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A B S T R A C T   

Background: The COVID-19 pandemic necessitated adjustments to nearly all aspects of healthcare, 
including surgical care. The effects of these adjustments have not been well studied on acute 
surgical problems conventionally managed non-electively in large, tertiary care centers. 
Methods: A retrospective analysis of admitted patients with acute cholecystitis at a US academic 
tertiary care center was performed. We compared the presentation, management, and 30-day 
outcomes of patients admitted during a 2-month time period during early COVID, to a pre- 
COVID control group of admitted cholecystitis patients over a 2-month span. 
Results: The study cohort captured 24 patients, while the control cohort encompassed 53 patients. 
A non-significant trend toward non-operative management in the COVID cohort is reported. 
There was no delay in time-to-surgery or complication rate. No surgically managed patient 
developed COVID within 30 days of operation. 
Conclusions: Operative management of acute cholecystitis during the COVID-19 pandemic, with 
pre-operative testing and personal protective equipment guidelines, remained safe and effective.   

1. Introduction 

In December 2019 a new, unusual respiratory illness was reported in Wuhan City, Hubei Province, China which was retrospectively 
identified as the novel COVID-19 disease [1]. The combination of COVID-19’s robust transmission capability and the 
inter-connectedness of modern society led to rapid spread and an unprecedented global pandemic [2]. Health systems and individual 
hospitals worldwide faced extraordinary challenges including shortages in diagnostic testing, inadequate ICU and ventilator capacity, 
and widespread scarcity of both healthcare resources and providers [3–5]. 

To combat the rapid spread of COVID-19, countless policies have been enacted on the international, national, state, and local levels. 
Many of these policies have been based on previous epidemiological studies or extrapolated from experience in previous modern 
outbreaks: SARS, MERS, H1N1 influenza, and include efforts aimed at transmission mitigation, exposure tracing, and improving 
clinical management [2,6,7]. However, the unprecedented scope of the pandemic necessitated adjustments to nearly all aspects of 
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medical care, even if unrelated to acute COVID-19 infection. Surgical care was deeply affected by COVID-19. Many healthcare systems 
in the United States deferred or greatly curtailed elective surgical procedures to facilitate increased inpatient bed availability, preserve 
personal protective equipment, and minimize the risk of viral transmission during anesthetic management of the airway under the 
guidance of several governing bodies and surgical societies [8–11]. Secondary and unintended consequences of such policies remain an 
area of ongoing review. The PREDICT Study, a recent international, longitudinal study reported 4-fold increase in all-cause in-hospital 
mortality in emergency surgical patients that presented with, or developed, COVID during their hospitalization [12]. The PREDICT 
study broadly included patients with traumatic, vascular, cardiothoracic, endocrine, orthopedic, and emergency general surgical 
diagnoses. 

The presentation severity, treatment paradigms, and outcomes for emergency general surgery patients with and without COVID 
infection during the early pandemic compared to pre-pandemic norms remains unknown. Given concerns for continued COVID-19 
variant development and additional localized “waves” of this disease and possible future pandemics, strategies to optimize acute 
surgical care during crisis are urgently needed. Study of both COVID-19 infected and COVID-19 uninfected patients is required to fully 
understand the pandemic’s effect. 

This study focuses on emergency general surgery patients and seeks to examine the presentation, management, and outcomes of 
patients with acute cholecystitis (AC), regardless of COVID status. Patients were treated at an academic tertiary care center during the 
early pandemic response and contrasted to a reference cohort of patients with AC prior to the COVID-19 pandemic. The primary aim of 
this study is to investigate changes in treatment, surgical outcomes and morbidity of patients with AC during the early COVID-19 
pandemic. Secondary analysis compares severity of illness at presentation, and sub-group analysis explores time-to-treatment, oper
ative time, and hospital length of stay. 

