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Abstract

Background and Aims—aBile duct surgery (BDS), percutaneous transhepatic cholangiography
(PTC), and endoscopic retrograde cholangiopancreatography (ERCP) are alternative interventions
used to treat biliary disease. We aim to describe trends in ERCP, BDS, and PTC on a nationwide
level in the United States.

Methods—We used the National Inpatient Sample to estimate age-standardized utilization trends
of inpatient diagnostic ERCP, therapeutic ERCP, BDS, and PTC between 1998 and 2013. We
calculated average case fatality, length of stay, patient demographic profile (age, gender, payer),
and hospital characteristics (hospital size and metropolitan status) for these procedures.

Results—Total biliary interventions decreased over the study period from 119.8 to 100.1 per
100,000. Diagnostic ERCP utilization decreased by 76%, and therapeutic ERCP utilization
increased by 35%. BDS rates decreased by 78%, and PTC rates decreased by 24%. ERCP has
almost completely supplanted surgery for the management of choledocholithiasis. Fatality from
ERCP, BDS, and PTC have all decreased, whereas mean length of stay has remained stable. The
proportion of, Medicare-insured, Medicaid-insured and uninsured patients undergoing biliary
procedures has increased over time. The majority of the increase in therapeutic ERCP and
decrease in BDS occurred in large, metropolitan hospitals.

Conclusions—Although therapeutic ERCP utilization has increased over time, the total volume
of biliary interventions has decreased. BDS utilization has experienced the most dramatic
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decrease, possibly a consequence of the increased therapeutic capacity and safety of ERCP.
ERCPs are now predominantly therapeutic in nature. Large urban hospitals are leading the shift
from surgical to endoscopic therapy of the biliary system.

Introduction

Methods

Databases

Bile duct surgery (BDS), percutaneous transhepatic cholangiography (PTC), and endoscopic
retrograde cholangiopancreatography (ERCP), are alternative interventions used in the
management of biliary tract disease. Before the widespread availability of ERCP, BDS was
the mainstay of treatment for biliary disease. The first endoscopic cannulation of the ampulla
of Vater was described in 1968,1 and technological advances over subsequent decades led to
widespread adoption of ERCP as a critical therapeutic modality in the management of
biliary tract pathology.2-® PTC also evolved in the 1970s, but has largely remained a “rescue
procedure” used when therapeutic ERCP fails, is not feasible due to patient instability, or is
unavailable.”

A single previous study has described trends in ERCP utilization on a population-level in the
United States. The study indicated that diagnostic ERCPs peaked in 1996 and subsequently
down-trended up to the last studied year, whereas inpatient therapeutic ERCPs continued to
increase over the study period.8 These data are now greater than a decade old, and it is
unknown if the previously described trends in ERCP utilization persist.®

It is widely assumed based on convenience, cost, and patient preference, that therapeutic
ERCP has gradually supplanted surgical exploration and PTC as the preferred method for
management of biliary pathology, and this has certainly been consistent with the experience
at our center. However, there are no population-level data confirming these trends because
BDS and PTC trends have not been previously described in the United States.

In this study, we describe overall utilization trends in diagnostic ERCP, therapeutic ERCP,
BDS, and PTC in the United States using an annual, nationwide, stratified sample of all
discharges between the years 1998 and 2013. We also describe changes in hospitalization
length, mortality, demographic profiles, and hospital characteristics for these interventions
over time.

The National Inpatient Sample (NIS) is a component of the Healthcare Cost and Ultilization
Project (HCUP), and is the largest publicly available all-payer inpatient healthcare database
in the United States yielding national estimates of hospital inpatient stays. It provides
reliable estimates from more than 35 million hospitalizations nationally, based on a stratified
cluster random sampling of more than 7 million hospital stays each year (approximately
20% of admissions from all non-Federal, acute care U.S. hospitals). The NIS covers all
patients, including individuals covered by Medicare, Medicaid, or private insurance, as well
as those who are uninsured. It captures both clinical and non-clinical data including primary
and secondary diagnoses, primary and secondary procedures, patient demographic
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characteristics, hospital characteristics, payment sources and charges, discharge status, and
length of stay. Data from 1998 to the last available year at the time of this study (2013) were
gathered.

