S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



JOURNAL OF SURGICAL RESEARCH e NOVEMBER 2021 (267) I132-142

Available online at www.sciencedirect.com J R
Surgical Reaearoh

journal homepage: www.elsevier.com/locate/YJSRE

ScienceDirect 2

Statewide Impact of the COVID Pandemic on

‘ W) Check for updates

Pediatric Appendicitis in California: A Multicenter

Study

Christina M. Theodorou, MD,%* Alana L. Beres, MD, MPH,*

Michelle Nguyen, DO," Shannon L. Castle, MD,¢ Claire Faltermeier, MD,
PhD,% Shant Shekherdimian, MD, MPH,¢ Christine Tung, MD,®

Daniel A. DeUgarte, MD,* and Erin G. Brown, MD*

2 University of California Davis Medical Center, Department of Pediatric General, Thoracic, and Fetal Surgery,

Sacramento, California

b Valley Children’s Hospital, Department of Pediatrics, Madera, California

¢Valley Children’s Hospital, Division of Pediatric Surgery, Madera, Madera, California

dUniversity of California, Los Angeles, Division of Pediatric Surgery, Los Angeles, Los Angeles, California
€Harbor-UCLA Medical Center, Division of Pediatric Surgery, Torrance, California

ARTICLE INTFO

Article history:

Received 15 March 2021
Revised 14 April 2021
Accepted 7 May 2021
Available online 17 June 2021

Keywords:

Appendicitis

COVID-19

Appendectomy
Non-operative management

ABSTRACT

Background: The COVID-19 pandemic has resulted in delays in presentation for other urgent
medical conditions, including pediatric appendicitis. Several single-center studies have re-
ported worse outcomes, but no state-level data is available. We aimed to determine the
statewide effect of the COVID-19 pandemic on the presentation and management of pedi-
atric appendicitis patients.
Materials and Methods: Patients < 18 years old with acute appendicitis at four tertiary pedi-
atric hospitals in California between March 19, 2020 to September 19, 2020 (COVID-era) were
compared to a pre-COVID cohort (March 19, 2019 to September 19, 2019). The primary out-
come was the rate of perforated appendicitis. Secondary outcomes were symptom duration
prior to presentation, and rates of non-operative management.
Results: Rates of perforated appendicitis were unchanged (40.4% of 592 patients pre-COVID
versus 42.1% of 606 patients COVID-era, P = 0.17). The median symptom duration was 2 days
in both cohorts (P = 0.90). Computed tomography (CT) use rose from 39.8% pre-COVID to
49.4% during COVID (P = 0.002). Non-operative management increased during the pandemic
(8.8% pre-COVID versus 16.2% COVID-era, P < 0.0001). Hospital length of stay (LOS) was longer
(2 days pre-COVID versus 3 days during COVID, P < 0.0001).
Conclusions: Pediatric perforated appendicitis rates did not rise during the first six months
of the COVID-19 pandemic in California in this multicenter study, and there were no delays
in presentation noted. There was a higher rate of CT scans, non-operative management, and
longer hospital lengths of stay.
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Introduction

The COVID-19 pandemic has posed a significant burden on an
already resource-strained healthcare system. There is signifi-
cant concern that fear of contracting COVID-19 has caused pa-
tients to avoid seeking healthcare for other conditions, lead-
ing to delays in presentation and subsequent treatment, with
potentially worse outcomes. This has been studied in adult
and pediatric cancer patients! and in patients with emergency
general surgical conditions such as appendicitis,? finding de-
lays in diagnosis and presentation at later stages of disease.

Several studies reported increased rates of perforated ap-
pendicitis in children during the COVID-19 pandemic.> How-
ever, these studies were primarily single-center or single-city
and investigated short time periods following the peak of the
pandemic in March 2019, ranging from 1 to 3 months. As the
pandemic continues, the lasting effect on the presentation
and management of children with appendicitis is not well
known. Additionally, statewide and nation-wide trends are
unknown.

The objective of this study was to assess the effect of the
COVID-19 pandemic and mandatory statewide Shelter in Place
orders in California on the presentation and management of
pediatric appendicitis over a 6 month period of time at mul-
tiple tertiary-care pediatric hospitals. We hypothesized that
there would be increased rates of perforated appendicitis and
delays in presentation following the Shelter in Place order
compared to an identical time period one year earlier.

Methods
Study setting

Local institutional review board approval was obtained at
each participating institution, and data use agreements for
the sharing of de-identified data were approved. A waiver
of informed consent was granted. All patients < 18 years
old presenting with acute appendicitis from March 19, 2020
through September 19, 2020 were included in the COVID-era
cohort. A historical cohort of patients presenting March 19,
2019 through September 19, 2019 was used for comparison
(pre-COVID). The same dates one year prior were chosen to
account for potential seasonal variability in appendicitis.® The
start date of March 19, 2020 was chosen as this was the date
of the first Shelter-in-Place mandate issued by the state of
California. Patients were identified by International Classifica-
tion of Diseases (ICD) codes for acute appendicitis. Data were
collected from four tertiary care pediatric hospitals around
the state of California: University of California Davis in Sacra-
mento, CA; Valley Children’s Hospital in Madera, CA; Univer-
sity of California — Los Angeles Mattel Children’s Hospital in
Los Angeles, CA; and Harbor-UCLA Hospital in Torrance, CA,
thus allowing for sampling of patients from Northern, Central
and Southern California. Patients were excluded if they did not
have acute appendicitis, if they were presenting for interval
appendectomy, or if they had an appendectomy at an outside
hospital and were transferred to a study center for ongoing
management.

