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BACKGROUND: In patients presenting with ascending cholangitis,
better outcomes are reported in those undergoing endoscopic retrograde
cholangiopancreatography (ERCP) compared with surgical drainage.
OBJECTIVE: To identify factors associated with the type of interven-
tion, and to examine temporal trends in the treatment of ascending
cholangitis.

METHODS: Data were extracted from the Nationwide Inpatient
Sample. Patients >18 years of age with a diagnosis of cholangitis
between 1998 and 2009 were selected. Temporal trends were assessed
using Poisson regression models. Multivariable models were fitted to
predict the likelihood of a patient undergoing ERCP, percutaneous or
surgical drainage, or no drainage.

RESULTS: A weighted estimate of 248,942 patients admitted for
cholangitis was identified. Overall, 131,052 patients were treated
with ERCP (52.6%), 10,486 with percutaneous drainage (4.2%) and
12,460 with surgical drainage (5.0%); 43.0% did not receive drainage
during the admission. Temporal trends between 1998 and 2009 showed
a decline in surgical and percutaneous drainage, and a rise in ERCP. In
multivariable analyses adjusted for clustering, ERCP and percutaneous
drainage were more often performed in institutions with a high volume
of admissions for cholangitis, those with a greater bed number and
hospitals located in urban areas.

CONCLUSION: Over the past decade, the use of surgical and percu-
taneous drainage has decreased while that of ERCP has risen. Patients
treated at institutions with a low volume of admissions for cholangitis,
small bed number and in rural areas were less likely to undergo ERCP
or percutaneous drainage.
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La méthode de drainage biliaire et les tendances
temporelles chez les patients hospitalisés en raison
d’une cholangite : une vérification nationale

HISTORIQUE : Chez les patients présentant une cholangite ascendante,
ceux qui subissent une cholangiopancréatographie rétrograde endoscopique
(CPRE) s’en sortent mieux que ceux qui subissent un drainage chirurgical.
OBJECTIF : Déterminer les facteurs associés au type d’intervention et
examiner les tendances temporelles dans le traitement de la cholangite
ascendante.

METHODOLOGIE : Les chercheurs ont extrait les données du Nationwide
Inpatient Sample. Ils ont sélectionné les patients de 18 ans ou plus dont la
cholangite avait été diagnostiquée entre 1998 and 2009. Ils ont évalué les
tendances temporelles au moyen des modeles de régression de Poisson. Ils
ont corrigé les modeles multivariables pour prédire la probabilité qu’un
patient subisse une CPRE ou un drainage percutané ou chirurgical ou qu’il
ne subisse pas de drainage.

RESULTATS : Les chercheurs ont recensé une estimation pondérée de
248 942 patients hospitalisés en raison d’une cholangite. Dans 'ensemble,
131 052 patients ont subi une CPRE (52,6 %), 10 486, un drainage percu-
tané (4,2 %) et 12 460, un drainage chirurgical (5,0 %), tandis que 43,0 %
n’ont pas subi de drainage pendant leur hospitalisation. Les tendances
temporelles entre 1998 et 2009 ont révélé un fléchissement des drainages
chirurgicaux et percutanés et une augmentation des CPRE. Selon les
analyses multivariables corrigées pour tenir compte des regroupements, la
CPRE et le drainage percutané étaient davantage exécutés dans les établisse-
ments présentant un fort volume d’hospitalisations en raison d’une cho-
langite, comptant un plus grand nombre de lits et situés en milieu urbain.
CONCLUSION : Depuis dix ans, le recours au drainage chirurgical ou
percutané a diminué tandis que les CPRE ont augmenté. Les patients
étaient moins susceptibles de subir une CPRE ou un drainage percutané
s'ils étaient traités dans des établissements situés en région rurale et comp-
tant peu d’hospitalisations en raison d’une cholangite et peu de lits.

he treatment of ascending cholangitis, a systemic infection caused

by obstruction of the biliary tract, consists of early empirical
antibiotherapy, as well as biliary drainage using an endoscopic, per-
cutaneous or surgical approach (1). In 1992, a landmark randomized
controlled trial by Lai et al (2) found that endoscopic retrograde chol-
angiopancreatography (ERCP) was associated with better outcomes
than surgical decompression in patients presenting with severe
ascending cholangitis. More recently, the Tokyo guidelines also
favoured ERCP as the gold standard for biliary drainage in patients
with cholangitis (3). They also categorized patients according to sever-
ity of presentation: mild, moderate and severe cholangitis. Mild chol-
angitis responds to antibiotherapy and supportive care and can be
considered for elective biliary decompression.

