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Incidence and Predictors of Readmissions
in Acute Pancreatitis
A Nationwide Analysis
Sushil Kumar Garg, MD,* James P. Campbell, MD,† Chimaobi Anugwom, MD,† Vaibhav Wadhwa, MD,‡
Rajeshwar Singh, MBBS,§ Nancy Gupta, MD,|| and Madhusudhan R. Sanaka, MD, FACG, FASGE¶
Objectives: Acute pancreatitis (AP) is a common cause for hospitaliza-
tion, and readmission is common, with variable associated risk factors
for readmission. Here, we assessed the incidence and risk factors for read-
mission in AP in a large national database.
Methods: We analyzed data from the National Readmission Database
during the year 2013. Index admissions with a primary discharge diagnosis
of AP using the International Classification of Diseases, Ninth Revision, Clin-
ical Modificationwere identified from January to November to identify 30-day
readmission rates. Demographic, hospital, and clinical diagnoseswere included
in multivariate regression analysis to identify readmission risk factors.
Results:We identified 243,816 indexAP dischargeswith 39,623 (16.2%)
readmitted within 30 days. The most common reason for readmission was
recurrent AP (41.5%). Increased odds of all-cause readmission were asso-
ciated with younger age, nonhome discharge, increasing Charlson Comor-
bidity Index, and increased length of stay. Cholecystectomy during index
admission was associated with reduced all-cause and recurrent AP read-
missions (odds ratios of 0.5, and 0.35, respectively).
Conclusions: Readmission for AP is common, most often due to recur-
rent AP. Multiple factors, including cholecystectomy, during index admission,
are associated with significantly reduced odds of all-cause and recurrent
AP readmissions.
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A cute pancreatitis (AP), defined as the inflammation of pancre-
atic tissue, occurs because of autodigestion of the pancreas by

pancreatic enzymes. Although the precise mechanism for tissue
damage is unclear, the trypsin-centered hypothesis, where intra-
acinar inflammation results from oxidative and endoplasmic stress
as well as mitochondrial dysfunction, represents the most current
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understanding.1 Despite improvement in overall care, including
imaging and interventional techniques, AP is still a leading cause
of nonmalignant gastrointestinal hospitalization, and in severe
cases, mortality can be as high as 30% to 50%.2 Incidence of
AP worldwide ranges from 8 to 50 per 100,000 populations, with
one of the highest incidences being in the United States.3 There is
a myriad of other causes for AP, including biliary disease most
commonly, autoimmune disease, and toxins (such as alcohol), as
well as iatrogenic causes, such as endoscopic retrograde cholan-
giopancreatography (ERCP) and medications.4 Severity of AP is
variable, and prognosis is largely dependent on the development
of systemic dysfunction, persistent organ failure, and necrotizing
disease with infection.5–8 A significant percentage of episodes re-
sults in severe disease characterized by local and systemic compli-
cations with high mortality rates. Increased severity of disease has
been associated with multiple factors, including increasing age,
hypocalcemia, and presence of comorbidities such as hyperten-
sion and diabetes mellitus.9,10 Risk stratification scores, such as
the revised Atlanta criteria, determinant-based classification,
PANC 3, and Acute Physiology and Chronic Health Evaluation
II, can be used clinically to stratify patients and in turn determine
severity and prognosis.1,11,12

Recurrence after resolution of an initial episode of AP is a
major health care problem, with rates of readmission ranging from
15% to 29% in prior studies.13–17 Various risk factors for readmis-
sion after an initial episode of AP have been identified, including
the severity of the initial episode of AP, male sex, necrotizing pan-
creatitis, tobacco smoking, continued alcohol use, idiopathic pan-
creatitis, and delay in receiving adequate treatment for the
underlying cause of AP, such as cholecystectomy in cases of acute
biliary pancreatitis.13–15,18–20 Hospital readmission within 30 days
of discharge has also been shown to be associated with increased
mortality.21 While some consistent risk factors for readmission
have been identified as previously mentioned, there are no large-
scale population studies investigating the risk factors for readmis-
sion after an episode of AP. The goal of this study was to analyze
the impact of patient demographic characteristics, as well as hos-
pitalization and procedural factors, on readmissionswithin 30 days
after an initial hospitalization for AP using a large population-
based national readmission database from the United States.

MATERIALS AND METHODS

Study Design and Data Source
This was a retrospective longitudinal study of admissions to

acute care hospitals for AP. Data on hospital admissions of all
adult patients (≥18 years old) were extracted from the National Re-
admission Database (NRD) from the year 2013. The NRD is the
largest publicly available all-payer inpatient discharge database in
the United States. Developed and maintained by the Agency for
Healthcare Research and Quality, it comprises inpatient discharges
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TABLE 1. Most Common Reasons for 30-Day Readmission
for AP

Etiology Percent

AP 41.47
Chronic pancreatitis 4.43
Pancreatic cyst 2.1
Biliary tract disease 4.14
Septicemia 3.52
Alcohol-related disorders 2.74
Diabetes mellitus with complications 2.29
Abdominal pain 2.27
Complications from surgical procedure 1.92
Acute and unspecified renal failure 1.65
Fluid and electrolyte disorders 1.31
Clostridium difficile 0.85
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from a subset of US hospitals and is meant to be representative of
nationwide acute care hospitalizations. The database contains
deidentified information regarding each hospitalization, including
demographic characteristics, admission status, comorbidities, dis-
charge diagnoses, procedures performed, outcomes, and costs of
hospitalization. Admissions under observation status, short-term
rehabilitation hospitals, long-term non–acute-care hospitals, psy-
chiatric hospitals, and alcoholism or chemical dependency units
are not included.

