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Abstract

Background Contemporary nationwide outcomes of gallstone pancreatitis (GSP) managed by cholecystectomy at the index
hospitalization are limited. This study aims to define the rate of 30-day morbidity and mortality and identify associated
perioperative risk factors in patients undergoing cholecystectomy for GSP.

Methods Patients from the ACS-NSQIP database with GSP without pancreatic necrosis, who underwent cholecystectomy
during the index hospitalization from 2017 to 2019 were selected. Factors associated with 30-day morbidity and mortality
were analyzed.

Results Of the 4021 patients identified, 1375 (34.5%) were male, 2891 (71.9%) were White, 3923 (97.6%) underwent laparo-
scopic surgery, and 52.4 years (SD = 18.9) was the mean age. There were 155 (3.8%) patients who developed morbidity and
15 (0.37%) who died within 30 days of surgery. In bivariate regression analysis, both 30-day morbidity and mortality were
associated with older age, elevated pre-operative BUN, hypertension, chronic obstructive pulmonary disease, congestive heart
failure, acute kidney injury, and dyspnea. ASA of I or II and laparoscopic surgery were protective against 30-day morbidity
and mortality. In multivariable regression analysis, factors independently associated with increased 30-day morbidity included
preoperative SIRS/sepsis [OR: 1.68 (95% CI: 1.01-2.79), p=0.048], and age [OR: 1.03 (95% CI: 1.01-1.04), p=0.001].
Factors associated with increased 30-day mortality included tobacco use [OR: 8.62 (95% CI: 2.11-35.19), p=0.003] and
age [OR: 1.10 (95% CI: 1.04-1.17), p=0.002].

Conclusions Patients with GSP without pancreatic necrosis can undergo cholecystectomy during the index admission with
very low risk of 30-day morbidity or mortality.
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Introduction

Acute pancreatitis is a leading cause for gastrointestinal-
related hospital admissions in the USA, and gallstone dis-
ease is the most common etiology of acute pancreatitis
[1]. Cholecystectomy remains the definitive treatment for
gallstone pancreatitis (GSP); however, the recommended
timing of surgery has evolved [2]. The most recent evi-
dence supports cholecystectomy during the index hospital-
ization for mild GSP [3-5]. Performing cholecystectomy
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prior to discharge decreases the risk of patients returning
with progressive or recurrent symptoms, which can lead to
significant morbidity [6-8]. In fact, delayed cholecystec-
tomy has been associated with a 31-53% risk of recurrent
biliary events including pancreatitis [5, 9].

Despite the prevalence of GSP, there are few studies
analyzing national data on the morbidity and mortality
of cholecystectomy at index hospitalization. Given the
increasing use of cholecystectomy during the index hos-
pitalization, it is important to understand the predictors
of poor surgical outcomes in order to guide risk stratifi-
cation and patient selection. Therefore, this study aims
to define the rate of 30-day morbidity and mortality as
well as identify associated perioperative risk factors
in patients undergoing cholecystectomy for GSP at the
index hospitalization.
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Methods
Data source and patient selection

The American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database provides
30-day risk-adjusted surgical outcomes using peer-con-
trolled, validated perioperative clinical data. The database
from 2019 included 719 hospitals nationwide that partici-
pate on a voluntary basis. The NSQIP database from years
2017 to 2019 was queried for patients who underwent either
laparoscopic or open cholecystectomy (CPT codes 47,600,
47,605, 47,610, and 47,562—4) for gallstone pancreatitis dur-
ing their index hospitalization. Only patients with the diag-
nosis of gallstone pancreatitis without pancreatic necrosis
were included based on the International Classification of
Diseases, 10th revision (ICD-10) code K85.10, as patients
with necrosis are typically subject to a different management
algorithm that includes delayed cholecystectomy. Patients
were included if their surgery was performed on an inpatient,
non-elective basis. This study was approved by the Institu-
tional Review Board of Lundquist Institute at Harbor-UCLA
Medical Center and determined to meet the criteria for non-
human subject research.

