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Imaging pediatric acute appendicitis during the coronavirus disease
2019 (COVID-19) pandemic: collateral damage is variable
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Abstract
Background Since coronavirus disease 2019 (COVID-19) was declared a worldwide pandemic in March 2020, many authors
have noted the collateral damage on non-COVID-19-related illnesses. These indirect effects of the pandemic have resulted in
people presenting later and with more severe stages of disease, even if their diagnoses are not directly related to SARS-CoV-2, the
virus that causes COVID-19.
Objective We studied these indirect effects of COVID-19 on the imaging workup and outcomes for pediatric patients at our
center who had acute appendicitis during the pandemic.
Materials and methods We performed a retrospective review of cases in children ≤18 years who were evaluated for acute
appendicitis during the same period, March 1 to May 31, in both 2019 and 2020. We compared demographic and clinical data
as well as surgical and pathological findings, and we graded imaging findings according to severity. Differences in patient
outcomes were assessed using the Wilcoxon rank sum test and the Pearson chi-square test.
Results The total number of pediatric patients evaluated with imaging for acute appendicitis dropped by 43% between 2019 and
2020 (298 vs. 169), but the total number of children treated remained similar (59 vs. 51). There was proportionate use of US and
CT in each timeframe but a higher percentage of positive imaging findings in 2020 (50/169, 29.6% vs. 56/298, 18.7% in 2019,
P=0.04). There were more imaging examinations with features of complicated appendicitis among positive cases (9/51, 18% vs.
5/59, 8% in 2019, P=0.08) and more pathologically proven perforated cases during the pandemic (14/51, 27% vs. 6/59, 10% in
2019, P=0.11), although these results did not reach statistical significance. There were no changes in surgical management, vital
signs, laboratory values, length of stay or complication rates.
Conclusion There was a large drop in the number of pediatric patients imaged for acute appendicitis during the acute phase of the
COVID-19 pandemic despite similar numbers of patients treated. The utilization trends of US vs. CT remained stable between time
periods. The differences in imaging findings and perforation rates were less pronounced compared to other published studies.
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Introduction

Studies have shown a reduced number and delayed presenta-
tion of people with life-threatening conditions during the

coronavirus disease 2019 (COVID-19) pandemic. The delays
in seeking care for conditions such as myocardial infarction,
stroke and malignancy have resulted in higher morbidity and
mortality from these conditions [1–6]. These negative indirect
effects of the virus have been referred to as the “collateral
damage” of the pandemic. To study the indirect effects of
COVID-19 on children, a few authors have focused on themost
common cause of emergent surgery in the pediatric population,
acute appendicitis. The results have been somewhat inconsis-
tent. Some studies have shown no change in the incidence of
pediatric appendicitis during this timeframe [7–10], but other
studies have shown a reduction in pediatric cases compared to
adults [11]. Many authors have also documented increased
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rates of perforated appendicitis during the pandemic [7, 8, 10,
12–14], including two studies from New York City that corre-
lated this finding with delayed presentation [7, 8]. However,
this trend was also inconsistent, with a few large retrospective
studies showing no change in perforation rates among pediatric
patients during the pandemic time period [9, 11, 15].

Imaging trends in acute appendicitis have not been as thor-
oughly studied. A few authors have reported decreased num-
bers of emergent CTs ordered out of the emergency depart-
ment (ED) during the pandemic but with a higher proportion
of positive findings and more advanced stages of disease
[16–18]. A study by Romero et al. [19] is the only one in
the radiology literature to focus on imaging trends in acute
appendicitis during the COVID-19 pandemic. Romero et al.
documented an increased reliance on CT imaging to diagnose
acute appendicitis, with an increased incidence of more severe
CT findings among these cases [19]. Among pediatric pa-
tients, the two studies from New York City documented an
increased percentage of imaging examinations suspicious for
perforation during the pandemic [7, 8], but they did not dis-
cuss US vs. CT ordering trends and variably reported findings
among different imaging modalities. In our study, we sought
to assess the degree of collateral damage from COVID-19 at
our center to gain insight into radiology utilization and health
care deferral in our location compared to other published stud-
ies during the pandemic. We sought to do so specifically from
the pediatric radiologist’s perspective.

