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ABSTRACT

Background: Current guidelines fail to specify optimal timing of early cholecystectomy for acute chole-
cystitis. We hypothesized delaying operation past hospital day (HD) 2 would result in increased 30-day
morbidity and mortality.

Methods: The ACS-NSQIP database was queried from 2012 to 2015 for all cholecystectomies for acute
cholecystitis from HD 1-7.

Results: Delay in cholecystectomy to HD 3-7 was observed in 30% of patients with acute cholecystitis.
Patients undergoing operation on HD 3-7 were older with higher rates of comorbidities (median 58yrs;
66%) than HD 1 (48yrs; 51%) or HD 2 (51yrs, p <0.001; 55%, p <0.001). Operations on HD 3-7 had
increased 30-day mortality (1.0%) and morbidity (12%) in comparison to HD 1 (0.3%, 7%) or HD 2 (0.5%,
p<0.001; 8%, p<0.001). On multivariable analysis, HD was an independent predictor of mortality (OR
1.15, 95% CI [1.04—1.26]).

Conclusions: Acute cholecystitis should be treated with an urgent operation within 2 days of admission

due to increased morbidity and mortality when delayed past HD 2.

© 2019 Elsevier Inc. All rights reserved.

Introduction

Over 400,000 cholecystectomies are performed in the United
states each year with acute calculous cholecystitis representing
over 70% of cases."? Early operative intervention during the index
admission has become the standard of care over classic teachings
that dictated a delay in surgery of 4—6 weeks from initial presen-
tation.> However, timing of early cholecystectomy is poorly defined,
with some authors defining early operation anywhere between
24h and 7 days from admission.* ® Current consensus guidelines
remain ambiguous and inconsistent regarding the ideal timing of
early cholecystectomy.>”®

We aimed to determine national trends in operative interven-
tion for acute cholecystitis and evaluate 30-day outcomes following
cholecystectomy using the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP) database. We
hypothesized that a delay in operation past hospital day 2 for acute
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cholecystitis would be associated with increased 30-day morbidity
and mortality.

Material and methods
Data source

The ACS-NSQIP database comprises 30-day surgical outcomes
from a random sample of patients from participating institutions,
including 183 institutions in 2007 to 603 institutions in 2015.° A
systematic sampling process with an 8-day cycle was utilized by
ACS-NSQIP. The database limits reporting to the first three opera-
tions performed for each 8-day cycle for common surgical pro-
cedures, including laparoscopic cholecystectomy.'” Quality of data
was ensured by requiring each participating site to maintain a 30-
day follow-up rate of >80% and inter-rater reliability disagreement
rate of <5%.'°

The ACS-NSQIP database was queried from 2007 to 2015 for all
patients undergoing cholecystectomy by Current Procedural Ter-
minology (CPT) code with a post-operative diagnosis of acute
cholecystitis by International Classification of Diseases (ICD) code,
9th or 10th edition (Supplemental Table 1). Patients were excluded
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if hospital day (HD) of operation was not reported or if surgery was
delayed past HD 7. Within the ACS-NSQIP database, HD is reported
as calendar days and does not necessarily represent a 24-h period.'®
The cohort was divided based on HD of operation into HD 1, HD 2,
and HD 3-7.

Temporal trends in cholecystectomy

Data from 2007 to 2015 was utilized to examine temporal trends
in operations performed for acute cholecystitis. Cholangiogram and
common bile duct (CBD) exploration were based on CPT code. Both
operations initially listed as open and operations converted from
laparoscopic to open were considered open procedures based on
CPT codes.

Baseline characteristics and 30-day outcomes

For the analysis of baseline characteristics and 30-day outcomes,
the cohort was limited to non-elective operations. This variable was
introduced within the database in 2012, and as such, the remainder
of the analysis was limited to 2012—2015.

Baseline characteristics including demographics, baseline
health status as defined by American Society of Anesthesiology
Physical Status (ASA-PS) classification, type of operation performed,
comorbid conditions, and clinical risk factors at time of operation
were compared between groups. Presence of bile duct stones by
post-operative ICD code was used to determine whether presence
of concurrent choledocholithiasis may have played a role in delay in
surgical intervention (Supplemental Table 1).