Data collection

Data was collected at each institution and entered in a de-
identified manner into a Research Electronic Data Capture
(REDCap) electronic database hosted at UC Davis. REDCap is
a secure, web-based platform that supports data capture for
research.”-® Data collected included patient demographics, in-
surance status, transfer status, duration of symptoms prior to
presentation, imaging results, initial white blood cell (WBC)
count, diagnoses (acute non-perforated appendicitis or per-
forated appendicitis), management, post-operative complica-
tions including organ-space surgical site infections (SSI) and
additional interventions needed, length of stay (LOS), as well
as 30-day emergency department (ED) visits and readmis-
sions.

Perforated appendicitis was determined by operative re-
port description of a hole in the appendix for patients who
underwent operative management; all other patients treated
operatively for acute appendicitis were categorized as non-
perforated, including suppurative and gangrenous appendici-
tis without a hole in the appendix. Patients treated with percu-
taneous abscess drainage were categorized as perforated ap-
pendicitis. Patients treated with antibiotics alone were cate-
gorized as perforated or non-perforated based on imaging re-
ports; patients with an associated abscess were categorized
as perforated. For transferred patients, the initial WBC from
the referring institution was recorded, rather any repeat WBC
results from the study institution, as patients may have re-
ceived fluid resuscitation and antibiotics at the referring in-
stitution, thus resulting in a potentially improved WBC at
the time of arrival to the study institution. Post-operative
organ-space SSI was determined based on imaging showing
a new or worsening intraabdominal abscess after surgical
treatment.

Patient Management

Patient management was not pre-specified in this retrospec-
tive cohort study. Institutions continued to follow existing in-
stitutional guidelines for the treatment of pediatric appendici-
tis. In general, patients with acute non-perforated appendici-
tis are treated operatively at two of the institutions (UC Davis
and Valley Children’s Hospital), while non-operative manage-
ment with antibiotics alone is offered as a treatment option
for eligible patients at the other two institutions (UCLA and
Harbor-UCLA). However, at all institutions, the decision to pur-
sue non-operative management for non-perforated appen-
dicitis is based upon a discussion between the surgical team
and the family. The decision to operate for perforated appen-
dicitis is typically based on duration of symptoms; those with
perforated appendicitis and well-formed abscess are generally
treated with non-operative management depending on dura-
tion of symptoms prior to presentation at all four institutions.

In the COVID-era cohort, at two institutions (UC Davis and
Valley Children’s Hospital), there was no intentional depart-
mental shift to non-operative management during the COVID-
era study period. At two institutions (UCLA and Harbor-UCLA),
due to theoretical concern regarding aerosolization of COVID-
19 particles, non-operative management was pursued when
possible, regardless of the patient’s COVID status.
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Outcomes and Hypotheses

The primary outcome was the rate of perforated appendici-
tis, which we hypothesized would be higher in the COVID-era
cohort than the pre-COVID cohort. Secondary outcomes in-
cluded duration in symptoms prior to presentation to the hos-
pital. We hypothesized that due to potential fear of exposure
to COVID in the hospital or ED, patients may present after a
longer duration of symptoms. We additionally hypothesized
that non-operative management would be more common in
the COVID-era cohort than the pre-COVID cohort, as hospi-
tal resources became increasingly strained. In cases of non-
perforated appendicitis, treatment with antibiotics alone, for
example, may have been an appealing choice to families as
they may be able to complete the treatment course at home
rather than in the hospital. Lastly, we hypothesized that post-
operative outcomes, including complications such as SSI or
need for additional interventions, and ED visits and readmis-
sions would be higher in the COVID-era cohort.

Data Analysis

The COVID-era cohort was compared to the pre-COVID cohort.
The rates of acute appendicitis cases in 2019 and 2020 were
compared using Poisson regression analysis and are presented
as percentage change with 95% confidence intervals (95% CI).
With historical rates of perforated appendicitis in children of
approximately 30%, a sample size of 172 patients would pro-
vide 80% power to detect a 10% increase in rates of perfo-
rated appendicitis. An additional sub-group analysis of pa-
tients with non-perforated versus perforated appendicitis was
performed as outcomes frequently differ significantly. To de-
termine if there were differential effects early in the pandemic
compared to later, sub-group analyses of the first and last 3
months of the 6 month study period were performed. Finally,
the main outcomes of perforated appendicitis rate and symp-
tom duration prior to presentation were performed separately
for each participating institution to ensure any hospital-level
differences were captured.

Categorical data are presented as number and percentage
and compared by chi-square test or Fisher’s exact test where
appropriate. Continuous data are presented as median and in-
terquartile range and compared by Mann Whitney U test. Sig-
nificance was set at P < 0.05. Analysis was conducted using
SAS (SAS, version 9.45; SAS Institute Inc).