Materials and methods

Study population

This retrospective observational cohort study complied with
the Health Insurance Portability and Accountability Act and
was approved by our institutional review board. Only subjects
whose guardians had consented to inclusion in research were
included in this study. We searched the electronic medical
record for pediatric patients ≤18 years old who were worked
up for acute appendicitis at our main campus and site of the
Mayo Eugenio Litta Children’s Hospital, and surrounding
health system locations between March 1 and May 31, 2020,
and during the same time period in 2019. These dates were
chosen based on the timeline along which the pandemic and
its reponse evolved in the region.

We searched the International Classification of Diseases,
10th revision (ICD-10) code for “acute appendicitis” (K35.x)
to capture any cases managed either operatively or
nonoperatively. We also searched the term “appendicitis” in
the imaging reports from this time period and compared those
reports to notes in the medical record to include children
worked up with imaging who did not undergo appendectomy.

Institutional acute appendicitis protocols

Our standard protocol for diagnosing and treating acute ap-
pendicitis was maintained throughout the pandemic. Pediatric
cases clinically suspicious for appendicitis are typically eval-
uated with imaging. There is a preference for US as the first-
line modality, with recommendations put forth by the
American College of Radiology (ACR) appropriateness
criteria for the workup of appendicitis. In cases where the
clinical diagnosis remains in question, CT is often used for
further evaluation. Nonoperative therapy (antibiotics only)
versus surgery might be recommended for children with
symptoms <24 h and no fecalith. Positive complicated and
uncomplicated cases diagnosed within 7 days of symptoms
undergo urgent operative treatment with laparoscopic appen-
dectomy. Antibiotic treatment and percutaneous drainage are
administered if an abscess is found at imaging, followed by
delayed appendectomy.

Prospective imaging review and grading

All US and CT imaging examinations in children who
underwent appendectomy or had positive imaging findings
at presentation (n=59 in 2019, n=51 in 2020) were categori-
cally graded according to severity by two fellowship-trained
pediatric radiologists (K.K.H. and A.B.K., each with 8 years
of experience). US and CT examinations were graded on the
following scale: 0 = appendix not seen, 1 = normal appendix,
2 = equivocal for appendicitis, 3 = acute appendicitis, 4 =
complicated appendicitis suspicious for rupture. CT grading
grouped “0 = appendix not seen” into the “1 = normal appen-
dix” category. Disparate results were reconciled by a third
fellowship-trained pediatric radiologist (L.A.B., with 26 years
of experience). The appendix was considered “normal” if the
diameter was 6 mm or less and without periappendiceal in-
flammation. The imaging findings were graded as “acute ap-
pendicitis” if the diameter was greater than 6 mm and demon-
strated periappendiceal inflammation. The 6-mm diameter
was not a strict cut-off but was considered in the context of
periappendiceal inflammation and used as a guide. The imag-
ing findings were considered “complicated” in the presence of
phlegmon or abscess, discontinuity of the appendiceal wall, or
diffuse peritonitis with dilated bowel loops. If the appendix
was not seen on CT but there was an otherwise normal ap-
pearance of the right lower quadrant, this was graded as a
normal appendix.

Clinical data retrieval

We also analyzed and compared the duration of symptoms,
vital signs, laboratory values, surgical findings, surgical pa-
thology, length of hospital stay, and postoperative complica-
tions. Vital signs and laboratory results were obtained on the
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day of presentation. COVID-19 test results performed on the
day of presentation were also retrieved in 2020. The symptom
duration was recorded to the nearest day. If children presented
the same day as symptoms began, this was recorded as
0.5 days. If symptoms began the day before presentation, it
was recorded as symptoms for 1 day, etc.

Statistical analysis

All statistical analyses were performed using JMP (version 14;
SAS Institute, Cary, NC). Continuous results are presented as
median and interquartile range (IQR). Categorical results are
presented as number and percentage. Differences in patient
demographics, vital signs, laboratory results and outcomes
between the 2019 and 2020 timeframes were assessed using
the Wilcoxon rank sum test for continuous variables and the
Pearson chi-square test for categorical variables. Significance
was assigned to differences of P<0.05.