To determine the relative proportions of inpatient and outpatient ERCPs, we also extracted
data from the State Ambulatory Surgery Database (SASD), a component of HCUP, which
contains data on ambulatory surgeries and procedures occurring in free-standing ambulatory
surgical centers and hospital outpatient departments. Data were gathered for the end of our
study period from the 3 largest states which participate in the SASD: New York (year 2013),
Florida (year 2013), and California (year 2011 because this was the last available year of
data).

Study Definitions

All patients who were discharged between 1998 and 2013 with an /nternational
Classification of Diseases, ninth revision, Clinical Modification (ICD-9-CM) primary
procedure code for diagnostic ERCP, therapeutic ERCP, BDS, and PTC were included. The
specific ICD-9-CM codes used are as follows: diagnostic ERCP (51.10, 51.11), therapeutic
ERCP (51.14, 51.15, 51.64, 51.84, 51.85, 51.86, 51.87, 51.88), BDS (51.32, 51.36, 51.41,
51.42,51.43,51.49, 51.51, 51.59, 51.71, 51.72, 51.79), and PTC (51.96, 51.98) (see
Supplementary Table 1 for description of codes). BDS was further classified by ICD-9-CM
family as anastomosis of bile duct (51.32, 51.36), incision for relief of bile duct obstruction
(51.41,51.42, 51.43, 51.49), other incision of bile duct (51.51, 51.59), and repair of bile
ducts (51.71, 51.72, 51.79).

Data Collection and Analysis

Results

National incidence rates of inpatient diagnostic ERCP, therapeutic ERCP, BDS, and PTC
were calculated per 100,000 U.S. residents per year. Mean inpatient length of stay and mean
case fatality rates were calculated for each group of interventions. Demographic and hospital
data were recorded for each group of interventions, including age group, gender, and payer
information, hospital size, and hospital metropolitan status.® An indirect standardization
method using the census year 2010 as the reference year was used.19 U.S. population data
were derived from the annual Bridged-Race Population Estimates, published by the National
Center for Health Statistics of the Centers for Disease Control.11 All data extraction and
analysis was performed on SAS Enterprise Guide Version 7.11 (SAS Institute Inc., Cary,
NC).

Utilization Trends

Age-standardized utilization trends for diagnostic ERCP, therapeutic ERCP, BDS, and PTC
are shown in Figure 1A. Total biliary interventions (defined as the aggregate of diagnostic
ERCP, therapeutic ERCP, BDS, and PTC) declined 15.6%, from 119.8 (95% ClI, 114.6-
125.0) to 100.1 (95% Cl, 97.5-102.7) per 100,000 between 1998 and 2013. Total ERCP
utilization decreased 5.6%, from 98.0 (95% CI, 93.9-102.1) to 92.5 (95% CI, 90.5-94.5) per
100,000 over this time period. There were substantial differences in trends between
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diagnostic and therapeutic ERCPs. Diagnostic ERCPs decreased 76.1%, from 36.0 (95% ClI,
33.7-38.4) t0 8.6 (95% ClI, 8.2-9.0) per 100,000; therapeutic ERCPs increased 35.3%, from
62.0 (95% Cl, 58.4-65.6) to 83.9 (95% Cl, 82.1-85.8) per 100,000. On a per capita basis,
the decrease in rate of diagnostic ERCPs was greater than the increase in rate of therapeutic
ERCPs. BDS demonstrated a 77.5% decline over the study period, from 16.9 (95% ClI, 14.2—
19.6) to 3.8 (95% Cl, 2.2-5.4) per 100,000. PTC demonstrated a 24.0% decline, from 5.0
(95% Cl, 4.2-5.8) to 3.8 (95% ClI, 3.6-4.0) per 100,000.

Trends in Intervention for Choledocholithiasis

Endoscopic removal of stone(s) from biliary tract (ICD-9-CM 51.88), common duct
exploration for removal of stone(s) (ICD-9-CM 51.41), and percutaneous extraction of bile
duct stone(s) (ICD-9-CM 51.96) are alternative interventions used to manage
choledocholithiasis. The individual trends of these 3 interventions, as well as the aggregate
utilization of these 3 interventions, are shown in Figure 1B. Although the aggregate number
of procedures for choledocholithiasis has increased only very mildly over time (from 22.2
per 100,000 in 1998 to 23.0 per 100,000 in 2013), there have been significant changes in the
distribution of these procedures. Total ERCP use for choledocholithiasis has increased from
16.7 to 22.1 per 100,000; conversely, common duct exploration has decreased from 5.2 to
0.8 per 100,000. Percutaneous extraction has remained an uncommonly used intervention,
decreasing in rate from 0.3 to 0.1 per 100,000. At the beginning of the study period, ERCP
accounted for 75.2% of all procedures for choledocholithiasis. By the end of the study
period, ERCP accounted for 96.1% of all procedures for choledocholithiasis.

