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Abstract

Background and aims Expeditious endoscopic retrograde
cholangiopancreatography (ERCP) in acute cholangitis
with biliary decompression is associated with better out-
comes. In this study, we evaluated the temporal trends of
ERCEP utilization and healthcare outcomes among patients
hospitalized with acute cholangitis due to choledo-
cholithiasis (CDC) from 1998 to 2012.

Methods We identified patients with a combined diagnosis
of cholangitis and choledocholithiasis from the national
inpatient sample database. The temporal trends of ERCP
usage and outcomes were analyzed. Based on timing of the
procedure, we arbitrarily divided ERCPs into urgent
(<24 h), early(2448 h), and delayed ERCP(>48 h)
groups. In addition, trends in length of stay (LOS), hospital
charges, and in-hospital mortality rates were evaluated.
Results In-patient admissions for CDC increased by
105.7%. Overall ERCP rate also increased significantly
from 66.5 + 2.3% in 1998 to 80.3 + 0.93% in 2012,
particularly after 2006-2007. There was a significant
increase in proportion of urgent and early ERCPs. In the
early ERCP group, there was a significant decrease in LOS
(6.4 + 0.43 days in 1998 to 5.8 £+ 0.24 days in 2012) and
mortality rate (2.4 = 1.4% in 1998 to 0.33 £ 0.33% in
2012). Hospital charges increased in all ERCP groups, but
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most  significantly in  delayed @ ERCP  group
($20,448 £ 1611 in 1998 to $90,566 + 6122 in 2012).
Conclusion In-patient admissions for CDC and ERCP
rates have increased significantly, particularly evident after
2006-2007. This may be attributed to increasing incidence
of gallstones and wider implementation of Tokyo guideli-
nes for the management of acute cholangitis. In-hospital
morality and LOS reduced significantly in early ERCP
group, whereas hospital charges increased most signifi-
cantly in delayed ERCP group.

Keywords Cholangitis - Choledocholithiasis - Endoscopic
retrograde cholangiopancreatography (ERCP)

Prior to the advent of endoscopic retrograde cholan-
giopancreatography (ERCP), emergency surgical explo-
ration of the common bile duct was commonly performed
for the treatment of patients with cholangitis due to
choledocholithiasis (CDC). A randomized control trial in
1992 [1] conclusively demonstrated that ERCP was safe
and effective treatment of CDC, with significantly lower
morbidity and mortality as compared to surgery. After this
landmark study, wide spread availability and better out-
comes resulted in increasing utilization of ERCP for CDC
management [2].

Once the pivotal role of ERCP was established, the
focus shifted on to determine the optimal time to perform
ERCEP in patients with CDC. Tokyo guidelines released in
2006 emphasized on elective biliary drainage in mild, early
drainage in moderate, and urgent drainage in severe cases
of cholangitis [3-5]. Studies have also analyzed the impact
of timing of ERCP and a general trend of improved
healthcare outcomes was noted when ERCP was performed


http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-017-5856-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-017-5856-7&amp;domain=pdf
https://doi.org/10.1007/s00464-017-5856-7

Surg Endosc (2018) 32:1740-1748

1741

sooner rather than later in patients with acute cholangitis
[6-10].

In this national inpatient sample (NIS) database study,
we assessed the trends of ERCP utilization in patients with
CDC from 1998 to 2012 in the United States. Since the
timing of ERCP was shown to impact the outcomes, we
arbitrarily divided the ERCPs into three groups i.e., urgent
(<24 h), early (24-48 h), and delayed ERCP (>48 h).
Trends of important healthcare outcomes such as length of
stay (LOS), in-hospital mortality, and inflation-adjusted
costs were also analyzed for the three groups.