Based on these considerations, we hypothesized that the use of
ERCP for the treatment of acute cholangitis is on the rise and, accord-
ingly, examined the temporal trends of biliary drainage for acute chol-
angitis. In addition, we aimed to identify predictors of the use of biliary

drainage approaches during an index admission. Our analysis relied on
a large contemporary (1998 to 2009) population-based cohort of indi-
viduals admitted from the emergency department with ascending
cholangitis.

METHODS

Ethics

Institutional review board approval was not required because the
present study did not involve the analysis of human subjects; a waiver
was obtained from the University of Montreal Institutional Review
Board (Montreal, Quebec). Because the present study involved the
analysis of a population-based dataset, written consent by patients was
not required.

Data source
Between 1998 and 2009, data from the Nationwide Inpatient Sample
(NIS) were abstracted. The NIS includes inpatient discharge data
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collected via federal-state partnerships, as part of the Agency for
Health care Research and Quality’s Health care Cost and Utilization
Project. As of 2009, the NIS contained administrative data on
approximately eight million hospital stays each year from 1050 hospi-
tals within 44 states — approximately 20% of community hospitals
within the United States — including public hospitals and academic
medical centres. The NIS is the sole hospital database in the United
States with charge information on all patients regardless of payer,
including persons covered by Medicare, Medicaid, private insurance
and the uninsured.

Sample population

Using the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM), all patients (>18 years of age) with a diag-
nosis of cholangitis (ICD-9-CM code 576.1) admitted nonelectively
from the emergency department were considered for the study, corres-
ponding to a weighted national estimate of 248,942 cases.

Baseline patient and hospital characteristics

The following variables were available for all patients: age, sex, race
(Caucasian, African American, Hispanic, Asian and Pacific Islander,
Native American, other or missing), Charlson Comorbidity Index
(CCI), day of admission (weekend, weekday), insurance status (pri-
vate, Medicare, Medicaid, uninsured and other), socioeconomic
status, annual hospital caseload, as well as hospital region, total bed
size (small, medium, large), location and teaching status. Information
regarding hospital region was obtained from the American Hospital
Association Annual Survey of Hospitals, and defined by the United
States Census Bureau (4). The CCI was derived from ICD-9 codes
according to previously established criteria (5) and was stratified
according to four levels: 0, 1, 2 and >3. Socioeconomic status was
derived from median zip code income and was stratified according to
quartiles: very low; low; high; and very high. Annual hospital caseload
was defined according to the number of patients admitted with chol-
angitis at each participating institution during each study calendar
year. Hospitals were divided into caseload quartiles, defined as <8, 9 to
15, 16 to 27 and >28. Hospitals were dichotomized into academic and
nonacademic institutions. The hospital’s academic status was obtained
from the American Hospital Association Annual Survey of Hospitals.
A hospital was considered to be a teaching hospital if it had an
American Medical Association-approved residency program, was a
member of the Council of Teaching Hospitals or had a ratio of full-
time equivalent interns and residents to beds >0.25.

Procedures performed during hospitalization

Procedures, including diagnostic and therapeutic ERCP (ICD-9-CM
codes 51.10, 51.11, 52.13, 51.14, 51.64, 51.81, 51.85, 51.86, 51.87,
51.88, 51.99 and 97.05) and percutaneous transhepatic drainage with
or without stone extraction (ICD-9-CM codes 51.98 and 51.96), sur-
gical drainage (ICD-9-CM codes 51.41, 51.42, 51.43, 51.49, 51.51 and
51.59), were assessed. No procedure was defined as absence of ERCP,
percutaneous and surgical drainage during the index admission.

