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Abstract

Background: Acute pancreatitis is a common inflammatory condi-
tion that involves the pancreas. Gallstones and alcohol are the most
common etiologies in the USA. Cholecystectomy is the cornerstone
procedure in the management of biliary acute pancreatitis (BAP). In
this study, we examined the causes and predictors of readmissions
following BAP based on the procedure performed.

Methods: Using the Nationwide Readmissions Database (NRD) and
the International Classification of Diseases, Tenth Revision, Clini-
cal Modification/Procedure Coding System (ICD10-CM/PCS), we
retrospectively studied BAP hospitalizations (2016 - 2018). The first
hospitalization within the year was marked as index hospitalization.
Index hospitalizations were categorized based on whether an endo-
scopic retrograde cholangiopancreatography (ERCP) and/or a chol-
ecystectomy was performed into no procedure group, ERCP group,
cholecystectomy group, and both procedures group. We subsequently
identified readmissions within 30 days. Using this categorization, we
studied reasons, rates, and predictors of readmissions.

Results: A total of 127,318 index hospitalizations were included. The
cholecystectomy group constituted the largest share of this cohort
(43.5%). Using the no procedure group as a reference, analysis of
the outcomes showed that the cholecystectomy group had the lowest
inpatient mortality (adjusted odds ratio (aOR): 0.18, P < 0.001), while
both procedures group had the highest total hospital charges (adjusted
mean difference (aMD): 42,249, P < 0.001). Acute pancreatitis with-
out necrosis or infection was the most frequent principal diagnosis for
readmission (18.7%). Analysis of readmission predictors showed that
both procedures group had the lowest risk for readmission (adjusted
hazard ratio (aHR): 0.40, P < 0.001). Females were less likely to be
readmitted compared to males (aHR: 0.82, P < 0.001) and elderly
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were less likely to be readmitted compared to young adults (aHR:
0.82, P < 0.001). Patients discharged against medical advice were
more likely to be readmitted (aHR: 1.76, P < 0.001).

Conclusion: Undergoing both ERCP and cholecystectomy for BAP
resulted in significantly higher hospital charges with no additional
mortality benefit. However, it decreased the readmission risk signifi-
cantly. Acute pancreatitis without necrosis or infection was the most
frequent reason for readmissions.

Keywords: Biliary acute pancreatitis; Readmission; Nationwide Re-
admissions Database; ERCP; Cholecystectomy

Introduction

Acute pancreatitis remains one of the most common gastro-
intestinal diagnoses requiring hospitalization [1, 2]. The es-
timated global incidence for acute pancreatitis is 33.7 cases
per 100,000 person-years with 1.6 deaths per 100,000 person-
years [3]. The incidence of acute pancreatitis has been increas-
ing in North America and Europe [4, 5]. Gallstones and al-
cohol are the most common causes of acute pancreatitis. The
proportion of cases attributed to gallstones and alcohol varied
among studied countries [4, 6].

The incidence of recurrent biliary acute pancreatitis (BAP)
varies widely, from 0% to 57%, depending on the population
studied, the initial treatment, and the follow-up time [7]. Cur-
rent guidelines recommend cholecystectomy during the initial
admission in patients with BAP [8, 9]. Unfortunately, many
studies showed nonadherence to the current guidelines in the
management of these patients [10-13].

In this study, we aimed to provide an additional insight
regarding the predictors and causes of readmissions after an
initial episode of BAP based on the procedure performed. In
addition, we highlight the demographics of patients and treat-
ing hospitals for initial hospitalizations and readmissions.

Materials and Methods

Design and data source

This was an observational retrospective study involving hos-
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pitalizations with BAP in the USA from 2016 to 2018. We
extracted data from the Nationwide Readmissions Database
(NRD) for the years 2016, 2017, and 2018. The NRD is the
largest publicly available readmission database in the USA,
drawn from the Agency for Healthcare Research and Quality
(AHRQ), Healthcare Cost and Utilization Project (HCUP),
and State Inpatient Databases (SID) [14]. The NRD is an an-
nual file constructed using one calendar year of discharge
data. Discharge weights were calculated using post-stratifi-
cation on hospital characteristics (census region, urban-rural
location, teaching status, bed size, and hospital control) and
patient characteristics (sex and five age groups (0, 1 - 17,
18 - 44, 45 - 64, and 65 and older)). The NRD 2018 contains
discharge data from 28 geographically dispersed states ac-
counting for 59.7% of the total USA population and 58.7%
of all USA hospitalizations. It comprises both patient and
hospital-level information. Up to 40 discharge diagnoses and
25 procedures are collected for each patient using the Inter-
national Classification of Diseases, Tenth Revision, Clinical
Modification (ICD10-CM/PCS). Diagnoses are classified as
a principal diagnosis, which is the reason for hospitalization,
and secondary diagnosis which is any other discharge diag-
nosis. Hospitals are stratified according to ownership control,
the number of beds, teaching status, urban/rural location, and
geographic region. The NRD allows for weighted analysis to
obtain 100% of the USA hospitalizations within a given year
[15]. This manuscript conforms with the STROBE statement
for reporting observational studies.