Results

Patient characteristics

There were no differences in patient vital signs or laboratory
values between the pre-pandemic and pandemic time periods
within the appendicitis-positive cohort (Table 1). There were
no differences in patient age or gender between years. There
was a statistically significant prolongation of symptom dura-
tion in 2020 among positive cases: 1 day (0.5–1 days) in 2019
vs. 1 day (0.5–2 days) in 2020 (P=0.03).

Imaging ordering trends

The imaging results are summarized in Table 2. A total of 169
patients were imaged for suspicion of acute appendicitis dur-
ing the study period in 2020 at the main campus and surround-
ing health system sites. This represents a 43% decrease when
compared to the same time period in 2019, n=298. This was
mirrored by the overall 44% decrease in the ED pediatric
patient volumes at these sites during this time period, which
went from 15,514 in 2019 to 8,703 in 2020. Despite the de-
creased numbers of children imaged for acute appendicitis in
2020, imaging ordering trends remained stable with respect to
the total proportion of patients (P=0.30): US only, 183/298
(61.4%) in 2019 vs. 93/169 (55%) in 2020; CT only, 98/298
(33%) in 2019 vs. 61/169 (36%) in 2020; and US and CT, 16/
298 (5.3%) in 2019 vs. 15/169 (9%) in 2020 (Table 3).

Imaging findings of disease severity

During the pandemic, a greater percentage of the children
worked up for acute appendicitis with imaging were positive:
56/298 (18.7%, 51 positive and 5 complicated) in 2019 vs. 50/
169 (29.6%, 41 positive and 9 complicated) in 2020, (P=0.04)
(Table 2). In absolute terms, more imaging exams in 2020 had
features of complicated appendicitis compared to 2019. The
increased frequency of complicated imaging findings in 2020
was not statistically significant among positive cases: 5/59
(8.5%) in 2019 vs. 9/51 (18%) in 2020, (P=0.08), but it was
statistically significant when taken in the context of the total
cohort of children worked up for acute appendicitis with imag-
ing: 5/298 (1.7%) in 2019 vs. 9/169 (5.3%) in 2020, (P=0.04)
(Table 2). There were more severe findings on US in 2020

Table 1 Cohort demographics,
vitals and laboratory results,
positive cases

Cohort variables 2019 timeframe 2020 timeframe P-valuea

Patients (n) 59 51

Age in years, median (IQR) 12 (9–15) 12 (10–14) 0.79

Female (%) 26 (44%) 22 (43%) 0.92

Presentation, median (IQR)

Highest temperature (°C) 37 (37–37) 37 (37–37) 0.79

Highest heart rate 99 (87–115) 103 (94–115) 0.34

Leukocytes 15 (12–19) 14 (11–16) 0.08

Neutrophils 13 (10–16) 11 (8–14) 0.08

Platelets 285 (258–326) 269 (227–314) 0.21

Erythrocyte sedimentation rate 23 (3.7–84) 14 (2.9–25) 0.41

Length of symptoms for pathologically
confirmed positive cases, days (IQR)

1 (0.5–1) 1 (0.5–2) 0.03

Length of symptoms for pathologically
complicated cases, days (IQR)

5 (3–7) 2 (1–4) 0.17

C Celsius, IQR interquartile range
a Statistically significant results are P<0.05 (bold)
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Table 2 Acute appendicitis workup

Positive cases Total cases

Cohort variables 2019 timeframe 2020 timeframe P-valuea 2019 timeframe 2020 timeframe P-valuea

Patients (n) 59 51 298 169

Total ED patient census ≤18 yrs 15,514 8,703

Imaging findings at presentation 0.08 0.04

Negative 151 (50.7%) 83 (49.1%)

Positive 51 (86.4%) 41 (80.4%) 51 (17.1%) 41 (24.3%)

Complicated 5 (8.5%) 9 (17.6%) 5 (1.7%) 9 (5.3%)