Etiology of the biliary obstruction

The etiology of biliary obstruction was stratified as choledocholithiasis
(ICD-9-CM code 574.x), neoplastic process (ie, cholangiocarcinoma,
pancreatic cancer, gallbladder carcinoma, ampullary carcinoma and
other) (ICD-9-CM codes 155.1, 156.0, 156.1, 156.2, 156.8, 156.9,
157.0, 157.1, 157.2, 157.3, 157.4, 157.8, 157.9, 230.8 and 235.3) and
unknown or other etiology of obstruction (ICD-9-CM codes 576.2,
576.9 and 751.61).

In-hospital mortality, length of stay and hospital charges

In-hospital mortality information was coded from disposition of the
patient. Length of stay (LOS), provided by the NIS, was calculated by
subtracting the admission date from the discharge date. Prolonged LOS
was defined as a hospital stay beyond the 75th percentile of 10 days.
High hospital charges (HC) were defined as charges above the 75th
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percentile of $46,740. Patients with missing or invalid LOS, HC and
in-hospital mortality status were not considered in the current study
nor were patients transferred to another facility.

Statistical analysis
Descriptive statistics focused on frequencies and proportions for categor-
ical variables. Means, medians and ranges were reported for continu-
ously coded variables. One-way ANOVA and y? tests were used to assess
the statistical significance of medians and proportions, respectively.
Poisson regression models were used to evaluate the statistical signifi-
cance of rate of utilization of ERCP, percutaneous, surgical and no drain-
age over time. Because the data are nationally representative, using year
of admission as a continuous variable in Poisson model equates to a
trend test that accounts for the variability of the volume estimate (6).
Multivariable logistic regression models were used to adjust for con-
founding. Four models were created using, in turn, the use of ERCP,
percutaneous drainage and surgical drainage, as well as the absence
of a decompression procedure during the index admission as depend-
ent variables, while adjusting for the effect of patient and hospital
characteristics including hospitals with high volumes of admissions
for cholangitis. Within each model, generalized estimating equations
adjusted for clustering within hospitals. All tests were two-sided with
statistical significance set at P=0.001. Analyses were conducted using
the R statistical package version 2.15.0 (R foundation for Statistical
Computing, USA).

RESULTS

Study sample, demographics and clinical characteristics

Overall, a weighted estimate of 248,942 patients admitted with chol-
angitis was identified. During the index admission, 106,933 patients did
not require drainage (43.0%), 131,052 were treated with ERCP
(52.6%), 10,486 with percutaneous drainage (4.2%) and 12,460 (5.0%)
with surgical drainage (percentages not mutually exclusive). The
median age of the patients was 70 years; 49.6% were men. Regarding
comorbidities, 6.0% of patients had a CClI score of 0, while 90.6% had
a CCI score 23. The majority (54.8%) of patients were Caucasian,
10.2% were Hispanic, 6.6% were African American, and 5.1% were
Asian and Pacific Islander. They were mostly admitted during week-
days (72.3%). According to etiology of obstruction, 46.2% of patients
had choledocholithiasis, 10.5% had malignant obstruction, and 43.4%
had an unknown or other etiology of obstruction. A more detailed
breakdown of demographics stratified according to treatment type is
shown in Table 1.

Trends in procedure use

Temporal trends of procedure use between 1998 and 2009 showed a
significant decline in surgical drainage (from 8.2% to 2.8%; P<0.001),
and more modest decreases in both percutaneous drainage (5.0% to
4.6%; P<0.001) and no drainage during the index admission (40.0% to
39.5%; P<0.001). Conversely, a rise in ERCP use was observed over
the same period (from 54.2% to 57.0%; P<0.001). Figure 1 illustrates
the complete temporal trends in procedure use.