Study population and variables

The study involved hospitalizations with a principal diagno-
sis of BAP using the ICD-10 code “K85.1x”. Hospitaliza-
tions involving patients under the age of 18 were excluded.
We excluded December hospitalizations for each year due
to the lack of an adjoining 30-day period to assess 30-day
readmissions. The first hospitalization within the year was
marked as the index admission. Using the index admission
and unique identifiers available in the NRD, we identified
one subsequent hospitalization within 30 days, and this was
marked as readmission. Elective and traumatic admissions
were excluded.

Index hospitalizations were stratified into four procedural
groups as follows. Group 1 included patients who did not have
endoscopic retrograde cholangiopancreatography (ERCP) or
cholecystectomy (no procedure group), group 2 included pa-
tients who had only ERCP (ERCP group), group 3 had only
cholecystectomy (cholecystectomy group), and group 4 had
both ERCP and cholecystectomy (both procedures group).
The procedural codes for ERCP and cholecystectomy were
obtained from HCUP validated procedure classes that were re-
fined for the ICD-10-PCS software [16].

The NRD contains variables on patient demographics, in-
cluding age, sex, median household income (MHOI) by zip
code (income quartiles referred to patients as 1 - low income,
2 - middle income, 3 - upper middle income, 4 - high income),
and primary payer. It also contains hospital-specific variables
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including bed size, teaching status, and location. We assessed
the comorbidity burden using Sundararajan’s adaptation of the
modified Deyo’s Charlson Comorbidity Index (CCI). The CCI
contains a list of comorbidities with a weighted score assigned
based on the relative risk of 1-year mortality. Consequently,
the sum of the index score is an indicator of disease burden
and a good estimator of mortality. Deyo’s modification groups
CCI into four groups in increasing risk for mortality. It has
been adapted to population-based database research [17, 18].
A score of > 3 has about a 25% 10-year mortality, while a score
of 2 or 1 has a 10% and 4% 10-year mortality, respectively.
This cutoff point was chosen as a mean of assessment of in-
creased risk of mortality [19]. The CCI also predicts healthcare
cost utilization [20].

Outcome measures

We compared the demographic data of hospitalizations and
readmissions using the no procedure (group 1) as the refer-
ence group. Outcomes included the most frequent reasons for
readmissions and the rates of readmissions stratified based on
procedural group during the index hospitalization. Other out-
comes included assessment of index hospitalizations mortal-
ity, mean length of hospital stay (LOS), total hospital charges
(THC), and independent predictors of readmissions for each
procedural group. We adjusted the THC for inflation using the
Medical Expenditure Panel Survey index for hospital care,
with 2018 as the reference point [21].

Statistical analysis

We analyzed the data using Stata® Version 16 software
(StataCorp, Texas, USA). We conducted all the analysis us-
ing the weighted samples for national estimates in accord-
ance with HCUP regulations for using the NRD [15]. Age
was grouped as 18 - 44 years representing young adults, 45 -
64 years representing middle-aged adults, and above 65 years
representing elderly. We calculated comorbidities as propor-
tions of the cohorts and used the Chi-square test to compare
characteristics among the procedural groups for both index
hospitalizations and readmissions. We used univariable re-
gression to compare readmission mortality, LOS, and THC.
We employed a univariable pre-screening model to identify
variables associated with readmissions to obtain the inde-
pendent predictors of 30-day readmissions. We screened age
categories, sex, hospital location, hospital teaching status,
hospital bed size, MHOI, and the 17 CCI comorbidities. The
use of CCI comorbidities is similar to the validated model
employed by Moore et al for assessing comorbidity burden
in administrative databases [22]. We included those variables
having a P-value less than 0.2 in the final multivariable re-
gression analysis. Subsequently, we ran a multivariable Cox
regression analysis to identify independent predictors of
readmissions with P-values < 0.05 set as the threshold for
statistical significance. This model included the procedural
group, sex, age categories, discharge against medical advice
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status, primary payer, MHOI, hospital teaching status, hos-
pital volume in quintiles, and all the 17 CCI comorbidities
excluding mild liver disease.

