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Background & Significance 

 

Appendectomy and cholecystectomy are among the most common emergency general surgery 

(EGS) operations performed in the United States.  The laparoscopic approach to appendectomy 

and cholecystectomy has gained wide acceptance over the last few decades and is now considered 

standard of care.1 However, the outbreak of the novel coronavirus (2019-nCoV) in the United 

States starting in March 2020 has brought into question whether laparoscopy is the safest method 

for these surgical diagnoses. The ideal approach should optimize patient care and outcomes, 

while minimizing risk to the surgical and perioperative teams.2,3 

 

The American College of Surgeons (ACS) recently released new guidelines on surgical decision-

making for emergency surgical procedures during the pandemic.4 The guidelines encourage non-

operative management with antibiotics for uncomplicated acute appendicitis and cholecystitis, 

while reserving percutaneous drainage for perforations or drainable fluid collections. However, 

non-operative management of these disease processes can fail, and there are clinical situations 

when surgical intervention is the only option.4 Therefore, when surgery is necessary, especially 

for patients known to be COVID-19 positive or with high clinical suspicion for COVID-19 

infection, many centers have shifted toward selective use of an open technique to mitigate 

exposure risk.  

 

Given the degree of uncertainty surrounding this evolving crisis and substantial regional 

variability in management based on medical and logistical considerations, a clearer understanding 

of EGS adaptations in the period surrounding the COVID-19 pandemic is essential.  The purpose 

of this study is to evaluate the impact of COVID-19 on the management and patient outcomes of 

acute appendicitis and cholecystitis during the pandemic as compared to contemporaneous 

controls.  

Primary aim: 

To evaluate the management of acute appendicitis and cholecystitis among all adult patients 

(COVID-positive, -negative, and -unknown) during the COVID-19 pandemic and compare to 

management prior to and after this period. We hypothesize that there will be a shift toward more 

non-operative management for uncomplicated cholecystitis and appendicitis and an increase in 

open and percutaneous procedures for complicated disease.  

 

Secondary aims: 

1) To evaluate and compare outcomes (i.e. hospital length of stay, surgical complications, etc.) of 

adult patients with acute appendicitis and cholecystitis before, during, and after the pandemic 
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2) To evaluate shifts in the delivery of EGS care (from Acute Care Surgery to General Surgery or 

other Surgical subspecialties) during the COVID-19 pandemic and determine the effect on 

outcomes  

 

Experimental Design/Methods 

This will be a cohort study with contemporaneous controls: 

• Experimental group: April 1, 2020 through the end of each participating site’s pandemic 

restrictions 

• Control group: October 2019 through January 2020 AND the 4 months following the end 

of each site’s pandemic restrictions 

 

Inclusion Criteria:  

Adult (age ≥ 18) 

Clinical, radiographic or intra-operative diagnosis of acute appendicitis or acute cholecystitis 

 

Exclusion Criteria: 

Patients <18 years of age 

 

Therapeutic Interventions: (operation = appendectomy or cholecystectomy) 

1) Antibiotics only 

2) Open operation ± antibiotics 

3) Laparoscopic operation ± antibiotics 

4) Percutaneous drainage ± antibiotics 

5) Combinations of above 

 

Outcomes Measures 

Primary Outcome: 

Successful completion of initial management approach (as defined below): 

• Open appendectomy or cholecystectomy – successful completion of open appendectomy 

or cholecystectomy 

• Laparoscopic appendectomy or cholecystectomy - successful completion of laparoscopic 

appendectomy or cholecystectomy 

• Antibiotics alone – discharge from the hospital without the need for surgery and no 

recurrent appendicitis or cholecystitis during the follow-up period 

• Antibiotics plus percutaneous drainage – discharge from the hospital without the need for 

surgery and no recurrent appendicitis or cholecystitis during the follow-up period 

 

Secondary Outcomes: 

Surgical site infection (SSI)  

Thromboembolic complications 

Secondary intervention rate 

Hospital re-admission (30 day, 3- and 6 months) 

Hospital length of stay (LOS), index and cumulative 

Pathologic diagnosis (acute, perforated, gangrenous, other) 

Death 

COVID-related pneumonia, sepsis, multiple organ failure, etc.  