Methods

Data on hospital admissions of all patients were extracted
from the NIS database from 1998 to 2012. Patients were
classified as having cholangitis and choledocholithiasis by
querying all available primary and secondary diagnoses for
the ICD-9-CM codes corresponding to cholangitis (576.1)
and choledocholithiasis (574.5). In addition, all procedural
codes were queried to identify if ERCP was performed or
not (51.10, 51.11, 52.13, 52.92, 51.86, 52.97, 51.88, 52.94,
51.84, 52.98, 51.87, 52.93, 51.85, 51.14, 52.14, 51.64,
52.21, 51.69, or 51.15).

Timing of ERCP

ERCPs were arbitrarily divided into three groups based on
the timing of ERCP: (1) ERCPs performed within 24 h of
admission (urgent ERCP), (2) between 24 and 48 h after
admission (Early ERCP), and (3) after 48 h of admission
(Delayed ERCP). If multiple ERCPs were performed dur-
ing the same hospital admission, they were classified based
on when the first procedure was done.

Recorded data

In addition to ERCP details as above, demographic data
including age, sex, race, and comorbidities were collected.
Payer status for all the admissions was also recorded. In
terms of hospital characteristics, size (small medium and
large) and location (rural and urban) were reviewed.
Hospital charges were defined as the amount the hospital
charged for the entire hospital stay. Patients with missing
information on LOS, charges, or in-hospital mortality were
excluded from the analysis. The HCUP Comorbidity
Software was used to generate Elixhauser comorbidities
from ICD-9 CM diagnosis codes (https://www.hcup-us.
ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp). A
modified Charlson Comorbidity Index (CCI) was

calculated using the NIS disease severity measure files
[11]. Costs were adjusted for inflation to 2013 dollars using
the gross domestic product deflator [12].

Statistical analysis

Survey procedures were used to obtain yearly discharge
frequencies, mean LOS, and costs. The trend weights
provided by NIS for the years 1998-2011 which are con-
sistent with the redesigned NIS (beginning in 2012) were
used (https://www.hcup-us.ahrq.gov/db/nation/nis/
trendwghts.jsp). The temporal trends of ERCP usage rates
in CDC patients were assessed by linear and polynomial
regression. In addition, trends in LOS, hospital charges,
and in-hospital mortality rates were evaluated for each
ERCP group. Poisson regression was used to model rates
and linear regression was used to model LOS and costs.
The most appropriate functional form for the trend was
assessed by examination of regression diagnostic plots. All
analyses were performed using SAS (version 9.4, The SAS
Institute, Cary, NC) and a p < 0.05 was considered sta-
tistically significant.

Results

From a total of 103,998 CDC patients, 77,323 underwent
ERCP at any given point in time during the hospitalization
over a period of 1998-2012. Out of these, urgent ERCPs
(<24 h) were N = 45,733; early ERCPs (24-48 h) were
N=13916 and delayed ERCPs (>48h) were
N = 17,674.

Patient and hospital characteristic for the years 1998 and
2012 are shown in Table 1. Average age of patients
undergoing ERCP  was  71.5 £ 0.69 years  and
70.5 £ 0.42 years in 1998 and 2012, respectively. CDC
cases increased from 17.2 to 21.9% in the 45-64 years age
group, and however reduced from 51.6 to 46.8% in the
65-84 years age group, indicating a rising prevalence of
CDC in younger patients in 2012. A proportionate change
in ERCP rates was also noted. Females were affected more
frequently than men and highest incidence was noted in
Caucasians followed by Hispanics and African Americans.
The ERCP rate reduced from 66.9 to 64.7% in Caucasians,
whereas it increased from 8.9 to 11.9% in Hispanics from
1998 to 2012. A significantly higher CCI was noted for
patients in 2012 as compared to 1998 (4.1 £ 0.06 vs.
3.5 + 0.08). Medicare remained the primary payer for
majority of the patients. Payment by Medicaid increased
from 5.9 to 8.4%, whereas the rate of private insurance
payment decreased from 22.6 to 16.7% from 1998 to 2012.
In terms of hospital characteristics, highest rate of ERCP
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Table 1 ERCP in patients with cholangitis due to choledocholithiasis