Equivocal 0 1 (2.0%) 3 (1.0%) 2 (1.2%)

Appendix not seen 2 (3.4%) 0 87 (29.2%) 34 (20.1%)

Imaging not performed 1 (1.7%) 0 1 (0.3%) 0

Taken to surgery 0.98 0.044

No 1 (1.7%) 1 (2.0%) 240 (80.5%) 119 (70.4%)

Yes, at presentation 56 (94.9%)b 48 (94.1%) 56 (18.8%)b 48 (28.4%)

Yes, delayed 2 (3.4%) 2 (3.9%) 2 (0.7%) 2 (1.2%)

Surgery findings 0.10 0.006

No surgery performed/outside surgery 3 (5.1%)b 1 (2.0%) 242 (81.2%)b 119 (70.4%)

Normal 2 (3.4%) 1 (2.0%) 2 (0.7%) 1 (0.6%)

Positive 49 (83.0%) 35 (68.6%) 49 (16.4%) 35 (20.7%)

Complicated 5 (8.5%) 13 (25.5%) 5 (1.7%) 13 (7.8%)

Equivocal 0 1 (2.0%) 0 1 (0.6%)

Pathology findings 0.11 0.005

No surgery performed/outside surgery 3 (5.1%)b 1 (2.0%) 242 (81.2%)b 119 (70.4%)

Normal 3 (5.1%) 2 (3.9%) 3 (1.0%) 2 (1.2%)

Positive 47 (79.7%) 34 (66.7%) 47 (15.8%) 34 (20.1%)

Complicated 6 (10.2%) 14 (27.5%) 6 (2.0%) 14 (8.3%)

ED emergency department, yrs years
a Statistically significant results are P<0.05 (bold)
b Includes two cases where the child was immediately transferred to another center for surgery

Table 3 Rates of imaging work-
up by modality Imaging variables 2019 timeframe 2020 timeframe P-valuea

Modality performed, all cases (n) 298 169 0.30

US only 183 (61.4%) 93 (55.0%)

CT only 98 (32.9%) 61 (36.1%)

US and CT 16 (5.4%) 15 (8.9%)

Imaging not performed 1 (0.3%) 0

Modality performed, negative cases (n) 239 118 0.34

US only 161 (67.4%) 71 (60.2%)

CT only 67 (28.0%) 42 (35.6%)

US and CT 11 (4.6%) 5 (4.2%)

Modality performed, positive cases (n) 59 51 0.17

US only 22 (37.3%) 22 (43.1%)

CT only 31 (52.5%) 19 (37.3%)

US and CT 5 (8.5%) 10 (19.6%)

Imaging not performed 1 (1.7%) 0

a Statistically significant results are P<0.05
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compared to 2019 (P=0.39) (Fig. 1), but these changes did not
reach statistical significance. There were no differences in grad-
ed CT findings between the years (P=0.40) (Fig. 2).

Only 17/124 graded imaging examinations were disparate
between the initial reviewers and differed by only 1 point.
These discrepancies were reconciled by a third reviewer.
Only two US exams were graded as complicated (score 4) that
the other reviewer graded as positive (score 3). One was
scored complicated (score 4) and one was scored positive
(score 3) by the third reviewer. Six CT exams were graded
as complicated (score 4) that the other reviewer graded as
positive (score 3). Three were scored complicated (score 4)
and three were scored positive (score 3) by the third reviewer.

Surgical and pathological outcomes

There was a similar number of children treated for appendici-
tis in each year (59 in 2019 vs. 51 in 2020) (Table 2). There
was no difference in acute appendicitis management during

the pandemic. One child with positive imaging findings was
managed nonoperatively with antibiotics in each time period
(Table 2). Of the 58 children who underwent appendectomy in
2019 (at presentation and delayed surgery), 55 were positive
for acute appendicitis on imaging at initial presentation, 2
were operated on based on clinical assessment alone because
the appendix was not seen on US, and 1 patient underwent
appendectomy without imaging. Two of the 58 patients were
transferred to an outside hospital for surgery and no surgical or
pathological report was available. Only 3 cases in 2019 dem-
onstrated normal pathology despite positive imaging findings
at presentation. One of these negative cases was also called
“mildly positive” at surgery.