 

Variables: 

Demographics: age, race, sex, weight, BMI, co-morbid medical conditions, Charlson 

Comorbidity scale 



Hospital characteristics: type of hospital (University hospital, community teaching, community 

non-teaching, university affiliated, public, private); total number of COVID-19 positive patients; 

designated COVID units (Y/N) 

 

History of present illness: right upper quadrant pain, right lower quadrant pain, nausea, vomiting, 

anorexia, diarrhea, jaundice, duration of symptoms, prior episodes 

 

Admission physical exam: temperature (C), heart rate (HR), systolic blood pressure, abdominal 

exam findings 

 

Admission laboratory test: WBC, liver function tests, amylase, lipase, COVID status and date of 

testing/result (positive, negative, unknown), D-dimer, LDH, procalcitonin 

 

Antibiotics: drug class, drug dose, duration of treatment, indications for treatment (i.e. therapeutic 

vs prophylactic) 

 

Surgical variables: time from symptom onset to ED triage, time from ED triage to 

operation/intervention, initial laparoscopic or open, conversion to open, duration of operation, 

time of operation, use of surgical drains 

Team performing surgery: Acute Care Surgery vs General Surgery vs Other Surgical Specialty 

(Surg Oncology, Hepatobiliary, Colorectal, etc.); ACS vs non-ACS surgeon 

Team providing perioperative care: Acute Care Surgery vs. General Surgery vs Other Surgical 

Specialty (Surg Onc, Hepatobiliary, Colorectal, etc.) 

Pathologic variables: final pathologic diagnosis (normal, acute, perforated, gangrenous, 

neoplastic, other) 

Outcomes: index hospital LOS, 30-day, 3 and 6-month subsequent hospital readmissions 

(repeated measures), surgical site infection (SSI), other infectious and non-infectious 

complications, secondary interventions, duration of antibiotic treatment, Clavien-Dindo 

complication grade, intra-operative adverse events (iAE); return to ED/re-presentation after 

medically managed cholecystitis/appendicitis 

 

 

Data Collection/Statistical Analysis 

Standardized data will be collected for each patient.  Continuous variables will be compared 

using Student’s t-test and the Mann-Whitney U test for parametric and non-parametric data, 

respectively.  The Chi-squared tests or Fisher’s exact test will be used to compare categorical 

variables.  All variables with a p value <0.2 on univariable analysis will be entered into a 

multivariable logistic regression analysis to identify independent risk factors for failure of initial 

chosen treatment strategy. Data will be reported as adjusted odds ratios with 95% confidence 

intervals.  Statistical significance will be set at a p<0.05 

  

Propensity Score analysis 

Propensity score matching will be used to maximize clinical equipoise between temporal cohorts.  

Patients will be matched in a 3:1 ratio using propensity scores for select variables (i.e. 

demographics, laboratory values, and comorbidities). A 3:1 match between groups will be 



performed using a nearest-neighbor technique; calipers ≤ 0.2 of the standard deviation of mean 

differences (SMD) will be acceptable for matches.  

 

Software/Data Storage 

All data points will be collected and entered as case report forms into a secure web-based 

application (Research Electronic Data Capture, i.e. REDCapTM). Data analyses will be performed 

with JMP® Pro software, Version 14.2 of the SAS® System for Windows® (2018 SAS Institute 

Inc., Cary, NC, USA).  Analyses will be facilitated with the use of a biostatistics consultant. 

 

Consent Procedures: 

This is a retrospective cohort study of patients who are managed according to institutional-

specific management protocols.  Thus, waiver of informed consent is requested.  Data will be 

recorded on a data sheet and transferred to a secured database that is devoid of patient identifiers. 

 

Risk/Benefit Analysis: 

If the ideal type of intervention for acute appendicitis or cholecystitis can be identified to 

optimize outcomes in COVD-19 patients while minimizing exposure to healthcare providers, then 

significant benefit will result.  
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