Study Population
We used International Classification of Diseases, Ninth Re-

vision, Clinical Modification (ICD-9-CM) codes to identify all
hospitalized adults at least 18 years old whowere discharged with
a primary diagnosis of AP (ICD-9-CM code 577.0) and survived
their first admission. Admissions in the NRD have listed a pri-
mary discharge diagnosis and up to 24 secondary discharge diag-
noses and can have up to 15 procedure codes associated with the
discharge, as well as the day of the procedure conducted. Admis-
sions were classified as having AP by querying all diagnostic
codes for the ICD-9-CM codes corresponding to AP. All diagnos-
tic and procedural codes used for classifications have been de-
scribed by Krishna et al.22

Definition of Variables, Comorbidities, and
Other Covariates

The NRD contains demographic information on all hospital-
izations, including age, sex, income, and primary and secondary
insurance. It also contains hospital information regarding bed size,
location, teaching status, and ownership. Charlson Comorbidity
Index (CCI) was calculated and used for comorbidity assessment.
Apart from the comorbidities scored by the CCI, we also identi-
fied the presence of specific comorbidities that may have played
an important role in the severity of AP, including acute renal fail-
ure, respiratory failure, and the frequency of various supportive in-
terventions as surrogate indicators of comorbid disease, such as
endotracheal intubation.

Outcomes
Our main outcome was to identify predictors of all-cause

30-day readmissions and recurrent AP readmissions in multivari-
ate regression analysis. We also analyzed the overall rates of
30-day all-cause readmissions after index hospitalization for AP.

Statistical Analysis
Data are presented as mean (standard deviation [SD]) for

continuous variables or weighted frequency (%) for categorical
variables. A univariate analysis was performed to assess differ-
ences between the 2 groups (no 30-day readmission vs yes); con-
tinuous variables were compared using t tests, and categorical
variables were compared usingχ2 tests. In addition, multivariable
analysis was performed to assess differences between the groups
in terms of the outcomes of interest while adjusting for patient
and hospital characteristics. Logistic regression analysis was used
to model 30-day readmission risk. The NRD is based on a com-
plex sampling design that includes stratification, clustering, and
weighting; SAS Survey procedures facilitate the unbiased assess-
ment of population estimates. P < 0.001was considered statistically
significant because of the large sample size; this significance crite-
rion has been used by previous National Inpatient Sample studies.
All analyses were performed using SAS (version 9.4; The SAS In-
stitute, Cary, NC).
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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RESULTS

Rates of Readmission and Reason for Readmission
Therewere of total of 35,580,348 patient records in the NRD.

From this, 243,816 index AP discharges were identified during
the study period. Using a threshold of 30 days to define readmis-
sion, 39,623 patients (16.2%) were readmitted within 30 days for
all causes, and 17,588 (7.2%) were readmitted with primary diag-
nosis of AP. Recurrent AP was the most common reason for read-
mission, accounting for 41.5% of cases. Table 1 comprises the major
causes of readmissionwithin 30 days. Etiologies for pancreatitis dur-
ing the index admission were difficult to ascertain from this retro-
spective database, but 20% of patients had cholelithiasis, 5.14%
had bile duct obstruction, 16.5% had chronic pancreatitis, and
31.5% had alcohol-related disease listed as secondary diagnosis.

Baseline Patient Characteristics
Tables 2 and 3 compare the demographic baseline character-

istics and comorbidities of patients admitted with a primary diag-
nosis of AP during index hospitalization, separated by those not
readmitted within 30 days and those readmitted within 30 days.
The mean age of patients who were readmitted versus not was
51.5 (SD, 16.1) years versus 52.4 (SD, 16.9) years. Distribution
of disease severity, using the calculated CCI, between the 2 groups
of patients differed significantly as shown, with those readmitted
in 30 days having higher CCI scores. Importantly, among those
who had cholecystectomy at the index admission, approximately
5%were readmitted compared with 11.8%whowere not readmitted.
As displayed in Table 3, multiple comorbidities were associated with
higher rates of 30-day readmission as comparedwith no readmission.

Predictors of Readmission, All Etiologies
of Pancreatitis

Results of themultivariate logistic regression analysis to identify
predictors of all-cause readmission are displayed in Table 4, whereas
predictors of AP-specific readmission are displayed in Table 5.

Demographic and Patient-Level Factors
The odds of all-cause readmission decreased with patient's

advancing age. This age trend was also true for AP-specific readmis-
sions. There was no difference in all-cause readmissions in females
compared with males (odds ratio [OR], 0.9; 95% confidence interval
www.pancreasjournal.com 47
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TABLE 2. Demographic Characteristics of the AP Patients During Index Admissions Based on Their 30-Day Readmission Status

Demographic Characteristics

30-d Readmission

P

No Yes

n (%) n (%)

Sex, female 96,951.0 (47.5) 17,938.0 (45.3) <0.0001
Age group, y <0.0001
18–44 68,798.0 (33.7) 13,945.0 (35.2)
45–64 87,059.0 (42.6) 17,763.0 (44.8)
65–84 40,511.0 (19.8) 6612.0 (16.7)
>84 7825.0 (3.8) 1303.0 (3.3)

Weekend, yes 53,486.0 (26.2) 10,654.0 (26.9) 0.1065
Hospital bed size <0.0001
Small 30,432.0 (14.9) 5327.0 (13.4)
Moderate 53,096.0 (26.0) 9425.0 (23.8)
Large 120,666.0 (59.1) 24,871.0 (62.8)