Of the 50 children taken to the OR in 2020 (at presentation
and delayed surgery), 49 were positive for acute appendicitis
on imaging at initial presentation and 1 child underwent ap-
pendectomy with equivocal imaging findings.

Fig. 1 Pie charts show prospective grading of US from 2019 (a) and 2020
(b). Counts are shown outside the circles

Fig. 2 Pie charts show prospective grading of CT from 2019 (a) and 2020
(b). Counts are shown outside the circles. The category “appendix not
seen” was incorporated into “negative” for CT image scoring
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The increased percentage of pathologically proven perfo-
ration in 2020 was not statistically significant among positive
cases: 6/59 (10%) in 2019 vs. 14/51 (27%) in 2020, (P=0.11),
but it was statistically significant when taken in the context of
the total cohort of children worked up for acute appendicitis
with imaging: 6/298 (2.0%) in 2019 vs. 14/169 (8.4%) in 2020
(P=0.005; Table 2).

Patient complications

Two patients in each year underwent percutaneous drainage of
abscesses and antibiotic treatment with interval appendectomy
(Table 4). There were more total abscesses in 2019 than 2020,
but this difference was not statistically significant (P=0.23).
There were two postoperative abscesses in 2020 and none in
2019 (P=0.12). One child had a prolonged hospital stay for
postoperative ileus in each year. The overall length of hospital
stay did not change between the pre-pandemic and pandemic
years among positive cases (P=0.25).

Prevalence of coronavirus disease 2019 (COVID-19) in
the study population

Only one child in the appendicitis-positive cohort tested pos-
itive for COVID-19 at presentation. This child was one of two
in the 2020 imaging-positive cohort who had negative patho-
logical findings for appendicitis. Thirty-three of the total 169
children in 2020 were tested for COVID-19. Twelve children
tested positive for COVID-19, but 11 of these children were in
the appendicitis-negative cohort.

Exclusions

One child with positive imaging findings in 2019 was excluded
from the cohort because of pathology of “follicular hyperplasia.”
Two children with positive imaging findings in 2020 were ex-
cluded from the study because of appendix pathology containing
“non-caseating granulomas” attributed to Crohn appendicitis.

Discussion

Our study demonstrated that children evaluated for acute ap-
pendicitis during the early phase of the COVID-19 pandemic
presented later and had a higher incidence of positive imaging
findings. Children treated for acute appendicitis during this time
period also trended toward having more complicated imaging
findings and higher perforation rates at presentation than a sim-
ilar group of children seen during the control period 1 year
earlier, although these results were only statistically significant
when taken the context of the total cohort. We hypothesize that
parents chose to delay seeking medical attention for their chil-
dren in 2020 for fear of contracting COVID-19 or fear of over-
whelming the health care system. In addition, the delayed time
to presentation might have allowed for resolution of lower ab-
dominal symptoms in many children who would have present-
ed during a pre-pandemic time period.

Among the limitations of this study is its retrospective de-
sign. Additionally, we chose to exclude children whose clinical
presentation did not warrant US or CT evaluation. Presumably,
the suspicion for acute appendicitis for these cases would have
been low and, if positive, most probably would have been
captured at re-presentation within our health system.

Although our cases trended toward a higher rate of com-
plicated appendicitis during the pandemic, the numbers them-
selves were not statistically significant in the context of posi-
tive cases. Our study demonstrated over twice the rate of path-
ologically proven perforation in 2020, (27% vs. 10%,
P=0.11). This compares to Snapiri et al. [12] (22% vs. 11%,
P=0.06), Gerall et al. [7] (19.4% vs. 10%, P=0.332), Fisher
et al. [8] (45% vs. 27%, odds ratio 2.23) and Lee-Archer et al.
[10] (60.5% vs. 30.4%, P=0.006), who also demonstrated a
doubling of the perforation rate at pathology. It is worth
pointing out that the numbers from the study by Gerall et al.
[7] included the rate of complicated appendicitis on patholo-
gy, but approximately 25% of their patients were managed
nonoperatively at initial presentation. Of these patients, 2/3
required drain placement and antibiotics, implying that at least
an additional 17% of the total cohort was perforated, bringing

