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ABSTRACT

Background: The SARS-CoV-2 virus has caused patient
aversion to health care facilities for fear of contracting
the virus. It has been shown that there has been a de-
creased amount of emergency department visits since
the pandemic started, with an increased presentation
of conditions with progressed pathology. At our com-
munity hospital, it was anecdotally noted that there
was an increase in the number of patients presenting
with perforated appendicitis during this time. Our hy-
pothesis is that more patients presented with the pro-
gressed finding of perforated appendicitis during rather
than prior to the pandemic because of fear of exposure
to COVID-19 in the health care setting.

Methods: Retrospective chart review of cases of perfo-
rated appendicitis at a local community hospital during
March 10-December 31, 2019 (cohort A) and March
10-December 31, 2020 (cohort B).

Results: A total of three hundred and fifty-two eligi-
ble patients received treatment for acute appendicitis
at our community hospital. In Cohort A (prior to the

INTRODUCTION

SARS-CoV-2 (COVID-19) has had a major impact on the health
care system worldwide. Of note, one of the most prominent ef-
fects has been avoidance of timely medical treatment secondary
to fear of contracting the novel COVID-19 virus. Emergency
departments internationally have reported significant decreas-
es in volume in comparison to previous years (Mantica G, et al.,
2020; Kohler E et al., 2021), attributing the lower census to this
phenomenon. The impact of delayed presentation of certain con-
ditions during the pandemic, especially those requiring surgical
intervention, has yet to be truly elucidated.

At our institution, it was anecdotally noted that many patients
who presented to the hospital during the COVID-19 pandemic
had perforated appendicitis. Perforated appendicitis is associated
with increased morbidity for patients, with delays in presentation
increasing mortality up to 4% (Bhangu A, et al., 2015; Margen-
thaler JA, et al., 2003). This raises the concern of an increased
population of patients with progressed disease, adding a signifi-
cant burden to the health care system.

If patients with appendicitis in fact delayed presentation to health
care settings secondary to fear, it would theoretically increase the
incidence of perforated appendicitis. This study aims to compare
the rates of perforated appendicitis during the COVID-19 pan-
demic to the previous year to evaluate if the fear of seeking medic-
al treatment has increased the number of perforated appendicitis
cases seen during the pandemic.

METHODS

This is a single center retrospective chart review that evaluated
the number of perforated appendicitis cases during the first nine
months of the pandemic and those same months the previous
year. IRB approval was obtained at Henry Ford Macomb Hospital
in Clinton Twp Michigan. The first COVID-19 case in Michigan
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pandemic), there were 53 perforations out of 188 pa-
tients (563/188)-28.2%. In cohort B (during the pan-
demic), there was 61 perforations out of 164 patients
(61/164) “37.2%. Statistically, there was no difference
in the rate of perforation between Cohort A and Cohort
B, approaching significance (p-value=0.072). The medi-
an age of patients in Cohort A was 38 and in Cohort
B it was 43.5 years of age. There was no statistically
significant differences between cohorts regarding age
(p<0.23) and sex (p<0.8).

Conclusion: This study found that the number of pa-
tients who presented with perforated appendicitis
during the pandemic did increase compared to pre-pan-
demic (37.2% Vs.28.2%) but this did not meet statistical
significance (p=0.072).
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was diagnosed on March 10, 2020 and a stay-at-home order was
established on March 24, 2020 (Haddad K, 2020). Every patient
with the diagnosis of acute appendicitis between the dates of
March 10-December 31, 2019 (cohort A) and March 10-Decem-
ber 31, 2020 (cohort B) was evaluated. A total of 377 patients were
evaluated for the diagnosis of acute appendicitis and 22 patients
were excluded from evaluation during these time frames.

Exclusion criteria

Patients were excluded from the study if appendicitis was ruled
out based on physical exam, if the patient was transferred to an-
other facility, if they had a normal appendix on diagnostic lapa-
roscopy, or if there was concern/diagnosis of neoplasm. In our
patient population, five patients were transferred to another fa-
cility, eight patients had normal appendix on diagnostic laparos-
copy, and acute appendicitis was ruled out on physical exam in
seven patients. One patient had an incidental appendectomy as
a part of another procedure, and three patients had concern for
appendiceal carcinoma. A total of 352 patients were included in
this study. Cohort A included 188 patients and cohort B included
164 patients.