Hospital control 0.5323
Government 26,679.0 (13.1) 5302.0 913.4)
Private, not for profit 145,100.0 (71.1) 27,899.0 (70.4)
Private, profit 32,415.0 (5.9) 6422.0 (16.2)

Teaching status <0.0001
Metropolitan, nonteaching 84,142.0 (41.2) 15,337.0 (38.7)
Metropolitan teaching 88,463.0 (43.3) 18,801.0 (47.4)
Nonmetropolitan hospital 31,589.0 (15.5) 5485.0 (13.8)

Median household income <0.0001
0–25th percentile 62,681.0 (31.2) 12,872.0 (33.0)
26th–50th percentile 55,867.0 (27.8) 11,135.0 (28.5)
51st–75th percentile 47,444.0 (23.6) 8830.0 (22.6)
76th–100th percentile 34,905.0 (17.4) 6214.0 (15.9)

Payer <0.0001
Medicare 65,260.0 (32.0) 13,951.0 (35.3)
Medicaid 32,560.0 (16.0) 8946.0 (22.6)
Private insurance 65,059.0 (31.9) 9242.0 (23.4)
Uninsured/other 40,980.0 (20.1) 7427.0 (18.8)

Disposition <0.0001
Routine 179,281.0 (87.80) 31,316.0 (79.0)
Short-term hospital 1712.0 (0.8) 523.2 (1.3)
Facility 7752.0 (3.8) 2137.0 (5.4)
Home health care 9420.0 (4.6) 3277.0 (8.3)
Other 6028.0 (3.0) 2369.0 (6.0)

CCI score <0.0001
0 90,883.0 (44.5) 14,458.0 (36.5)
1 61,436.0 (30.1) 11,349.0 (28.6)
>1 51,876.0 (25.4) 13,816.0 (34.9)

Cholangitis 1859.0 (0.9) 423.1 (1.1) 0.073
CBD obstruction 10,062.0 (4.9) 2474.0 (6.2) <0.0001
Pancreatic cancer 454.7 (0.2) 252.8 (0.6) <0.0001
Alcoholism 63,272.0 (31.0) 13,342.0 (33.7) <0.0001
Cholecystectomy 24,108.0 (11.8) 2029.0 (5.1) <0.0001
Percutaneous biliary drainage 373.8 (0.2) 107.3 (0.3) 0.0379
AKI 16,819.0 (8.2) 4739.0 (12.0) <0.0001
ARF 7463.0 (3.7) 1834.0 (4.6) <0.0001
Smoking 78,153.0 (38.3) 16,527.0 (41.7) <0.0001
ERCP 29,505.0 (14.4) 10,885.0 (27.5) <0.0001
Detox 4873.0 (2.4) 1312.0 (3.3) <0.0001
Pancreatectomy 962.1 (0.5) 505.8 (1.3) <0.0001
Cholelithiasis 43,113.0 (21.1) 43,113.0 (21.1) <0.0001

AKI indicates acute kidney injury; ARF, acute respiratory failure; CBD, common bile duct.
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TABLE 3. Comorbidities of the AP Patients During Index Admissions Based on Their 30-Day Readmission Status

Comorbidities

30-d Readmission

P

No Yes

n (%) n (%)

AMI 6633.0 (3.2) 1602.0 (4.0) <0.0001
CHF 10,394.0 (5.1) 3099.0 (7.8) <0.0001
PVD 6654.0 (3.3) 1554.0 (3.9) <0.0001
CEVD 2605.0 (1.3) 646.4 (1.6) 0.0006
Dementia 1297.0 (0.6) 263.8 (0.7) 0.6769
COPD 30,509.0 (14.9) 7378.0 (18.6) <0.0001
Rheumatoid disease 4120.0 (2.0) 1032.0 (2.6) <0.0001
Peptic ulcer disease 3488.0 (1.7) 879.0 (2.2) <0.0001
Mild liver disease 30,509.0 (14.9) 5979.0 (15.1) 0.6745
Diabetes 48,412.0 (23.7) 9659.0 (24.4) 0.1329
Diabetes + complications 5498.0 (2.7) 1579.0 (4.0) <0.0001
Hemi or paraplegia 615.3 (0.3) 204.0 (0.5) <0.0001
Renal disease 15,837.0 (7.8) 5231.0 (13.2) <0.0001
Cancer 3188.0 (1.6) 1121.0 (2.8) <0.0001
Moderate/severe liver disease 2751.0 (1.3) 1041.0 (2.6) <0.0001
Metastatic cancer 1444.0 (0.7) 570.6 (1.4) <0.0001
AIDS 679.2 (0.3) 288.9 (0.7) <0.0001

AMI indicates acute myocardial infarction; CEVD, cerebrovascular disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary
disease; PVD, peripheral vascular disease.
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[CI], 0.9–0.1), but females were less likely to be readmitted for AP
(OR, 0.87; 95% CI, 0.8–0.9). Patients with private insurance had a
lower likelihood of all-cause readmission (OR, 0.6; 95% CI,
0.6–0.7) and AP-specific readmission (OR, 0.66; 95% CI, 0.6–0.7)
comparedwithMedicare patients. Uninsured patients had lower odds
of all-cause and AP-specific readmissions as well compared with
Medicare patients, whereas there was no difference between Medi-
care and Medicaid patients. There was no relationship between me-
dian household income and odds of readmission.