Trends in Common Therapeutic ERCP Codes

The 3 most common therapeutic ERCPs were endoscopic sphincterotomy and papillotomy
(ICD-9-CM 51.85), endoscopic insertion of stent into bile duct (ICD-9-CM 51.87), and
endoscopic removal of stone(s) from biliary tract (ICD-9-CM 51.88), which collectively
made up over 85% of therapeutic ERCPs in 2013. The age-standardized rates of these 3
procedures are shown in Figure 1C. Although all 3 procedures demonstrated increases over
time, endoscopic insertion of stent into bile duct had the large percentage increase (53%)
over the study period.

Trends in BDS by Surgery Type

Trends in BDS by ICD-9-CM procedure family are showing in Figure 1D. Although all 4
BDS groups experienced declines, incisions for relief of bile duct obstruction experienced
the largest decrease, from 7.0 per 100,000 in 1998 to 1.4 per 100,000 in 2013 (80.0%
decrease). Repair of bile ducts experienced the smallest decline, from 0.8 per 100,000 in
1998 to 0.5 per 100,000 in 2013 (37.5% decrease).

Trends in Case Fatality and Length of Stay

Trends in case fatality during admissions for which therapeutic ERCP, BDS, or PTC are the
principal procedure between 1998 and 2013 are depicted in Figure 2A. Therapeutic ERCPs
demonstrate a consistently lower case fatality rate compared with BDS and PTC. In 1998,
1.8 deaths per 100 hospitalizations were noted when therapeutic ERCP was the principal
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procedure; this rate decreased to 1.0 deaths per 100 hospitalizations by 2013. BDS case
fatality declined from 5.5 to 3.0 per 100 hospitalizations between 1998 and 2013. PTC also
demonstrated a reduction in case fatality from 6.4 to 4.1 deaths per 100 hospitalizations
between 1998 and 2013.

Trends in length of stay of hospitalizations with principal procedure of therapeutic ERCP,
BDS, or PTC demonstrated modest changes over time (Figure 2B). In 1998, BDS, PTC, and
therapeutic ERCP had mean length of stay of 12.0, 7.9, and 5.5 days, respectively. In 2013,
BDS, PTC, and ERCP mean length of stay had decreased to 9.5, 7.7, and 5.2 days,
respectively.

Demographic Profile of Patients

Trends in rates of ERCP, BDS, and PTC all remained consistent across age and gender
brackets over the 16-year study period (Figure 3). Patients who underwent therapeutic
ERCPs tended to be predominantly female and older. Therapeutic ERCPs increased from
39.0 to 49.8 per 100,000 for females, and from 23.0 to 34.0 per 100,000 for males over the
study period. Approximately half of ERCPs were performed on patients 65 and older. The
age and gender profile of patients undergoing BDS was similar to the profile of patients
undergoing ERCP. Unlike ERCP and BDS, patients undergoing PTC were equally likely to
be female as male, with an approximately equal ratio over the study period

Payer Profile of Patients

The payer profile of patients undergoing inpatient biliary procedures is depicted in Figure 4.
There were higher rates of Medicaid-insured and uninsured patients undergoing biliary
procedures of all types in 2013 compared with 1998. The increase in rates of Medicaid-
insured and uninsured patients was greatest for therapeutic ERCP. In 1998, 4.9 Medicaid and
2.6 uninsured per 100,000 therapeutic ERCPs occurred; this rate increased to 10.1 Medicaid
and 6.8 uninsured per 100,000 by 2013. The payer profile for BDS and PTC also reflected
proportionally more Medicaid-insured and uninsured patients in 2013 relative to 1998. All 3
procedures demonstrated a lower proportion of privately insured patients in 2013 relative to
1998.