Data collection

Age, sex, race, comorbidities including hypertension, hyperlipi-
demia, diabetes mellitus, coronary artery disease, renal failure,
and obesity, COVID status, imaging findings, operative findings,
length of stay, and complications were studied. Perforated appen-
dicitis was defined as findings on CT scan if applicable and/or
intraoperatively. Post-operative abscess was observed on CT scan
or in an additional operation. Ileus was defined as delayed bowel
function requiring length of stay longer than two days or requir-
ing readmission. Surgical site infection was defined as erythema
or drainage from an incision requiring treatment with antibiotics.
Bleeding was diagnosed intraoperatively after initial intervention.
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Statistical analysis

Categorical data were summarized as counts and percentages, and num-
erical data (patient age) as means with corresponding standard deviations.
Between-group mean differences were compared by calculating t-tests
for independent variables. Categorical data were compared using the chi-
square test for association or Fisher’s exact test, as appropriate. Throughout
this study, a p-value<0.05 (two-tail) was considered statistically significant.
Following initial data entry using Microsoft Excel, Minitab 19 Statistical
Software (2019), State College, PA: Minitab, Inc. (www.minitab.com) was
used for performing the analyses.

RESULTS

A total of three hundred and fifty-two eligible patients received a diagnosis
and treatment for acute appendicitis. In Cohort A, there were 53 perfora-
tions out of 188 patients before COVID-19 (53/188)-28.2%. In cohort B,
there was 61 perforations out of 164 patients during COVID-19 (61/164)-
37.2%. Although trending toward significance, there was no statistical
difference in the rate of perforation between Cohort A and Cohort B
(p-value=0.072). There was no difference in comorbidities between Co-
hort A and B (Table 1).

Table 1: Demographics of study cohorts

Cohort A Cohort B
Age 41.42 +£18.37 43.85 £ 19.00
Sex
Male 96(51.06%) 86(52.44%)
Female 92 (48.94%) 78(47.56%)
Race
White 166(88.30%) 134(81.71%)
Black 6(3.19%) 16(9.76%)
Not white or black 16(8.51%) 14(8.54%)
HTN 36(19.15%) 38(23.78%)
HLD 33(17.55%) 27(16.46%)
DM 19(10.11%) 10(6.10%)
CAD 8(4.26%) 12(7.32%)
Renal failure 7(3.72%) 1(0.61%)
Obesity 67(35.64%) 63(38.41%)
COVID-19 virus+ 4(2.44%)
Prior history of ab- 57(30.32%) 48(29.27%)

dominal surgery

The median age of patients in Cohort A was 38 and in Cohort B it was
43.5 years of age. There was no statistically significant differences between
cohorts regarding age (p<0.23) and sex (p<0.8). Between groups, 182
(51.70%) were male and 170 (48.29%) were female. In cohort A, patients’
age ranged from nine years to ninety years old, with a median age of thirty-
eight years. In cohort B, patient age ranged from thirteen years to eighty-
nine years old, with a median age of 43.5 years. 166 (93.78%) patients iden-
tified as white in cohort A and 134 (84.27%) patients identified as white in
cohort B. There was a statistically significant difference in the number of
non-white patients in Cohort B (15.7%) than Cohort A (6.2%) (p=0.017).

Patients were screened for existing comorbidities such as obesity, hyper-
tension, hyperlipidemia, diabetes mellitus, coronary artery disease, and
renal failure. Our data demonstrated no significant differences related to
these comorbidities between cohorts (Table 1). Routine COVID-19 testing
was only employed to patients managed during the pandemic in cohort B.
Four patients out of 164 patients (1.22%) tested positive for COVID-19.

Diagnosis of acute appendicitis was based on clinical symptomatology,
CT findings, and intraoperative observation and surgical pathology. Deci-
sions related to type of treatment were based on CT findings and attending
physician discretion. 90.57% of patients between both cohorts underwent
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laparoscopic appendectomy. Other treatments included open appendec-
tomy, percutaneous drainage, medical management with antibiotics, and
laparoscopic drainage. Patients requiring conversion from laparoscopic
approach to open approach were categorized as open appendectomy. No
statistically significant differences existed between cohorts related to type
of management (p<0.685).