Hospitalization-Level Factors
Odds of all-causes readmission for patients discharged to

short-term hospitals (OR, 1.7; 95% CI, 1.4–2.0), to nursing facil-
ities (OR, 1.4; 95% CI, 1.3–1.5), or with home health care (OR,
1.68; 95% CI, 1.55–1.84) were higher compared with patients
routinely discharged home, but interestingly odds of readmission
for AP were lower for patients who were discharged to a facility
(OR, 0.72; 95% CI, 0.59–0.87) compared with routine home dis-
charge. Patients who had a hospital stay of 6 days or more had an
increased likelihood of readmission compared with those with a
length of stay (LOS) of less than 6 days (OR, 1.5; 95% CI,
1.4–1.5). Weekend admissions were associated with a trend to-
ward, but not statistically significant, increase in the risk of all-
cause and AP-specific readmissions.

Comorbidities
A rising CCI correlated with a higher odd for all-cause of re-

admission as shown by an OR of 1.08 (95% CI, 1.03–1.14) for
CCI of 1 and OR of 1.44 (95% CI, 1.36–1.51) for scores greater
than 1 when compared with CCI of 0, but there was no difference
in AP-specific readmissions as shown by an OR of 0.99 (95% CI,
0.92–1.06) for CCI of 1 and OR of 0.97 (95% CI, 0.89–1.04) for
scores greater than 1 when compared with CCI of 0. Patient who
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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had acute kidney injury and acute respiratory failure had higher
chance of all-cause, but not AP-specific, readmission. Chronic
pancreatitis was associated with a significant increase in the risk
of all-cause and AP-specific readmissions.

Procedural Factors
Odds of all-cause readmission were higher if the patient had

bile duct obstruction in index hospitalization (OR, 1.3; 95% CI,
1.1–1.4), whereas odds of all-cause and AP-specific readmissions
were decreased in patients who had had cholecystectomy during
that admission with ORs of 0.46 (95% CI, 0.42–0.51) and 0.35
(95% CI, 0.29–0.41), respectively. Because cholecystectomy was
associated with reduced readmission rates of 54% for all-cause
and 65% for AP-specific readmissions, we evaluated the predictors
for cholecystectomy in index hospitalization (Table 6). Females,
younger patients, and those with private insurance were more
likely to receive a cholecystectomy, whereas patients with higher
CCI, chronic pancreatitis, alcohol abuse, and pancreatic cancer
were less likely to receive cholecystectomy. Cholelithiasis was
the strongest predictor for receiving cholecystectomy with an OR
of 70.08.
Predictors of Readmission by Etiology
of Pancreatitis

Multivariate analyses for predictors of all-cause readmission
based on etiology of index episode of pancreatitis (biliary, alco-
holic, or acute on chronic) are presented in Supplementary Tables
1 to 3, http://links.lww.com/MPA/A619. Of note, cholecystectomy
was associated with significantly reduced odds of readmission in
biliary pancreatitis (OR, 0.3; 95% CI, 0.2–0.3) and with a trend to-
ward reduction in odds of readmission in alcoholic pancreatitis, but
not reaching significance (OR, 0.6; 95%CI, 0.4–0.9). Therewas no
www.pancreasjournal.com 49
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TABLE 4. Multivariate Analysis for Predictors of All-Cause
30-Day Readmission for the AP Patients

Variable OR
Lower
CI

Upper
CI P

Sex
Male (reference)
Female 1.0 0.9 1.0 0.3111

Age group, y
18–44 (reference)
45–64 0.9 0.8 0.9 <0.0001
65–84 0.6 0.5 0.6 <0.0001
≥85 0.5 0.4 0.6 <0.0001

Payer
Medicare (reference)
Medicaid 1.0 1.0 1.1 0.614
Private insurance 0.6 0.6 0.7 <0.0001
Uninsured/other 0.7 0.7 0.8 <0.0001

Bed size
Small bed size (reference)
Medium 1.0 0.9 1.0 0.4086
Large 1.1 1.0 1.2 0.0111

Disposition
Routine (reference)
Short-term hospital 1.7 1.4 2.0 <0.0001
Facility 1.4 1.3 1.5 <0.0001
Home health care 1.7 1.5 1.8 <0.0001
Other 2.1 1.9 2.3 <0.0001

Teaching status
Metropolitan, nonteaching (reference)
Metropolitan teaching 0.9 0.9 1.0 0.0041
Nonmetropolitan hospital 0.9 0.8 0.9 0.001

Owner
Government (reference)
Private, not for profit 1.0 0.9 1.1 0.8143
Private, profit 1.1 1.0 1.2 0.1105

Median household income
0–25th percentile (reference)
26th–50th percentile 1.0 1.0 1.1 0.1401
51st–75th percentile 1.0 1.0 1.1 0.3283
76th–100th percentile 1.0 1.0 1.1 0.317

CCI score
0 (reference)
1 1.1 1.0 1.1 0.0022
>1 1.4 1.4 1.5 <0.0001

Admission day
Nonweekend (reference)
Weekend 1.1 1.0 1.1 0.0111

Length of stay
<7 (reference)
>6 1.5 1.4 1.5 <0.0001

Cholelithiasis
No (reference)
Yes 1.0 0.9 1.0 0.2801

Chronic pancreatitis
No (reference)
Yes 1.9 1.8 2.0 <0.0001

TABLE 4. (Continued)

Cholecystectomy
No (reference)
Yes 0.5 0.4 0.5 <0.0001

Cholangitis
No (reference)
Yes 1.2 1.0 1.5 0.0872

Bile duct obstruction
No (reference)
Yes 1.3 1.1 1.4 <0.0001

Pancreatic cancer
No (reference)
Yes 2.2 1.7 2.9 <0.0001

Alcohol abuse
No (reference)
Yes 0.9 0.9 1.0 0.0008

Pancreatectomy
No (reference)
Yes 1.7 1.4 2.1 <0.0001

Acute kidney injury
No (reference)
Yes 1.2 1.1 1.3 <0.0001

Acute respiratory failure
No (reference)
Yes 0.9 0.9 1.0 0.1928

Morbid obesity
No (reference)
Yes 0.9 0.8 1.0 0.0021
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effect of cholecystectomy on odds of readmission in acute on
chronic pancreatitis.