2. Materials and methods 

A retrospective analysis of patients treated for acute cholecystitis at an academic tertiary care medical center heavily affected by the 
COVID-19 pandemic was performed. Institutional Review Board authorization was obtained from the academic medical center, and 
consent waiver was grant for the presentation of de-identified data. Study cohorts captured patients ≥ 18 years of age that were 
admitted to the hospital with an ICD-10 code indicating acute cholecystitis (K80.*), cholelithiasis (K81.*), or unspecific disorders of 
the gallbladder (K82.*). The early COVID cohort captured patients between March 12th, 2020–May 12th, 2020, while the reference 
control cohort included patients admitted between September 12th, 2019–November 12th, 2019. The control cohort was chosen to 
mirror the length of the study cohort, and the length of follow up data ended prior to the first reported case of COVID in the United 
States (January 19th, 2020) [13]. The study cohort begins the first full day after COVID was declared a global pandemic by the World 
Health Organization [14]. The retrospective nature of this study analyzes data from the rapidly evolving early COVID timeframe, 
before the development of COVID vaccines. Patients were treated at a single large tertiary academic hospital in the Northeastern 
United States that was inundated with COVID patients during the study period. Determination of need for surgical intervention was at 
the discretion of the acute care surgery section, and treatment decisions were made prior to now published societal and data-driven 
guidelines [15,16]. 

Manual evaluation of each study participant’s medical record was performed to verify study inclusion criteria, and to gather patient 
demographics, comorbidity and illness severity data, clinical course, and 30-day outcome and complication metrics. Demographic data 
collected consists of patient: age, gender, and self-reported racial identity. Comorbidities accounted for in the Charlson Comorbidity 
Index (CCI) were captured, and a composite CCI score was calculated for each patient. Severity of acute cholecystitis (AC) was graded 
using 2018 Tokyo Severity Grading system [17,18]. 

Abstracted data regarding clinical course included treatment method: cholecystectomy (CCY), percutaneous cholecystostomy (PC), 
and non-operative management (antibiotics alone or palliative intent). For patients managed with CCY, an additional time-to- 
treatment analysis was performed to investigate any differences between cohorts in presentation to procedure start time, operative 
duration, and length of hospital stay. Morbidity was classified by the Clavien-Dindo system [19–21]. Special attention was given to 
pre-hospitalization COVID status, and COVID status during hospitalization and 30 days following discharge. 30-day readmission data 
was also captured for all patient groups. Additionally, 2.5 year follow up of data was collected for patients managed non-operatively. 
Treatment modality was evaluated with a chi-squared test and T-tests were calculated to determine if there were differences within the 
study and control group regarding outcomes, complications, or time-to-treatment. Statistics were performed in SPSS (IBM Corp.; 
Armonk, NY, USA). 

3. Results 

3.1. Demographic data and clinical management 

77 patients were evaluated with AC during the study period. The 2019 control cohort included 53 patients and the COVID-19 
cohort included 24 patients. Both groups displayed a slight female predominance with the control cohort at 30/53 (56.6 %) and 
the COVID-19 cohort at 15/24 (62.5 %), p = 0.63. The represented ages were similar with the control cohort mean age at 55.1 years, 
and the COVID-19 cohort at 55.8 years, p = 0.88. Body mass index (BMI) for the control cohort ranged from 19.4 to 80.6 with a mean of 
31.6 while the COVID-19 cohort ranged from 18.7 to 39.5 with a mean of 28.9, p = 0.24. The mean CCI score for the control cohort was 
2.89, and for the COVID-19 group it was 2.96, p = 0.91. A summary of the demographic data is displayed in Fig. 1A. Self-reported racial 
identity was captured for each cohort and yielded a similar distribution (Fig. 1B). 
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Of the 53 patients in the control cohort, 39 (73.6 %) underwent cholecystectomy, 8 (15.1 %) underwent percutaneous chol
ecystostomy, 4 (7.5 %) were managed with antibiotics alone, and 2 (3.8 %) were managed palliatively. In the 24 patient COVID-19 
cohort 15 (62.5 %) underwent cholecystectomy, 4 (16.7 %) underwent PC, 5 (20.8 %) were managed with antibiotics alone, and 
none were treated with palliative intent. 

3.2. Surgical sub-group analysis and outcome data 

Of the 53 patients in the control cohort, 2 were managed with palliative intent and removed from the sub-group analysis. A surgical 
management sub-group analysis was performed, containing 39 patients in the control cohort and 15 patients in the COVID-19 cohort 
who all received cholecystectomy. Time intervals from presentation to operating room, operative duration, and length of hospitali
zation were captured. While there was no significant difference in this temporal analysis (Table 1), the COVID-19 cohort trended 
toward reaching the operating room slightly faster (16.6 vs 17.9 h, p = 0.70), had slight shorter operative cases (1.43 vs 1.69 h, p =
0.36), and shorter hospital stays (1.67 vs 2.51 days, p = 0.14). 