Variables

Patient demographics, comorbidities, and risk factors were
collected. Comorbidities assessed were diabetes mellitus,
hypertension requiring medications, congestive heart failure
(CHF), renal failure, dialysis dependence, ascites, metastatic
cancer, and chronic obstructive pulmonary disease (COPD).
NSQIP-defined risk factors included smoking history,
chronic steroid use, and recent weight loss. Additional pre-
operative variables included white blood cell count (WBC),
blood urea nitrogen (BUN) level, dyspnea, ascites, acute kid-
ney injury (AKI), preoperative ventilator use, preoperative
systemic inflammatory response syndrome (SIRS)/sepsis,
preoperative blood transfusion, and American Society of
Anesthesiologists (ASA) class. The SIRS/sepsis variable
spans patients with relatively mild physiologic abnormalities
to septic shock. The primary outcome measures were 30-day
mortality and 30-day morbidity. The variables in this study’s
composite morbidity variable included any of the following
post-operative complications: pneumonia, unplanned intuba-
tion, ventilator use greater than 48 h, pulmonary embolism
(PE), deep venous thrombosis (DVT), urinary tract infec-
tion (UTI), renal insufficiency or failure, superficial, deep or
organ space surgical site infection, wound dehiscence, car-
diac arrest, myocardial infarction, stroke, or post-operative
SIRS/sepsis.
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Analysis

Bivariate and multivariate logistic regression analyses were
performed to assess whether demographics, comorbidities,
and markers of preoperative end-organ dysfunction were
associated with 30-day morbidity and mortality. A 2-sided
p <0.05 was considered statistically significant. Any vari-
able with p <0.10 in initial bivariate analysis was included
in a multivariate regression analysis. The Student’s 7-test
was used to compare continuous data, and Pearson y2 and
Fisher’s exact tests were used to compare categorical data
as appropriate. SPSS V24 (IBM Corp, Armonk, New York)
was used to perform statistical analysis.

Results

A total of 4021 patients with gallstone pancreatitis with-
out necrosis underwent cholecystectomy. Of those, 1375
(34.5%) were male, 2891 (71.9%) were White, 558 (22.4%)
were Hispanic, and 3923 (97.6%) underwent laparoscopic
surgery. The mean age was 52.4 +18.9 years. There were 37
(0.9%) patients who returned to the operating room. A total
of 155 (3.8%) patients developed morbidity and 15 (0.37%)
died within 30 days of surgery.

In bivariate regression analysis, 30-day morbidity was
associated with older age (63.6+17.3 vs. 51.9+18.9,
p<0.001), male sex (47.1% vs. 33.7%, p=0.001), BUN
(16.5+16.3 vs. 10.2+7.7, p<0.001), higher WBC
(10.3+4.5 vs, 8.8 +3.8,<0.001), and the following comor-
bid conditions: hypertension (55.5% vs. 38.9%, p <0.001),
COPD (11.6% vs. 2.7%, p <0.001), CHF (3.9% vs. 1.1%,
P=0.012), AKI (4.5% vs. 0.3%, p<0.001), dyspnea (7.1%
vs 2.8%, p=0.006), steroid use (5.2% vs. 2.0%, p=0.018),
and preoperative SIRS/sepsis (34.8% vs. 19.3%, p <0.001).
Factors protective against 30-day morbidity were Hispanic
ethnicity (9.0% vs. 14.1%, p=0.032), ASA class I or II
(29.7% vs. 56.5%, p<0.001), laparoscopic surgery (84.5%
vs. 98.1%, p<0.001), and cholecystectomy performed
within 3 days of admission (40.0% vs. 48.2%, p =0.044)
(Table 1).

Patients who had higher 30-day mortality were older
(75.5+13.2 vs. 52.3+18.9, p<0.001), had higher rates
of current tobacco use (33.3% vs. 13.9%, p=0.047), and
had higher pre-operative BUN (28.1 +£22.2 vs. 10.4 £ 8.1,
p<0.001). Additionally, they had higher rates of diabe-
tes (40.0% vs. 15.0%, p=0.017), hypertension (73.3% vs.
39.4%, p=0.007), COPD (20.0% vs. 3.0%, p=0.009),
CHF (13.3% vs. 1.2%, p=0.014), dialysis use (13.3% vs.
0.9%, p=0.008), AKI (13.3% vs. 0.4%, p=0.002), dyspnea
(20.0% vs. 2.9%, p=0.009), bleeding disorders (26.7% vs.
5.6%, p=0.009), and lower BMI (29.4 +4.7 vs. 32.5.+8.2,
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Table 1 Bivariate regression analysis for 30-day Morbidity and 30-day Mortality by demographics, clinical characteristics, and operative factors
for patients with acute gallstone pancreatitis without necrosis who underwent cholecystectomy