DISCUSSION
In this study of a large national readmission database in the

United States, we identified an all-cause 30-day readmission rate
of 16.2%. This trend is along the lower end of the range identified
in prior studies, where readmission rates ranged from 15% to
29%.13–17 Our findings are likely more representative of the actual
30-day readmission rate after AP in the United States, given the
large sample size and representative distribution of hospitals and
states included in the NRD. A total of 7.2% of all admissions were
readmitted with a primary diagnosis of AP, representing 41.5% of
all readmissions, easily representing the most common cause
for readmission.

In multivariate regression analyses, multiple factors impacted
the odds of readmission. In analyzing demographic factors, read-
missions were largely driven by the younger age group, as patients
aged 18 to 44 years had significantly higher rates of readmission
compared with every group of older patients. It is unclear why this
group was readmitted at a higher rate; possible explanations in-
clude continued exposure to specific risk factors in the younger
population, death in older patients removing them from being
available to be included in readmission statistics, and differing eti-
ologies of AP in both populations.23 Younger patients with AP
were also found to have higher rates of readmission in another
study.15 Male patients were more likely to be readmitted for acute
AP, consistent with a prior study,14 but there were no sex differ-
ences for all-cause readmissions. Patients with private insurance
had a lower likelihood of readmission compared with Medicare
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Multivariate Analysis for Predictors of Recurrent
AP 30-Day Readmission for the AP Patients

Variable
Point

Estimate 95% CI P

Sex
Male (reference)
Female 0.87 0.82–0.92 <0.0001

Age group, y
18–44 (reference)
45–64 0.79 0.74–0.86 <0.0001
65–84 0.45 0.39–0.51 <0.0001
≥85 0.35 0.27–0.44 <0.0001

Payer
Medicare (reference)
Medicaid 1.04 0.93–1.17 0.4696
Private insurance 0.66 0.59–0.73 <0.0001
Uninsured/other 0.82 0.74–0.91 0.0003

Bed size
Small bed size (reference)
Medium 0.96 0.86–1.07 0.4266
Large 1.03 0.93–1.14 0.6411

Disposition
Routine (reference)
Short-term hospital 1.39 1.08–1.79 0.0118
Facility 0.72 0.59–0.87 0.0009
Home health care 1.32 1.14–1.53 0.0002
Other 1.98 1.75–2.23 <0.0001

Teaching status
Metropolitan, nonteaching (reference)
Metropolitan teaching 0.95 0.88–1.02 0.1605
Nonmetropolitan hospital 0.96 0.86–1.07 0.4819

Owner
Government (reference)
Private, not for profit 0.98 0.90–1.07 0.6733
Private, profit 1.00 0.90–1.12 0.9793

Median household income
0–25th percentile (reference)
26th–50th percentile 1.11 1.02–1.21 0.0151
51st–75th percentile 1.08 1.00–1.18 0.0632
76th–100th percentile 1.07 0.97–1.17 0.1622

CCI score
0 (reference)
1 0.99 0.92–1.06 0.7402
>1 0.97 0.89–1.04 0.3735

Admission day
Nonweekend (reference)
Weekend 1.07 1.01–1.13 0.0317

Length of stay
<7 (reference)
>6 1.33 1.23–1.44 <0.0001

Cholelithiasis
No (reference)
Yes 0.88 0.79–0.98 0.0159

TABLE 5. (Continued)

Chronic pancreatitis
No (reference)
Yes 2.43 2.27–2.61 <0.0001

Cholecystectomy
No (reference)
Yes 0.35 0.29–0.41 <0.0001

Cholangitis
No (reference)
Yes 0.71 0.47–1.08 0.1065

Bile duct obstruction
No (reference)
Yes 1.14 1.01–1.28 0.0388

Pancreatic cancer
No (reference)
Yes 1.05 0.64–1.70 0.8558

Alcohol abuse
No (reference)
Yes 0.99 0.92–1.06 0.7279

Pancreatectomy
No (reference)
Yes 1.07 0.78–1.48 0.6699

Acute kidney injury
No (reference)
Yes 1.03 0.90–1.18 0.6827

Acute respiratory failure
No (reference)
Yes 0.95 0.82–1.10 0.4559

Morbid obesity
No (reference)
Yes 0.94 0.83–1.06 0.2882
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patients for all-cause and AP-specific readmissions. This is con-
sistent with national data indicating higher readmission rates in
patients on Medicare compared with those on private insurance.24

This seems to be independent of income, as there was no relation-
ship between median household income and odds of readmission.

When analyzing hospitalization factors, weekend admission
was associated with a trend toward higher rates of readmission.
Previous studies have found worse outcomes when patients were
admitted on the weekend in specific disease states; however, gen-
eral medicine patients did not have higher rates of readmission on
theweekends in a prior study.25,26 In a Japanese database study, no
differences inmortality rates, LOS, or total costs were seen between
weekday and weekend admissions in AP,27 and a UK population
study did not find increased mortality in AP patients admitted on
the weekend.28 Possible reasons for increased readmission rates af-
ter a weekend admission in our study include decreased staffing on
weekends, decreased access to specialists, and subsequent delays in
care. Given the importance of early aggressive management in AP,
a weekend admission may result in delay in care that could lead to
adverse patient complications.