Factor 1998 2012 p value
CDC ERCP in ERCP/100 CDC CDC ERCP in ERCP/100 CDC
CDC admissions CDC admissions
Age (years) 713 £ 062 715 +069 - 704 £ 038 705 +042 - <0.001
Age (years) <0.001
<18 17 (0.33) 17 (0.50) 100.9 20 (0.19) 10 (0.12) 50
18-44 452 (8.9) 280 (8.3) 62 925 (8.9) 710 (8.5) 76.8
45-64 874 (17.2) 579 (17.2) 66.2 2285 (21.9) 1855 (22.1) 81.2
65-84 2629 (51.9) 1739 (51.6)  66.1 4785 (45.9) 3920 (46.8)  81.9
85+ 1098 (21.7) 758 (22.5) 69 2415 (23.2) 1880 (224) 778
Gender <0.001
Male 2189 (43.2) 1469 (43.5) 67.1 4880 (46.8) 3920 (46.8)  80.3
Female 2881 (56.8) 1904 (56.5)  66.1 5550 (53.2) 4455 (532) 80.3
Race <0.001
White 3040 (60.0) 2255 (66.9) 74.2 6805 (65.2) 5415 (64.7)  79.6
Black 235 (4.6) 175 (5.2) 74.6 570 (5.5) 475 (5.7) 83.3
Hispanic 380 (7.5) 302 (8.9) 79.5 1235 (11.8) 995 (11.9) 80.6
Other 244 (4.8) 205 (6.1) 84 1115 (10.7) 935 (11.2) 83.9
Unknown 1172 (23.1) 435 (12.9) 37.1 705 (6.8) 555 (6.6) 78.7
CCI 35+0.07 3.5 £0.08 40=£005 4.1=x0.06 <0.001
Primary payer <0.001
Medicare 3375 (66.8) 2266 (67.4)  67.1 7120 (68.5) 5740 (68.8)  80.6
Medicaid 283 (5.6) 200 (5.9) 70.6 835 (8.0) 700 (8.4) 83.8
Private 1159 (22.9) 758 (22.6) 65.4 1795 (17.3) 1395 (16.7)  77.7
insurance
Other 237 (4.7) 138 (4.1) 58.2 650 (6.3) 510 (6.1) 78.5
Hospital bed size <0.001
Small 487 (9.6) 275 (8.2) 56.4 1060 (10.2) 800 (9.6) 75.5
Medium 1336 (26.5) 910 (27.1) 68.1 2950 (28.3) 2300 (27.5) 78
Large 3229 (63.9) 2169 (64.7) 67.2 6420 (61.6) 5275 (63.0) 82.2
Hospital location 0.004
Rural 546 (10.8) 246 (7.3) 45 680 (6.5) 435 (5.2) 64
Urban 4506 (89.2) 3108 (92.7) 69 9750 (93.5) 7940 (94.8) 81.4

was noted in large hospitals and those located in urban
areas.

Trends of inpatient admissions for CDC: The inpatient
admissions for CDC increased by 105.7% over the span of
15-year study period, increasing from 5070 patients in
1998 to 10,340 patients in 2012 (Table 2; Fig. 1). On
further assessment, it was noted that the increase from 1998
to 2004 was very modest (rising from 5070 cases in 1998 to
6006 cases in 2004). However a more significant increase
was noted from 2005 to 2012 (rising from 6592 cases in
2005 to 10,430 cases in 2012).
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Trends of ERCP utilization