Characteristics No. 30-day morbidity 30-day morbidity  p-value No. 30-day mortality 30-day mortality p-value
(%), n=3866 (%), n=155 (%), n=4006 (%), n=15
Male 1302 (33.7) 73 (47.1) 0.001 1368 (34.1) 7 (46.7) 0.31
White 2774 (71.8) 117 (75.5) 0.61 2879 (83.8) 12 (85.7) 0.60
Hispanic 544 (14.1) 14 (9.03) 0.032 556 (13.9) 2(13.3) 0.54
Diabetes 576 (14.9) 31 (20.0) 0.082 601 (15.0) 6 (40.0) 0.017
Hypertension 1502 (38.9) 86 (55.5) <0.001 1577 (39.4) 11 (73.3) 0.007
COPD 104 (2.7) 18 (11.6) <0.001 119 (3.0) 3 (20.0) 0.009
CHF 44 (1.1) 6(3.9) 0.012 48 (1.2) 2 (13.3) 0.014
Dialysis 33(0.9) 4(2.6) 0.052 35(0.9) 2(13.3) 0.008
Ascites 9(0.2) 2(1.3) 0.065 11 (0.3) 0(0) 1.0
Acute kidney injury 10 (0.3) 7 (4.5) <0.001 15(0.4) 2 (13.3) 0.002
Dyspnea 108 (2.8) 11(7.1) 0.006 116 (2.9) 3(20.0) 0.009
Current smoker* 537 (13.9) 24 (15.5) 0.57 556 (13.9) 5(33.3) 0.047
Bleeding disorder 215 (5.6) 15(9.7) 0.30 226 (5.6) 4(26.7) 0.009
Metastatic cancer 12 (0.3) 0(0) 1.0 12 (0.3) 0 (0) 1.0
Steroid use® 79 (2.0) 8(5.2) 0.018 86 (2.1) 1(6.7) 0.28
Weight loss® 47 (1.2) 4(2.6) 50 (1.2) 1(6.7) 0.18
Preop ventilator 7(0.2) 00 1.0 7(0.2) 0@ 1.0
Preop transfusion 19 (0.5) 2 (1.3) 0.19 21 (0.5) 00 0.924
Preop SIRS/sepsis 746 (19.3) 54 (34.8) <0.001 794 (19.8) 6 (40.0) 0.059
Emergent 692 (17.9) 21 (13.5) 0.16 710 (17.7) 3 (20.0) 0.74
ASA class I or I1 2184 (56.5) 46 (29.7) <0.001 2230 (55.7) 0 () <0.001
Laparoscopic surgery 3792 (98.1) 131 (84.5) <0.001 3911 (97.6) 12 (80.0) 0.005
Cholecystectomy within 3 days of 1865 (48.2) 62 (40.0) 0.044 1921 (48.0) 6 (40.0) 0.379
admission
Age, mean (SD), years 51.94 (18.85) 63.56 (17.27) <0.001 52.3(18.9) 75.5 (13.2) <0.001
Pre-operative BUN, mean (SD) 10.24 (7.65) 16.49 (16.27) <0.001 10.4 (8.1) 28.1(22.2) <0.001
Pre-operative WBC, mean (SD) 8.79 (3.77) 10.26 (4.49) <0.001 8.8 (3.8) 9.48 (3.0) 0.42
BMI, mean (SD), kg/m? 32.51 (8.15) 32.33(7.97) 0.79 32.51 (8.15) 29.35 (4.66) 0.025

COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; ASA, American Society of Anesthesiologists; SD, standard devia-
tion; WBC, white blood cells; BUN, blood urea nitrogen; BMI, body mass index, *within 72 h of admission; *current smoker within 1 year; bster-

oid use for chronic condition; “> 10% loss body weight in last 6 months

Bolded values represent statistical significance

p=0.025). ASA class I or II (55.7% vs. 0%, p<0.001) and
laparoscopic surgery (97.6% vs. 80.0%, p=0.005) were
associated with lower 30-day mortality (Table 1).