Discharge to long-term-care facilities was associated with
higher rates of all-cause readmission compared with routine home
discharges. This could reflect increased frailty and comorbidities
in patients who required long-term care as compared with patients
able to be discharged home. Discharge to long-term care has pre-
viously been associated with higher rates of 30-day readmission
in older patients.29 Interestingly, in the cases of AP-specific
www.pancreasjournal.com 51
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TABLE 6. Multivariate Analysis for Predictors of
Cholecystectomy in Index Hospitalization for AP

Variable OR
Lower
CI

Upper
CI P

Sex
Male (reference)
Female 1.14 1.07 1.22 <0.0001

Age group, y
18–44 (reference)
45–64 0.81 0.75 0.87 <0.0001
65–84 0.86 0.77 0.96 0.0062
≥85 0.42 0.36 0.50 <0.0001

Payer
Medicare (reference)
Medicaid 1.02 0.90 1.15 0.7938
Private insurance 1.20 1.08 1.34 0.001
Uninsured/other 1.13 1.00 1.28 0.0447

Bed size
Small bed size (reference)
Medium 1.17 0.99 1.39 0.0608
Large 1.26 1.08 1.47 0.0038

Disposition
Routine (reference)
Short-term hospital 0.17 0.11 0.26 <0.0001
Facility 0.66 0.57 0.76 <0.0001
Home health care 0.78 0.69 0.90 0.0004
Other 0.07 0.04 0.12 <0.0001

Teaching status
Metropolitan, nonteaching (reference)
Metropolitan teaching 1.16 1.03 1.29 0.0109
Nonmetropolitan hospital 0.82 0.68 0.98 0.0304

Owner
Government (reference)
Private, not for profit 1.08 0.92 1.26 0.3666
Private, profit 1.18 0.99 1.41 0.0633

Median household income
0–25th percentile (reference)
26th–50th percentile 0.98 0.89 1.07 0.6236
51st–75th percentile 0.95 0.86 1.05 0.3223
76th–100th percentile 0.85 0.75 0.96 0.0091

CCI score
0 (reference)
1 0.77 0.72 0.83 <0.0001
>1 0.55 0.50 0.60 <0.0001

Admission day
Nonweekend (reference)
Weekend 1.07 1.01 1.14 0.0255

Length of stay
<7 (reference)
>6 1.92 1.75 2.10 <0.0001

Cholelithiasis
No (reference)
Yes 70.08 64.00 76.73 <0.0001

Chronic pancreatitis
No (reference)
Yes 0.40 0.34 0.47 <0.0001

TABLE 6. (Continued)

Cholangitis
No (reference)
Yes 0.82 0.66 1.00 0.0512

Bile duct obstruction
No (reference)
Yes 1.20 1.04 1.39 0.0124

Pancreatic cancer
No (reference)
Yes 0.06 0.01 0.43 0.0054

Alcohol abuse
No (reference)
Yes 0.26 0.23 0.29 <0.0001

Pancreatectomy
No (reference)
Yes 3.89 2.09 7.26 <0.0001

Acute kidney injury
No (reference)
Yes 0.74 0.66 0.84 <0.0001

Acute respiratory failure
No (reference)
Yes 0.83 0.70 0.97 0.0222

Morbid obesity
No (reference)
Yes 1.11 1.00 1.23 0.0551
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readmissions, discharge to facility was associated with lower
odds of readmission, potentially due to a removal of a specific
AP risk factor, such as alcohol, in patients managed at a facility
as opposed to home. However, when stratified by cause of pan-
creatitis, the association of facility discharge with reduced rates
of readmission was strongest in the acute on chronic pancreati-
tis group, as opposed to alcoholic pancreatitis.

In this database, we were not able to classify severity of AP
because there is no separate ICD-9 code for severe AP. However,
when looking at the CCI, increasing scores were associated with in-
creased rates of all-cause readmission, which may be reflective of
overall illness severity and patient comorbidities. Patients who had
acute renal failure and acute respiratory failure during index hospital-
ization were also more likely to be readmitted for any cause, but not
for AP. Readmission after increased disease severity is consistent
with another study that was able to risk-stratify patients and found
that those with higher Ranson scores (but not the Bedside Index
for Severity in Acute Pancreatitis or Acute Physiology and Chronic
Health Evaluation) were more likely to be readmitted.14 They also
found patients with intensive care unit stay, organ failure, local
complications, and increased LOS, likely all reflecting higher dis-
ease severity, were more likely to be readmitted. Our study also
found that increased LOS was associated with higher odds of
all-cause and AP-specific readmissions, and intensive care unit
stay trended toward higher odds of readmission, but it was not
statistically significant.

Interestingly, in our study, alcohol use was not associated
with increased risk of all-cause or AP-specific readmission, which
is converse to multiple previous studies.13–16 We do not have a
clear explanation for why this was the case; potentially, patients
who resumed alcohol use were less likely to return to seek care be-
cause of continued substance use or because of limited resources
or ability to seek care.
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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An important finding in this study is that the odds of all-
cause and AP-specific readmissions were decreased in patients
who had had cholecystectomy during the index admission. In ad-
dition, when stratifying for the initial etiology of pancreatitis, only
those with biliary pancreatitis achieved a statistically significant
reduction in readmission rate from cholecystectomy during index
admission. Taken together, these findings are consistent with pre-
vious studies that found a reduction in readmissions with chole-
cystectomy during index admission for AP,30 and multiple
guidelines recommend performing cholecystectomy during index
admission in cases of suspected biliary pancreatitis.31,32 When
looking specifically at acute biliary pancreatitis, a previous study
found reduced readmission rates when either cholecystectomy or
ERCP was performed.33 In addition, a randomized trial compar-
ing cholecystectomy during index hospitalization with delayed
cholecystectomy found that surgery during the initial stay was as-
sociated with fewer gallstone-related readmissions and was more
cost-effective, compared with delayed surgery.34 These findings
were again reinforced in a retrospective analysis.35