Multivariable analyses

In multivariable analyses adjusting for clustering, no drainage proced-
ure during the index admission was more likely in African Americans
and neoplastic obstruction. Conversely, it was less likely in patients
with advanced age, Hispanic, Asian and Pacific Islander background,
patients with CCI score >3, and in hospitals with more admissions for
cholangitis, greater bed number, in urban settings and with a teaching
academic status. The use of ERCP was more common in older patients,
Hispanics and those with CCI score >3 treated in hospitals with
higher cholangitis caseload, greater bed number, in urban settings and
with teaching status. ERCP was less likely to be used in African
American patients with neoplastic obstruction. Percutaneous drainage
was more often performed in patients of older age, CCI score >3,
malignant obstruction and in hospitals with more admissions
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TABLE 1

Demographic characteristics of a weighted number of
patients admitted with cholangitis, stratified according to
procedure performed during admission (Nationwide
Inpatient Sample, 1998 to 2009)

Trends of biliary drainage in cholangitis

TABLE 1 - conTINUED
Demographic characteristics of a weighted number of

patients admitted with cholangitis, stratified according to
procedure performed during admission (Nationwide
Inpatient Sample, 1998 to 2009)

All No pro- Percutaneous Surgical All No pro- Percutaneous Surgical
patients cedure ERCP drainage drainage patients cedure ERCP drainage drainage
Patients, n 248,942 106,933 131,052 10,486 12,460 Bed size of hospital
Median age, years 70 (55, 67 (51, 72(57, 69 (56,79 74 (61, Small 109 125 9.6 7.0 115
(25th, 75th 80[25]) 79[28]) 81 [24]) [23]) 82 [21]) Medium 258 269 250 20.4 285
percentile [IQR]) Large 63.3 60.5 65.4 72.6 60.0
Sex Institutional academic status
Male 496 503 488 51.9 482 Nonteaching 565 572 505 345 61.7
Female 50.4 49.7 51.2 48.1 51.8 Teaching 43.5 42.8 49.5 65.5 38.3
CCI* Data presented as % unless otherwise indicated. *Charlson Comorbidity Index
0 6.0 10.1 29 43 0.9 (CCl) status based on comorbidity developed by Charlson et al and adapted
1 27 45 13 15 03 by Deyo et al (5); THospital region defined by the United States Census
2 07 11 04 06 01 Bureau. ERCP Endoscopic retrograde cholangiopancreatography; IQR
Interquartile range
23 90.6 84.4 95.4 93.6 98.8
Race 0%
Caucasian 548 544 552 53.2 526 - W
African American 6.6 7.6 5.7 8.2 5.2 -
Hispanic 10.2 8.7 115 10.3 11.5 8 a0% 0 M
Asians and 5.1 4.0 5.8 7.1 7.4 «5
Pacific Islanders 20K
Native American 0.3 0.3 0.3 0.1 0.1 E 0%
Other 2.0 1.6 2.3 2.2 2.7 =
Unknown 21.1 23.3 19.3 18.9 20.5 10%
Socioeconomic status
Very low 16.0 171 15.2 15.9 151 ” 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Low 22.8 24.0 21.7 18.6 25.6 ====No drainage *FERCP percutaneous drainage  ***=Surgical drainage
More than one type of procedure may have bean performed during the admission
High 25.4 25.1 25.8 24.5 26.3
Very high 33.4 31.2 35.0 38.7 30.9 Figure 1) Temporal trends in procedure use for acute ascending cholangitis,
Unknown 24 25 24 22 21 Nationwide Inpatient Sample, 1998 to 2009. ERCP Endoscopic retrograde
Day of admission cholangiopancreatography
Weekday 723 723 22 734 724 for cholangitis, hospital beds, in urban and teaching settings. Finally,
Weekend 275 275 275 26.2 273 surgical drainage was more likely in older, Asian and Pacific Islander,
Unknown 0.2 0.2 0.2 03 0.2 CCI >3 patients. It was performed less often in malignant obstructions
Insurance and in hospitals with high cholangitis caseload. A list of all corres-
Private 27.1 30.1 24.8 20.1 20.2 ponding ORs and statistical significance is shown in Table 2.
Medfcald 8o 89 84 o1 89 In-hospital mortality, high HC and prolonged LOS
Medicare 579 548 603 561 633 Mortality was 7.6% in the no procedure, 3.3% in the ERCP, 8.9% in
Other 6.3 6.2 6.5 58 75 the percutaneous drainage and 7.1% in the surgical drainage groups.
Diagnosis There were fewer patients with a prolonged LOS (>10 days) in those
Choledocholithiasis ~ 46.2 25.1 63.1 25.5 84.8 undergoing no drainage or ERCP during the index admission (18.1%
Neoplasm 105 8.8 11.2 30.2 4.8 and 26.8% versus 55.5% and 55.6%, respectively); similar findings
Unknown 43.4 66.1 257 44.2 10.4 were noted fOl‘ hlgh HC (>$46,740) (ZOO% and 3270/0 Versus 547%
Annual hospital caseload and 51.0%). Associations are more completely shown in Table 3.
1st quartile 28.0 35.2 21.9 14.0 37.7 DISCUSSION
2nd quartile 23.7 22.4 251 19.1 26.0 The treatment of ascending cholangitis has evolved considerably over
3rd quartile 24.7 22.1 26.9 28.4 22.7 the past few decades. With the improvement in biliary drainage tech-
4th quartile 23.6 20.3 26.1 38.5 13.6 niques, mortality in cholangitis has declined (7). In the present study,
Hospital location we explored factors associated with the use of different biliary drainage
Rural 122 18.0 73 33 161 modalities as treatment for cholangitis, as well as utilization trends
Urban 87.8 820 927 96.7 83.9 overadecade. ,
i ) ) Several of our findings are noteworthy. First, our results demon-
Hospital region (United States)" strate an important variation in outcomes according to the biliary
Northeast 22.6 226 25.1 26.7 205 drainage treatment received by patients. Specifically, the rates of in-
Midwest 19.0 19.3 16.7 133 16.8 hospital mortality, HC and LOS were lower in the ERCP group, rela-
South 31.7 315 29.8 32.3 34.0 tive to the surgical and percutaneous drainage groups. Although
West 26.8 26.6 28.2 277 28.7 patient selection may have contributed, we attempted to adjust for