Hospital Characteristics

The characteristics of hospitals performing biliary procedures are depicted in Figure 5. The
rate of therapeutic ERCPs consistently increased over time for hospitals of all sizes. Large
hospitals performed twice as many therapeutic ERCPs as medium-sized hospitals, and
roughly seven-fold as many as small hospitals throughout the study period. Therapeutic
ERCPs were performed far more frequently in hospitals located in metropolitan areas, and
this rate increased between 1998 (56.2 per 100,000) and 2013 (79.3 per 100,000). Non-
metropolitan hospitals performed therapeutic ERCPs at rates lower than metropolitan
hospitals throughout the study period; in addition, non-metropolitan hospitals showed a
decrease in the rate of therapeutic ERCPs between 1998 (5.6 per 100,000) and 2013 (4.5 per
100,000).
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BDS was performed more frequently in large hospitals compared with medium-sized
hospitals, and more frequently in medium-sized hospitals compared with small hospitals.
Hospitals located in metropolitan areas performed BDS at a higher rate (13.9 per 100,000 in
1998 and 3.5 per 100,000 in 2013) compared with hospitals in non-metropolitan areas (3.0
per 100,000 in 1998 and 0.3 per 100,000 in 2013), and both rates decreased over time.
Similar to BDS and therapeutic ERCP, PTC was more likely to be performed in large
hospitals and in hospitals located in metropolitan areas.

Proportion of Outpatient to Inpatient ERCPs

Data from the California, Florida, and New York SASD databases indicate 30.3 outpatient
ERCPs performed per 100,000 residents. In contrast, 92.5 inpatient ERCPs were performed
per 100,000 residents in 2013, based on NIS data. Thus the majority of ERCPs by the end of
our study period were still being performed on an inpatient basis, with more than 3 inpatient
ERCPs performed for every outpatient ERCP. Similar to inpatient ERCPs, outpatient ERCPs
were predominantly therapeutic in nature, with 27.4 outpatient therapeutic and 2.9 outpatient
diagnostic ERCPs performed per 100,000 residents, respectively (Figure 6).

Discussion

Our data suggest that there have been dramatic changes in the clinical approach to biliary
disease, with consequent changes in utilization of biliary interventions in the United States
over the 16-year study period. Aggregate biliary interventions have fallen from 119.8 to
100.1 per 100,000 U.S. residents. The major drivers of this trend are both a 76% decline in
the rate of diagnostic ERCPs, and a 78% decline in the rate of BDS. The greatest rates of
decline were noted for BDS involving incision of the bile duct for relief of obstruction/other
reasons and creation of bile duct anastomoses. Notably, repair of bile ducts demonstrated the
least decrease over the study period. This may be related to the continued need for bile duct
repair to manage laparoscopic cholecystectomy-associated bile duct injury. The rate of
therapeutic inpatient ERCPs has continued to increase at a brisk pace coincident with a
decrease in rates of BDS. Our data suggest that part of this increase in therapeutic ERCP
utilization is due to the increased reliance on ERCP for the management of
choledocholithiasis.

Although the overall burden of choledocholithiasis has remained stable, ERCP has almost
completely supplanted surgical exploration for biliary stone disease. Although therapeutic
ERCP is no longer practiced for some indications such as sphincter of Oddi dysfunction, the
continued evolution of new technology and techniques related to ERCP together with an
increase in trained therapeutic endoscopists in the United States has expanded the breadth of
ERCP into realms previously reserved for BDS. For instance, single-operator
choledochoscopy, electro-hydraulic lithotripsy,12 and papillary large balloon dilationl? have
all facilitated endoscopic management of large bile duct stones that previously required
surgical bile duct exploration. Our data also show a rapid growth in the utilization of
endoscopic biliary stent placement, whereas surgical incision for relief of obstruction has
fallen. Self-expandable metallic stents may have replaced surgical bypass of the bile duct for
neoplastic obstructions.14-16 Improved resolution imaging with computed tomography (CT)
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and magnetic resonance cholangiopancreatography (MRCP) allows differentiation of
unresectable pancreaticobiliary neoplasms more readily, and may be driving a shift from
surgery to ERCP for palliation. These trends are likely to continue in the future. Finally,
there has been a large increase in the number of interventional endoscopy training programs
in the United States, from 10 positions in 2000 to >65 in 2014.17 The availability of a larger
number of highly trained interventional endoscopists able to tackle complex biliary
endoscopy may be contributing to a decreased reliance on BDS. Although this is the first
description of rates of BDS in the United States, a study of the single Canadian province of
Manitoba also indicated a marked decrease in rates of open bile duct exploration coincident
with the growth of therapeutic ERCP between 1984 and 2009.18