Ethical considerations

The NRD database lacks patient and hospital level identifiers.
This study, therefore, did not require Cook County Health In-
stitutional Review Board approval or informed consents.

Results

Analysis of demographics

We included a total of 127,318 index hospitalizations with BAP
as the primary diagnosis for admission in our study (Table 1).
The cholecystectomy group included 55,359 hospitalizations,
constituting the largest share of the cohort (43.5%). In contrast,
the ERCP group included 13,802 hospitalizations (10.8%). A
total of 15,523 hospitalizations (12.2%) included both proce-
dures, while 42,633 hospitalizations had no procedure done
(33.5%). In the four groups, most hospitalizations were for fe-
males (P < 0.001). Analysis of groups’ mean age showed that
patients in the ERCP group had a mean age of 63.9 (standard
deviation (SD): 18.6), which was the highest across the studied
groups (P <0.001). In contrast, the cholecystectomy group had
a mean age of 53.9 (SD: 19.5), which was the lowest com-
pared to all groups (P < 0.001). Consistent across the studied
cohort, the highest proportion of patients had a CCI score of 0
(P<0.001). In all four groups, diabetes mellitus (DM) without
complications was the most frequent comorbidity (P < 0.001).
Medicare was the most frequent primary payer for the no pro-
cedure group (49.8%), ERCP group (55.4%), and both pro-
cedures group (41.6%). However, private insurance was the
most frequent primary payer for the cholecystectomy group
(40.1%). Analysis of the MHOI showed that most patients
were in the lower- and middle-income quartiles (P < 0.001).
The highest proportion of patients across the studied groups
were treated in metropolitan teaching hospitals (P < 0.001)
with large bed size (P < 0.001).

Analysis of outcomes

Among patients in the no procedure group, 1.6% died during
the index hospitalization (Table 2). This was higher compared
to cholecystectomy group, in which 0.2% died during hospi-
talization (adjusted odds ratio (aOR): 0.18, P < 0.001), both
procedures group, in which 0.3% died (aOR: 0.23, P < 0.001),
and the ERCP group (this finding did not reach statistical sig-
nificance (P = 0.123)). The mean LOS for the no procedure
group was 4.7 days (standard error (SE): 0.05), which was
lower than all other groups (P < 0.001). On average, the ERCP
group stayed longer than other groups with a mean LOS of 6.1
days (SE: 0.10, P < 0.001). Examination of hospital charges
showed that compared to other groups, both procedures group
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had the highest mean THC at USD83,593 (SE: 1,231.6, P <
0.001).

30-day readmission analysis

We included a total of 12,568 readmissions in our study. As
shown in Table 3, acute pancreatitis without necrosis or in-
fection was the most frequent principal diagnosis accounting
for 18.7% of all readmissions (10.7% were biliary and 8.0%
were unspecified), followed by sepsis with unspecified or-
ganism (6.2%). As shown in Table 4, the no procedure and
the ERCP groups had the highest readmission rates; 15.0%
and 13.0% of the index hospitalizations in each group were
readmitted, respectively. On the other hand, the cholecystec-
tomy and both procedures groups had the lowest readmis-
sion rates (6.5% and 5.8%, respectively). The readmitted co-
hort in the no procedure group had a mean age of 61.5 (SD:
19.0), which was the highest across all groups (P < 0.001).
In the ERCP and cholecystectomy groups, DM without com-
plications was the most frequent comorbidity (18.6% and
18.5%, respectively, P = 0.049). Renal disease accounted
for 20.5% of the studied comorbidities in the no procedure
group (P < 0.001). Chronic pulmonary disease was the most
frequent comorbidity in patients who underwent both pro-
cedures; however, this observation did not reach statistical
significance (P = 0.186). In all four groups, Medicare was
the most frequent primary payer (P < 0.001). Consistent with
the index hospitalizations, readmissions took place most fre-
quently in metropolitan teaching hospitals (P < 0.001(, with
large bed size (P = 0.002). These findings were observed in
all groups.

