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The severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) pandemic has significantly impacted healthcare sys-

tems globally. Historically, outbreaks of respiratory infectious 
disease have been associated with a decline in hospital visits 
[1,2]. A similar trend has been reported in the SARS-CoV-2 out-
break [3]. Anteby and colleagues [4] demonstrated in their study 
a significant decrease in the overall number of patients attending 
the emergency department (ED) with surgical complaints during 
the initial SARS-CoV-2 outbreak [5].Changes in medical care 
can be explained by the fear of contagion, as hospitals are con-
sidered a hotspot for infection. 

Furthermore, the large volume of coronavirus-2019 
(COVID-19) patients seeking medical attention has resulted in 
increased hospitals admissions [6]. As a result, health institu-
tions and medical associations tried to optimize the diagnosis 
workup and predict clinical outcomes. They altered clinical 
management guidelines to optimize patient care resources 
(ventilators, personal protective equipment, intensive care 
unit beds) [7-9]. The American College of Surgeons (ACS) 
and the Society of American Gastrointestinal and Endoscopic 
surgeons (SAGES) published a set of guidelines for triage of 
general surgery patients, which offers a strategy to address this 
unique challenge [10,11].

At times of massive patient influx and in an effort to mini-
mize possible spread [12,13], postponing non-urgent surgeries 
became a priority for surgeons. This drastic measure was intend-
ed to relieve the burden on healthcare systems and to reduce the 
risk of possible virus spread during operations via body fluids 
and secretions [10,11]. This approach is different in surgical 
emergencies [14]. Acute appendicitis (AA) is a common cause 
for hospital referral and the most common indication for acute 
surgical abdominal intervention. Complicated disease may be 
attributed to late diagnosis and treatment and related to inop-
erable disease and postoperative complications. However, few 
surgeons suggested non-operative treatment for AA during the 
COVID-19 pandemic [15-17].

In this study, we gauged the impact of the COVID-19 pandem-
ic on patients presenting with AA and assessed whether the rec-
ommendation for non-operative treatment were being followed. 
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ABSTRACT  Background: The coronavirus disease-2019 (COVID-19) out-

break had an effect on healthcare. 

  Objectives: To evaluate the presentation and management of 

patients with acute appendicitis.

  Methods: A retrospective study was conducted of all patients 

presenting with acute appendicitis to the emergency depart-

ment of a large tertiary center during March and April 2020. 

Clinical features, diagnostic workup, and management were 

compared.

  Results: Seventy-four patients presented with acute appendi-

citis during the pandemic compared to 60 patients during the 

same time the year before. There were no significant differenc-

es in patient demographics: age (P = 0.65), gender (P = 0.73), 

smoking status (P = 0.48). During COVID-19 patients were 

more likely to complain of right lower quadrant pain (100% 

vs. 78.3%, P < 0.01). Rates of surgical treatment was simi-

lar (83.8% vs. 81.7%, P = 1); mean operative time was longer 

during COVID-19 (63 ± 23 vs. 52 ± 26 minutes, P = 0.03). There 

were no significant differences in intra-operative findings in-

cluding the presence of appendiceal perforation (16.3% vs. 

14.5%, P = 0.8), abscess (6.1% vs. 9.7%, P = 0.73), or involve-

ment of cecum or terminal ileum (14.28% vs. 19.63%, P = 1). 

Postoperative treatment with antibiotics was more prevalent 

during COVID-19 (37.1% vs. 18%, P = 0.04). Length of stay (1.82 

2.04 ± vs. 2.74 4.68 ±, P = 0.2) and readmission rates (6% vs. 

11.3%, P =0.51) were similar.

  Conclusion: The COVID-19 pandemic did not significantly affect 

the presentation, clinical course, management, and outcomes 

of patients presenting with acute appendicitis.
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PATIENTS AND METHODS

ESSENTIAL BACKGROUND

In our tertiary medical center, patients presenting with AA are 
diagnosed by ED physicians or surgical residents on call in the 
ED. The typical management includes a clinical assessment, 
laboratory tests, and an imaging study. An imaging study com-
monly encompasses ultrasound or computerized tomography 
(CT) to establish or rule out AA. In our institution, most cases of 
simple AA; hence, without peri-appendicular abscess, are man-
aged surgically. Usually, the operating team includes a chief res-
ident (post-graduate year [PGY] 5-6) accompanied by a resident 
in an earlier training stage (PGY 2-4). If the surgery becomes 
technically challenging, a board certificated attending surgeon 
on-call is consulted. The default approach for an appendectomy 
is laparoscopically. 

During the initial outbreak of COVID-19 in March 2020, our 
institution worked in capsules. In this routine, the medical team, 
which included physicians (seniors and residents), nurses, and 
para-medical staff, were divided to three groups, each working 
12-hour shifts. Any physical contact among the groups was 
forbidden to avoid transmission of COVID-19, in case of un-
controlled spread inside one of the groups. The capsule strategy 
was designed to decrease the probability of a complete hospital 
service shut-down due to uncontrolled contagion and promising 
some level of function [18].