Continued in next column
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TABLE 2
Multivariable logistic regression analyses with general estimation equation adjustment assessing biliary drainage
procedure during admission (Nationwide Inpatient Sample, 1998 to 2009)
Multivariable logistic regression after general estimation equation predicting:
Absence of procedure ERCP
during admission use

Percutaneous
drainage use

Surgical

drainage use

Variable OR (95% Cl) P OR (95% CI) P OR (95% CI) P OR (95% ClI) P
Age, years 0.99 (0.99-0.99) <0.001 1.01 (1.01-1.01)  <0.001 1.01 (1.00-1.01)  <0.001 1.01 (1.00-1.01)  <0.001
Sex

Male Reference Reference Reference Reference

Female 0.99 (0.95-1.03) 0.541 1.02 (0.98-1.06) 0.310 0.97 (0.89-1.06)  0.565 0.98 (0.90-1.06) 0.602
Race

Caucasian Reference Reference Reference Reference

African American 1.20 (1.09-1.32) <0.001 0.82 (0.75-0.90)  <0.001 1.04 (0.86-1.25)  0.688 1.06 (0.87-1.30) 0.548

Hispanic 0.85 (0.78-0.93) 0.001 1.17 (1.07-1.29) 0.001 1.01 (0.83-1.23)  0.945 1.16 (0.99-1.35) 0.077

Asian 0.82 (0.73-0.92) <0.001 1.09 (0.97-1.22) 0.135 1.27 (1.04-1.56)  0.019 1.84 (1.52-2.24)  <0.001

Native American 0.94 (0.61-1.44) 0.766 1.11 (0.74-1.65) 0.625 0.45 (0.11-1.94)  0.285 0.38 (0.15-1.01) 0.052

Other 0.80 (0.68-0.93) 0.004 1.19 (1.02-1.39) 0.024 1.07 (0.76-1.51)  0.695 1.45 (1.10-1.89) 0.008

