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Background: Acute cholecystitis is a common reason for emergency general surgery admis-
sion. The declaration of the COVID-19 pandemic may have resulted in treatment delays and
corresponding increases in severity of disease. This study compared cholecystitis admis-
sions and disease severity pre- and postdeclaration of pandemic.

Materials and Methods: Retrospective review of adult acute cholecystitis admissions (January
1,2020-May 31, 2020). Corresponding time periods in 2018 and 2019 comprised the historical
control. Difference-in-differences analysis compared biweekly cholecystitis admissions pre-
and postdeclaration in 2020 to the historical control. Odds of increased severity of disease
presentation were assessed using multivariable logistic regression.

Results: Cholecystitis admissions decreased 48.7% from 5.2 to 2.67 cases (RR 0.51 [0.28,0.96], P
= 0.04) following pandemic declaration when comparing 2020 to historical control (P = 0.02).
After stratifying by severity, only Tokyo I admissions declined significantly postdeclaration
(RR 0.42 [0.18,0.97]), when compared to historical control (P = 0.02). There was no change
in odds of presenting with severe disease after the pandemic declaration (aOR 1.00 [95% CI
0.30, 3.38] P < 0.99) despite significantly longer lengths of symptoms reported in mild cases.

Conclusions: Postpandemic declaration we experienced a significant decrease in cholecysti-
tis admissions without corresponding increases in disease severity. The pandemic impacted
healthcare-seeking behaviors, with fewer mild presentations. Given that the pandemic did
notincrease odds of presenting with increased severity of disease, our data suggests that not
all mild cases of cholecystitis progress to worsening disease and some may resolve without
medical or surgical intervention.
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Introduction

The World Health Organization (WHO) officially declared
COVID-19 a pandemic on March 11, 2020. At the peak of the
pandemic, Massachusetts ranked third in the United States
for total cases of COVID-19.! Our institution, an academic
safety-net hospital, cares for a diverse patient population
within the city of Boston and has been impacted dispropor-
tionately by the COVID-19 pandemic. In April 2020, 7 out of
every 10 patients admitted to our institution tested positive
for COVID-19. The pandemic led to rapid and drastic changes
in health systems. An overwhelming patient burden and
limited beds forced hospitals to expand their ICU capacity.?
Physician groups and health systems grew their telemedicine
services exponentially to meet increasing patient needs,
but with regulations to postpone elective operations, many
surgical patients went without their planned procedures.*
It is estimated that over 28 million elective operations were
cancelled or postponed during the peak 12-weeks of the
COVID-19 pandemic, with a cancellation or postponement
rate of up to 87% for benign disease operations.” Emergency
services were similarly affected, with rates of emergency
department visits and emergency operations declining in
Spain, Italy, the US, and Portugal.®-®

Currently, research into the impact of the COVID-19 pan-
demic on emergency general surgery (EGS) has shown an
overall decline in operation rates but differing experiences
in terms of subsequent case severity.'?'*Prior to COVID-19,
acute calculus cholecystitis (AC) was one of the most com-
mon reasons for EGS admission, with approximately 700,000
reported cholecystectomies performed annually in the United
States.'* ' In 2018, gallbladder-related diagnoses comprised
35% of the total EGS volume at our institution.'® The objective
of this investigation was to determine whether the declara-
tion of pandemic was associated with a change in the volume
of AC admissions and, further, a change in the severity of dis-
ease among patients who did present with AC. We hypothe-
sized that, as a result of the pandemic declaration, we would
observe a decrease in AC admissions but an increase in the
severity of disease managed.

Materials and methods
Study approval and data sources

Study approval was obtained through the Boston University
Medical Campus Institutional Review Board. This study was
given exempt status with waiver of informed consent. Cases
were identified through an internally maintained registry and
data was collected through chart review in compliance with
HIPAA guidelines.

Cohort description

A retrospective review was conducted of all adult patients ad-
mitted with AC to our institution between January 1 and May
31 in 2018, 2019, and 2020 (N = 157). Patients were included

if they were age >18 y and presented to our urban safety-net
hospital during the study period.

Exposure

The exposure of interest was the time period following the
declaration of the COVID-19 pandemic by the WHO (March 11,
2020 - May 31, 2020).

Outcomes

The primary outcome was the difference in mean biweekly
admissions for AC prior to and after the declaration of the
COVID-19 pandemic as compared to the same time periods in
a historical control. Patients with AC admissions were strat-
ified by severity using the 2018 Tokyo Guidelines for grading
of acute cholecystitis and sorted into two categories: Tokyo I
(mild) and a combined group of Tokyo II (moderate) and III (se-
vere) (Supplementary Table 1).!” The secondary outcome was
the odds of presentation with more severe disease (Tokyo II-
I1I) following the pandemic declaration. Additional outcomes
included the differences in mean biweekly admission for AC
stratified by disease severity (Tokyo I vs Tokyo II-III) as well as
the length of symptoms prior to presentation, and length of
stay pre- and postpandemic declaration.

Covariates

Demographic covariates included sex, age, race/ethnicity, lan-
guage, and presence of insurance.