This organizational change was implemented between March 
21, 2020 and April 30, when the national transmission rate in 
the Israeli population significantly decreased. While working in 
the capsules routine, we performed only urgent and oncological 
operations in which delay could be harmful. In the study peri-
od, inclusion criteria for SARS-CoV-2 testing included patients 
with COVID-19 related symptoms (e.g., fever, dyspnea, cough), 
possible exposure to a known carrier and returning travelers 
from countries with high rates of COVID-19 morbidity (China, 
South Korea, Thailand, Italy).

STUDY DESIGN AND MEASUREMENTS

We conducted a single-center retrospective study. The study was 
approved by the institutional review board of Sheba Medical 
Center (www.ClinicalTrials.gov ID: NCT04338672). All pa-
tients older than 18 years of age who were diagnosed with AA 
during March and April 2020 (COVID-19 outbreak period) and 
in the equivalent consecutive months in 2019 were included. 
Collected data included basic demographic and clinical char-
acteristics (age, sex, body mass index [BMI], co-morbidities), 
clinical presentation (duration of symptoms, fever, pulse, white 
blood count [WBC], C-reactive protein [CRP]), imaging reports 
(width of appendix, presence of peri-appendiceal fat infiltration 
or abscess), operative reports (duration, intra-operative find-
ings, the need to use of stapling), and outcomes (postoperative 

antibiotics, length of stay [LOS], readmissions).

STATISTICAL ANALYSIS

We compared the two groups (COVID-19 period and pre-
COVID-19) using a t-test for continuous outcomes and chi-
square test for categorical ones. Statistical analyses were per-
formed using IBM Statistical Package for the Social Sciences 
statistics software, version 25 (SPSS, IBM Corp, Armonk, NY, 
USA). P < 0.05 was considered statistically significant.

RESULTS

Overall, of 16,987 patients presenting to the ED during the 
COVID-19 period, 74 were diagnosed with AA, compared to 
60 of 22,198 diagnosed during March and April 2019. During 
the COVID-19 period, patients with acute appendicitis who met 
the inclusion criteria for COVID-19 testing were all negative 
for the disease. This was also the case for tested medical staff. 
Only one patient was operated before the COVID-19 test results 
came back negative and therefore, the surgery was done under 
full protection protocol.

Patient demographics during the COVID-19 period and the 
previous year are presented in Table 1. We found no differenc-
es in regards to the patients age (P = 0.65), gender (P = 0.73), 
BMI (P = 0.281), and smoking status (P = 0.48). In addition, 
other than higher rates of patients complaining of right lower 
quadrant (RLQ) abdominal pain (100% vs. 78.3% P < 0.01), 
no significant differences were seen between the groups when 
comparing clinical presentations and results of the diagnostic 
workup [Table 2].

Table 1. Basic demographic and clinical data

1 March 2019 
to 30 April 2019

(N=60)

1 March 2019 
to 30 April 2019

COVID-19 
pandemic 

(N=74)

P value

Mean age 
(years) 40.33 ± 19.31 38.84 ± 19 0.65

Male gender 33 (55%) 38 (51.4%) 0.73

Mean BMI 
(kg/m2 ) 26.55 ± 5.64 25.52 ± 5.07 0.281

Smoking 8 (13.56%) 14 (19.4%) 0.48

Diabetes 
mellitus 5 (8.3%) 4 (5.4%) 0.51

Hypertension 13 (21.7%) 10 (13.5%) 0.25

Asthma/
COPD 4 (6.7%) 5 (6.8%) 1

Ischemic 
heart disease 4 (6.7%) 1 (1.4%) 0.173

BMI = body mass index, COPD = chronic obstructive pulmonary disease
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Table 2. Clinical, laboratory, and imaging presentation of patients

1 March 2019 
to 30 April 2019

(N=60)

1 March 2019 
to 30 April 2019

COVID-19 
pandemic

(N=74)

P
value

S
ub

je
ct

iv
e

Right lower 
quadrant pain 47 (78.3%) 74 (100%) <0.01

Nausea / 
vomiting 19 (31.7%) 21 (28.4%) 0.71

Loss of 
appetite 21 (35%) 20 (27%) 0.35

Fever 5 (8.3%) 12 (16.2%) 0.2

Mean length 
of symptoms 
(days)