Results
Patient characteristics

Overall, there were 1198 pediatric patients with acute appen-
dicitis included: 606 patients treated in the pre-COVID cohort
and 592 patients in the COVID-era cohort (-2.3% change, 95%
CI -12.8%, 9.5%, P = 0.69) (Table 1). Nearly one-half of patients
presented as transfers from referring hospitals in both cohorts
(43.9% pre-COVID versus 43.6% COVID-era, P = 0.91). The me-
dian symptom duration was similar (2 days in both, P = 0.90).

Diagnosis and management

There was no difference in the rate of perforated appendici-
tis between groups (40.4% pre-COVID versus 42.1% COVID-era,
P = 0.17). The proportion of children undergoing CT scans in-
creased by 10% from 39.8% pre-COVID to 49.4% in the COVID-
era cohort (P = 0.02). In the pre-COVID cohort, one patient un-
derwent US and magnetic resonance imaging (MRI) and one
patient underwent no imaging and was diagnosed by exam
alone. One patient in the COVID-era cohort was diagnosed by
MRI alone.

The rate of operative management was significantly lower
in the COVID-era cohort (91.3% pre-COVID versus 83.8%
COVID-era, P < 0.0001). In the COVID-era cohort, 16.2% of pa-
tients underwent non-operative management with either per-
cutaneous drain or antibiotics alone, compared to 8.8% of pa-
tients in the pre-COVID cohort (P < 0.0001). Additionally, pa-
tients were less likely to undergo surgery on the day of admis-
sion in the COVID-era cohort (80.8% pre-COVID versus 75.2%
COVID-era, P = 0.03).

Overall outcomes

LOS was longer in the COVID-era cohort (median 2 days pre-
COVID versus 3 days COVID-era, P < 0.0001). Although there
were fewer SSIs in the COVID-era cohort, this did not reach
statistical significance (5.1% pre-COVID versus 2.8% COVID-
era, P = 0.07). There was no difference in 30 day ED visits.
Thirty-day readmissions were slightly higher in the COVID-
era cohort, but this was not statistically significant (2.8% pre-
COVID versus 4.6% COVID-era, P = 0.11).

Sub-group analysis of patients by perforated versus
non-perforated appendicitis

There were 494 patients with perforated appendicitis: 245
in the pre-COVID cohort and 249 in the COVID-era cohort
(Table 2). The median symptom duration prior to presentation
was two days in each group (P = 0.38). There was a higher rate
of non-operative management in the COVID-era cohort (15.1%
pre-COVID versus 25.5% COVID-era, P = 0.002). Patients in the
COVID-era cohort had a longer LOS (median 5 days pre-COVID
versus 6 days COVID-era, P < 0.0001). There were no differences
in SSIs, ED visits, or readmissions.

When comparing patients with non-perforated acute ap-
pendicitis, there were again no significant differences in pre-
senting characteristics (Table 3). The median symptom du-
ration was one day in each group (P = 0.11). The use of
CT in addition to US doubled (10.9% pre-COVID versus 20.6%
COVID-era, P = 0.0003 for both). A slightly higher propor-
tion of patients underwent non-operative management with
antibiotics alone, but this did not reach statistical signif-
icance (4.4% pre-COVID versus 7.9% COVID-era, P = 0.05).
Although the median LOS was one day for both cohorts,
there was significantly increased variability in the interquar-
tile ranges, with more patients having longer LOS in the
COVID-era cohort (IQR 1-1 pre-COVID versus 1-2 COVID-era,
P < 0.0001). There were no differences in SSIs, ED visits, or
readmissions.
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Table 1 - Comparison of patients with appendicitis before and during the COVID-19 pandemic, March 19-September 19.

Variable Pre-COVID (2019) n = 606 During COVID (2020) n = 592 P value
Hospital, n (%) 0.008
Valley Children’s 406 (67.0) 436 (73.7)

UC Davis 104 (17.2) 99 (16.7)

UCLA 63 (10.4) 33 (5.6)

Harbor-UCLA 33 (5.5) 24 (4.1)

Race, n (%) <0.0001
White 411 (67.8) 467 (78.2)

Black 10 (1.7) 14 (2.4)

Asian 23 (3.8) 24 (4.0)

Other or Unknown 162 (26.7) 92 (15.5)

Age, years: median (IQR) 10 (8-13) 10 (7-13) 0.84
Male sex, n (%) 375 (61.9) 372 (62.8) 0.73
Insurance, n % 0.62
Public 419 (69.1) 424 (71.6)

Private 178 (29.4) 161 (27.2)

Other 9(1.5) 7(1.2)

Symptom duration, days: median (IQR) 2(1-3) 2 (1-3) 0.90
Initial WBC (x 103), median (IQR) 15.5 (12.5-18.8) 15.8 (12.6-18.8) 0.57
Imaging performed, n (%) 0.002
US only 363 (59.9) 315 (53.2)

CT only 158 (26.1) 144 (24.3)

US and CT 83 (13.7) 132 (22.3)

Other 2(0.3) 1(0.2)