The rate of therapeutic ERCPs increased in metropolitan area hospitals over the study
period, whereas non-metropolitan hospitals demonstrated a decline in therapeutic ERCP
over the study period. Prior studies have demonstrated that high volume endoscopists,
typically located in large hospitals in metropolitan areas, perform ERCPs with fewer adverse
events and less radiation exposure to patients and providers.1® 20 Superior outcomes may be
expected if patients needing ERCP were primarily referred to these high-volume centers.
Although the rate of total ERCPs has changed little, the relative contribution of therapeutic
and diagnostic ERCPs has changed greatly. Diagnostic ERCPs constitute less than one tenth
of all inpatient ERCPs in 2013, compared with approximately one-third of ERCPs in 1998.
A major driver in this trend may be increased reliance on non-invasive imaging (including
ultrasound, MRCP, and CT) and lower-risk endoscopic procedures such as endoscopic
ultrasound (EUS)?! for the diagnosis of biliary disease.?? It is also likely that the true rate of
ERCPs performed purely for diagnostic reasons is lower than the rate of 8.6 per 100,000
U.S. residents in 2013, as some ERCPs eventually coded as “diagnostic” are often planned
with therapeutic intent (for instance, a patient with choledocholithiasis where the stone has
passed by the time the ERCP is performed).29 Moreover, unsuccessful ERCPs planned with
therapeutic intent may also be coded as diagnostic ERCPs.

We found that PTC utilization demonstrated relative stability over the last 16 years, and did
not appear to have a correlative relationship with either the increase in inpatient therapeutic
ERCPs or decrease in BDS. As PTCs are typically “rescue procedures” performed only
where ERCP fails or the patient is deemed too high-risk or ill for BDS, there may be little
substitution effect.

Case fatality for inpatient therapeutic ERCP has steadily decreased over the last 15 years.
Improvements in ERCP endoscope and device technology, risk stratification with EUS and
MRCP, patient selection, anesthesia support, and peri-procedural care perhaps all contribute
to this trend. BDS was associated with a consistently longer length of stay than PTC, which
in turn was associated with a longer length of stay than ERCP. Given the inherent morbidity
of abdominal surgery as compared with an endoscopic or interventional radiology
procedure, this finding is not unexpected.?3 24 Because PTC is often used after failure of
ERCP, a longer length of stay than for ERCP would also be expected. Average length of stay
decreased only very slightly for all 3 categories of procedures over the 16-year time period.
As a point of reference, the average length of stay for all hospital admissions in the United
States stood at 4.8 days in 1998, and decreased only slightly to 4.6 days by 2009.25
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There did not appear to be any major differences with regard to age and gender distributions
between therapeutic ERCP and BDS. The age and gender distributions for these 2 modalities
also did not change greatly between 1998 and 2013. The payer profile for ERCP, BDS, and
PTC all reflected a higher level of Medicaid-insured and uninsured patients, and a lower rate
of private insurance in 2013 compared with 1998. These correspond to national trends
toward decreased rates of private health insurance coverage and increased rates of Medicaid-
insured and uninsured hospitalizations before the implementation of the Medicaid expansion
provisions of the Patient Protection and Affordable Care Act in 2014. The majority of the
increase in utilization of ERCP and the majority of decrease in utilization of BDS occurred
in large, metropolitan hospitals. Large, metropolitan hospitals typically have high ERCP
volumes, skilled therapeutic endoscopists, and access to cutting edge technology; this is
perhaps why the transition from operative to endoscopic interventions has been greatest in
these hospitals.