Our primary outcome was 30-day major morbidity or mortality.
Major complications included acute renal failure, cardiac arrest,
cerebrovascular accident or stroke, deep venous thrombosis,
myocardial infarction, organ/space surgical site infection (SSI),
pneumonia, pulmonary embolism, reintubation, and reoperation
related to the initial surgery. Secondary outcomes included minor
complications (superficial or deep SSI, prolonged mechanical
ventilation, unplanned readmission, red blood cell transfusion
intra-operatively or 72h post-operatively, renal insufficiency,
sepsis, septic shock, urinary tract infection, or wound dehiscence)
and hospital length of hospital (LOS).

Statistical analyses

Univariate analyses were performed using Pearson's Chi square
for categorical variables and Kruskal-Wallis test for continuous
variables. Reverse stepwise logistic regression using p>0.2 for
removal from the model was performed to determine significant
predictors of 30-day morbidity and mortality while controlling for
age, sex, race/ethnicity, BMI, ASA-PS class, open procedures, intra-
operative cholangiogram or common bile duct (CBD) exploration,
number of comorbid conditions, preoperative sepsis, acute renal
failure, ventilator dependence, transfusion, presence of concurrent
choledocholithiasis, and hospital day of operation.

Number and severity of comorbid conditions is often viewed as
a reason for delay in operative intervention. Therefore, a subgroup
analysis of 30-day surgical outcomes by ASA-PS class 1 or 2, rep-
resenting mild systemic disease, vs. 3—5, representing severe to life
threatening systemic disease, was performed in an attempt to
control for baseline health status as a confounder for poor surgical
outcomes.

All statistical analyses were performed using Stata 13.1 (Stata-
Corp LP, College Station, TX) and a p-value <0.05 as significant. This
study was exempt from Institutional Review Board approval since
the ACS-NSQIP database contains only de-identified patient
information.

Results
Temporal trends in cholecystectomy

From 2007 to 2015, open cholecystectomy for the treatment of
acute cholecystitis declined from 21% down to 9% (Fig. 1A). Use of
intra-operative cholangiogram remained relatively stable and was
performed in approximately 25% of cholecystectomies while com-
mon bile duct exploration halved, from 2% of cases in 2007 down to
1% of cases in 2015.

Nationally, approximately one-third of cholecystectomies were
delayed to HD 3—7 of admission, a trend that remained relatively
constant over the study period (Fig. 1B). Starting in 2012, our cohort
was limited to non-elective surgeries. By definition, elective oper-
ations are mostly performed on HD 1 of admission. Therefore, we
believe introduction of this variable resulted in the sharp decline in
cholecystectomies performed on HD 1 observed between 2011 and
2012.