Hospital systems will need to be designed to assist with per-
forming cholecystectomy during index admission, because this
can occasionally be resource intensive if surgical teams are di-
rected away from their normal operating schedules. One potential
program is the implantation of an acute care surgical service and
admission of patients with biliary pancreatitis to this service,
which in a retrospective analysis was associated with higher rates
of cholecystectomy done during index admission, along with
lower rates of readmissions and ED visits compared with prior
to the existence of the service.36 In our study, we found that males,
older patients, and patients with a higher CCI were less likely to
undergo cholecystectomy at index admission, so this helps iden-
tify a population that may need more close coordination on admis-
sion for AP with the surgical team to assess their ability to undergo
surgery during admission. In addition, there was a higher odd of
cholecystectomy in metropolitan (teaching and nonteaching) hos-
pitals compared with nonmetropolitan hospitals, as well as in large
hospitals compared with small hospitals. This suggests that pa-
tients hospitalized with AP may be better served at a larger, metro-
politan hospitalwhichmay have adequate resources for performing
cholecystectomies during index admission. Lastly, patients with
private insurance were more likely to undergo cholecystectomy
compared with Medicare patients, offering a specific population
where quality improvement initiatives could be targeted.

The strength of this study is the large database sample size,
allowing for robust associations to be obtained. Weaknesses of
this study include the retrospective nature of the data collected,
meaning only associations and not causality could be inferred; re-
liance on ICD-9 coding, which may be inaccurate; lack of clinical
data such as laboratory values in the database; and limited time
frame of the data (data available only for 2013). Future large-
scale prospective studies are needed to further elucidate the spe-
cific risk factors for readmission in AP, ideally to infer causation,
as well as to develop a risk-stratification model that could be
used clinically.
CONCLUSIONS
In this large, nationally representative retrospective database

analysis of hospitalizations for AP, readmission for AP is com-
mon, occurring in 16.7% of cases. Almost half of readmissions
are due to recurrent AP. Cholecystectomy during index admission
was significantly associated with a lower risk of all-cause and
AP-specific readmission, with the strongest reduction in risk of
readmission in the setting of biliary pancreatitis during admission,
supporting current international guidelines recommending
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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cholecystectomy during admission for acute biliary pancreatitis.
Factors that were associated with higher risk of all-cause readmis-
sion included younger age, nonprivate insurance, increasing CCI,
and overall LOS. Even though increased LOS may be related to
severity of disease, early collaboration of the surgical and medical
teams to expedite management may prove valuable in reducing
the rates of readmissions. Planning of early and regular follow-
up of patients with increased risk of readmission, such as those
with higher burden of comorbid disease, may help reduce read-
mission and associated increased health care costs.
REFERENCES
1. Kadiyala V, Suleiman SL, McNabb-Baltar J, et al. The Atlanta

Classification, Revised Atlanta Classification, and determinant-based
classification of acute pancreatitis: which is best at stratifying outcomes?
Pancreas. 2016;45:510–515.

2. Maleth J, Hegyi P. Ca2+ toxicity and mitochondrial damage in acute
pancreatitis: translational overview. Philos Trans R Soc Lond B Biol Sci.
2016;371. pii: 20150425.

3. Vege SS, Ziring B, Jain R, et al. American Gastroenterological Association
institute guideline on the diagnosis and management of asymptomatic
neoplastic pancreatic cysts. Gastroenterology. 2015;148:819–822; quiz
812–813.

4. Lankisch PG, Apte M, Banks PA. Acute pancreatitis. Lancet. 2015;386:
85–96.

5. Bollen TL. Acute pancreatitis: international classification and
nomenclature. Clin Radiol. 2016;71:121–133.

6. Bruno MJ; Dutch Pancreatitis Study Group. Improving the outcome of
acute pancreatitis. Dig Dis. 2016;34:540–545.

7. Jakkampudi A, Jangala R, Reddy BR, et al. NF-κB in acute pancreatitis:
mechanisms and therapeutic potential. Pancreatology. 2016;16:477–488.

8. Xu XD, Wang ZY, Zhang LY, et al. Acute pancreatitis classifications: basis
and key goals.Medicine (Baltimore). 2015;94:e2182.

9. Mole DJ, Gungabissoon U, Johnston P, et al. Identifying risk factors for
progression to critical care admission and death among individuals with
acute pancreatitis: a record linkage analysis of Scottish healthcare
databases. BMJ Open. 2016;6:e011474.

10. Chhabra P, Rana SS, Sharma V, et al. Hypocalcemic tetany: a simple
bedside marker of poor outcome in acute pancreatitis. Ann Gastroenterol.
2016;29:214–220.

11. Beduschi MG, Mello AL, VON-Mühlen B, et al. The PANC 3 score
predicting severity of acute pancreatitis. Arq Bras Cir Dig. 2016;29:5–8.

12. Huang J, Qu HP, Zheng YF, et al. The revised Atlanta criteria 2012 altered
the classification, severity assessment and management of acute
pancreatitis. Hepatobiliary Pancreat Dis Int. 2016;15:310–315.

13. Suchsland T, Aghdassi A, Kühn K, et al. Predictive factors for and
incidence of hospital readmissions of patients with acute and chronic
pancreatitis. Pancreatology. 2015;15:265–270.