The study has several limitations and strengths. Our data were limited to inpatient
procedures, and did not capture all outpatient ERCPs. However, our analysis of state
ambulatory surgery data demonstrate that the majority of ERCPs in the United States
continue to be performed on an inpatient basis as of the end of our study period, and that the
trend toward predominantly therapeutic procedures is mirrored. The NIS captures data from
non-Federal hospitals, so healthcare systems such as the U.S. Veterans Health
Administration are not included. As with other database studies, misclassification of
exposure is possible as the data are derived from procedure and outcome codes rather than
direct medical chart review. On the other hand, our study is based on a nationally
representative sample of all-payer inpatient discharges, and is the first description of national
trends in BDS and PTC utilization, as well as the first description of trends in ERCP
utilization in more than a decade. It also reports biliary procedural length of stay and fatality
statistics, demographic variables, and hospital characteristics for the first time on a national-
level.

In conclusion, over a 16-year study period from 1998 to 2013, the sum of all biliary
interventions decreased. Although there have been significant declines in the rates of
diagnostic ERCP and BDS, therapeutic ERCP utilization has continued to increase.
Therapeutic ERCP has appropriately supplanted BDS for the management of
choledocholithiasis; one may hypothesize that this is largely true for most biliary surgical
indications other than for some forms of bile duct injury and curative resections for biliary
tract cancer. The widespread availability of endoscopic expertise, the shorter length of stay,
and lower fatality associated with ERCP may be driving these utilization trends, making
ERCP the predominant intervention for the management of biliary tract disease in the United
States.
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Glossary
BDS Bile duct surgery
PTC percutaneous transhepatic cholangiography
ERCP endoscopic retrograde cholangiopancreatography
us United States
NIS National Inpatient Sample
ICD-9-CM [International Classification of Diseases, ninth revision, Clinical Modification
CT computed tomography
MRCP magnetic resonance cholangiopancreatography
EUS endoscopic ultrasound
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Figure 1.
A, Age-standardized trends in the rate of diagnostic ERCP, therapeutic ERCP, BDS, and

PTC per 100,000 United States residents. “All biliary interventions” is defined as the sum of
diagnostic ERCP, therapeutic ERCP, BDS, and PTC. B, Age-standardized trends in the rate
of ERCP (51.88), BDS (51.41), and PTC (51.96) for the management of bile duct stones.
‘All interventions for bile duct stones’ is defined as the sum of 51.88, 51.41, and 51.96. C,
Age-standardized rates of endoscopic sphincterotomy and papillotomy (51.85), endoscopic
insertion of stent into bile duct (51.87) and endoscopic removal of stone(s) from biliary tract
(51.88). D, Age-standardized rates of BDS per 100,000 United States residents by primary
type of surgery: anastomosis of bile duct (51.32, 51.36), incision for relief of bile duct
obstruction (51.41, 51.42, 51.43, 51.49), other incision of bile duct (51.51, 51.59), and repair
of bile ducts (51.71, 51.72, 51.79). See Supplemental Tables 2 and 3 for corresponding data
tables.
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Figure 2.
A, Trends in case fatality (defined as in-hospital deaths per 100 discharges) for

hospitalizations in which ERCP, BDS, or PTC is listed as the principal procedure. B, Trends
in average length of stay for hospitalizations in which ERCP, BDS, or PTC is listed as
principle procedure. See Supplementary Tables 4 and 5 for corresponding data tables.
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Figure 3.
Trends in the rate of therapeutic ERCP. (A), BDS (B), and PTC (C) by age. Age-

standardized trends in the rate of therapeutic ERCP (D), BDS (E), and PTC (F) by gender.
See Supplementary Tables 6 and 7 for corresponding data tables.
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Figure 4.
Age-standardized trends in payer profile for therapeutic ERCP (A), BDS (B), and PTC (C).

See Supplementary Table 8 for corresponding data table.
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Figure 5.
Age-standardized trends in the rate of therapeutic ERCP (A), BDS (B), and PTC (C) by

hospital size. Age-standardized trends in the rate of therapeutic ERCP (D), BDS (E), and
PTC (F) by hospital metropolitan status. See text for description of classifications of hospital
characteristics. See Supplementary Tables 9 and 10 for corresponding data tables. Metro,
metropolitan-located hospital; non-metro, non-metropolitan located hospital.
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Rate of therapeutic and diagnostic ERCPs in outpatient settings based on the State
Ambulatory Surgery Databases (California year 2011, Florida year 2013, and New York
year 2013) compared with inpatient rates based on the National Inpatient Sample (year

2013).
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