Baseline characteristics

Of 34,151 cholecystectomies for acute cholecystitis performed
from 2012 to 2015, 33% were on HD 1, 37% on HD 2, and 30% were
delayed until HD 3—7. Patients who had a delay in operation until
HD 3—7 had a higher median age (58 yrs) than HD 1 (48 yrs) or HD 2
(51yrs; p<0.001, Table 1). Patients on HD 3—7 also had poorer
baseline health status with 50% of patients being classified as ASA
class 3—5 as compared to 26% on HD 1 and 33% on HD 2 (p < 0.001).
Rates of open cholecystectomy and intra-operative common bile
duct exploration significantly increased with surgical delay, while
rates of cholangiogram remained relatively stable. Likewise,
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Fig. 1. Temporal trends in cholecystectomy for acute cholecystitis. *A variable for
elective surgeries was added to the ACS-NSQIP database in 2012. For all years after
2012, only non-elective surgeries were included in the analysis. Abbreviations:
CBD = common bile duct.
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Table 1
Baseline characteristics, comorbid conditions and clinical risk factors of patients with acute cholecystitis undergoing cholecystectomy by hospital day of operation.
Total n =34,151(%) HD 1 n=11,280 (%) HD 2 n=12,624 (%) HD 3—7 n=10,247 (%) p-value
Age (yrs.), median (IQR) 52 (37—-66) 48 (35-62) 51 (36—65) 58 (41-72) <0.001
Gender <0.001
Male 13,514 (40) 4,291 (38) 4,814 (38) 4,409 (43)
Female 20,637 (60) 6,989 (62) 7,810 (62) 5,838 (57)
Race/Ethnicity <0.001
Non-Hispanic White 19,716 (64) 6,411 (63) 7,466 (65) 5,839 (63)
Non-Hispanic Black 3,335 (11) 911 (9) 1,253 (11) 1,171 (13)
Hispanic 6,227 (20) 2,247 (22) 2,189 (19) 1,791 (19)
Asian 1,270 (4.1) 460 (4.5) 431 (3.8) 379 (4.1)
Other 374 (1.2) 134 (1.3) 136 (1.2) 104 (1.1)
BMI (kg/m?2), median (IQR) (n = 32,545) 30 (26—-35) 30 (26—-35) 30 (26—35) 30 (26—35) <0.001
ASA-PS class (n =34,109) <0.001
1- No disturbance 3,424 (10) 1,389 (12) 1,354 (11) 681 (6.7)
2- Mild disturbance 18,311 (54) 6,871 (61) 7,062 (56) 4,378 (43)
3- Severe disturbance 10,971 (32) 2,754 (24) 3,805 (30) 4,412 (43)
4- Life threatening 1,390 (4.1) 244 (2.2) 388 (3.1) 758 (7.4)
5- Moribund 13 (0.04) 5 (0.04) 2(0.02) 6 (0.06)
Procedure Type <0.001
Laparoscopic 30,501 (89) 10,337 (92) 11,445 (91) 8,719 (85)
Open 3,650 (11) 943 (8) 1,179 (9) 1,528 (15)
Cholangiogram 8,297 (24) 2,608 (23) 3,103 (25) 2,586 (25) 0.001
CBD exploration 415 (1.2) 91 (0.8) 132(1.1) 192 (1.9) <0.001
Comorbid conditions
Hypertension 12,804 (37) 3,469 (31) 4,449 (35) 4,886 (48) <0.001
Current smoker? 6,377 (19) 2,185 (19) 2,424 (19) 1,768 (17) <0.001
Diabetes mellitus 4,904 (14) 1,313 (12) 1,680 (13) 1,911 (19) <0.001
Bleeding disorder” 1,788 (5.2) 291 (2.6) 556 (4.4) 941 (9.2) <0.001
Dyspnea <0.001
With moderate exertion 1,243 (3.6) 258 (2.3) 405 (3.2) 580 (5.7)
At rest 137 (0.4) 21(0.2) 51 (0.4) 65 (0.6)
Severe COPD 1,054 (3.1) 249 (2.2) 314 (2.5) 491 (4.8) <0.001
Chronic steroid use® 788 (2.3) 191 (1.7) 274 (2.2) 323 (3.2) <0.001
Congestive heart failure® 297 (0.9) 43 (0.4) 56 (0.4) 198 (1.9) <0.001
>10% loss of body weight® 254 (0.7) 50 (0.4) 72 (0.6) 132 (1.3) <0.001
Open wound 251 (0.7) 39 (0.4) 71 (0.6) 141 (1.4) <0.001
Dialysis’ 250 (0.7) 38(0.3) 55 (0.4) 157 (1.5) <0.001
Disseminated cancer 192 (0.6) 38(0.3) 69 (0.6) 85 (0.8) <0.001
Ascites? 93(0.3) 17 (0.2) 27 (0.2) 49 (0.5) <0.001
Any comorbid condition 19,357 (57) 5,702 (51) 6,929 (55) 6,726 (66) <0.001
Clinical Risk Factors
Systemic Sepsis® <0.001
SIRS 5,676 (17) 1,780 (16) 2,355 (19) 1,541 (15)
Sepsis 2,025 (6) 541 (4.8) 808 (6.4) 676 (6.6)
Septic shock 171 (0.5) 28 (0.3) 65 (0.5) 78 (0.8)
RBC Transfusion” 210 (0.6) 22(0.2) 35(0.3) 153 (1.5) <0.001
Acute renal failure' 123 (04) 16 (0.1) 37 (0.3) 70 (0.7) <0.001
Ventilator dependent® 62 (0.2) 8(0.1) 17 (0.1) 37 (0.4) <0.001
Concurrent bile duct stone’ 4,173 (12) 696 (6) 1,091 (9) 2,386 (23) <0.001

Abbreviations: HD = hospital day; IQR = interquartile range; BMI = body mass index; SD = standard deviation; ASA-PS = American Society of Anesthesiologists Physical
Status; COPD = chronic obstructive pulmonary disease; SIRS = systemic inflammatory response syndrome; RBC =red blood cell.

