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ABSTRACT
Background The early COVID-19 pandemic period
significantly strained the US healthcare system. During
this period, consultations and admissions for acute
medical conditions decreased, which was associated
with an increase in disease-specific morbidity and
mortality. Therefore, we sought to determine what, if any,
effect the early COVID-19 pandemic period had on the
presentation, management, and histopathologic severity
of acute appendicitis.
Methods We performed a retrospective, observational
study to compare the frequencies with which patients
presented with acute appendicitis, the proportion of
whom were managed surgically, and the distribution
of histopathologic disease severity among all resected
appendix specimens during the early COVID-19
pandemic period (March 6–June 30, 2020) to equivalent
time periods for the 3 preceding/pre-pandemic years
(2017–2019).
Results Compared with equivalent pre-pandemic time
periods, during the COVID-19 pandemic period there was
no significant difference in the number of patients who
presented for acute appendicitis, there was a decreased
rate of surgical management (81% vs 94%; p=0.014),
and there was an overall increase in the incidence
of perforated appendicitis (31% vs 16%; p=0.004),
including by histopathologic diagnosis (25% vs 11%;
p=0.01).
Discussion Despite potential patient hesitancy to
present for care, the early COVID-19 pandemic period
was associated with no significant change in the number
of patients presenting with acute appendicitis; however,
there was a significant increase in the incidence of
perforated appendicitis. This study highlights the need to
encourage patients to avoid late presentation for acute
surgical conditions and for the robust planning for the
medical management of otherwise surgical abnormalities
during episodes of restricted or limited resources.
Level of evidence Level III.
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Acute appendicitis is one of the most common acute
surgical conditions. Operative management by
appendectomy is the standard treatment, although
there is a push towards an antibiotic-first approach
in some patient populations.1 In stable patients
with clinical and radiographic evidence of perforated appendicitis, initial medical management with
the option of interval appendectomy is also a safe
alternative.2 Preoperative prediction of severity of
appendicitis based on clinical, laboratory, and radiographic evidence can vary greatly among individual

cases and among interpreting physicians.3 Definitive disease severity can be assessed by histopathologic assessment of resected tissue.
The early COVID-19 pandemic period was
associated with marked changes in the rates of
presentation, diagnosis, and management of many
non-COVID-19-related
illnesses.
Emergency
department visits, hospital admissions, and surgical
emergencies for non-respiratory illnesses decreased
during the early pandemic period.4 5 Although
professional societies encouraged models of healthcare delivery that would limit risk of exposure of
both providers and patients to SARS-CoV-2, there
is no biologic reason for the incidence of acute
surgical conditions to decrease during a respiratory disease pandemic. This raises the concern
that patients may have delayed or even avoided
seeking medical care due to fear associated with
the COVID-19 pandemic. Delayed diagnosis of,
or medical intervention for, acute appendicitis can
lead to perforation and is associated with increased
costs, increased complications, and worse clinical
outcomes.6 7 Considering the uncertainty of the risk
of surgery to both patients and treating clinicians,
professional societies made recommendations to
alter management of diseases such as appendicitis, suggesting antibiotics over surgical management.8 Therefore, we sought to determine what, if
any, impact the early COVID-19 pandemic period
(March 6–June 30, 2020) had on the presentation,
management, and histopathologic severity of acute
appendicitis.

METHODS
Our institutional electronic medical record database was queried for all patients who presented to
the Johns Hopkins Hospital between March 6 and
June 30 in 2017–2020 with a clinical diagnosis of
acute appendicitis (International Classification of
Diseases—10th Revision: K35, K36). This cohort
included all patients with the above diagnoses
who were managed either operatively or non-
operatively. We also confirmed that for the patients
who underwent appendectomy, a pathological
report was generated for the appendix specimen.
Clinical histories for every identified case of acute
appendicitis were reviewed. Cases between March
6 and June 30, 2020 were included to focus our
study on the early pandemic period in the USA.
Cases during the same time interval in the three
previous years (2017–2019) were included as non-
pandemic cohorts.
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Table 1