Data regarding pulmonary complications, contagion of COVID-19 within 30 days from discharge, significant surgical complication 
(Clavien-Dindo ≥ 3), and 30-day readmission were similar between groups and captured in Table 1. None of the surgical patients in 
either cohort suffered mortality within 30 days of discharge. In the COVID-19 cohort no patients were diagnosed with COVID-19 
during their hospitalization or within 30 days of discharge. 

3.3. Non-surgical sub-group outcome analysis 

Patients that were treated with PC or antibiotics alone with curative intent were analyzed in the non-surgical sub-group analysis 
(Table 1). The control cohort had 12 patients, and the COVID cohort 9 patients. Rates of pulmonary illness was similar between groups, 
with 3/12 (25 %) in the control cohort and 3/9 (33 %) in the COVID-19 cohort. The control cohort had an unplanned 30-day read
mission rate of 8.3 %, while the early COVID cohort had a rate of 11 %. Each cohort also had significant 30-day mortality, 25 % control 
cohort and 33 % in the COVID-19 cohort. Only 1 of the 9 patients in the 2020 cohort became positive for COVID-19 within thirty days 
of discharge. 

During the 2.5 year follow up from the six non-surgically managed patients of the early COVID cohort who survived beyond the 30- 
day mark: 2 experienced mortality outside the 30-day study window (one from metastatic cancer and one from medical conditions 
unrelated to biliary disease), 2 underwent interval cholecystectomy, 1 has been observed without recurrent biliary issues or inter
vention, and 1 has not undergone cholecystectomy, but has required numerous biliary interventions due to a biliary fistula after 
undergoing a percutaneous cholecystectomy tube. 

Fig. 1. Baseline characteristic data of study cohorts.  
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3.4. New Haven County COVID-19 incidence 

The study center is a tertiary academic hospital in the New Haven, Connecticut that experienced a high burden of community 
COVID-19 disease during the study timeframe as displayed in Fig. 2. In the weeks following the announcement of COVID-19 as a 
pandemic, testing was scarce and had a high positivity rate around 5–8% during our study timeframe. 

4. Discussion 

The COVID-19 pandemic introduced unprecedented challenges to healthcare systems and hospitals across the world. In the early 
weeks after the global pandemic was declared by the World Health Organization on March 11th, 2020, policies at national and local 
levels were enacted based on previous pandemic experience and speculative common sense practices. By comparing the presentation, 
management, and outcomes of patients with a relatively ubiquitous surgical disease (acute cholecystitis) this study aims to shed light 
onto a hospital’s ability to continue routine surgical care safely during COVID-19 crisis management. 

At a Northeastern, US hospital this study was conducted in an epicenter of early COVID disease, and the data presented during the 
COVID-19 study timeframe accrued when little was known about the disease and when both testing and resources were scarce. This 
combination of factors captures the extreme hardships encountered and offers observation into epidemiology of acute cholecystitis and 
the unintended consequences of enacted anti-contagion policies. 

Our study reports a striking decrease of admitted patients with AC during the 2020 COVID timeframe (24) as compared to the 
control cohort (53). Potential reasons for this finding may be a genuine decrease in cholecystitis incidence in the community, possibly 
due to avoidance of aggravating behavior, or hesitancy to seek medical treatment leading to COVID exposure during active national 

Table 1 
Management strategy, complication incidence, and outcome data for each cohort.  

All Study Participants 2019 Cohort (n = 53) 2020 Cohort (n = 24) Test of Significance 

Treatment Modality Cholecystectomy 
Percutaneous Drainage 
Antibiotic Therapy Alone 
Palliative Intent 

73.6 % 
15.1 % 
7.5 % 
3.8 % 

62.5 % 
16.7 % 
20.8 % 
0 % 

p = 0.294 

Cholecystectomy Sub-Group Analysis 2019 Cohort (n ¼ 39) 2020 Cohort (n ¼ 15) Test of Significance 
Duration Presentation to OR (hours) 

Operative Duration (hours) 
Length of Hospitalization (days) 

17.9 
1.69 
2.51 

16.6 
1.43 
1.67 

p = 0.70 
p = 0.36 
p = 0.14 

Complications Pulmonary Complications 
Subsequent COVID Diagnosis 
Clavien-Dindo ≥ 3 
Unplanned 30-day Readmission 

0 % 
– 
7.7 % 
12.8 % 

0 % 
0 % 
13.3 % 
13.3 % 

- 

Non-Surgical Sub-Group Analysis (Percutaneous Drainage þ Conservative 
Management) 

2019 Cohort (n ¼ 12) 2020 Cohort (n ¼ 9) Test of Significance 

Complications Pulmonary Pathology* 
Subsequent COVID Diagnosis 
Unplanned 30-day Readmission 
Mortality within 30 days 

25 % 
– 
8.3 % 
25 % 

33 % 
11 % 
11 % 
33 % 

-  

Fig. 2. A timeline of COVID cases, deaths, and hospital policies implementations.  
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social distancing policies. Interestingly, this did not result in more severe AC in those cases that were evaluated, as the Tokyo Severity 
Score was similar between cohorts. 