14. Vipperla K, Papachristou GI, Easler J, et al. Risk of and factors associated
with readmission after a sentinel attack of acute pancreatitis. Clin
Gastroenterol Hepatol. 2014;12:1911–1919.

15. Yadav D, Lee E, Papachristou GI, et al. A population-based evaluation of
readmissions after first hospitalization for acute pancreatitis. Pancreas.
2014;43:630–637.

16. Yadav D, O'Connell M, Papachristou GI. Natural history following the first
attack of acute pancreatitis. Am J Gastroenterol. 2012;107:1096–1103.

17. Whitlock TL, Repas K, Tignor A, et al. Early readmission in acute
pancreatitis: incidence and risk factors. Am J Gastroenterol. 2010;105:
2492–2497.

18. Greenberg JA, Hsu J, Bawazeer M, et al. Clinical practice guideline:
management of acute pancreatitis. Can J Surg. 2016;59:128–140.
www.pancreasjournal.com 53

Health, Inc. All rights reserved.

http://www.pancreasjournal.com


Garg et al Pancreas • Volume 47, Number 1, January 2018
19. Bejarano González N, Romaguera Monzonís A, García Borobia FJ, et al.
Influence of delayed cholecystectomy after acute gallstone pancreatitis on
recurrence. Consequences of lack of resources. Rev Esp Enferm Dig. 2016;
108:117–122.

20. Ahmed Ali U, Issa Y, Hagenaars JC, et al. Risk of recurrent pancreatitis and
progression to chronic pancreatitis after a first episode of acute pancreatitis.
Clin Gastroenterol Hepatol. 2016;14:738–746.

21. Lee PJ, Bhatt A, Lopez R, et al. Thirty-day readmission predicts 1-year
mortality in acute pancreatitis. Pancreas. 2016;45:561–564.

22. Krishna SG, Hinton A, Oza V, et al. Morbid obesity is associated with
adverse clinical outcomes in acute pancreatitis: a propensity-matched study.
Am J Gastroenterol. 2015;110:1608–1619.

23. Frey CF, Zhou H, Harvey DJ, et al. The incidence and case-fatality rates
of acute biliary, alcoholic, and idiopathic pancreatitis in California,
1994–2001. Pancreas. 2006;33:336–344.

24. Hines AL, Barrett ML, Jiang HJ, et al. Conditions with the largest
number of adult hospital readmissions by payer, 2011. HCUP
Statistical Brief #172. April 2014. Available at: http://www.hcup-us.ahrq.
gov/reports/statbriefs/sb172-Conditions-Readmissions-Payer.pdf.
Accessed September 17, 2017.

25. Khanna R, Wachsberg K, Marouni A, et al. The association between night
or weekend admission and hospitalization-relevant patient outcomes.
J Hosp Med. 2011;6:10–14.

26. Bell CM, Redelmeier DA. Mortality among patients admitted to hospitals
on weekends as compared with weekdays. N Engl J Med. 2001;345:
663–668.

27. Hamada T, Yasunaga H, Nakai Y, et al. No weekend effect on outcomes of
severe acute pancreatitis in Japan: data from the diagnosis procedure
combination database. J Gastroenterol. 2016;51:1063–1072.
54 www.pancreasjournal.com

Copyright © 2017 Wolters Kluwer H
28. Roberts SE, Thorne K, Evans PA, et al. Mortality following acute
pancreatitis: social deprivation, hospital size and time of admission:
record linkage study. BMC Gastroenterol. 2014;14:153.

29. Silverstein MD, Qin H, Mercer SQ, et al. Risk factors for 30-day hospital
readmission in patients ≥65 years of age. Proc (Bayl Univ Med Cent).
2008;21:363–372.

30. van Baal MC, Besselink MG, Bakker OJ, et al. Timing of cholecystectomy
after mild biliary pancreatitis: a systematic review. Ann Surg. 2012;255:
860–866.

31. Working Group IAP/APA Acute Pancreatitis Guidelines. IAP/APA
evidence-based guidelines for the management of acute pancreatitis.
Pancreatology. 2013;13(4 Suppl 2):e1–e15.

32. Tenner S, Baillie J, DeWitt J, et al. American College of Gastroenterology
guideline: management of acute pancreatitis. Am J Gastroenterol. 2013;
108:1400–1415; 1416.

33. Nguyen GC, Rosenberg M, Chong RY, et al. Early cholecystectomy and
ERCP are associated with reduced readmissions for acute biliary
pancreatitis: a nationwide, population-based study. Gastrointest Endosc.
2012;75:47–55.

34. da Costa DW, Bouwense SA, Schepers NJ, et al. Same-admission
versus interval cholecystectomy for mild gallstone pancreatitis
(PONCHO): a multicentre randomised controlled trial. Lancet.
2015;386:1261–1268.

35. Boshnaq MH, Merali N, El Abbassy IH, et al. Financial burden secondary
to delay in cholecystectomy following mild biliary pancreatitis. J Invest
Surg. 2017;30:170–176.

36. Murphy PB, Paskar D, Parry NG, et al. Implementation of an acute care
surgery service facilitates modern clinical practice guidelines for
gallstone pancreatitis. J Am Coll Surg. 2015;221:975–981.
© 2017 Wolters Kluwer Health, Inc. All rights reserved.

ealth, Inc. All rights reserved.

http://www.hcup-us.ahrq.gov/reports/statbriefs/sb172-Conditions-Readmissions-Payer.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb172-Conditions-Readmissions-Payer.pdf
http://www.pancreasjournal.com