The overall rate of ERCP increased from 66.5 4+ 2.3% in
1998 to 80.3 £ 0.93% in 2012 (Table 2; Fig. 2). It was
further noted that ERCP rate remained relatively
stable from 1998 (66.5 & 2.3) to 2005 (65.5 & 2.3).
However, there was a progressive increase in ERCP rate
from 2006 to 2012 (69.5 % 2.1% in 2006 to 80.3 £ 0.93%
in 2012).
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Table 2 ERCP Rates in Year  Total CDC admissions ~ ERCP %
subjects admitted with
cholangitis due to Overall <24 h 2448 h >48 h
choledocholithiasis
1998 5070 66.5 + 2.3 38.6 £ 2.1 11.8 + 1.09 16.1 + 1.09
1999 5076 722 £ 2.1 41.1 £ 1.9 11.8 + 1.01 19.3 £ 1.01
2000 5162 68.0 £ 2.6 389 2.1 128 £ 1.1 163 + 1.1
2001 5325 69.4 + 2.0 422 +£22 11.6 + 091 155 £ 091
2002 5655 649 £ 2.8 378 +23 10.6 £ 1.01 16.6 £ 1.01
2003 5730 66.6 + 2.2 379 £ 2.0 12.7 + 1.01 16.0 £+ 1.01
2004 6006 72.0 £ 2.0 417 +£20 13.1 + 1.02 17.3 + 1.02
2005 6592 655 +23 40.3 + 2.1 10.7 + 0.86 14.4 + 0.86
2006 7003 69.5 + 2.1 389 £ 1.9 13.6 + 0.97 17.0 £ 0.97
2007 7266 70.5 £ 2.0 404 £ 1.7 13.3 £ 0.96 16.8 £ 0.96
2008 7763 73.0 £ 1.9 444 £ 1.8 13.6 £ 0.93 15.1 £ 0.93
2009 8154 753 £ 2.1 434 £ 1.8 14.1 + 0.96 17.8 £ 0.96
2010 9249 76.1 £ 1.6 452 £ 1.6 13.8 £ 0.86 17.2 £ 0.86
2011 9507 77.6 £ 1.5 483+ 1.6 14.0 + 0.85 153 £ 0.85
2012 10,430 80.3 £ 0.93 495+ 1.2 14.4 + 0.81 16.4 £+ 0.81
ERCP rates presented as % =standard error
12,000 p=<0.001
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x
o
> 4000 Fig. 2 Trends of endoscopic retrograde cholangiopancreatography
usage for patients with cholangitis due to choledocholithiasis from
1998 to 2012
2,000 Trends of ERCP timing
Rate of urgent and early ERCP increased over the study
8 period, while there was no significant change in delayed
2 D O DI O PO L PO OD D ERCEP rate (Table 2; Fig. 3). Rate of early ERCP remained
S S S ey

X-Axis: Years from 1998 to 2012

Fig. 1 In-patient admission for patients with cholangitis due to
choledocholithiasis from 1998 to 2012

relatively stable from 1998 (38.6 £ 2.1%) to 2006
(38.9 = 1.9%); however, a progressive rise was noted
since 20062007, approaching a rate of almost 50% by
2012.
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Fig. 3 Trends of timings of endoscopic retrograde cholangiopancre-
atography in patients with cholangitis due to choledocholithiasis from
1998 to 2012

Trends of length of stay

LOS has declined significantly in the early ERCP group
(6.4 £ 0.43 days in 1998 to 5.8 £ 0.24 in 2012) (Table 3;
Fig. 4). LOS was shortest among the urgent ERCP group
and longest among the delayed ERCP groups. This trend
was maintained all throughout the study period without a
significant change.

Trends of in-hospital mortality rate

In-hospital mortality rates have declined significantly in the
early ERCP group (2.4 + 1.4% in 1998 to 0.33 £ 0.33%
in 2012). A trend towards reduced mortality in the urgent
ERCP group and increased mortality in the delayed ERCP
group was noted over the study period; however, it did not
reach statistical significance (Table 3; Fig. 5).

Trends of hospital costs

Inflation-adjusted hospital charges for CDC patients
undergoing ERCP have increased among all ERCP groups
(Table 3; Fig. 6). The most striking increase was noted in
the delayed ERCP group, in whom the inflation-adjusted
cost increased from $20,448 + 1611 in 1998 to
$90,566 + 6122 in 2012.