Once patients were admitted with AC, fewer patients underwent surgical management in the 2020 COVID timeframe with more 
patients undergoing non-operative management (p = 0.294). Of those, a relatively consistent fraction of patients underwent PC with 
the increase consisting of patients undergoing medical management alone. Despite this trend toward less operative management of AC 
in the 2020 COVID cohort, there remains low rates of complication and 30-day readmission. The PREDICT study reported a significant 
increase in in-hospital mortality for patients diagnosed with COVID [12]. Our study’s focus on patients with AC yielded only one 
COVID-positive patient who died within 30 days of their AC diagnosis, and our analysis is instead focused on treatment decisions and 
how patients progressed through their treatment. At our institution, careful patient selection for surgery in the setting of adherence to 
national guidelines for safe employment of general anesthesia and operative intervention allowed judicious use of scare resources 
without a detriment to patient outcome. 

In the surgical sub-group analysis, these findings demonstrates that policies designed to mitigate risks of iatrogenic COVID 
transmission did not have a deleterious effect on operative room access. At our institution, specially designated operating rooms for 
COVID-positive or COVID-unknown status patients, novel personal protective equipment protocols for staff and patients, and pre- 
operative COVID-19 testing did not result in delays to operative therapy in patients with AC. Moreover, there were no differences 
in duration of surgery or length of stay. Both trended lower in the COVID cohort; particularly notable is the mean length of stay was 
one-third shorter for patients in the COVID era. Although not reaching statistical significance, we surmise that this was due to the 
increased emphasis on bed availability in the COVID era. 

While the limitations of retrospective data analysis are inherent in this study, the two cohorts were well-matched from a de
mographic and disease standpoint. Whether the findings here can be applied to surgical problems beyond AC is unknown, although 
extrapolation to other general surgical diseases of the abdomen seems appropriate. In addition, this study was performed at a tertiary 
care center which may also limit the extent of its generalization. However, our center was an early and high-volume referral center for 
patients with COVID. Crucially, no patients developed COVID infection during the duration of their hospitalization, suggesting that 
anti-contagion and isolation policies were effective despite this being a very early stage in the pandemic in the United States. Similar 
surgical outcomes observed during the COVID era in this study, indicate that AC can be safely and effectively managed through periods 
of high COVID prevalence in a community. This finding remains important as COVID variants continue to develop, and data has 
emerged that variants display immune-evasion necessitating continued vaccine development and booster administration to the general 
population [22–24]. Additionally, as countries prepare to shift away from zero COVID policies, regional hot spots are at risk of 
developing [25,26]. 

5. Conclusions 

At an academic tertiary care hospital, patients with acute cholecystitis requiring surgical intervention during the early phases of the 
COVID-19 pandemic were able to safely and efficiently receive surgical care. Implementation of anti-contagion and isolation policies 
designed to limit in-hospital COVID-19 spread did not negatively affect timeliness of undergoing definitive surgical management or 
patient outcomes. This study suggests that management of acute cholecystitis during the COVID-19 pandemic was safe and effective 
despite the widespread stresses to the healthcare system.  

(A) Data regarding the demographics, comorbidity status, and acute cholecystitis severity of each cohort was captured and there 
were no significant differences between the two cohorts. (B) Self-reported racial identity data was similar between cohorts. 

Management decisions for each cohort are contrasted, and a trend toward more conservative management is noted in the early 
COVID cohort. Sub-group complication and outcome analysis was performed for the surgical and non-surgical subgroups. A time-to- 
treatment analysis was additionally performed on the surgical cohort. * Pulmonary pathology included: the in-hospital diagnosis of 
pneumonia, use of a ventilator, or pulmonary embolism. 

A timeline reporting the COVID cases and death in New Haven County. Specific notations indicate when COVID-specific policies 
were implemented. 
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