Diagnosis, n (%) 0.17
Non-perforated 361 (59.6) 340 (57.4)

Perforated 245 (40.4) 249 (42.1)

Unable to determine 0 (0) 3(0.5)

Initial management, n (%) <0.0001
Operative 553 (91.3) 496 (83.8)

Percutaneous drain 24 (4.0) 31(5.2)

Antibiotics alone 29 (4.8) 65 (11.0)

Surgery on day of admission, n (%) 447/553 (80.8) 373/496 (75.2) 0.03
Surgical site infection, n (%) 28/553 (5.1) 14/496 (2.8) 0.07
Additional interventions 27/606 (4.5) 21/592 (3.6) 0.42
LOS, days: median (IQR) 2 (1-4) 3 (1-5) <0.0001
30-day ED visits, n (%) 40 (6.6) 38 (6.4) 0.90
30-day readmissions, n (%) 17 (2.8) 27 (4.6) 0.11

CT = computed tomography; ED = Emergency Department; IQR = interquartile range; LOS = length of stay; US = ultrasound; WBC = white

blood cell count; UC = University of California; UCLA = University of California Los Angeles.

Sub-group analysis by time

Analyzed by month, there was no significant difference in the
primary outcome of rate of perforated appendicitis (Fig. 1). In
the first three months (March to June) and latter three months
(July-September), the rate of perforated appendicitis was sim-
ilar between the two cohorts (March to June: 38.5% pre-COVID
versus 41.3% COVID-era, P = 0.50; July-September: 45.8% pre-
COVID versus 43.2% COVID-era, P = 0.52). To account for poten-
tial changing patterns of presentation and management over
the evolving course of the pandemic, patients presenting in

the first three months and latter three months of the study
period were analyzed separately.

In the first three months following the Shelter in Place or-
der (March 19 to June 18), there were similar overall num-
bers of patients presenting with acute appendicitis (283 pre-
COVID and 289 during COVID) (Table 4). There were no differ-
ences between cohorts with the exception of increased uti-
lization of CT scans, with 37.1% of patients in the pre-COVID
cohort undergoing CT scan compared to 45.6% in the COVID-
era cohort (P = 0.04). There was no difference in rates of op-
erative management (90.8% pre-COVID versus 88.2% COVID-
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Table 2 - Comparison of pediatric patients with perforated appendicitis before and during the COVID-19 pandemic, March

19 - September 19.

Pre-COVID (2019) n = 245

During COVID (2020) n = 249 P value

Variable

Hospital, n (%)

Valley Children’s 181 (73.9)
UC Davis 43 (17.6)
UCLA 14 (5.7)
Harbor-UCLA 7 (2.9)
Race, n (%)

White 179 (73.1)
Black 6 (2.5)
Asian 4 (1.6)
Other or Unknown 56 (22.9)
Age, years: median (IQR) 9 (6-13)
Male sex, n (%) 150 (61.2)
Insurance, n (%)

Public 176 (71.8)
Private 67 (27.4)
Other 2(0.8)
Transfer, n (%) 125 (51.0)
Symptom duration, days: median (IQR) 2 (1-4)
Initial WBC (x 103), median (IQR) 17.0 (14-21)
Imaging performed, n (%)

US only 133 (54.3)
CT only 67 (27.4)
US and CT 44 (18.0)
Other 1(0.4)
CT scan performed, n (%) 111 (45.3)
Initial management, n (%)

Operative 208 (84.9)
Percutaneous drain 24 (9.8)

Antibiotics alone 13 (5.3)

Surgery on day of admission, n (%) 166/208 (79.8)

SSI, n (%) 25/208 (12.0)
Additional interventions, n (%) 26/245 (10.6)
LOS, days: median (IQR) 5(3-7)
30-day ED visits, n (%) 21 (8.6)
30-day readmissions, n (%) 10 (4.1)

0.12
203 (81.5)
36 (14.5)
7 (2.8)
3(1.2)
0.004
202 (81.1)
5 (2.0)
12 (4.8)
30 (12.5)
9 (6-12) 0.84
156 (62.7) 0.74
0.29
187 (75.1)
62 (24.9)
0(0)
126 (50.6) 0.93
2 (2-4) 0.38
16.6 (13.5-20.3) 0.46
0.31
122 (49.0)
64 (25.7)
62 (24.9)
1(0.4)
126 (50.6) 0.24
0.002
183 (73.5)
31 (12.5)
35 (14.1)
140/183 (76.5) 0.43
13/183 (7.1) 0.10
20/249 (8.0) 0.32
6 (4-8) <0.0001
23 (9.2) 0.80
16 (6.4) 0.24

CT = computed tomography; ED = Emergency Department; IQR = interquartile range; LOS = length of stay; UC = University of California;
UCLA = University of California Los Angeles; US = ultrasound; SSI = surgical site infection; WBC = white blood cell count.

era, P = 0.59). Patients underwent surgery on the day of ad-
mission with equal rates in both cohorts (82%). There was
no difference in SSIs, but there were lower rates of addi-
tional interventions in the COVID-era cohort. Additional in-
terventions (n = 14) in the pre-COVID cohort included 6 drain
placements into post-operative abscesses, 5 drain placements
into recurrent abscesses following initial percutaneous drain
placement, one abscess aspiration followed by surgery, one re-
operation, and one failure of percutaneous drainage requiring
appendectomy. In the COVID-era cohort, there were five ad-
ditional interventions needed, all of which were drain place-

ments. Four of the five were in post-operative abscesses, and
one was in a patient who failed management with antibiotics
alone. LOS was similar between groups (median 2 days in both,
P = 0.42), and there were similar rates of ED visits and read-
missions.