Table 4 Complications, positive
cases Complications 2019 timeframe 2020 timeframe P-valuea

Total patients (n) 59 51

Abscess drained in OR (not amendable
to percutaneous drainage)

4 (6.8%) 1 (2.0%) 0.23

Delayed appendectomy after percutaneous drainage 2 (3.4%) 2 (3.9%) 0.88

Postoperative abscess 0 2 (3.9%) 0.12

Postoperative ileus 1 (1.7%) 1 (2.0%) 0.92

Length of stay, days (IQR) 1 (1–2) 1 (0.5–1) 0.25

IQR interquartile range, OR operating room
a Statistically significant results are P<0.05
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the total percentage of perforated appendicitis up to 36%,
more than 3.5 times the perforation rate of the year before
when the pandemic was at its peak in New York City.
Unlike the aforementioned pediatric studies, our increase in
perforated cases was not statistically significant when only
positive cases were compared, although our case numbers of
acute appendicitis were similar over similar time periods [7, 8,
10]. These comparisons suggest that our location did not suf-
fer the same degree of collateral damage from the pandemic.
We note that the study by Lee-Archer et al. [10] defined “com-
plicated cases” more broadly as “free pus, gangrene or perfo-
ration at histopathology,” which increased the percentages in
both non-pandemic and pandemic time periods.

Our study also showed less increase in symptom duration
prior to presentation during the pandemic period for positive
cases: 1 day (IQR 0.5–2 days) in 2020 vs. 1 day (IQR 0.5–
1 days) in 2019 compared to 2 days (2–4 days) vs. 1 day (1–
2 days) in Gerall et al. [7] and 71 h (+39 h) vs. 47 h (+27 h) in
Fisher et al. [8]. Our delays were similar to those published by
Kvasnovsky et al.’s [9], 22.5 h (16.1–29.5 h) in 2020 vs. 11.1 h
(6.9–17.4 h) in 2019; Kvasnovsky et al. also noted no statistical
significance in the rate of complicated acute appendicitis.
Comparing these studies emphasizes that even subtle time dif-
ferences in symptom duration can significantly affect perfora-
tion rates. A linear relationship has been shown between perfo-
ration rates and symptom duration in pediatric appendicitis,
with substantial risks in perforation within 24 h and 48 h [20].
The increased duration of symptoms in 2020 supports the hy-
pothesis that fear of seeking treatment during the early phase of
the pandemic resulted in delayed presentation.

The increased severity of pathology in our study was mir-
rored by more severe imaging findings, but to a much lesser
degree compared to other published studies. Gerall et al. [7]
noted complicated imaging findings in more than 40% of
pediatric cases. Romero et al. [19] also noted complicated
features in more than 40% of CTs performed on all people
with acute appendicitis. This compares to only 18% in our
study. Because the numbers of appendicitis cases and
timeframes were similar between these studies and ours, this
again emphasizes that our population did not suffer the same
degree of collateral damage from the pandemic as children in
other geographic locations.

Thirty-three of 169 pediatric patients worked up for acute
appendicitis within our hospital system in 2020 were tested for
COVID-19. COVID-19 can present with abdominal symptoms
[21, 22]. There are case reports in the literature of COVID-19
symptoms specifically mimicking acute appendicitis [23, 24].
Eleven of the 12 children in our study who tested positive for
COVID-19 and were worked up for acute appendicitis had
negative imaging. It is interesting to note that the only child
in the positive appendicitis cohort who tested positive for
COVID-19 was a false-positive for acute appendicitis. In this
child, US showed a borderline-dilated appendix diameter of

7 mm and multiple fecaliths, and focal tenderness over the
appendix was noted by the technologist during scanning.
There were no peri-appendiceal inflammatory changes. This
examination was called “positive for appendicitis” at presenta-
tion and was graded as “equivocal” by both reviewers. The
child had a fever of 39.5 °C and tachycardia. There were neg-
ative surgical and pathological findings. It is reasonable to
question whether the COVID-19-related symptoms in this child
influenced the decision to perform appendectomy despite the
somewhat equivocal imaging findings. Nevertheless, none of
our patients with positive COVID-19 tests who were worked
up for acute appendicitis with negative imaging findings
underwent appendectomy, suggesting that although COVID-
19 can mimic symptoms of appendicitis, negative imaging ef-
fectively excluded this diagnosis in our patient population.