We performed multivariate analysis for predictors of
readmission (Table 5). Using the no procedure group as a
reference, aHR for readmission in the ERCP group was 0.86
(P <0.001), while the cholecystectomy and both procedures
groups had aHR of 0.47 and 0.40, respectively (P < 0.001).
Females had an aHR of 0.82 for readmission when com-
pared to males (P < 0.001). Elderly patients were less likely
to be readmitted compared to young adults (aHR: 0.82, P
< 0.001). Patients who were discharged against medical
advised were more likely to be readmitted (aHR: 1.76, P
< 0.001). Private insurance patients were less likely to be
readmitted compared to Medicaid patients (aHR: 0.71, P <
0.001). The highest income patients were less likely to be re-
admitted when compared to the lowest income (aHR: 0.89, P
=0.006). Comorbidities that were associated with increased
risk for readmission were congestive heart failure (aHR:
1.26, P < 0.001), cerebrovascular disease (aHR: 1.27, P =
0.003), chronic pulmonary disease (aHR: 1.22, P < 0.001),
rheumatologic disease (aHR: 1.33, P < 0.001), peptic ulcer
disease (aHR: 1.51, P < 0.001), diabetes without complica-
tions (aHR: 1.15, P < 0.001), diabetes with complications
(aHR: 1.10, P<0.001), renal disease (aHR: 1.18, P<0.001),
any malignancy (aHR: 1.22, P < 0.001), moderate or severe
liver disease (aHR: 1.11, P < 0.001), metastatic solid tumor
(aHR: 1.12, P <0.001), and human immunodeficiency virus/
acquired immune deficiency syndrome (HIV/AIDS) (aHR:
1.09, P =0.000).
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Table 1. Demographics and Hospital Characteristics of Index Hospitalizations

Variable No procedure Only ERCP :)cl;fls};eccl:((:;y ftﬁ lC(eIc)yZI::c o P-value

Number of hospitalizations 42,633 (33.5%) 13,802 (10.8%) 55,359 (43.5%) 15,523 (12.2%)

Mean age (years = SD) 60.9+19.9 63.9+18.6 53.9+19.5 56.5+19.7 <0.001

Age categories (%) <0.001
Young adults 21.1 15.9 322 28.2
Middle-aged 32.7 30.7 35.6 324
Elderly 46.2 53.5 322 39.4

Female (%) 55.9 55.8 62.6 58.7 <0.001

CClI score (%) <0.001
0 39.8 39.1 53.1 51.6
1 25.0 25.7 25.1 24.4
2 13.8 13.2 10.7 11.3
>3 21.5 22.0 11.1 12.7

Mean CCI 1.5 1.5 0.9 1.0

Primary payer (%) <0.001
Medicare 49.8 55.4 354 41.6
Medicaid 15.8 11.8 18.6 17.1
Private insurance 30.0 29.1 40.1 35.9
Self-pay 4.4 3.6 6.0 5.5

MHOI quartile (%) <0.001
1 26.5 24.4 28.4 27.4
2 27.8 29.7 27.8 27.4
3 25.0 25.7 254 25.7
4 20.6 20.2 18.4 19.5

Comorbidities (%)
Myocardial infarction 6.6 6.7 3.6 3.8 <0.001
Congestive heart failure 12.2 12.8 6.0 7.0 <0.001
Peripheral vascular disease 6.5 6.8 3.5 3.9 <0.001
Cerebrovascular disease 2.5 2.3 1.4 1.7 <0.001
Dementia 5.3 4.9 1.9 2.0 <0.001
Chronic pulmonary disease 15.9 16.8 13.5 13.0 <0.001
Rheumatologic disease 2.2 2.1 1.6 2.0 <0.001
Peptic ulcer disease 1.5 3.6 0.9 2.9 <0.001
Mild liver disease 11.9 9.9 11.7 11.2 <0.001
Diabetes without complications 18.4 17.2 15.6 14.6 <0.001
Diabetes with complications 7.8 8.1 5.1 5.4 <0.001
Hemiplegia/paraplegia 0.3 0.4 0.3 0.4 0.357
Renal disease 14.0 14.4 7.7 8.9 <0.001
Any malignancy 2.7 2.7 1.4 1.8 <0.001
Moderate or severe liver disease 2.0 2.1 0.3 0.6 <0.001
Metastatic solid tumor 1.0 1.4 0.4 0.4 <0.001
HIV/AIDS 0.3 0.1 0.2 0.1 0.002

Hospital characteristics
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Table 1. Demographics and Hospital Characteristics of Index Hospitalizations - (continued)