Discussion
Gallbladder disease from gallstones constitutes a signifi-

cant health problem in the United States with approxi-
mately 20 million Americans estimated to have gallbladder
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disease [13]. This translates into a healthcare economic
burden of approximately $6.2 billion/year [14]. An aging
population, use of ultrasonographic survey, rising inci-
dence of obesity, and metabolic syndrome have resulted in
a higher prevalence of gall bladder disease in the United
States [15-19]. In western countries, most cases of chole-
docholithiasis result from passage of gallstones into the
common bile duct (CBD) from gall bladder [20]. Hence,
increasing prevalence of gallstones has likely resulted in
higher incidence of choledocholithiasis. This has subse-
quently resulted in rising incidence of acute cholangitis due
to choledocholithiasis. Prior to 2006, standard diagnostic
criteria for acute cholangitis did not exist. An international
consensus meeting was held in Tokyo in 2006, where cri-
teria were laid out for diagnosing acute cholangitis based
on a systematic literature review and the consensus of
experts [3-5]. These guidelines were widely implemented
since its inception, likely resulting in higher identification
of acute cholangitis cases. In our study, the inpatient
admissions for CDC have nearly doubled over the span of
15 years, increasing from 5070 patients in 1998 to 10,340
patients in 2012. On further assessment, it was noted that
the increase from 1998 to 2004 was very modest (rising
from 5070 cases in 1998 to 6006 cases in 2004). However,
a sharp increase was noted from 2005 to 2012 (rising from
6592 cases in 2005 to 10,430 cases in 2012). Apart from
increasing prevalence of gall bladder disease, this finding
can most likely be explained by increasing implementation
of Tokyo guidelines released in 2006-2007 with more
number of cases of acute cholangitis being diagnosed
(Table 2; Fig. 1).

It has been estimated that approximately 500,000
ERCPs are performed annually in the United States [21].
The use of ERCP as a diagnostic tool has steadily declined
with the advent of less-invasive imaging modalities like
endoscopic ultrasound (EUS) and magnetic resonance
cholangiopancreatography (MRCP). However, the use of
ERCP as a therapeutic modality continues to rise. In a
study by Jamal et al. [19], the age adjusted rate for thera-
peutic ERCPs in men and women was 13.74 and 15.61/
100,000 in 1988-1990, respectively, which increased to
38.76 and 43.75 in 2000-2002. In a population-based study
from Mayo Clinic, utilization of therapeutic ERCP
increased from 58 to 104.8 ERCPs/100,000 persons/year
from 1997 to 2006. In this study, ERCP was performed for
a biliary indication in 80% of the cases and the most
common indication for ERCP was choledocholithiasis
(47%) [22]. Similarly, in a population-based study from
Canada, the rate of therapeutic ERCP increased from 0.42/
10,000 in 1987 to 12.79/10,000 in 2009, where the most
common indications for ERCP were choledocholithiasis,
cholangitis, and bile leak [23]. Hence, it can be noted from
above studies that the rate of therapeutic ERCPs has
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Table 3 Average length of
stay, in-hospital mortality rates,
and average inflation-adjusted
costs in patients with cholangitis
due to choledocholithiasis
undergoing ERCP from 1998 to
2012

Year

No ERCP

ERCP within 24 h

ERCP between 24 and 48 h

ERCP after 48 h

Average length of stay

5.1 £0.32
5.0+ 0.30
53 £0.29
52 £0.30
5.1 £0.21
55+£032
49 £0.22
5.0+ 0.21
4.6 £0.16
52 +£0.27
4.8 £0.17
49 £0.18
4.8 £0.19
4.8 £0.20
5.1 £0.19

24 £0.83
1.8 £ 0.64
0.90 £+ 0.44
1.9 £ 0.61
3.2+ 0.90
22 +£0.62
1.9 £ 0.59
22 £ 0.64
23 £ 0.61
1.7 £ 0.62
0.65 + 0.29
1.7 £ 0.47
0.82 £ 0.30
1.1 £0.32
2.1 £0.46