Unknown 1.01 (0.93-1.10) 0.792 0.98 (0.90-1.06) 0.608 1.12 (0.97-1.30)  0.117 0.98 (0.85-1.13) 0.733
Charlson Comorbidity Index score

0 Reference Reference Reference Reference

1 1.03 (0.88-1.21) 0.688 0.99 (0.85-1.17) 0.930 0.83 (0.54-1.28)  0.390 0.76 (0.31-1.83) 0.535

2 0.73 (0.58-0.93) 0.011 1.32 (1.03-1.69) 0.029 1.34 (0.73-2.47)  0.339 0.82 (0.19-3.60) 0.791

23 0.61 (0.55-0.67) <0.001 1.56 (1.41-1.72)  <0.001 1.81 (1.44-2.28) <0.001 2.27 (1.39-3.70) 0.001
Diagnosis

Choledocholithiasis Reference Reference Reference Reference

Neoplasm 2.10 (1.95-2.25) <0.001 0.45 (0.42-0.48)  <0.001 5.23 (4.61-5.94) <0.001 0.27 (0.22-0.33) <0.001

Unknown 5.96 (5.66-6.26) <0.001 0.18 (0.18-0.19)  <0.001 2.03 (1.82-2.27) <0.001 0.14 (0.12-0.16)  <0.001
Socioeconomic status

Very low Reference Reference Reference Reference

Low 0.95 (0.88-1.03) 0.205 1.05 (0.97-1.13) 0.246 0.91 (0.77-1.06)  0.229 1.03 (0.90-1.18) 0.680

High 0.94 (0.87-1.02) 0.132 1.07 (0.99-1.16) 0.111 0.98 (0.83-1.15)  0.786 1.01 (0.87-1.18) 0.901

Very high 0.97 (0.89-1.05) 0.475 1.02 (0.94-1.11) 0.678 1.03 (0.88-1.20)  0.716 0.95 (0.81-1.11) 0.480

Unknown 0.97 (0.84-1.12) 0.692 1.07 (0.93-1.24) 0.326 0.87 (0.64-1.19)  0.393 0.83 (0.61-1.13) 0.245
Day of admission

Weekday Reference Reference Reference Reference

Weekend 1.01 (0.96-1.05) 0.770 0.99 (0.95-1.03) 0.647 0.95 (0.86-1.04)  0.265 0.96 (0.88-1.06) 0.420

Unknown 0.65 (0.32-1.34) 0.242 1.41 (0.67-2.97) 0.359 1.51(0.88-2.63)  0.145 1.29 (0.81-2.05) 0.289
Insurance

Private Reference Reference Reference Reference

Medicaid 0.96 (0.88-1.05) 0.359 1.04 (0.95-1.13) 0.442 0.98 (0.81-1.19)  0.822 1.27 (1.07-1.51) 0.007

Medicare 1.07 (1.01-1.13) 0.030 0.95 (0.90-1.01) 0.102 0.90 (0.79-1.03)  0.131 1.03 (0.91-1.17) 0.608

Other 0.90 (0.81-0.98) 0.022 1.13 (1.02-1.25) 0.015 0.97 (0.79-1.19)  0.759 1.30 (1.08-1.57) 0.005
Annual hospital caseload

1st quartile Reference Reference Reference Reference

2nd quartile 0.74 (0.68-0.80) <0.001 1.44 (1.32-1.56)  <0.001 1.19 (1.00-1.41)  0.050 0.79 (0.69-0.90) <0.001

3rd quartile 0.70 (0.65-0.77) <0.001 1.48 (1.35-1.62)  <0.001 1.42 (1.19-1.69) <0.001 0.69 (0.60-0.80) <0.001

4th quartile 0.65 (0.59-0.73) <0.001 1.57 (1.41-1.75) <0.001 1.53 (1.25-1.87) <0.001 0.50 (0.41-0.61) <0.001
Hospital bed size