Variable No procedure Only ERCP ?cl;ls);eccl:g;y 5}}) lCeIc)yasItl:c T P-value
Hospital bed size (%) <0.001
Small 21.2 13.7 18.6 13.9
Medium 29.5 29.3 29.0 28.3
Large 49.4 57.0 52.4 57.8
Hospital teaching status and location (%) <0.001
Metropolitan non-teaching 26.0 22.7 27.2 25.8
Metropolitan teaching 63.2 73.8 64.2 70.8
Non-metropolitan 10.9 3.5 8.6 34

CCI: Charlson comorbidity index; ERCP: endoscopic retrograde cholangiopancreatography; MHOI: median household income for ZIP code; SD:
standard deviation from the mean.

Table 2. Outcomes of Index Hospitalizations

Variable No procedure  Only ERCP Only cholecystectomy ERCP and cholecystectomy
Mortality
Mortality rate (%) 1.6 1.4 0.2 0.3
aOR (95% CI) - 0.82 (0.63 - 1.06) 0.18 (0.13-0.24) 0.23 (0.15 - 0.36)
P-value - 0.123 <0.001 <0.001
LOS
Mean LOS in days (SE) 4.7 (0.05) 6.1 (0.10) 5.0 (0.03) 5.9 (0.06)
aMD (95% CI) - 1.31 (1.10 - 1.52) 0.45 (0.34 - 0.56) 1.31(1.16 - 1.47)
P-value - <0.001 <0.001 <0.001
Hospital charges
Mean THC in USD (SE) 42,438 (719.2) 69,194 (1,516.4) 61,845 (639.7) 83,593 (1,231.6)
aMD (95% CI) - 25,999 (23,036 - 28,962) 21,512 (19,981 - 23,043) 42,249 (39,744 - 44,753)
P-value - <0.001 <0.001 <0.001

aMD: adjusted mean difference for age categories and sex relative to no procedure group; aOR: adjusted odds ratio for age categories and sex
relative no procedure group; Cl: confidence interval; ERCP: endoscopic retrograde cholangiopancreatography; LOS: length of hospital stay; SE:
standard error; THC: total hospital charge; USD: United States dollar.

Table 3. Most Common Principal Diagnoses for Readmissions

Principal readmission diagnosis Proportion (%)
Biliary acute pancreatitis without necrosis or infection 10.7
Acute pancreatitis without necrosis or infection, unspecified 8.0
Sepsis, unspecified organism 6.2
Pseudocyst of pancreas 2.8
Calculus of gallbladder with acute cholecystitis without obstruction 2.0
Other postprocedural complications and disorders of the digestive system 1.7
Acute kidney failure, unspecified 1.5
Acute pancreatitis with uninfected necrosis, unspecified 1.5
Biliary acute pancreatitis with uninfected necrosis 1.4
Hypertensive heart and chronic kidney disease with heart failure and stage 1 through 1.0

stage 4 chronic kidney disease, or unspecified chronic kidney disease
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Table 4. Demographics and Hospital Characteristics of Readmissions

Variable No procedure Only ERCP :)cl;fls)tleccl:((::;ly gﬁ il;;sltlgc i P-value
Readmission® (%) 15.0 13.0 6.5 5.8
Mean age (years + SD) 61.5+19.0 57.7+19.7 57.8+19.5 572+19.7 <0.001
Age categories (%) <0.001
Young adults 19.0 259 25.0 27.2
Middle-aged 334 34.1 347 314
Elderly 47.6 40.2 40.3 41.4
Female (%) 51.7 55.5 51.9 523 0.355
CClI score (%) <0.001
0 31.2 41.7 42.3 46.8
1 22.1 23.1 243 21.9
2 14.2 12.5 13.5 15.2
>3 32.5 22.7 20.0 16.1
Mean CCI 2.0 1.5 1.4 1.2 <0.001
Primary payer (%) <0.001
Medicare 54.3 452 46.5 48.6
Medicaid 16.2 19.8 17.5 17.2
Private insurance 254 31.6 31.1 30.5
Self-pay 4.1 34 4.8 3.8
MHOI quartile (%) 0.074
1 29.5 27.2 24.0 28.4
2 28.8 28.0 29.8 30.8
3 24.4 25.0 25.7 25.1
4 17.3 19.9 20.5 15.7
Comorbidities (%)
Myocardial infarction 8.5 4.9 5.3 6.1 <0.001
Congestive heart failure 19.4 12.0 11.0 10.1 <0.001
Peripheral vascular disease 7.0 4.5 5.5 3.5 0.022
Cerebrovascular disease 4.4 1.8 24 1.3 <0.001
Dementia 5.1 3.6 2.5 3.1 0.003
Chronic pulmonary disease 18.8 16.3 17.1 15.2 0.186
Rheumatologic disease 2.5 2.3 2.2 2.8 0.946
Peptic ulcer disease 3.7 4.2 1.5 3.3 0.004
Mild liver disease 7.8 7.5 9.9 10.9 0.109
Diabetes without complications 20.0 18.6 18.5 12.5 0.049
Diabetes with complications 12.2 6.8 7.2 52 <0.001
Hemiplegia/paraplegia 1.0 0.1 0.4 0.8 0.029
Renal disease 20.5 12.4 13.6 11.8 <0.001
Any malignancy 4.6 6.9 3.7 1.9 0.008
Moderate or severe liver disease 3.1 3.8 1.4 2.2 0.019
Metastatic solid tumor 2.6 1.1 1.3 0.8 0.004
HIV/AIDS 0.5 0.4 0.0 0.3 0.236
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Table 4. Demographics and Hospital Characteristics of Readmissions - (continued)