Cohort demographics and rate of operative management of acute appendicitis
Pre-pandemic
2017 (N=65)

2018 (N=63)

2019 (N=81)

2020 (N=74)

Relative risk (95% CI)*

P value

 Sex—female, no (%)

23 (35)

31 (49)

33 (41)

32 (43)

0.81

 Age—median (IQR)

14 (2–26)

16 (2–26)

12 (5–20)

14 (2–25)

0.87

 No (%)

60 (92)

60 (95)

76 (94)

60 (81)

 Sex—female, no (%)

20 (33)

30 (50)

32 (42)

23 (38)

0.63

 Age—median (IQR)

14 (3–26)

16 (5–27)

12 (4–20)

12 (4–21)

0.88

Total

Operative management
1.16 (1.03 to 1.20)

0.01

*‘Pre-pandemic’ (2017–2019) versus pandemic (2020)

Pathological reports for each surgical case were reviewed by
certified pathologist and pathology resident. Histoa board-
pathologic appendicitis severity was categorized based on the
American Association for the Surgery of Trauma grading scale:
0, histologically unremarkable/no acute inflammation; 1, suppurative appendicitis; 2, gangrenous appendicitis; or 3, perforated
appendicitis.9 Cases where other diseases, not associated with
acute appendicitis, were observed were categorized as ‘Other’.
We compared patient count data from the pre-
pandemic
periods (2017–2019) with that of the early COVID-19
pandemic period for each outcome (demographics, rate of
operative management, histopathologic appendicitis severity
score, and rate of perforated appendicitis). Statistical analysis
was performed using IBM SPSS Statistics (V.25). Pearson χ2 or
Fisher’s exact test was applied where appropriate. Tests with a p
value of <0.05 were considered statistically significant.

RESULTS

There were 65, 63, 81, and 74 patients diagnosed with and
treated for acute appendicitis between March 6 and June 30 in
2017, 2018, 2019, and 2020, respectively. The age and sex of
patients in these four cohorts were similar with a female proportion ranging from 23% to 33% and a median age ranging from
12 to 16 years (table 1).
Of the patients who presented for and were diagnosed with
acute appendicitis, 60 (92%), 60 (95%), 76 (94%), and 60
(81%) were managed surgically by appendectomy in 2017,
2018, 2019, and 2020, respectively (table 1). Compared with the
early pandemic period, there was a significantly greater rate of
surgical management for acute appendicitis in the pre-pandemic
period (relative risk (RR): 1.16, 95% CI: 1.03 to 1.20, p=0.01)
(table 1). Of the patients managed surgically, there were no
significant differences among the cohort demographics (table 1).
We categorized the severity of acute appendicitis in cases that
were managed surgically using the pathological specimens based

Table 2

on a 4-tier scale from histologically unremarkable (0) to perforated (3). There were 15 (25%) cases of perforated appendicitis
identified during routine histopathologic examination in the
early pandemic period. During the pre-pandemic period, in 2017,
2018, and 2019, there were significantly fewer cases of perforated appendicitis: 5 (8%), 7 (12%), and 11 (14%), respectively
(RR: 0.47, 95% CI: 0.26 to 0.84, p=0.01) (table 2). Conversely,
there were 7 (12%), 5 (8%), 5 (7%), and 1 (2%) specimens from
2017, 2018, 2019, and 2020, respectively, that demonstrated no
significant pathological findings (RR: 5.2, 95% CI: 0.71 to 38,
p=0.10) (table 2). The frequency and proportion of the cases
of appendicitis with intermediate histopathologic severity were
similar among all cohorts (table 2).
We compared the incidence of perforated appendicitis that
was diagnosed clinically and by histopathology. In 2017, 2018,
2019, and 2020, there were 9 (14%), 10 (16%), 14 (17%), and
23 (31%) total cases of perforated appendicitis, respectively.
Compared with the early pandemic period in 2020, there were
significantly fewer total cases of perforated appendicitis in the
pre-pandemic cohorts (RR: 0.51, 95% CI: 0.32 to 0.81, p=0.004)
(table 3 and figure 1). This included significantly fewer cases of
perforated appendicitis diagnosed by histopathologic examination of resected tissue from during the pre-pandemic periods
as compared with the early COVID-19 pandemic cohort (RR:
0.54, 95% CI: 0.30 to 0.98, p=0.044) (table 3 and figure 1).