2.5 ± 3.8 2.08 ± 2.61 0.453

P
hy

si
ca

l e
xa

m
in

at
io

n

Mean fever 
(°C) 36.91 ± 0.45 37 ± 0.52 0.31

Mean pulse 84.14 ± 15 89.18 ± 21.3 0.11

Right lower 
quadrant 
tenderness

57 (95%) 71 (95.9%) 1

Rebound / 
Gaurding 34 (56.7%) 49 (66.2%) 0.29

Palpated 
"MASS" 1 (1.7%) 1 (1.4%) 1

La
bo

ra
to

ry
 o

n 
pr

es
en

ta
ti

on

Mean white 
blood s 11.85 ± 3.48 13.05 ± 4.02 0.07

Mean 
C-reactive 
protein

63.27 ± 83.51 65.73 ± 81.12 0.864

Mean 
hemoglobin 13.95 ± 1.41 14 ± 1.53 0.87

Mean albumin 4.24 ± 0.38 5.34 ± 6.22 0.135

Fat infiltration 49 (87.5%) 62 (83.8%) 0.623

Free fluid 33 (57.9%) 35 (47.3%) 0.29

Fecalith 
(appendicolith) 6 (10.3%) 14 (18.9%) 0.13

Perforation 5 (8.6%) 0 (0%) 0.157

Abscess 4 (6.9%) 7 (9.5%) 0.76

Surgical management was performed at similar rates during 
the COVID-19 period compared to pre-COVID-19 (83.8% vs. 
81.7%, P =1). During the COVID-19 period there was a higher 
rate of senior surgeon participation in appendectomies (66% vs. 
28%, P < 0.01). Although mean operative time was longer during 
the study period (63 minutes vs. 52 minutes, P = 0.03), no other 
significant differences regarding intra-operative findings and sur-

gical factors were identified between the two groups [Table 3]).
Postoperative course was also similar between the two 

groups [Table 4], with no significant differences in LOS, re-
admission rate or surgical complications. The only difference 
between the two groups was seen in the number of patients giv-
en post-operative antibiotics following the surgical intervention 
(37.1% vs. 18%, P = 0.04).

Table 3. Intra-operative data

1 March 2019 
to 30 April 2019

(N=60)

1 March 2019 
to 30 April 2019

COVID-19 pandemic
(N=74)

P value

Operation 
rates 49 (81.7%) 62 (83.8%) 1

Time of 
operation from 
diagnosis 
(hours)

17.09 ± 14.91 13.96 ± 13.98 0.26

Perforation 8 (16.3%) 9 (14.5%) 0.8

Abscess 3 (6.1%) 6 (9.7%) 0.73

Fibrin 6 (12.2%) 3 (4.8%) 0.18

Involvement 
of cecum or 
terminal ileum

14.28% 19.63% 1

Usage of 
stapler (Endo-
GIA™)*

6 (12.2%) 12 (19.4%) 0.44

Living draings 7 (14%) 8 (12.9%) 0.64

Participating of 
senior surgeon 14 (28%) 41 (66.12%) <0.01

Time of 
operation 
(minutes)

52 ± 26 63 ± 23 0.03

*Metronic, USA 

Table 4. Hospitalization and short follow-up outcomes

1 March 2019 
to 30 April 2019

1 March 2019 
to 30 April 2019

COVID-19 pandemic
P value

Postoperative 
antibiotic 
course

9 (18%) 23 (37.1%) 0.04

Mean length of 
stay (days) 2.74 ± 4.68 1.82 ± 2.04 0.2

Postoperative 
computed 
tomography 
guided abscess 
drainage

0 1 (1.6%) 1

Readmission 
within 30 days 3 (6%) 7 (11.3%) 0.51
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DISCUSSION

Our results demonstrated virtually no differences between clini-
cal presentation and surgical management of patients diagnosed 
with acute appendicitis during the COVID-19 outbreak com-
pared to the same period the previous year. 

Tankel et al. [19] showed in a multi-center retrospective 
study a decrease in the number of patients admitted with AA 
during the COVID-19 outbreak. The authors suggested that 
patients with mild appendicitis were treated with antibiotics in 
their home instead of being admitted to the ED. They also em-
phasize, that in contrast with their hypothesis, patients did not 
present with more severe appendicitis due to the delayed admis-
sion. Our results are not compatible as we did not see a decrease 
in rates of admission due to acute appendicitis. However, our 
results suggested that patient presentation severity was not dif-
ferent during the initial COVID-19 pandemic for AA. 

Our study indeed demonstrated a trend of longer operative 
time and higher rates of senior participation. We believe these 
findings are consequences of the complicated preparations 
protocols for surgery under full personal protective equip-
ment and the special form of work conducted in our institution 
during the COVID-19 pandemic; hence the use of the capsule 
method. The higher participation rate of attending surgeons in 
appendectomies can be explained by their higher availabili-
ty due to the low volume of elective surgeries in the capsule 
working routine. 