Variable No procedure Only ERCP :)c;ls{eccl:g;y flﬁ il:yzltlgc T P-value
Hospital characteristics
Hospital bed size (%) 0.002
Small 16.5 10.3 17.7 15.6
Medium 26.8 27.1 28.1 28.7
Large 56.7 62.7 54.2 55.7
Hospital teaching status and location (%) <0.001
Metropolitan non-teaching 22.8 20.4 243 21.2
Metropolitan teaching 69.3 76.1 68.2 75.1
Non-metropolitan 7.9 3.5 7.5 3.7

aPercentage of readmissions for each procedural group after index hospitalization. CCI: Charlson Comorbidity Index; ERCP: endoscopic retrograde
cholangiopancreatography; MHOI: median household income for ZIP code; SD: standard deviation from the mean; HIV: human immunodeficiency
virus; AIDS: acquired immune deficiency syndrome.

Table 5. Predictors of Readmissions

Variable aHR 95% confidence interval P-value
ERCP only*? 0.86 0.80-0.93 <0.001
Cholecystectomy only? 0.47 0.44 - 0.50 <0.001
ERCP + cholecystectomy? 0.40 0.36 - 0.44 <0.001
Female® 0.82 0.78 - 0.87 <0.001
Middle-aged® 1.04 0.96-1.12 0.331
Elderly°© 0.82 0.74 - 0.91 <0.001
Highest income quartiled 0.89 0.82-0.97 0.006
Private insurance® 0.71 0.65-0.78 <0.001
Myocardial infarction 0.98 0.88 - 1.09 0.683
Congestive heart failure 1.26 1.17-1.37 <0.001
Peripheral vascular disease 1.03 0.92-1.14 0.661
Cerebrovascular disease 1.27 1.08 - 1.48 0.003
Dementia 0.92 0.81-1.05 0.242
Chronic pulmonary disease 1.22 1.14-1.31 <0.001
Rheumatologic disease 1.33 1.13-1.55 <0.001
Peptic ulcer disease 1.51 1.28-1.78 <0.001
Diabetes without complications 1.15 1.07-1.23 <0.001
Diabetes with complications 1.10 1.05-1.15 <0.001
Hemiplegia/paraplegia 1.15 0.94-1.41 0.173
Renal disease 1.18 1.13-1.23 <0.001
Any malignancy 1.22 1.14-1.32 <0.001
Moderate or severe liver disease 1.11 1.05-1.18 <0.001
Metastatic solid tumor 1.12 1.08 - 1.17 <0.001
HIV/AIDS 1.09 1.03 - 1.64 0.006
Discharge against medical advice 1.76 1.51-2.06 <0.001

aRelative to no procedure. PRelative to male. °Relative to young adults. 9Relative to lowest income. ¢Relative to Medicare. aHR: adjusted hazard
ratio; ERCP: endoscopic retrograde cholangiopancreatography; HIV: human immunodeficiency virus; AIDS: acquired immune deficiency syndrome.
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Discussion