2 Within 1 year before surgery.

Within 30 days before surgery.

Unintentional weight loss within 6 months before surgery.
Within 2 weeks before surgery for an acute or chronic condition.
Within 48 h before surgery.

Within 72 h before surgery.

Within 24 h before surgery.

Based on ICD-9 or ICD-10 codes.
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patients undergoing operation on HD 3—7 had a higher rate of
concurrent bile duct stones (23%) in comparison to HD 1 (6%) or HD
2 (9%; p <0.001). Delay in operation to HD 3—7 was also associated
with an increased number of comorbid conditions with hyperten-
sion, tobacco use, and diabetes being most common (Table 1). Pa-
tients undergoing operation on HD 3—7 had increased rates of
clinical risk factors including preoperative blood transfusion, sepsis
or septic shock, and evidence of end-organ damage including acute
renal failure or ventilator dependence.

Includes medical conditions leading to increased risk of bleeding and chronic anticoagulation therapy (excluding aspirin) not discontinued before surgery.
Use of oral or parenteral steroids within 30 days before surgery for a chronic medical condition.

30-Day outcomes

Patients who underwent cholecystectomy on hospital day 3—7
had a 2-fold increase in 30-day mortality in comparison to opera-
tions performed on hospital day 1 or 2 of admission (p < 0.001,
Table 2). Hospital day 3—7 cholecystectomies also had increased
30-day major morbidity at 5.2% in comparison to 3.2% on HD 1 and
3.7% on HD 2 (p <0.001). Rate of experiencing any complication
increased to 12% when operation was delayed, in comparison to 7%
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Table 2
30-day morbidity and mortality after cholecystectomy for acute cholecystitis by hospital day of operation.
Total HD 1 HD 2 HD 3-7 p-value
n=34,151 (%) n=11,280 (%) n=12,624 (%) n=10247 (%)
Mortality 193 (0.6) 31(0.3) 59 (0.5) 103 (1.0) <0.001
Major complications 1,357 (4.0) 362 (3.2) 466 (3.7) 529 (5.2) <0.001
Organ/Space SSI 404 (1.2) 109 (1.0) 143 (1.1) 152 (1.5) 0.002
Reoperation® 373 (1.1) 108 (1.0) 137 (1.1) 128 (1.3) 0.12
Pneumonia® 283 (0.8) 60 (0.5) 98 (0.8) 125 (1.2) <0.001
Reintubation 217 (0.6) 53 (0.5) 63 (0.5) 101 (1.0) <0.001
Deep venous thrombosis 110 (0.3) 23(0.2) 38(0.3) 49 (0.5) 0.002
Acute renal failure® 92 (0.3) 20(0.2) 23(0.2) 49 (0.5) <0.001
Myocardial infarction 85(0.3) 25(0.2) 31(0.3) 29 (0.3) 0.66
Pulmonary embolism 66 (0.2) 19(0.2) 23(0.2) 24 (0.2) 0.51
Cardiac arrest 58 (0.2) 8(0.1) 19(0.2) 31(0.3) <0.001
CVA/stroke 28(0.1) 10 (0.1) 7(0.1) 11 (0.1) 0.38
Minor complications
Readmission® 1,271 (3.7) 381 (3.4) 443 (3.5) 447 (4.4) <0.001
RBC Transfusion 674 (2.0) 129 (1.1) 195 (1.5) 350 (3.4) <0.001
Superficial SSI 280 (0.8) 83(0.7) 113 (0.9) 84 (0.8) 0.40
Sepsis” 191 (0.6) 42 (0.4) 56 (0.4) 93 (0.9) <0.001
Prolonged ventilation® 175 (0.5) 36 (0.3) 50 (0.4) 89 (0.9) <0.001
Urinary tract infection® 152 (0.5) 46 (0.4) 57 (0.5) 49 (0.5) 0.73
Septic shock” 95 (0.3) 19(0.2) 34(0.3) 42 (0.4) 0.003
Renal insufficiency 91 (0.3) 14 (0.1) 31(0.3) 46 (0.5) <0.001
Deep SSI 50 (0.2) 13 (0.1) 14 (0.1) 23(0.2) 0.047
Wound dehiscence 32(0.1) 9(0.1) 11 (0.1) 12 (0.1) 0.64
Any complication 3,062 (9.0) 804 (7.1) 1,050 (8.3) 1,208 (12) <0.001
Length of stay, days median (IQR) 3(2—4) 1(1-2) 2(2-3) 5(3-7) <0.001

