting

Pancreatic sphincterotomy
Pancreatic ductal dilation
Pancreatic duct stenting
Ampullectomy

Bile duct perforation

Post-procedural bleeding (with associated

ERCP procedure codes)
Cholangitis

Biliary acute pancreatitis

ICD-9/ ICD-10 codes

51.10,51.11,51.84,51.85,51.88,52.13, 52.14, 52.93, 0F)B8ZZ, OF|D8ZZ, 0F9C8ZZ, 0F758DZ,
0F768DZ, 0F788DZ, 0F798DZ, 0F7C8DZ, 0F9580Z, 0F9680Z, 0F9880Z, 0F9980Z, 0F9C80Z,
0FC5877,0FC6877,0FC88ZZ,0FC98ZZ,0FCC8ZZ, 0FF58ZZ, 0FF68ZZ, 0OFF88ZZ, 0FF98ZZ, 0FFC8ZZ,
OF)D87Z, 0F7D8DZ, 0F7F8DZ, 0F9D80Z, 0F9F80Z, 0FCD8ZZ, OFCF8ZZ, OFFD8ZZ, OFFF8ZZ

51.85,0F9977X, 0F998ZX, 0F9C7ZX, 0F9C8ZX, 0F5C8ZZ, 0FCC8ZZ, 0FFC8ZZ, 0OFNC8ZZ, 0FNC8Z,
OFNCS8, 0F5C87Z, 0F7C87Z, 0F7C8DZ, 0F9C80Z, 0F9C8ZX, 0F9C8ZZ, 0F9C40Z, 0F9C4ZX, 0F9C4ZZ,
0FCC8Z7Z, 0FCC4ZZ, 0FC98ZZ, OFDC8ZX, 0FD98ZX, 0F9980Z, 0F998ZX, 0F99877, OFFC8ZZ,
OFNC8ZZ, OFBC8ZX, OFBC8ZZ

51.84,0F7587Z,0F7682Z7, 0F788ZZ, 0F7987Z

51.87,0F758DZ, 0F768DZ, 0F788DZ, 0F798DZ, 0F7C8DZ, 0F9580Z, 0F9680Z, 0F9880Z, 0F99807,
0F9C80Z

51.82, 0F9D8ZX, 0FSD8ZZ

52.98,0F7D8ZZ, 0OF7F8ZZ

52.93,0F7D8DZ, 0OF7F8DZ, 0FOD80Z, 0F9F80Z
51.64, 0F5C87Z, 0FBC8ZZ

576.3, K83.2,K83.3

998.1,998.11,998.12,998.13, K91.84, K91.840, K91.841

576.1,K83.0, K83.08

K85.10,K85.11, K85.12, K85.1

ERCP, endoscopic retrograde cholangiopancreatography
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