DISCUSSION
In this study, we have shown that during the early COVID-19
pandemic period, at a single US institution, as compared with
the 3 previous years, the number of patients who presented
for acute appendicitis did not significantly change, that operative management of acute appendicitis decreased, and that this
pandemic period was associated with a significant increase in the
incidence of perforated appendicitis.

Histopathologic severity of appendicitis from surgical resection specimens
Pre-pandemic
2017 (N=60)

2018 (N=60)

2019 (N=76)

2020 (N=60)

Relative risk (95% CI)*

P value

5.2 (0.71 to 38)

0.10

Severity score—no (%)
 0: histologically unremarkable

7 (12)

5 (8)

5 (7)

1 (2)

 1: suppurative appendicitis

34 (57)

39 (65)

44 (58)

36 (60)

0.99 (0.78 to 1.2)

0.97

 2: gangrenous appendicitis

13 (22)

8 (13)

14 (18)

6 (10)

1.8 (0.79 to 4.0)

0.16

 3: perforated appendicitis

5 (8)

7 (12)

11 (14)

15 (25)

0.47 (0.26 to 0.84)

0.01

 Other histologic pathological findings

1 (1)

1 (2)

2 (3)

2 (3)

0.61 (0.11 to 3.3)

0.56

*Pre-pandemic’ (2017–2019) versus pandemic (2020)
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Table 3

Incidence of perforated appendicitis
Pre-pandemic
2017 (N=65)

2018 (N=63)

2019 (N=81)

2020 (N=74)

Relative risk (95% CI)*

P value

 Total—no (%)

9 (14)

10 (16)

14 (17)

23 (31)

0.51 (0.32 to 0.81)

0.004

 Identified and managed clinically—no (%)

4 (6)

3 (3)

3 (4)

8 (11)

0.44 (0.18 to 1.1)

0.07

 Identified postoperatively—no (%)

5 (8)

7 (11)

11 (13)

15 (20)

0.54 (0.30 to 0.98)

0.044

Perforated appendicitis

*Pre-pandemic’ (2017–2019) versus pandemic (2020)

At the start of the COVID-19 pandemic, a global lack of
understanding of this novel virus and disease led to national
and global changes in medical practice. Non-emergent visits and
procedures were postponed and focus was turned to minimizing
transmission and management of patients who were affected
by SARS-CoV-2.10 Acute care surgeons and their staff, who
frequently manage acute appendicitis, were limited due to the
need to support the critical care of patients with COVID-19 and
ensuring trauma care was also uninterrupted.11 In addition, stay-
at-home orders, public uncertainty, and fear of a novel human
pathogen likely led to patient hesitancy to seek medical care.
Indeed, during the early pandemic period, there was a decrease
in the frequency of patients with non-
emergent conditions.
However, the significant decrease in multiple emergent medical
and acute surgical conditions in the USA and globally was unexpected.12 13 Here we have shown that at a single US tertiary care
hospital, the rate of patient presentation for acute appendicitis
did not decrease during the early pandemic period, as compared
with equivalent time periods from the 3 preceding years. Other
studies from international and US hospitals have reported
discordant results with respect to the rate of acute appendicitis
diagnosis during the early pandemic period, which may be due
to, in part, their comparison with rates only of the year prior, in
2019.5 13–16 However, studies that have also evaluated total acute
care surgical cases during the early pandemic period have consistently demonstrated decreased volume, with the most dramatic
decreases seen in acute biliary and bowel surgical conditions
and, at most, only modest decreases in acute appendicitis.5 16
Therefore, the early COVID-19 pandemic period appears to be
associated with significant decreases in total acute surgical case
volume, with rates of presentation and management of specific
acute surgical conditions varying among institutions and countries, consistent with the variable regional responses and attitudes towards the pandemic at the time.
The decreased rate of acute surgical and medical conditions
raises the concern that patients may have delayed or even
avoided seeking medical care during the early pandemic period