Abbreviations: HD = hospital day; SSI= surgical site infection; CVA = cerebrovascular accident; RBC = red blood cell; IQR = interquartile range.

¢ Unplanned and related to primary operation.

b Excluded if evidence of condition documented in pre-operative period.

¢ Dialysis in patient who did not require dialysis pre-operatively.

4 Prolonged mechanical ventilation for >48 h post-operatively.

for operations performed on HD 1 and 8% for operations performed
on HD 2 (p<0.001). In addition, hospital LOS was significantly
increased with delayed operation, with median LOS of 5 days for
HD 3—7 operations in comparison to 1 day for HD 1 and 2 days for
HD 2 (p <0.001).

On multivariable logistic regression, hospital day of operation
was not a significant predictor of major complications (p = 0.29).
However, when controlling for demographics, comorbid conditions
and clinical risk factors, hospital day of operation remained a sig-
nificant predictor of 30-day mortality (OR 1.15, 95% CI [1.04—1.26];
Table 3).

Subgroup analysis based on ASA-PS class
A subgroup analysis of patients based on ASA-PS class was
performed to control for poorer baseline health status observed

with delay in operation (Table 4). Among the healthiest subset of
patients with ASA-PS class 1—2, peri-operative blood transfusion

Table 3

and hospital LOS were significantly increased with a delay to HD
3—7. Of patients with an ASA-PS class of 3—5, representing the
group of patients with the poorest baseline health status, we
observed significantly higher rates of mortality, major complica-
tions and all complications with a delay in surgery in addition to
prolonged LOS (Table 4).

Discussion

We provide further support that cholecystectomy for acute
cholecystitis should be treated as an urgent surgical condition and
cholecystectomy should be performed within 2 days of hospital
admission. We observed a 1.4-times increase in major complica-
tions and 2-times increase in mortality when surgery was delayed
to HD 3—7. Furthermore, HD of operation was an independent
predictor of 30-day mortality. Other contributory factors leading to
increased post-operative complications include comorbid condi-
tions, baseline health status, and open operations. Subgroup

Factors associated with major complications and mortality following cholecystectomy for acute cholecystitis on logistic regression.

Major Complications

p-value Mortality p-value
OR [95% ClI] OR [95% CI]

Age (yrs.) 1.02 [1.01-1.02] <0.001 1.07 [1.06—1.09] <0.001
Female gender 0.87 [0.77—0.98] 0.02 - NS
ASA-PS class 1.52 [1.38—-1.68] <0.001 2.89 [2.20-3.81] <0.001
Open procedure 2.09 [1.82—2.39] <0.001 1.51 [1.07-2.12] 0.02
Cholangiogram — NS 0.48 [0.31-0.75] 0.001
# of Comorbid conditions 1.26 [1.19-1.32] <0.001 1.28 [1.13-1.45] <0.001
Preoperative sepsis 1.52 [1.41-1.63] <0.001 1.52 [1.28-1.80] <0.001
Acute renal failure 2.69 [1.73—4.19] <0.001 241 [1.07-5.42] 0.03
Ventilator dependent - NS 6.78 [3.08—14.9] <0.001
Hospital day of operation - NS 1.15 [1.04-1.26] 0.01

Abbreviations: OR = odds ratio; CI = confidence interval; NS = not significant; ASA-PS = American Society of Anesthesiologists Physical Status.
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Table 4
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30-day outcomes after cholecystectomy stratified by ASA-PS class and hospital day of operation.