Statistical analysis

All statistical analysis was performed using SAS® Studio 3.8
software.'® Significance was set at « = 0.05 and all hypothe-
sis tests were two-sided. Descriptive statistics are reported as
means with standard deviations for continuous variables and
as number and percent for categorical variables. Comparison
of demographic variables before and after the pandemic dec-
laration was performed using a t-test for continuous variables
and Fisher’s exact test for categorical variables. Difference-
in-differences (DID) analysis of Poisson regressions was per-
formed to compare biweekly AC admissions pre- and postpan-
demic declaration as well as those stratified by Tokyo classi-
fication. The historical control was comprised of an average
of biweekly counts from the equivalent time intervals in 2018
and 2019. The parallel trends assumption for DID analysis was
tested and no significant difference was found between 2020
and the historical control prior to the pandemic (8 —0.19 [SE
0.29], P = 0.5144). The odds of presenting with more severe dis-
ease following the declaration of pandemic was assessed with
multivariable logistic regression modeling and corresponding
odds ratios (OR). All patients with missing demographic data
were excluded. Variables included in multivariable logistic re-
gression were those with a univariable association (P < 0.15)
and clinical relevance. To assess differences in mean length
of symptoms prior to presentation and length of stay, Poisson
regression were performed. For assessment of mean length
of symptoms, patients with missing data and outliers (deter-
mined by a studentized residual >2) were excluded.
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Table 1 - Demographics of population prior to and after the declaration of pandemic. Patients with missing demographic

data are excluded (n = 137)

Pre-pandemic Post-pandemic P-value
declaration declaration
(n=124) (n=13)
Age (mean, SD) 48.68 (16.77) 45.92 (15.15) 0.5710
Male (n,%) 41 (33.06) 2 (15.38) 0.2284
Race (n,%) 27 (21.77) 3 (23.08) 0.9510
NH-White 30 (24.19) 4(30.77)
NH-Black 4(3.23) 0 (0.00)
NH-Other 63 (50.81) 6 (46.15)
Hispanic
Insured (n,%) 113 (91.13) 13 (100.00) 0.5993
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Fig. 1 - Biweekly counts of acute cholecystitis (AC) pre- and post-declaration (2020) compared to historical control. Dashed line

corresponds to the declaration of pandemic (N = 157).

Results
Cohort characteristics

The total cohort, consisting of 157 patients, was used for DID
analysis. Multivariable regression modeling for odds of pre-
senting with severe disease included 137 patients with com-
plete demographic data. There were no statistically significant
differences in age, sex, race, or insurance status prior to and
after the pandemic declaration (Table 1). The majority of pa-
tients were female, Hispanic, and insured.

AC presentations prior to and after pandemic declaration

There was a significant negative DID of AC admissions pre-
and post-declaration periods in 2020 when compared to the
historical control (8 —1.00 [SE 0.56], P = 0.02) (Fig. 1). Mean bi-
weekly AC admissions decreased by 48.7% from 5.20 to 2.67
cases (RR 0.51 [95% CI 0.28,0.96], P = 0.04) after the pandemic
declaration compared to previous years where it increased

from 4.30 to 6.00 cases (RR 1.40 [95% CI 0.82,2.38], P = 0.22)
(Table 2). When stratified by severity (Figure 2), biweekly Tokyo
I admissions decreased significantly after the pandemic decla-
ration (8 —1.28 (SE 0.56) P = 0.02) from 3.20 to 1.33 cases (58.4%)
(RR 0.42 [95% CI 0.18,0.97], P = 0.04), compared to a historical
increase from 2.50 to 3.75 cases (RR 1.50 [95% CI 0.75,2.99], P
= 0.25) (Table 2). The DID for Tokyo II-IIl admissions was not
significant (8 —0.63 [SE 0.64], P = 0.33). Mean biweekly Tokyo
II-1II admission decreased from 2.00 to 1.33 cases per 2-week
interval (RR 0.67 [95% C10.26,1.69], P = 0.39) after the pandemic
compared to an increase from 1.80 to 2.25 cases in the histor-
ical control (RR 1.25 [95% CI 0.54,2.91], P = 0.60) (Table 2).

Odds of severe disease and additional outcomes after
pandemic declaration

Univariable and multivariable logistic regression were used
to determine the odds of a severe disease presentation post-
declaration compared to all other time frames. In both the un-
adjusted and the model adjusted for age and race/ethnicity,
there were no increased odds of presenting with severe dis-
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Fig. 2 - Biweekly acute cholecystitis (AC) counts stratified by disease severity (Tokyo classification) in 2020 compared to
historical control. Dashed line corresponds to the declaration of pandemic (N = 157).

ease (aOR: 1.00 [95% CI: 0.30, 3.38] P < 0.99). When stratified by
severity, there was an increased length of symptoms prior to
presentation among those with Tokyo I disease after the pan-
demic declaration: 32.70 vs 24.00 d (RR 1.36 [95% CI 1.20,1.55],
P < 0.0001) after adjusting for sex and race. For those who pre-
sented with Tokyo II-III disease, there was a decreased length
of symptoms after the pandemic declaration: 23.47 vs 50.82 d
after adjusting for age, sex, and race (RR 0.46 [95% CI 0.39,0.55],
P < 0.0001). For all AC admissions and when stratified by sever-
ity, there was no difference in length of stay before and after
the declaration of pandemic.