11,575 £+ 736

12,731 £ 1162
16,157 + 1694
16,522 + 1177
19,272 £+ 1183
24,516 + 2104
23,846 £+ 1796
27,401 £ 1881
27,622 £ 1240
34,311 £ 2193
37,726 £ 2365
40,652 + 2010
39,816 £ 1883
46,145 + 2734

1998 8.6 £ 0.65
1999 6.9 £ 0.38
2000 6.7 £ 0.42
2001 7.5 £0.53
2002 6.9 £ 0.50
2003 6.7 £ 0.33
2004 7.0 £0.42
2005 6.9 + 0.37
2006 6.7 £ 0.41
2007 6.3 £ 0.37
2008 6.2 £0.38
2009 6.8 £ 0.32
2010 6.1 £0.29
2011 6.6 £ 0.41
2012 6.5 £ 0.39
In-hospital mortality rates
1998 50+12
1999 57+ 14
2000 4.6 + 1.2
2001 48 £1.1
2002 3.2 +0.89
2003 44 +1.03
2004 2.8 £0.93
2005 3.7+ 0.86
2006 3.8 +0.88
2007 33+ 091
2008 3.5 +0.86
2009 60+£12
2010 5.9 + 1.07
2011 2.9 + 0.87
2012 54+ 1.1
Average inflation-adjusted costs (2013 $)
1998 19,542 £+ 1750
1999 15,825 + 1093
2000 17,949 £ 1447
2001 21,960 + 2104
2002 22,697 £+ 1993
2003 24,924 + 1885
2004 28,856 + 2449
2005 31,668 £ 2644
2006 35,136 £ 2636
2007 35,720 £ 3474
2008 39,443 £ 2802
2009 45,888 + 3396
2010 42,387 + 2626
2011 51,501 £ 3909
2012 63,179 + 5060

50,766 + 2283

6.4 + 0.43
6.6 £ 0.51
6.5 £ 0.38
6.9 £ 0.57
6.3 £ 0.35
6.3 + 0.33
6.5 + 0.45
6.4 + 0.46
58+ 0.24
6.1 + 0.33
5.6 £0.20
6.6 + 0.33
6.4 +0.32
6.0 + 0.33
58+ 0.24

24+ 14
1.6 £ 1.09
1.4 £ 098
23+£13
1.4 £1.01
1.3 £0.89
1.10 £ 0.77
1.4 £ 0.96
0.50 & 0.50
1.05 £ 0.73
0.48 £ 0.48
1.7 £ 0.84
1.5 £0.72
1.4 £ 0.65
033 £0.33

12,484 £+ 951

17,092 + 2604
17,278 &+ 1646
18,043 £ 1422
22,304 £ 2549
25,686 £ 2295
29,155 £ 2727
34,346 + 4424
33,202 + 1842
36,831 & 2394
40,924 £+ 2562
52,555 £+ 4919
55,682 £ 4203
57,101 £ 4764
53,006 £ 2634

10.3 £ 0.56
9.8 £ 0.47
10.1 £ 0.58
10.0 £ 0.54
9.5 + 0.36
9.0 £0.43
10.2 £ 0.53
104 £ 0.64
10.0 £ 0.56
10.8 £ 0.58
10.0 & 0.59
10.3 &+ 0.63
9.7 £0.50
10.0 £ 0.50
9.7 £0.59

1.6 £ 0.94
40+ 15
1.6 £0.92
24+£12
1.5 £0.84
1.6 £ 091
33+12
0.88 £ 0.63
39+ 1.1
23 £ 1.06
23+£093
41+£12
22+£093
3.0 £ 0.99
41 +£1.05

20,448 £ 1611
23,845 £ 2245
24,278 £ 2259
25,666 + 1752
33,412 £ 3247
35,854 £ 3339
41,310 &+ 3391
49,202 + 5025
56,177 £+ 5141
64,175 £ 4968
70,182 £ 5941
79,133 £+ 7368
75,096 + 5012
86,830 £ 6369
90,566 + 6122