In the second three months following the Shelter in
Place order, patients’ presenting characteristics were similar
(Table 4). There were significantly higher rates of non-
operative management in the COVID-era cohort (8.4% pre-
COVID versus 20.5% COVID-era, P < 0.0001). Additionally, pa-
tients undergoing operative intervention were significantly
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Table 3 - Comparison of pediatric patients with non-perforated acute appendicitis before and during the COVID-19 pan-

demic, March 19 - September 19.

Variable Pre-COVID (2019) n = 361 During COVID (2020) n = 340 P value
Hospital, n (%) 0.07
Valley Children’s 225 (62.3) 230 (67.7)

UC Davis 61 (16.9) 63 (18.5)

UCLA 49 (13.6) 26 (7.7)

Harbor-UCLA 26 (7.2) 21 (6.2)

Race, n (%) 0.001
White 232 (64.3) 257 (75.6)

Black 4(1.1) 9(2.7)

Asian 19 (5.3) 12 (3.5)

Other or Unknown 106 (29.4) 62 (18.2)

Age, years: median (IQR) 11 (8-14) 11 (8-14) 0.56
Male sex, n (%) 225 (62.3) 213 (62.7) 0.93
Insurance, n (%) 0.89
Public 243 (67.3) 234 (68.8)

Private 111 (30.8) 99 (29.1)

Other 7 (1.9) 7 (2.1)

Transfer, n (%) 141 (39.1) 131 (38.5) 0.89
Symptom duration, days: median (IQR) 1(1-2) 1(1-2) 0.11
Initial WBC (x 103), median (IQR) 14.7 (11.7-17.2) 15.3 (12.3-17.4) 0.15
Imaging performed, n (%) 0.003
US only 230 (63.7) 190 (55.9)

CT only 91 (25.2) 80 (23.5)

US and CT 39 (10.9) 70 (20.6)

Exam only 1(0.3) 0 (0)

CT scan performed, n (%) 130 (36.0) 150 (44.1) 0.03
Initial management, n (%) 0.05
Operative 345 (95.6) 313 (92.1)

Antibiotics alone 16 (4.4) 27 (7.9)

Surgery on day of admission, n (%) 281/345 (81.5) 233/313 (74.4) 0.03
SSI, n (%) 3/345 (0.9) 1/313 (0.3) 0.63
Additional interventions, n (%) 1/361 (0.3) 0 (0) 1.00
LOS, days: median (IQR) 1(1-1) 1(1-2) <0.0001
30-day ED visits, n (%) 19 (5.3) 14 (4.1) 0.47
30-day readmissions, n (%) 7 (1.9) 10 (2.9) 0.47

CT = computed tomography; ED = Emergency Department; IQR = interquartile range; LOS = length of stay; UC = University of California;
UCLA = University of California Los Angeles; US = ultrasound; SSI = surgical site infection; WBC = white blood cell count.

less likely to do so on the day of admission (80.1% pre-COVID
versus 68.5% COVID-era, P = 0.002). Hospital LOS was longer in
the COVID-era cohort (median 2 days pre-COVID versus 3 days
COVID-era, P = 0.04), but there were no differences in SSIs, ED
visits, or readmissions.

Hospital-level comparison

Lastly, the main outcomes were analyzed by hospital to ac-
count for any hospital-level variation (Table 5). There was no
difference in the rate of perforated appendicitis at any par-
ticipating institution when comparing pre-COVID cohorts to
COVID-era cohorts. Duration of symptoms prior to presen-

tation was similar in both cohorts at all institutions. Non-
operative management increased at three of the four institu-
tions, but only one was statistically significant.

Discussion

In this statewide, multicenter longitudinal study of pediatric
patients with acute appendicitis during the COVID-19 pan-
demic, we found similar rates of perforated appendicitis pre-
COVID and in the COVID-era cohorts. There did not appear
to be a delay in presentation based on duration of symptoms
prior to presentation, refuting our initial hypothesis. The use
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Table 4 - Comparison of pediatric patients with appendicitis before and during the COVID-19 pandemic, separated into

first three-month period (March 19 - June 18) and second three-month period (June 19 - September 19).