Small Reference Reference Reference Reference

Medium 0.83 (0.75-0.93) 0.001 1.18 (1.06-1.32) 0.002 1.18 (0.94-1.47)  0.151 1.08 (0.90-1.30) 0.393

Large 0.68 (0.61-0.76) <0.001 1.41(1.27-1.57)  <0.001 1.52(1.24-1.87) <0.001 1.10 (0.92-1.30) 0.305
Hospital location

Rural Reference Reference Reference Reference

Urban 0.42 (0.37-0.49) <0.001 247 (2.11-2.90)  <0.001 2.61(1.96-3.48) <0.001 0.84 (0.71-0.99) 0.042
Academic status

Nonteaching Reference Reference Reference Reference

Teaching 0.81 (0.75-0.88) <0.001 1.16 (1.08-1.26)  <0.001 1.64 (1.43-1.88) <0.001 1.01 (0.89-1.15) 0.830

Continued on next page
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TABLE 2 — CONTINUED

Trends of biliary drainage in cholangitis

Multivariable logistic regression analyses with general estimation equation adjustment assessing biliary drainage
procedure during admission (Nationwide Inpatient Sample, 1998 to 2009)

Multivariable logistic regression after general estimation equation predicting:

Absence of procedure ERCP Percutaneous
during admission use drainage use Surgical drainage use

Variable OR (95% Cl) P OR (95% CI) P OR (95% ClI) P OR (95% ClI) P
Hospital region (United States)

Northeast Reference Reference Reference Reference

Midwest 1.11 (1.00-1.24) 0.053 0.92 (0.82-1.03) 0.147 0.76 (0.60-0.94)  0.014 1.01 (0.83-1.21) 0.948

South 0.98 (0.89-1.08) 0.672 0.99 (0.89-1.09) 0.762 1.28 (1.06-1.53)  0.009 1.12 (0.95-1.31) 0.181

West 1.11 (1.01-1.22) 0.029 0.88 (0.80-0.97) 0.011 0.96 (0.78-1.18) 0.685 1.12 (0.95-1.33) 0.187

patient and institutional factors; furthermore, this finding was previ-
ously reported in the randomized controlled trial by Lai et al (2),
which supported ERCP as the gold standard for biliary drainage in
cholangitis. It is also noteworthy that 43.0% of patients did not
undergo drainage during the index procedure. Some of these patients
likely represent cases of mild cholangitis who were eventually treated
with elective outpatient decompression (8), which is not recorded in
the NIS. This hypothesis would account for the lower rates of HC and
LOS noted in this group. Alternatively, it is also possible that the
remaining patients in the group were sicker at presentation or did not
receive appropriate drainage (9), explaining the higher rate of mortal-
ity relative to the ERCP group.

Second, we show that the use of endoscopic drainage, as a treat-
ment for cholangitis, has been rising in the past decade. During the
same period, there was a steep fall in the use of surgical biliary drain-
age, and a modest decrease in the use of percutaneous and no drainage
during the index admission. These observations are expected, given
the findings of the Lai trial (2) and other series from the same years
(10-12). Although the temporal trends of ERCP utilization have been
described in the past (13), to our knowledge, the current study repre-
sents the first analysis of temporal trends of biliary drainage approaches
in the context of acute cholangitis.

Third, we identified hospital characteristics associated with the use
of different biliary decompression methods. We found that patients
admitted to hospitals with high volumes of admission for cholangitis
and/or located in urban settings were less likely to undergo surgical
drainage and more likely to undergo ERCP and percutaneous drainage.
Similarly, large hospital and teaching hospitals were more likely to
perform endoscopic or percutaneous biliary drainage. These findings
may be due to a referral bias, in which more complex cases are select-
ively referred to centres of excellence where state-of-the-art treat-
ments are available. It is also possible that the lack of endoscopic and
percutaneous expertise in some areas could have prevented these pro-
cedures from being performed. In fact, within the current study,
increasing hospital caseload portended a higher likelihood of under-
going ERCP and percutaneous drainage. Conversely, patients admitted
to small hospitals with low volume of admission for cholangitis in
rural, nonteaching settings were less likely to receive biliary drainage
during the index admission. This could be explained by a combination
of factors. These patients may be younger, healthier, exhibit a less
severe presentation and are able to safely receive elective biliary drain-
age. Alternatively, as discussed above, some of them may also have
been too sick to receive timely treatment or require transfer in a more
specialized centre.