Statistics presented as mean =+ standard error. Statistics presented as % =standard error
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Fig. 4 Length of hospital stay in patients with cholangitis due to
choledocholithiasis undergoing endoscopic retrograde cholangiopan-
creatography from 1998 to 2012
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Fig. 5 In-hospital mortality rate in patients with cholangitis due to
choledocholithiasis undergoing endoscopic retrograde cholangiopan-
creatography from 1998 to 2012

increased significantly over the years and that the majority
of ERCPs are being performed for biliary indications like
choledocholithiasis and cholangitis.

Our study shows similar findings with the overall rate of
ERCP for CDC increasing from 66.5 £ 2.3% in 1998 to
80.3 £ 0.93% in 2012. It was further noted that the ERCP
rate remained relatively stable from 1998 (66.5 + 2.3) to
2005 (65.5 £ 2.3); however, it increased progressively
from 2006 onwards (69.5 +2.1% in 2006 to
80.3 & 0.93% in 2012). This increased utilization of ERCP
can again be attributed to the increasing prevalence of gall
bladder disease [15-19] and higher number of cases of
acute cholangitis being diagnosed after implementation of
Tokyo guidelines in 2006-2007 [3-5]. Also since the
inception of laparoscopic cholecystectomy, there has been
a significant increase in pre-operative or post-operative
ERCPs for treatment of choledocholithiasis with a con-
comitant reduction in the cases of direct operative explo-
ration of the CBD [24].
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Fig. 6 Average inflation-adjusted cost (2013$) in patients with
cholangitis due to choledocholithiasis undergoing endoscopic retro-
grade cholangiopancreatography from 1998 to 2012

In our study, rates of ERCP within 24 h (urgent) and
between 24 and 48 h (early) have been on the rise. On
further assessment, a significantly higher increase was
noted in urgent ERCPs (11% increase, from 38.6 £ 2.1%
in 1998 to 49.5 £ 1.2% in 2012) as compared to early
ERCPs (3% increase, from 11.8 £ 1.09 in 1998 to
14.4 £ 0.81 in 2012). Chak et al. [6] reported that in
patients with cholangitis, the length of stay (LOS) was
significantly lower when ERCP was performed within 24-h
admission. In another study by Khashab et al. [7] (n = 90),
it was noted that delayed ERCP (greater than 72 h) was
associated with prolonged hospital stay, increased cost of
hospitalization, and worse composite end points (death,
persistent organ failure and/or intensive care unit stay).
Delaying ERCP for more than 48 h was associated with
increased 30-day readmission rates in another study [10].
LOS, 30-day mortality and 30-day readmission rates are
important healthcare metrics used to assess quality of care
and provider reimbursement. It is possible that based on
above outcomes, physicians are considering earlier ERCPs
in the management of patients with acute cholangitis.

Assessing the severity of acute cholangitis is also of
paramount importance as it guides the treatment and
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dictates the timing of the biliary drainage. First ever
guidelines for severity assessment of acute cholangitis
were put forth in 2006-2007 and patients were classified as
having mild (grade I), moderate (grade II), or severe (grade
IIT) disease based on the response to initial treatment and
the presence or absence of end organ dysfunction. Mild
cases respond well to medical treatment and biliary drai-
nage can be performed electively, whereas early biliary
drainage is required for those with moderate cholangitis.
Patients with acute cholangitis and organ failure are clas-
sified as having severe cholangitis and require urgent bil-
iary drainage [3-5].

In our study, we further noted that the rate of ERCP
within 24 h remained relatively stable from 1998
(38.6 = 2.1%) to 2006 (38.9 £+ 1.9%). However, a pro-
gressive rise was noted since 2006, approaching a rate of
almost 50% by 2012 (Fig. 3). This can be attributed to the
implementation of Tokyo guidelines published in
2006-2007, which likely resulted in improved severity-
based classification of patients and performance of earlier
ERCPs in those with moderate or severe cholangitis.