Variable First Three Months March 19 - June 18 Second Three Months June 19 — September 19
Pre-COVID During COVID P value Pre-COVID During COVID P value
2019 2020 2019 2020
n=283 n =289 n=2323 n =303

Hospital, n (%) 0.04 0.16

Valley Children’s 185 (65.4) 207 (71.6) 221 (68.4) 229 (75.6)

UC Davis 50 (17.7) 56 (19.4) 54 (16.7) 43 (14.2)

UCLA 32 (11.3) 16 (5.5) 31 (9.6) 17 (5.6)

Harbor-UCLA 16 (5.7) 10 (3.5) 17 (5.3) 14 (4.6)

Race, n (%) 0.36 <0.0001

White 206 (72.8) 224 (77.5) 205 (63.5) 238 (78.6)

Black 6(2.1) 9(3.1) 4(1.2) 5(1.7)

Asian 12 (4.2) 11 (3.8) 11 (3.4) 13 (4.3)

Other or 59 (20.9) 45 (15.6) 103 (31.9) 47 (15.5)

Unknown

Age, years: 10.0 (8.0-14.0) 10.0 (7.0-13.0) 0.25 10 (7-13) 10 (8-14) 0.17

median (IQR)

Male sex, n (%) 176 (62.2) 183 (63.3) 0.78 199 (61.6) 189 (62.4) 0.84

Insurance, n (%) 0.31 0.20

Public 204 (72.1) 206 (71.3) 215 (66.6) 218 (72.0)

Private 73 (25.8) 81 (28.0) 105 (32.5) 80 (26.4)

Other 6(2.1) 2(0.7) 3(0.9) 5(1.7)

Transfer, n (%) 122 (43.1) 127 (43.9) 0.84 144 (44.6) 131 (43.2) 0.73

Symptom 1(1-2) 2 (1-3) 0.60 2(1-3) 2 (1-3) 0.78

duration, days:

median (IQR)

Initial WBC (x 15.0 (12.5-18.5) 16.1 (12.9-19.1) 0.13 15.6 (12.4-18.9) 15.5 (12.5-17.8) 0.54

103), median

(IQR)

Imaging 0.008 0.12

performed, n (%)

US only 178 (62.9) 157 (54.3) 185 (57.3) 158 (52.2)

CT only 66 (23.3) 63 (21.8) 92 (28.5) 81 (26.7)

US and CT 39 (13.8) 69 (23.9) 44 (13.6) 63 (20.8)

Other 0(0) 0(0) 2(0.6) 1(0.3)

CT scan 105 (37.1) 132 (45.6) 0.04 136 (42.1) 144 (47.5) 0.17

performed, n (%)

Diagnosis, n (%) 0.46 0.20

Non-perforated 174 (61.5) 169 (58.5) 187 (57.9) 171 (56.4)

Perforated 109 (38.5) 120 (41.5) 136 (41.1) 129 (42.6)

Unable to 0(0) 0(0) 0(0) 3(1.0)

determine

Initial 0.59 <0.0001

management, n

(%)

Operative 257 (90.8) 255 (88.2) 296 (91.6) 241 (79.5)

Percutaneous 13 (4.6) 18 (6.2) 11 (3.4) 13 (4.3)

drain

Antibiotics alone 13 (4.6) 16 (5.5) 16 (5.0) 49 (16.2)

Surgery on day 210/257 (81.7) 208/255 (81.6) 0.99 237/296 (80.1) 165/241 (68.5) 0.002

of admission, n
(%)

(continued on next page)
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Table 4 - (continued

Variable First Three Months March 19 - June 18 Second Three Months June 19 — September 19
Pre-COVID During COVID P value Pre-COVID During COVID P value
2019 2020 2019 2020

SSI, n (%) 14/257 (5.5) 6/255 (2.4) 0.11 14/296 (4.7) 8/241 (3.3) 0.51

Additional 14/283 (5.0) 5/289 (1.7) 0.04 13/323 (4.0) 16/303 (5.3) 0.57

interventions, n

(%)

LOS, days: 2 (1-4) 2 (1-5) 0.42 2 (1-4) 3 (2-6) <0.0001

median (IQR)

30-day ED visits, 21 (7.4) 15 (5.2) 0.27 19 (5.9) 23 (7.6) 0.43

n (%)

30-day 9(3.2) 13 (4.5) 0.41 8 (2.5) 14 (4.6) 0.19

readmissions, n

(%)

CT = computed tomography; ED = Emergency Department; IQR = interquartile range; LOS = length of stay; SSI = surgical site infection; UC = Uni-
versity of California; UCLA = University of California Los Angeles; US = ultrasound; WBC = white blood cell count.

of CT imaging for diagnosis increased, particularly in the first
half of the study period and for patients with non-perforated
appendicitis. Non-operative management with percutaneous
drainage or antibiotics alone became more common, primar-
ily in the latter half of the study period. On sub-group analysis
by diagnosis, non-operative management increased for both
perforated and non-perforated appendicitis. The proportion
of patients undergoing surgery on the day of admission de-
creased, especially in the latter half of the study period, and
for non-perforated appendicitis. There was an increase in hos-
pital LOS primarily in the second half of the study period, and
most apparent among children with perforated appendicitis.
Overall, there were no increases in post-operative complica-
tions including SSIs, 30 day ED visits, and readmissions.