Discussion

Following the WHO declaration of the COVID-19 pandemic on
March 11, 2020, there was a significant decrease in AC admis-
sions at our urban safety-net hospital. Several factors could
explain the reduction in cases seen. Most probable is a change
in health care seeking behavior due to the pandemic. The Na-
tional Syndromic Surveillance Program (NSSP) found a 42%
decrease in emergency department visits when compared to
historical trends, with the largest decreases occurring in the
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Northeast and for visits related to abdominal pain.’® While
overall emergency department visits declined, rates of pa-
tients presenting with surgical needs and number of surgical
procedures performed was especially reduced.’*-?* This pat-
tern was seen globally, with researchers in Spain, Italy, and
Portugal reporting decreased rates of emergency department
visits and surgical admissions.®”-° Fear of contracting COVID-
19 at the hospital and attempting to help ease the burden on
the healthcare system were common postulations for reduced
visits and admission rates during the pandemic.

While our findings are in line with current research eluci-
dating a change in healthcare-seeking behaviors as a result
of the pandemic, - 20* we did not experience the increased
severity of disease presentation that we predicted despite
increased length of symptoms among those with Tokyo I
disease. Tokyo I admissions decreased significantly after the
pandemic declaration whereas severe cases (Tokyo II and III)
remained stable. Around the world cholecystectomy rates
declined and, combined with our data, it could be suggested
that the Tokyo I case population were the least at risk for
complications due to this phenomenon.?® It is possible that
those with mild (Tokyo I) AC improved at home without
medical or surgical intervention instead of progressing to
more severe disease. Additionally, patients with AC may
have been treated medically by a primary care practitioner
in person or through telehealth and, similarly, recovered.
Telemedicine has increased dramatically in availability dur-
ing the COVID-19 pandemic and may have been part of the
reason for decreasing rates of AC presentations.?® We saw no
increase in general surgery outpatient referrals for those with
Tokyo I AC and experienced an absolute decrease in overall
benign gallbladder disease outpatient referrals during this
time. During the pandemic surge, however, all new outpatient
referrals at our hospital were briefly paused, impacting our
ability to study this for statistical significance. Finally, as
many restaurants closed, it is possible that modifications in
diet contributed to a decreased occurrence of AC. According
to the 2020 Food and Health Survey conducted by the Inter-
national Food Information Council, 60% of Americans during
the pandemic reported cooking more often at home, which
has been associated with better dietary intake.?’> ?® We did
not observe the same decrease in Tokyo II-III admissions
suggesting that those with moderate to severe disease con-
tinued to seek treatment despite possible hesitations due
to COVID-19. Additionally, it appears that those with severe
disease presented sooner compared to previous time periods.

The consensus among 7 Italian surgical societies, the
World Society of Emergency Surgery, and the American Col-
lege of Surgeons, however, is that laparoscopic cholecystec-
tomy remains the treatment of choice for acute cholecysti-
tis, even in light of COVID-19.2%> 3° However, given that we
did not observe an increase in case severity in this study, our
data suggests that a significant portion of mild cases recov-
ered without surgical care. Further study into characteristics
that could influence the necessity of surgical intervention in
patients presenting with mild cholecystitis is warranted.
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Limitations

There are multiple limitations to our study. First, the interpre-
tation of the Tokyo Guidelines can be potentially subjective,
with criteria for local inflammation being the most prone to
subjectivity. In instances of discordance between pathology
and surgical reports, we chose to classify the patient based
on the surgical report. Second, we cannot be certain that our
results are not due to patients seeking care elsewhere, as we
are unable to compare our experience against other hospitals
in the region. However, given our status as the only safety-net
hospital in Boston and the nature of our patient population,
which is in great part under- or uninsured, it is unlikely that
our patient population sought care anywhere else. Lastly, and
also due to our status as a safety-net hospital, the results from
this study may not be generalizable to the U.S. population as
a whole.

Conclusion

Our institution experienced a significant decrease in AC ad-
missions following the WHO declaration of the COVID-19 pan-
demic on March 11, 2020. Our data suggest that the pan-
demic impacted healthcare-seeking behaviors for patients
with milder disease, with fewer presentations for AC, while
patients with severe disease continued to present similarly
before and after the declaration of the pandemic. Notably, this
change in health seeking-behavior was not associated with
an increased odds of more severe disease, suggesting that
some cases of mild cholecystitis that routinely are treated
with surgery may resolve without surgical intervention. Fur-
ther research is necessary to realize the full impact of the
COVID-19 pandemic on incidence, treatment, and long-term
outcomes for patients with AC. Furthermore, investigating the
progression of disease in patients with acute cholecystitis and
possible alternative, nonsurgical, means of treatment is war-
ranted.
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