Length of stay was reported as the number of days between discharge
and admission. The average length of stay for cohort A and cohort B was
2.06 and 1.91 days respectively (Figure 1). Comparing this data between
groups using chi-square analysis demonstrated statistical significance
(p=0.006), with patients in cohort B staying fewer days on average (Figure
2). Post-operative complications were evaluated including surgical site in-
fection, ileus, and bleeding. In total, nineteen (5.39%) patients experienced
ileus, two (0.57%) surgical site infection, and three (0.85%) experienced
postoperative bleeding. No significant differences in post-operative com-
plications existed between groups. Cohort A had an overall complication
rate of 16.8% and Cohort B had an overall complication rate of 17.1% (Fig-
ure 3).
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Figure 1: Patients with perforated appendicitis vs. nonperforated
appendicitis in Cohorts A and B. Comparison between perforation
in each cohort showed no statistically significant difference (p<0.07)
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Figure 2: Length of stay in days defined as groups 1 day-greater than
5 days. Length of stay longer in cohort A vs. cohort B (p<0.006)
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Figure 3: Overall complication rates compared between both co-
horts. Cohort A had an overall complication rate of 16.8% and Co-
hort B had an overall complication rate of 17.1%

DISCUSSION

This study evaluated the number of cases of perforated appendicitis in a
small community hospital during the pandemic in 2020 (Cohort A) com-
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pared to the year prior (Cohort B). Cohort A had an increased number of
patients who presented with a diagnosis of appendicitis in comparison to
cohort B. It has been well documented that emergency department vis-
its declined during the pandemic (Mantica G, et al., 2020), which could
possibly account for the larger sample size in cohort A. It is also possible
that patients with uncomplicated appendicitis with mild symptoms did not
present to health care facilities as symptoms were not severe enough to seek
care during high-risk times. Demographics were similar in both cohorts,
except for the larger number of African Americans who presented during
pandemic times (p<0.01). Of note, only 2.4% of patients in cohort B were
infected with COVID-19 at time of presentation. Although minimal data
has been reported on this topic, there does not seem to be an association
with coronavirus and appendicitis. 28% of patients in cohort A had perfor-
ated appendicitis upon presentation, in comparison with 37% of patients
in cohort B. Although trending towards significance, there was not a sta-
tistically significant difference in perforation between cohorts (p<0.072).
Unexpectedly, cohort A had a longer average length of stay than cohort
B (p<0.006). Although only speculation, this could be due to the push to
limit hospital stays in the pandemic, resulting in expedited discharge of
patients in cohort B. Individual complications did not significantly differ
in either cohort, showing no correlation with the pandemic times and in-
creasing morbidity of the presenting pathology.

It has become a concern that patients may not be seeking the medical care
in a timely manner secondary to the increased anxiety surrounding the
virus (Mantica G, et al., 2020). This notion has prompted investigation into
the possibility of delayed presentation in serious illness including ischemic
stroke and myocardial infarction, showing increases delay of presentation
during the pandemic (Schirmer CM, et al., 2020; Braiteh N, et al., 2020).
The idea of possibly delaying care secondary to patient fear has sparked in-
vestigation into surgical emergencies as well. Patel et al has speculated that
there may be an association between COVID-19 infection and perforated
diverticulitis (Patel P, et al., 2020), while Karam C, et al. describes a case of
perforated rectal cancer as a result of delayed presentation during this time
period (Karam C, et al., 2020). Of the studies that have been published re-
lated to appendicitis during the pandemic, there has not been an increased
incidence of perforated appendicitis reported. Turanli S, et al. showed in
their patient population that there was no clear increase in the number
of patients with perforated appendicitis in a similar time period (Karam
C, et al., 2020). Another study in Germany that showed a decrease in the
presentation of uncomplicated appendicitis also showed no difference in
incidence of perforated appendicitis (Turanli S and Kiziltan G, 2021), find-
ings that are similar to the results in our study. Although pandemic times
have not appeared to increase the incidence of perforated appendicitis to
the point of statistical significance, our study shows a trend toward signifi-
cance during this time period, which demonstrates the need for further
investigation on this topic.

There are limitations to our study. Due to the retroactive nature of data
collection, we were unable to reliably specify duration of symptoms, mak-
ing it difficult to extrapolate delayed presentation. Additionally, because
data was collected from one community hospital, our patient population
may have been limited by social and cultural pressure specific to the demo-
graphic studied. Moreso, the time constraints for analysis of nine months
may have limited our sample size. As our results trended toward signifi-
cance (p<0.07), it is possible that a larger patient sample size would have
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allowed for the data to reach statistical significance. Other factors that may
have increased variance in our study include the wide age range of patients
within our analysis. Other studies have shown an increased incidence of
perforated appendicitis in the pediatric population during the COVID-19
pandemic (Fisher JC, et al., 2021), a demographic of patients which is not
as commonly treated at this community center. Further research in the
pediatric population in this area could demonstrate different findings.

CONCLUSION

This study found that the number of patients who presented with perfor-
ated appendicitis during the pandemic did increase compared to pre-pan-
demic (37.2% vs. 28.2%), but this did not meet statistical significance
(p=0.072).
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