ASA-PS class 1-2

ASA-PS class 3-5

Outcome HD 1 HD 2 HD 3-7 p-value HD1 HD2 HD3-7 p-value
n=_8,260 (%) n=8,416 (%) n=>5,059 (%) n=3,020 (%) n=4,208 (%) n=5,188 (%)
Mortality 3(0.04) 7 (0.08) 7(0.14) 0.12 28 (0.9) 52 (1.2) 96 (1.9) <0.01
Reoperation * 65 (0.8) 70 (0.8) 30 (0.6) 0.28 43 (1.4) 67 (1.6) 98 (1.9) 0.25
Readmission ° 237 (2.9) 240 (2.9) 163 (3.2) 0.43 144 (4.8) 203 (4.8) 284 (5.5) 0.25
Sssi P 99 (1.2) 134 (1.6) 78 (1.5) 0.08 97 (3.2) 132 (3.1) 173 (3.3) 0.86
Pulmonary © 30 (0.4) 36 (0.4) 30 (0.6) 0.15 86 (2.9) 133 (3.2) 214 (4.1) <0.01
Cardiovascular ¢ 9(0.1) 6(0.1) 8(0.2) 0.32 32(1.1) 46 (1.1) 58 (1.1) 0.97
Genitourinary © 33(04) 33(0.4) 24 (0.5) 0.75 46 (1.5) 77 (1.8) 119 (2.3) 0.04
Thromboembolic 29 (0.4) 23(0.3) 14 (0.3) 0.61 10 (0.3) 31(0.7) 53 (1.0) <0.01
RBC transfusion 38 (0.5) 51 (0.6) 44 (0.9) 0.01 91 (3.0) 144 (3.4) 306 (5.9) <0.01
Sepsis © 23(0.3) 29 (0.3) 27 (0.5) 0.06 38 (1.3) 60 (1.4) 105 (2.0) 0.01
Major complication 168 (2.0) 182(2.2) 120 (2.4) 0.43 194 (6.4) 284 (6.8) 409 (7.9) 0.02
Any complication 419 (5.1) 473 (5.6) 304 (6.0) 0.06 385(13) 577 (14) 904 (17) <0.01
Length of stay, d median (IQR) 1(1-2) 2(2-3) 4 (3-5) <0.01 2(1-4) 3(2-5) 6 (4-8) <0.01

Abbreviations: ASA = American Society of Anesthesiologists; HD = hospital day; SSI = surgical site infection; RBC = red blood cell; IQR = interquartile range.

2 Unplanned and related to primary operation.

Includes superficial, deep and organ/space SSI.

Includes pneumonia, prolonged mechanical ventilation, and reintubation.
Includes myocardial infarction, cardiac arrest and cerebrovascular accident.
Includes urinary tract infection, renal insufficiency and acute renal failure.
Includes deep venous thrombosis and pulmonary embolism.

¢ Includes post-operative sepsis and septic shock.
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analysis performed to look at patients with the worst baseline
health as defined by ASA-PS class 3—5 revealed surgical delay was
even more detrimental in this group.

Rates of morbidity and mortality when cholecystectomy for
acute cholecystitis is delayed has been previously presented with
mixed results. Our findings are consistent with those of Banz et al.
who observed a similar 2-fold increase in post-operative compli-
cations when operation was performed on day of admission
compared to delay past HD 6."" Furthermore, Blohm et al. observed
significantly lower rates of bile duct injury when operation was
performed on HD 1, with a stepwise increase in risk of this most
dreaded complication with each subsequent day of operative
delay.””

However, a similar study using data from ACS-NSQIP from 2005
to 2010 concluded a delay in surgery past HD 4 did not increase 30-
day morbidity or mortality."> One major difference in methodology
is that this study utilized emergent surgeries as an inclusion
criteria, defined as needing to proceed to the operating room within
12 h of presentation by the operating surgeon. As such, 83% of the
cohort had operations performed on HD 1 or 2 of admission in
comparison to 67% of our cohort. Utilizing only cases classified as an
emergency likely eliminated a large subset of patients presenting
with acute cholecystitis as most surgeons may not classify this
condition as a surgical emergency.

Over the study period, we observed a decreasing rate of open
cholecystectomies, from 21% in 2007 to 9% in 2015. This trend
persisted even after our cohort was limited to non-elective opera-
tions after 2012. Previous reports have established non-elective
cholecystectomies to have higher rates of open operations due to
increased technical difficulty and patient factors in the non-elective
setting.'*!> As such, the persistent decline in open cholecystectomy
after 2012, when operations were limited to non-elective proced-
ures, may reflect surgeons’ increased experience with laparoscopic
technique over time.