Imaging ordering trends in our study were similar to those
in others that reported overall decreased imaging utilization
mirroring decreased patient census [16, 18]. However, we did
not find any increase in the utilization of CT to diagnose acute
appendicitis during the pandemic, as was reported by Romero
et al. [19], whose study included adult and pediatric patients.
Romero et al. also reported significantly more severe findings
on CT in 2020. Only our US findings trendedmore severely in
2020, although these differences were not statistically signif-
icant.We suspect that this conclusion is limited by sample size
and the relatively small number of perforated appendicitis
cases diagnosed by US. There were no differences in the rates
of complicated features seen on CT. This is probably partly
from selection bias. US is typically performed prior to CT in
the workup for pediatric patients and CT is often used as a
trouble-shooting tool when US is inconclusive. A higher per-
centage of positive cases in the cohort means that a higher
percentage of positive and complicated cases would be diag-
nosed on US as the first-line modality.

Our overall utilization of US as a first-line modality to
diagnose acute appendicitis in pediatric patients (199/298
[66.7%] in 2019 vs. 108/169 [64%] in 2020) was similar to
other pediatric hospitals, but our CT use as a first-line modal-
ity was somewhat higher (98/298 [33%] in 2019 vs. 61/169
[36%] in 2020) [25]. This study included both our main cam-
pus, the Mayo Clinic Children’s Center and Mayo Eugenio
Litta Children’s Hospital, as well as surrounding health sys-
tem sites. The higher CT percentages are skewed by its utili-
zation at health system sites. A similar proportion of children
presented to our main campus compared to the health system
sites between the time periods. Our cohort also includes pa-
tients through 18 years old, who are less likely to undergo US
than younger children. During the pandemic, Fisher et al. [8]
demonstrated an even distribution between US and CT use
among positive pediatric acute appendicitis cases (44% each),
with a small percentage of MR utilization.

Some of the most interesting observations and questions
that arose from this study relate to imaging utilization in the
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workup of acute appendicitis. The ordering patterns of our
physicians between US only, CT only, and US and CT were
consistent across cohorts. If nearly half the children who pre-
sented in 2019 and were imaged stayed homewith mild symp-
toms in 2020 that resolved without workup, how can we use
this knowledge to learn how not to over-image this group if
they return to our hospital system in the future? Are there
characteristics of the negative cohort in 2019 that can be stud-
ied to draw conclusions about which children might not re-
quire imaging in their workup for appendicitis moving for-
ward? This is an intriguing question for follow-up research.

Conclusion

A markedly decreased number of pediatric patients were
worked up with imaging for acute appendicitis during the
acute phase of the pandemic at our main campus pediatric
center and surrounding health system sites, but similar num-
bers of cases were diagnosed and treated. Imaging modality
ordering trends and management strategies remained consis-
tent. A higher percentage of imaging examinations was posi-
tive during the pandemic. We observed a trend toward more
severe imaging features and higher rates of perforation on
pathology. Our results are limited by sample size. The fact
that these trends did not reach statistical significance within
the positive cohort, in contrast to other studies in the literature
with similar case numbers over similar time frames, indicates
that children in our location did not suffer the same degree of
collateral damage as those in other regions studied. The wider
application of these results is that the collateral damage of the
pandemic is perhaps very location-specific, a significant con-
clusion to keep in mind, particularly for the leadership of our
medical societies and governments who are typically charged
with implementing policies to help manage these public health
risks. The higher rate of perforation in 2020 was probably
related to a delay in presentation and longer symptom dura-
tion, and our data corroborate evidence that even small delays
in presentation within the first 48 h of symptom onset contrib-
ute to perforation rates among pediatric patients.
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