In multivariable regression analysis, factors indepen-
dently associated with higher 30-day morbidity included
pre-operative SIRS/sepsis [OR: 1.68 (95% CI: 1.01-2.79),
p=0.048], and age [OR: 1.03 (95% CI: 1.01-1.04),
p=0.001], whereas laparoscopic surgery [OR: 0.10 (95%
CI: 0.055-0.20), p <0.001] was associated with lower
morbidity. Factors associated with higher 30-day mortal-
ity included tobacco use [OR: 8.62 (95%CI: 2.11-35.19),
p=0.003] and age [OR: 1.10 (95% CI: 1.04-1.17),
p=0.002], whereas laparoscopic surgery was similarly
associated with lower mortality [OR: 0.13 (95% CI:
0.031-0.57), p=0.007] (Table 2).

Discussion

In this large national study of patients with gallstone pan-
creatitis without pancreatic necrosis who underwent chol-
ecystectomy during the index admission, 30-day morbidity
and mortality were notably low at 3.8% and 0.37%, respec-
tively. The exclusion of patients with pancreatic necrosis
in this cohort could contribute to the low overall morbidity
and mortality, as severe gallstone pancreatitis, though less
common, has an associated mortality risk up to 19% [10].
Our findings are consistent with prior studies demonstrating
that patients with mild gallstone pancreatitis who undergo
cholecystectomy have a relatively low risk for mortality if
they undergo surgery at the index hospitalization.
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Table 2 Multivariate logistic

. ; Characteristics
regression analysis of factors

30-day morbidity 30-day mortality

associated with 30-day OR (95% CI) p-value OR (95% CI) p-value

morbidity and mortality

in patients with acute Male 0.93 (0.59-1.46) 0.74 N/A N/A

gallstone pancreatitis without Hispanic 1.05 (0.57-1.96) 0.87 N/A N/A

necrosis who underwent Diabetes 0.63 (0.34-1.15) 0.63 1.06 (0.28-3.99) 0.93

cholecystectomy .
Hypertension 0.79 (0.47-1.33) 0.37 0.45 (0.12-1.76) 0.45
COPD 1.83 (0.78-4.30) 0.17 0.85(0.14-5.23) 0.86
CHF 1.18 (0.33-4.23) 0.8 1.67 (0.24-11.71) 0.61
Dialysis 1.41 (0.31-6.41) 0.66 2.65 (0.19-36.20) 0.47
Ascites 6.32 (0.65-61.46) 0.11 N/A N/A
Acute kidney injury 3.30 (0.61-17.85) 0.17 3.42 (0.19-63.03) 0.41
Dyspnea 0.95 (0.34-2.66) 0.92 1.09 (0.18-6.71) 0.93
Current smoker® N/A N/A 8.62 (2.11-35.19) 0.003
Steroid use” 1.43 (0.52-3.92) 0.49 N/A N/A
Bleeding disorder 0.77 (0.34-1.74) 0.53 1.97 (0.53-7.37) 0.31
Preop SIRS/sepsis 1.68 (1.01-2.79) 0.048 1.70 (0.50-5.80) 0.4
ASA class L or II 0.55 (0.33-0.93) 0.025 0 0.98
Laparoscopic surgery 0.10 (0.055-0.20) <0.001 0.13 (0.031-0.57) 0.007
Cholecystectomy within 3 days of ~ 0.84 (0.54-1.33) 0.47 N/A N/A

admission

Age, mean (SD) 1.03 (1.01-1.04) 0.001 1.10 (1.04-1.17) 0.002
Pre-operative BUN, mean (SD) 1.01 (1.00-1.04) 0.14 1.03 (0.99-1.07) 0.17
Pre-operative WBC, mean (SD) 1.04 (0.99-1.09) 0.12 N/A N/A
BMI, mean (SD) N/A N/A 1.00 (0.92-1.09) 0.98

OR, odds ratio; CI, confidence interval; SD, standard deviation; N/A, not applicable (not included in
model); COPD, chronic obstructive pulmonary disease; CHF, congestive heart failure; ASA, American
Society of Anesthesiologists; WBC, white blood cells; BUN, blood urea nitrogen; BMI, body mass index;
dcurrent smoker within 1 year; bsteroid use for chronic condition