Furthermore, we observed a low rate of open cholecystectomy
occurring in 11% of cases, ranging from 8% on HD 1 to15% on HD
3—7. This rate is considerably lower than previous studies including
Brooks et al. and Degrate et al. with reported rates of open chole-
cystectomy >20%, and consistent with conversion rates ranging
from 9 to 15% reported by To et al. and 8%—22% reported by Sugrue

et al.®~'® with increased experience and technical skill over the
years, laparoscopic cholecystectomy has become the gold standard
for acute cholecystitis with lower rates of major morbidity and
mortality in addition to shorter hospital LOS.”” We suspect the
increased rate of open cholecystectomies with subsequent HD
likely reflects increasing complexity of operation secondary to in-
flammatory changes when operation is delayed, contributing to the
overall increase in major morbidity and mortality observed on HD
3-7.

Oftentimes, surgery is delayed for medical optimization in pa-
tients with a multitude of comorbid conditions. On subgroup
analysis of patients with ASA class of 3—5, we revealed that delay in
operation to HD 3—7 had significantly increased 30-day morbidly
and mortality, with 8% of patients experiencing a major complica-
tion, 17% of patients experiencing any complication, and a mortality
rate of 1.9%. Similarly, Haltmeier et al. observed early cholecystec-
tomy for elderly patients with an ASA-PS class >2 was an inde-
pendent predictor of shorter operative times and LOS without an
increase in post-operative complications.'® From this data, it ap-
pears early operative intervention is preferable to delay in surgery
in this cohort. On the contrary, patients with a low ASA-PS class can
better tolerate a delay in operation without increased morbidity or
mortality.

Additionally, in an era when healthcare costs and resource uti-
lization has become a top priority, we observed a significantly
increased LOS with operative delay. Zafar et al. reported that
delaying cholecystectomy for acute cholecystitis has a linear in-
crease in healthcare costs, from $8,964 for HD 1 operations to
$17,745 for operations performed past HD 6.'9 As cholecystectomy
is the 6th most common operation in the United States requiring
hospital admission, there is a real potential to increase healthcare
savings with earlier surgical intervention.!

A limitation of this study is the inability to determine whether
operative delay was secondary to concurrent choledocholithiasis,
requiring magnetic resonance cholangiopancreatography (MRCP)
or endoscopic retrograde cholangiopancreatography (ERCP) prior
to surgical intervention. We observed a significantly higher rate of
bile duct stones in patients with delayed cholecystectomy to HD
3—7. However, bile duct stones by ICD code were not predictors of
either major morbidity or mortality on logistic regression. The rate
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of reported choledocholithiasis in the setting of acute cholecystitis
varies widely in the literature from <1% to 18%, therefore making it
difficult to ascertain the impact of this variable on our results.?%?!

Additional limitations of our study include its retrospective
nature and limitations inherent to the ACS-NSQIP database. The
ACS-NSQIP random sampling process of limiting laparoscopic
cholecystectomies to 3 procedures per 8-day cycle may have falsely
decreased the proportion of laparoscopic to open cholecystec-
tomies reported. We were also unable to assess time from symptom
onset to hospital admission which may contribute to the total time
from start of pathology to operative intervention. Furthermore,
information on preoperative management such as antibiotic use or
cholecystostomy tube placement, pre-operative diagnosis, and
specific complications related to cholecystectomy, including bile
duct injury or retained common bile duct stones, are not available
within the database. Lastly, diagnosis of acute cholecystitis was
based on ICD-9 or 10 codes and not pathology which remains the
gold standard for diagnosis.

Conclusions

Population level data reveals that 30% of cholecystectomies for
acute cholecystitis are delayed to HD 3—7 nationally. We observed
increased 30-day morbidity and mortality of cholecystectomy
when delayed past HD 2. Other contributory factors include
decreased baseline health status and increased complexity of
operation in the delayed group. However, HD was an independent
predictor of mortality. Our results suggest that cholecystectomy in
the setting of acute cholecystitis should be treated as an urgent
operation.
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