The ACS and the SAGES published guidelines for triage of 
general surgery patients in the challenging era of COVID-19 
[10,11]. It was suggested by these guidelines that patients with 
uncomplicated acute appendicitis can be managed with in-
tra-venous (IV) antibiotics followed by transition to per-os (PO) 
antibiotic after clinical improvement is achieved and that the 
duration of hospital stay should be weighed against the use of 
operating room resources.

Laparoscopy, considered the standard of care for the treat-
ment of acute appendicitis, carries a risk for medical team in-
fection at times of viral respiratory pandemics [20,21]. SARS-
CoV-2 has been found in stool specimens and in enterocytes 
[22,23]; therefore, it was suggested that surgical manipulation 
of the gastrointestinal tract during laparoscopic procedures 
might generate infectious aerosols. The SAGES guidelines 
recommended stopping elective laparoscopic surgeries, and to 
use the following precautions urgent or necessary surgeries to 
use: 1. Devices to filter release CO2 for aerosolized particles; 2. 
Minimize medical staff in the OR; 3. The use of personal pro-
tective equipment [10]. From our experience, despite the rec-
ommendations to avoid surgery during the COVID-19 outbreak, 
we did not see a difference in the proportions of surgical and 
conservative treatment between the two periods. Meaning, the 
treatment preference for acute appendicitis during the pandemic 
was still mostly surgical.

Ngaserin et al. [24] reviewed a case study of a COVID-19 
patient who underwent laparoscopic appendectomy for acute 
appendicitis. Peritoneal fluid and peritoneal washings were col-
lected and sent for SARS-CoV-2 testing but failed to detected 
the virus. Similar results were reported by Wolf et al. [25] who 
reviewed a case of COVID-19 positive patient that underwent 
appendectomy [25], the writers suggest that the absence of 
SARS-CoV-2 in the appendectomy specimen adds to the pre-
liminary available evidence indicating that appendectomy in 
COVID-19 patients with mild disease carries a low risk of infec-
tion by aerosols generated during the procedure. Both reviews 
may imply on the safety of laparoscopy during the COVID-19 
era and justify the results in our study.

The similar rates of AA diagnoses and surgical treatment 
with laparoscopy between the two groups emphasize that de-
spite the huge burden on healthcare systems in times of unfa-
miliar pandemic, other diseases such as AA present in the same 
rates, require similar interventions and can be treated in the 
same manner. Similar rates of post-operative complications and 
LOS, in the absence of COVID-19 infected patients or medical 
staff, support the management demonstrated in our institute, un-
der the precaution of the capsules working routine.

These important findings should be considerations while 
planning the strategy and resources assignment for the next 
wave of COVID-19, which is already at its onset. 

LIMITATIONS

Although these results are meaningful, several drawbacks 
should be recognized. First, it is a single-center study. It is also a 
retrospective analysis with a relatively small cohort. With these 
caveats in mind, the results of this research are undoubtedly 
clinically important. Further research is needed, with a possible 
multi-center collaboration, to detect national trends and to study 
the differences in the management of other surgical disease un-
der global pandemics.

CONCLUSIONS

There were no differences in the presentation rates, severity, surgi-
cal management, and outcomes of AA in the COVID-19 outbreak 
period compared to pre-COVID-19. Although societal guidelines 
recommended minimizing surgical activity, the utilization of lap-
aroscopic appendectomy for the treatment of AA did not differ in 
the COVID-19 outbreak period, and there were no higher rates of 
intra-operative or post-operative complications nor evidence for 
transmission of SARS-CoV-2 between patients and medical staff. 
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Capsule

Dexamethasone and surgical-site infection

The glucocorticoid dexamethasone prevents nausea and 
vomiting after surgery, but there is concern that it may 
increase the risk of surgical-site infection. A total of 8725 
participants were included in the modified intention-to-
treat population (4372 in the dexamethasone group and 
4353 in the placebo group) of whom 13.2% (576 in the 
dexamethasone group and 572 in the placebo group) 
had diabetes mellitus. Of the 8678 patients included in 
the primary analysis, surgical-site infection occurred in 
8.1% (354 of 4350 patients) assigned to dexamethasone 
and in 9.1% (394 of 4328) assigned to placebo (risk 

P<0.001 for noninferiority). The results for superficial, 

deep, and organ-space surgical-site infections and in 
patients with diabetes were similar to those of the primary 
analysis. Postoperative nausea and vomiting in the first 
24 hours after surgery occurred in 42.2% of patients in 
the dexamethasone group and in 53.9% in the placebo 
group (risk ratio 0.78; 95% confidence interval 0.75–
0.82). Hyperglycemic events in patients without diabetes 
occurred in 22 of 3787 (0.6%) in the dexamethasone 
group and in 6 of 3776 (0.2%) in the placebo group. 
Dexamethasone was noninferior to placebo with respect 
to the incidence of surgical-site infection within 30 days 
after nonurgent, noncardiac surgery.

N Engl J Med 2021; 384:1731 

Eitan Israeli