Certain patient characteristics were also associated with specific
trends in procedure use. Older age and CCI score were associated with
biliary drainage during the admission. As such, we corroborate previ-
ous reports that older patients and patients with more comorbidities
are likely to be sicker at presentation and to require drainage urgently
(14,15). Moreover, patients with neoplastic obstruction were more
likely to receive no drainage or percutaneous drainage, but less likely
to receive endoscopic or surgical drainage than patients with stone
disease. In fact, previous investigations have shown that percutaneous
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TABLE 3
In-hospital mortality, high hospital charges and prolonged
length of stay according to procedure performed

Percutaneous Surgical

No procedure ERCP drainage drainage
Weighted number 106,933 131,052 10,486 12,460
of patients, n
Mortality 7.6 3.3 8.9 7.1
High hospital 20.0 32.7 54.7 51.0
charges
Prolonged length of 18.1 26.8 55.5 55.6
stay

Data presented as % unless otherwise indicated. ERCP Endoscopic retro-
grade cholangiopancreatography

drainage is more often required in more proximal biliary obstruction
(16). With regard to race, African Americans were more likely to
receive no drainage, while Hispanics, Asians and Pacific Islanders were
more likely to undergo biliary drainage during the index admission.
Furthermore, more Hispanic — but fewer African American — patients
were treated with ERCP compared with Caucasians. Increased ERCP
use in Hispanics has already been described (13) and is possibly related
to the increased prevalence of biliary stones in that population (17).
Asian and Pacific Islander patients were at increased odds of under-
going surgical drainage relative to Caucasian patients. This may be due
to increased prevalence of biliary tract pathologies, such as hepatolith-
iasis and choledochal cysts (18), which often require surgical manage-
ment (19). Collectively, it is worrisome that despite the decreased
risk of periprocedural morbidity of ERCP (2), some patients may be
denied such benefits although residual confounding may hamper such
interpretation. Specifically, some patients may be denied ERCP based
on individual baseline characteristics and sociodemographic variables,
as well as the hospital at which they are treated. Collectively, these
trends raise questions about possible differential treatment paradigms
for cholangitis among centres of excellence and the community.
Moreover, they serve as an indication that disparities in treatment
remain in routine clinical practice, even in contemporary years. Efforts
should be made to more specifically address the causes of these findings
and reduce such discrepancies.

Despite its strengths, our study was not devoid of limitations.
Limitations include the study design; in fact, observational studies
cannot be used as proof of a causal relationship. Some reasons for this
are the inability to adjust for important patient variables such as dis-
ease characteristics, personal preferences, education and disease sever-
ity. Unavailability of individual gastroenterologist, surgeon and
interventional radiologist volume data represents an additional limita-
tion, which is shared by several other analyses (20,21). It is also pos-
sible that the true mortality was underestimated because some patients
may have died at other institutions where their mortality was not cap-
tured. Furthermore, the accuracy of administrative ICD-9-CM claims
data for identification of cholangitis and ERCP has never
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been validated within the NIS, which could lead to some degree of
misclassification. Finally, follow-up data on patients not receiving bili-
ary drainage were not available within the NIS and would have been
useful to better assess the degree of acuity and the outcomes of this
group of patients.

CONCLUSION

The majority of patients admitted with cholangitis underwent
endoscopic drainage, while 43.0% did not undergo any biliary
drainage procedure during the index hospitalization. The use of
surgical and percutaneous drainage as a treatment for ascending
cholangitis has decreased while that of ERCP has risen over the
past decade. Patients treated at institutions with a low volume of
admissions for cholangitis, small bed number and in rural settings
were less likely to undergo ERCP or percutaneous drainage. Access
to ERCP in such settings needs to be more closely evaluated and
may need to be improved.
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