Our findings differ from those published regarding rates
of perforated appendicitis among children and adolescents
during the COVID-19 pandemic, which have mostly found in-
creased rates of perforation, thought to be due to delays in
presentation. One study by Gerall et al evaluated rates of per-

forated appendicitis over three months from March 1 to May
31 of 2020, comparing to the same period in 2019, finding a sig-
nificantly increased rate of perforation (41.7% versus 9.8% the
year prior, P < 0.001) and a longer median symptom duration
prior to presentation (2 versus 1 day).’ There was a much lower
rate of operative management (75.0% versus 92.7%) during the
pandemic. However, this was a single-center study of only
89 patients. Additionally, it was performed at a tertiary care
children’s hospital in New York City at the peak of the pan-
demic, a region hit particularly hard by COVID-19.1° A second
single-center study from the New York metropolitan region of
55 pediatric patients with appendicitis from March 31 to May
3, 2020 compared outcomes to the same period in the three
preceding years, finding similar rates of perforated appendici-
tis between cohorts.!’ One study of 160 patients from North-
ern Virginia analyzed differences in outcomes over a similar
time period (March 16 to June 7), compared to the same pe-
riod in 2019, and found twice as many cases of perforated ap-
pendicitis during the pandemic (39% versus 19%, P = 0.009).

Rates of Perforated Appendicitis
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o
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[§*]
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Mar-Apr Apr-May May-June
m2019 44.7% 28.4% 42.4%
2020 47.2% 36.0% 41.4%
m 2019
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56.7% 47.1% 35.7%
46.8% 43.8% 38.3%
2020

Fig. 1 - Rate of perforated appendicitis by month, pre-COVID (2019) versus COVID-era (2020). There were no statistically
significant differences by month. P values as follows: March to April, P = 0.77; April to May, P = 0.29; May to June, P = 1.00;
June to July, P = 0.67; July to August, P = 0.68; August to September, P = 0.77.
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Table 5 — Main outcomes analyzed by hospital.

Hospital Pre-COVID 2019 During COVID 2020 P value
Valley Children’s

Perforated appendicitis, n (%) 181/406 (44.6) 203/433 (46.9) 0.50
Duration of symptoms, days: median (IQR) 2 (1-3) 2 (1-3) 0.82
Non-operative management, n (%) 33/406 (8.1) 74/433 (17.1) 0.0001
UC Davis

Perforated appendicitis, n (%) 43/104 (41.4) 36/99 (36.4) 0.47
Duration of symptoms, days: median (IQR) 2 (1-3) 2 (1-3) 0.18
Non-operative management, n (%) 5/104 (4.8) 10/99 (10.1) 0.18
UCLA

Perforated appendicitis, n (%) 14/63 (22.2) 7/33 (21.2) 1.00
Duration of symptoms, days: median (IQR) 2 (1-2) 1(1-2) 0.11
Non-operative management, n (%) 8/63 (12.7) 7/33 (21.2) 0.38
Harbor-UCLA

Perforated appendicitis, n (%) 7/33 (21.2) 3/24 (12.5) 0.49
Duration of symptoms, days: median (IQR) 2 (1-3) 1(1-2) 0.05
Non-operative management, n (%) 7/33 (21.2) 2/24 (8.3) 0.28

In the first multicenter study of pediatric appendicitis out-
comes during COVID, a total of 55 children treated at three
NYC-area hospitals March 1 to May 7, 2020 were compared to
1291 patients treated over five years prior from January 1, 2014
to June 1, 2019*. The perforation rate was significantly higher
during the COVID era (45% versus 27%, P = 0.005), and patients
presented after a longer symptom duration (3 versus 2 days,
P = 0.001).

In contrast, we found no difference in perforation rates
over a 6-month period at four major children’s hospitals
across the state of California in the six months following the
first statewide Shelter in Place order. The spread of COVID-19
in California during the study period differs from that of the
New York metropolitan region, which was hit particularly in
the early months. During the study period, the peak of COVID-
19 cases in California occurred in July to August 2020, with the
highest reported new cases per day of approximately 12,000
cases on July 22, 2020. In contrary, the peak of the COVID-19
surge in the New York metropolitan area was early, in April
2020, with a peak of approximately 12,000 cases on April 4,
2020. In comparison, by July to August of 2020, new cases in
New York City ranged from 500 to 800 per day.'? California was
relatively spared in the beginning of the pandemic, although
that has since changed, with the highest number of cases in
the US being diagnosed in California at the time of this writ-
ing. However, the relatively few California cases in the first six
months of the pandemic may partially explain our finding that
children did not present after significant delays and did not
have higher rates of perforated appendicitis.

Despite this, there were significant differences in patient
management during the COVID-19 pandemic compared to the
year prior. Although none of the included hospitals protocol-
ized a change in the management of acute appendicitis dur-
ing the pandemic, non-operative management by use of per-
cutaneous drains or antibiotic treatment doubled over the 6
month period from 8.8% to 16.2%. On sub-group analysis by
time, this change did not occur until June-September, at which

point 20.5% of patients were undergoing non-operative man-
agement. Studies out of New York also reported a decrease
in operative management during the COVID-19 pandemic of
similar magnitude.’ In our study, this shift was noted in both
patients with perforated and non-perforated appendicitis. Ad-
ditionally, patients were less likely to undergo surgery on the
day of admission, decreasing from 80.1% to 68.5% of patients
during the latter half of the study period. The peak in cases
in California during this study period occurred during the lat-
ter three months, which may partially explain the increase
in non-operative management, lower proportion of patients
undergoing surgery on the day of admission, and longer LOS.
This may be due to strained hospital resources, or the wait-
ing period between sending a required COVID-19 test prior to
surgery and the results becoming available.