Bolded values represent statistical significance

The findings of our study demonstrating low short-term
morbidity and mortality rates using recent nationwide data
are consistent with literature that supports early cholecystec-
tomy for gallstone pancreatitis [4—7]. In the PONCHO trial,
a large multicentered randomized prospective study of mild
gallstone pancreatitis, same-admission cholecystectomy
reduced perioperative morbidity specifically readmissions
for recurrent gallstone disease [3]. In a smaller prospec-
tive study, mild gallstone pancreatitis patients who under-
went early cholecystectomy (within 48 h after admission)
did not have increased risk for perioperative complications
compared to patients who had cholecystectomy performed
later in their hospitalization [7]. Jee et al. performed a ran-
domized prospective trial that found an 8% post-operative
complication rate after early laparoscopic cholecystectomy.
However, over 80% of these complications were mild surgi-
cal site infections, and there were no mortalities [5]. Using
a large national database, we confirm that morbidity and
mortality are indeed rare events among patients with biliary
pancreatitis. Therefore, cholecystectomy during the index
hospitalization appears safe, and may be even safer with a
laparoscopic approach.

@ Springer

Although a number of factors associated with increased
risk for morbidity and mortality in acute pancreatitis have
been implicated [11, 12], specific risk factors for post-
operative complications following cholecystectomy among
patients with gallstone pancreatitis have not been clearly
identified. In the present study, we identify an association
between preoperative SIRS/sepsis and short-term postop-
erative morbidity. Overall, 19.8% of the total patients in
our study had preoperative SIRS/sepsis. Of note, SIRS and
sepsis were categorized under one variable, which the two
could not be differentiated in this study. However, sepsis
in association with gallstone pancreatitis should raise sus-
picion for concomitant cholangitis or cholecystitis. While
concomitant cholangitis is uncommon, with rates reported
as low as 3% [13], and concomitant cholecystitis seen in
up to 46% of patients with biliary pancreatitis [14], these
patients should be managed appropriately with antibiot-
ics, and for cholangitis, with urgent endoscopic retrograde
cholangiopancreatography, prior to surgical intervention.
Older age was also found to be a key risk factor for post-
operative 30-day morbidity and mortality. Older patients
undergoing cholecystectomy have been found to have
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higher rates of complications and increased hospital length
of stay compared to younger patients [15]. Specifically, an
age of 75 years or greater has been a reported risk factor
for significantly worse outcomes in pancreatitis [16], and
age is often included in risk stratification tools [17]. Thus,
the findings of older age increasing risk of 30-day mor-
bidity and mortality after cholecystectomy for gallstone
pancreatitis are consistent with current evidence.

Additionally, smoking tobacco was identified as an
independent risk factor for 30-day mortality following
cholecystectomy for gallstone pancreatitis, a novel finding
that has not been identified. Smoking within 1 year of any
major surgery is associated with risk for post-operative
vascular and respiratory events as well as for 30-day mor-
tality [18]. Selvarajah et al. reported that active smokers
who undergo cholecystectomy for benign gallbladder dis-
ease are at significantly greater risk of developing wound
complications and longer hospital stays [19]. Smoking
is known to cause more severe pancreatitis, likely due
to the effect of nicotine, which disrupts signal transduc-
tion pathways in pancreatic acinar cells, and ultimately
impairs pancreatic blood flow [20]. Future studies are
needed to validate the association between smoking and
mortality.

This study was limited by the use of a large retrospec-
tive database and thus constrained by the variables avail-
able through the database. Specifically, details such as the
underlying causes of pre-operative sepsis, causes of death,
and complications specific to cholecystectomies were not
available. Diagnoses used in this study could not be vali-
dated nor was there information on how certain diagnoses
were made. Additionally, clinical prognostic scores using
published tools for pancreatitis severity could not be cal-
culated given missing data. NSQIP data is populated vol-
untarily by participating institutions, and therefore may not
be generalizable to all hospital settings and patient popu-
lations. Further research comparing these findings with
cohorts managed non-operatively or with interval surgery
is warranted to validate the findings of this present study
and to determine whether there are other factors that may
justify initial non-operative management of non-necrotic
gallstone pancreatitis.

Conclusion

In gallstone pancreatitis without necrosis, patients can
undergo cholecystectomy during the index admission with
very low risk of 30-day morbidity or mortality. Older age,
smoking status, and presence of pre-operative SIRS/sepsis
should be considered when weighing the risk and benefits of
initial surgery versus non-surgical management strategies.
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