Figure 1 Proportion of perforated appendicitis among all cases
of acute appendicitis. (A) Total perforated appendicitis. (B) Cases
of perforated appendicitis diagnosed after operative management/
appendectomy and identified by histopathology. (C) Cases of perforated
appendicitis diagnosed clinically and managed medically.

out of fear of viral transmission or misunderstanding of public
health recommendations. In at least two studies that focused on
acute coronary syndrome and myocardial infarction, the early
COVID-19 pandemic period was associated with delayed patient
presentation, increased disease severity, and increased morbidity
and mortality.4 More generally, the early pandemic period was
associated with a significant increase in non-COVID-19-related
deaths.17 With respect to acute appendicitis, delayed presentation and intervention increases the risk of disease progression
and perforation.6 7 The incidence of perforated appendicitis in
non-pandemic periods is estimated between 13% and 20%.18
We found the incidence of perforated appendicitis in our pre-
pandemic cohorts to be between 14% and 17%, but noted a significant increase to 31% during early pandemic period. Moreover,
there was a trend towards nearly twice as many cases of perforated appendicitis diagnosed clinically and medically managed,
as compared with previous years. This alarming increase in
perforated appendicitis during the early pandemic period, along
with the trend of decreased histologically unremarkable/normal
surgical pathological specimens, suggests delayed patient presentation and warrants further investigation into additional factors
that may have contributed to these outcomes.
The COVID-19 pandemic presented an intriguing situation
in which we were able to evaluate the issue of how to manage
cases of acute appendicitis. Although the average rate of surgical
management of acute appendicitis in the USA is approximately
95%,19 we and others have described a significant decrease in
the rate of surgical management of acute appendicitis during the
early COVID-19 pandemic period. Several studies have investigated the use of antibiotics in uncomplicated acute appendicitis.
Most notably, results from the recent, US-based Comparison of
Outcomes of Antibiotic Drugs and Appendectomy trial suggest
that antibiotic treatment for uncomplicated acute appendicitis is
non-inferior to appendectomy with respect to standard health
status measures.20 Future studies aimed at more comprehensively
evaluating the trends of presentation and management of acute
appendicitis during the COVID-19 pandemic will be important
in understanding whether management and outcomes data from
this period will be useful in informing future practice.
This project has some limitations. First, we present here data
from only a single large, academic teaching center that may not
be generalizable to other hospitals. Second, we do not include
any long-
term follow-
up data, which is most likely relevant
to patients initially treated non-operatively. Therefore, future
studies aimed at understanding long-
term outcomes of the
cases of appendicitis diagnosed and managed during the early
COVID-19 pandemic period will elucidate the ultimate rate of
interval appendectomy and of the morbidity associated with this
pandemic period.
In conclusion, as in previous viral pandemic and epidemic
periods, the early COVID-19 pandemic period was associated with recommendations to modify healthcare delivery to
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limit viral transmission. As a result, the COVID-19 pandemic
was remarkable for a decrease in admission for acute surgical
and medical conditions. Here, we have shown that, at a single
tertiary care hospital, the incidence of acute appendicitis did not
decrease during the early pandemic period, but that this period
was associated with a significant reduction in the rate of operative management of acute appendicitis and with a significant
increase in the incidence of perforated appendicitis. These data
will be particularly relevant in informing institutional and public
health measures aimed at minimizing morbidity and mortality
associated with acute surgical conditions in future pandemics or
resource-limiting situations.
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