The LOS has declined significantly for patients under-
going ERCP between 24 and 48 h. It reduced from
6.4 £+ 0.43 days in 1998 to 5.8 & 0.24 days in 2012. LOS
was shortest when ERCP was performed within 24 h and
longest when performed after 48 h. This trend was main-
tained all throughout the study period without a significant
change (5.1 £ 0.19 days for ERCP <24 h and 9.7 £ 0.59
for ERCP >48 h in 2012).

In-hospital mortality rate has decreased from
24 £ 1.4% in 1998 to 0.33 £ 0.33% in 2012, among
patients with ERCP between 24 and 48 h. A trend towards
reduced mortality was seen in patients who underwent
urgent ERCP group (<24 h) and increased mortality in
delayed ERCP group (>48 h). Urgent intervention in all
patients with acute cholangitis is neither necessary nor
always feasible. However, it is important to realize that
patients with severe disease could have a rapid downhill
clinical course and endoscopic biliary drainage in patients
with septicemic shock entails a high mortality rate of
4.7-10% [1, 25-27].

Inflation-adjusted hospital charges for CDC patients
undergoing ERCP have been on the increase for all ERCP
groups. The most striking rise was seen in delayed ERCP
group, where the inflation-adjusted cost increased by
343.9% over the study period. Based on the above results,
it may be inferred that delaying for ERCP for >48 h
showed a trend towards increased morbidity and mortality,
which further translated into significantly higher LOS and
hospital costs. Although the severity of disease and avail-
able resources dictates the timing of ERCP drainage, the
time frame of 24-48 h for biliary drainage can be thought
to represent a ‘“sweet spot.” This allows for initial

diagnosis, severity assessment and reassessment, resusci-
tation, and hemodynamic stabilization within first 24 h.
This strategy also helps in decreasing LOS, hospital costs,
30-day readmission rates, and importantly in-hospital
mortality.

This is a retrospective study and thus subject to the
inherent limitations of retrospective design. The NIS
database uses administrative ICD-9 codes and does not
control for errors during data entry. This study included
very specific patient population-those with acute cholan-
gitis secondary to choledocholithiasis, and hence does not
take into account, cholangitis due to other etiologies, such
as benign or malignant strictures. However choledo-
cholithiasis represents the most common cause of cholan-
gitis and hence this study can be considered to be
applicable to most patients in the community. These data
do not include outpatient encounters; however, it is unli-
kely to affect the generalizability of our results, since
patients with CDC are rarely managed on an outpatient
basis.

Strengths of our study include data from NIS, which is
one of the largest inpatient medical databases in the United
States, allowing for recruitment of a large number of
patients and higher study power. Selection, participation,
and reporting bias are minimal given the large sample size.
NIS is representative of entire US population and hence the
findings from our study can be generalized to the common
patient population in the country.

In conclusion, our study has longitudinally analyzed the
important health care metrics in CDC patients undergoing
ERCP over a span of 15 years. It also evaluated the out-
comes in a broader frame of timing of ERCP, (<24, 24438,
and >48 h) rather than simple dichotomous timing (early
vs. late) as in some previous studies. We found that the
prevalence of CDC has doubled during the study period.
This was accompanied by an increase in overall ERCP
rates and especially urgent ERCP in <24 h and early ERCP
between 24 and 48 h. The rise in CDC and ERCP rate was
particularly evident after 2006-2007, correlating with
release of first Tokyo guidelines for management of acute
cholangitis. In terms of healthcare outcomes, ERCP within
2448 h resulted in significant reduction in LOS and in-
hospital mortality. Inflation-adjusted hospital charges
increased for all ERCP groups; however, the most striking
increase occurred in ERCP >48 h group, where costs
increased by 343.9% over the study period. Updated
guidelines [28] for management of acute cholangitis are
recently published in 2013 and its impact on above out-
comes remains to be seen.
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