In our analysis, the largest share of index hospitalizations un-
derwent cholecystectomy, accounting for 43.5% of the cohort.
On the other hand, only a minority of them underwent both
procedures (12.2%). The American Gastroenterological As-
sociation (AGA) and American College of Gastroenterology
(ACG) guidelines strongly recommend cholecystectomy dur-
ing the initial admission in patients with BAP. In addition, both
guidelines recommend against the use of ERCP in the absence
of cholangitis and biliary obstruction; however, these recom-
mendations are based on low quality of evidence [8, 9]. The In-
ternational Association of Pancreatology/American Pancreatic
Association (IAP/APA) guidelines also recommend against
ERCP in patients without cholangitis and biliary obstruction
[23]. In a systematic review of eight randomized controlled
trials, Vege et al found that mortality, multiorgan failure,
single organ failure (respiratory, renal, circulatory), infected
(peri) pancreatic necrosis, and total necrotizing pancreatitis
were no different between patients randomized to the urgent
ERCP or the conservative management groups [24]. Despite
the fact that included trials attempted to exclude patients with
cholangitis, marked clinical heterogeneity in adopted selection
criteria/definitions limited the interpretation of these findings.
Similarly, Tse et al found no evidence that early routine ERCP
significantly affects mortality or local or systemic complica-
tions of pancreatitis, regardless of predicted severity [25]. An-
other metanalysis that involved 11 randomized controlled trials
showed that the overall complications were significantly re-
duced in the ERCP group in severe pancreatitis patients; how-
ever, there was no statistically significant difference in mild
pancreatitis group [26]. Unfortunately, many studies showed
poor adherence to recommended guidelines resulting in higher
mortality and costs [10-13]. In addition, there was a trend of
decreasing procedures for BAP between 2010 and 2014 [27].

Gallstones are more common in females [28-31], which
likely reflects the lithogenic effect of estrogen as it promotes
cholesterol crystallization [32, 33]. As expected, most hospi-
talizations in the four studied groups were for females. Pa-
tients in the cholecystectomy and both procedures group were
younger compared to the other groups. Elderly patients are at
higher risk of morbidity and mortality from cholecystectomy
when compared to younger patients, and they also have longer
hospital stays and higher costs [34-37]. As a result, they have
lower rates of laparoscopic cholecystectomy when compared
to nonelderly patients [37-39].

Many studies have shown increased risk of gallstones in
diabetic patients [40-44]. Possible explanations include the se-
cretion of supersaturated bile [45] and poor gallbladder con-
tractility [46, 47]. Interestingly, Maringhini et al found that
gallbladder motility is needed to promote the expulsion of bil-
iary sludge and stones to trigger and develop acute pancreatitis
[48-50]. In our study, DM was the most frequent comorbidity
in all four groups. Management of hospitalized patients can be
affected by insurance and socioeconomic status, and this ap-
plies to BAP as well [51]. We found that Medicare was the pri-
mary payer for the largest proportion of hospitalizations except
for the cholecystectomy group. According to the HCUP, Medi-
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care had the largest share of total readmissions in the USA
(55.9%) [52]. Private insurance was the most frequent primary
payer for the cholecystectomy group. Janeway et al found that
privately insured patients had higher rates of cholecystectomy
compared to all other insurance types [53]. Similarly, Shme-
lev et al found that same-admission cholecystectomy in biliary
pancreatitis was higher in privately insured patients [11].

Analysis of index hospitalizations’ outcomes showed
that the cholecystectomy group had the lowest mortality rates
among the four groups. Previous studies showed that chol-
ecystectomy was associated with decreased mortality in pa-
tients with BAP [10, 54]. Both procedures group had also a
comparable low mortality rate, and this was consistent with
the available evidence of no additional mortality benefit when
ERCP was performed along with cholecystectomy as dis-
cussed above. Given the high costs of such procedures, both
procedures group had the highest hospital charges, and the no
procedure group had the lowest charges during index hospi-
talizations.

Our study showed that acute pancreatitis without necro-
sis or infection was the most common reason for readmission.
Krishna et al found that 50% of readmissions in BAP patients
were related to recurrences or acute pancreatitis-related com-
plications [55]. Similarly, Garg et al found that recurrent acute
pancreatitis was the most common reason for readmission
(41.5%) in patients with acute pancreatitis [56]. These read-
missions are thought to be related to exacerbation of smolder-
ing symptoms, progression of local complications, or recurrent
attacks likely related to persistence of risk factors for the index
admissions [57].

Analysis of predictors of readmissions showed that un-
dergoing both procedures carried the lowest risk for readmis-
sion compared to the other groups, a finding that is consist-
ent with the available data [7, 58]. This observation might be
related to residual stones in the biliary tree in patients who
undergo cholecystectomy alone. Van Geenen et al found that
intraoperative choledocholithiasis was present in 13-24% of
those undergoing cholecystectomy [7]. Stone migration from
the gallbladder into the common bile duct (CBD) after ini-
tial stone clearance increases the risk of recurrent pancreatitis
in those who did not undergo cholecystectomy. Moreau et al
found that regardless of whether patients with gallstones have
had a prior attack of pancreatitis, cholecystectomy reduces the
risk of acute pancreatitis to almost the same level of the gen-
eral population [59].

Surprisingly, older age was associated with lower rates of
readmission in our analysis, which comes consistent with the
available data [56, 57, 60]. Higher mortality in elderly might
have removed them from the readmission cohort. In addition,
interventions in elderly might result in different outcomes
when compared to the general population [61, 62]. Welbourn
et al found that endoscopic sphincterotomy alone was an ac-
ceptable alternative to cholecystectomy in the prevention of
further attacks of BAP in the elderly [62]. Females were less
likely to be readmitted compared to males in our analysis, con-
sistent with the available evidence [56, 57]. Studies have found
that women were more likely to undergo cholecystectomy for
BAP and were subsequently less likely to be readmitted for
any cause [27, 63]. Yol et al found that in the context of symp-
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tomatic gallbladder stones, inflammation and fibrosis are more
extensive in men than in women. In addition, conversion to
open surgery was higher in men than in women [64]. Private
insurance and higher income were associated with lower re-
admission rates in our analysis. As discussed above, privately
insured patients were more likely to undergo cholecystectomy.
Nguyen et al found that lower income was associated with dis-
proportionately admitted to hospitals with lower cholecystec-
tomy volumes [13]. Discharge against medical advice is asso-
ciated with over twice the odds of all-cause unplanned 30-day
readmission compared with routine discharge [65]. Our analy-
sis showed higher rates of readmission in patients left against
medical advice. These patients likely were discharged before
completion of guideline-directed therapy for BAP which
makes them more likely to be readmitted for recurrent BAP
or complications associated with BAP. Analysis of comorbidi-
ties showed that the presence of any of them was associated
with higher risk of readmission (except for dementia and myo-
cardial infarction which were associated with decreased risk;
however, these were statistically insignificant). Previous stud-
ies showed that patients with fewer comorbidities were more
likely to undergo early cholecystectomy [11, 66]. Tabak et al
found that higher comorbidity index was associated with more
adverse events during ERCP [67].

More than 12% of the patients did not have any procedure
performed in our study. Studies showed variable rates for chol-
ecystectomy and ERCP in patients with BAP. This variation
is likely multifactorial; as race, severity of disease, presence
of comorbidities, hospital location, availability of specialists,
and income play a role in the decision to perform procedures.
Nguyen et al found that cholecystectomy and ERCP rates
were lower among African Americans and Asians compared
to Whites [12]. Toh et al found that in mild cases of BAP, only
one-third of patients had definitive treatment within 4 weeks
[68]. Kamal et al found that patients who underwent cholecys-
tectomy for BAP had fewer comorbidities [66]. In addition,
patients from rural areas and with lower income were dispro-
portionately admitted to hospitals with lower cholecystectomy
volumes [13]. Aly et al found that implementation of national
guidelines for the management of acute pancreatitis was great-
er in the practice of hepatobiliary and pancreatic specialists
than non-specialists [69].

We found that undergoing both procedures (ERCP and
cholecystectomy) decreased the risk of readmission; however,
it did not improve mortality and was associated with signifi-
cantly higher hospital charges. Acute pancreatitis without in-
fection or necrosis was the most common reason for readmis-
sion. Females, elderly, and privately insured were less likely to
be readmitted. Our study has some important limitation. The
NRD reports information on hospitalizations rather than indi-
vidual patients, as a result, one patient can be included more
than one time in the analysis. The study used ICD codes; there-
fore, it may contain errors related to miscoding. The severity
of pancreatitis, medications given, radiologic and laboratory
investigations cannot be determined from the data provided in
NRD. This study did not assess other surgical or procedural
interventions that can be performed in these patients includ-
ing percutaneous drainage. Lastly, patients were not stratified
based on the presence of ascending cholangitis in our analysis,
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a complication that might impact the outcomes and procedures
performed.
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