We found that CT imaging increased during the study pe-
riod, which on sub-group analysis by diagnosis, remained sig-
nificant only for non-perforated appendicitis. Additionally, on
sub-group analysis by time for all patients, the increased uti-
lization of CTs was significant only in the first three months of
the pandemic. This has not been studied in prior publications
on the effect of COVID-19 on pediatric patients with appen-
dicitis. In children, ultrasound is the initial imaging modality
of choice for the evaluation of abdominal pain, as it may pro-
vide a diagnosis while limiting exposure to ionizing radiation.
Wide variations in the use of CT in diagnosing appendicitis
in children have been reported, with lower rates at children’s
hospitals compared to referring hospitals.'®’* However, rates
of transferred patients were similar in the pre-COVID and
COVID-era cohorts included in this study, so the increase in
CT utilization was not due to increased scanning by referring
hospitals alone. We hypothesize that the reason for increased
CT scan utilization in patients with acute non-perforated ap-
pendicitis may have been related to attempts to avoid hospi-
talization for serial abdominal exams to clinically ‘rule out’
acute appendicitis following an equivocal ultrasound study.
This may be due to efforts to reduce hospital resource utiliza-



THEODOROU ET AL ® STATEWIDE IMPACT OF THE COVID PANDEMIC ON PEDIATRIC APPENDICITIS 141

tion in anticipation of COVID-19 surges, or to have a defini-
tive diagnosis due to parental reluctance to be admitted for
a clinical appendicitis rule-out. However, from medical record
documentation we are not able to discern the underlying rea-
son. Although patient-level cost data was not collected in this
study, based on an average hospital charge of $266 per ab-
dominal CT scan, the noted 10% increase in CT utilization in
the COVID-era cohort was the equivalent of an additional 41
patients undergoing CT scans, with an associated total addi-
tional estimated cost of $10,906.

Lastly, we found that outcomes were largely unchanged
during the study period, with the exception of LOS which
was one day longer in the pandemic compared to the pre-
COVID cohort. This was most notable during the latter half
of the study period, and in patients with perforated appen-
dicitis. Other studies have variably reported increased LOS°®
or no changes compared to cases pre-COVID.* There are sev-
eral potential reasons for our noted increase in LOS. The pre-
vious finding of decreased rates of surgery on day of admis-
sion likely contributed to increases in LOS. Additionally, as the
pandemic progressed, hospitals instituted mandatory COVID-
19 tests on admission, and prior to any interventions under
anesthesia. The increase in LOS is likely in part due to delays
in treatment related to pending COVID-19 tests. As the aver-
age charge for a single day of a pediatric ward hospitalization
is $12,202, an increase from a median LOS of two days to three
days is associated with an additional potential $12,202 mini-
mum of charges, not accounting for additional inpatient ex-
penses such as medications and supplies needed in the course
of a day of patient care. The economic impact of this increase
is significant considering the prevalence of acute appendicitis
in the pediatric population. Despite these differences, how-
ever, there were no significant changes in post-operative SSIs,
ED visits, or readmissions during the COVID-era study period.

Our study has several limitations. The four hospitals in-
cluded represent a diverse set of institutions, and manage-
ment of appendicitis was not standardized across institutions.
However, the primary outcomes of interest did not differ be-
tween hospitals as noted in Table 4. By performing this large
multicenter study, we were able to analyze the effect of the
COVID-19 pandemic on nearly 1,200 pediatric patients with
acute appendicitis, a cohort several times larger than any pre-
viously reported. Although rates of COVID may vary within
the state of California, Shelter in Place orders have generally
been implemented in a statewide manner, impacting all Cali-
fornians simultaneously, thus supporting a study of effects at
multiple hospitals across the state rather than at an institu-
tional or municipal level. It should be noted that not all pe-
diatric hospitals in California were included, and thus these
results may not be generalizable to the entire state. Cost data
was not collected on a patient-level, but an average hospital
charge for CT scans and inpatient hospital days is presented
for context to provide an estimate of the potential excess costs
associated with these findings. We did not collect data on
COVID-19 testing for this cohort, which limits our ability to
draw any conclusions about outcomes of COVID-positive pa-
tients. However, there is some data to suggest that children
with COVID-19 infection have similar presentations and out-
comes as those without.*'* Lastly, as the COVID-19 pandemic
continues to evolve, the presentation and management of pe-

diatric patients with acute appendicitis may shift as well and
should continue to be studied.

Conclusion

In this statewide multicenter longitudinal study of pediatric
patients with acute appendicitis, there was no increase in
rates of perforated appendicitis during the first six months
of the COVID-19 pandemic. Use of CT imaging for diagnosis
and rates of non-operative management rose during the study
period, with delayed operative management compared to one
year prior, which was associated with an overall increase in
length of stay by one day. There were no increases in post-
operative complications or ED visits. As the pandemic con-
tinues and even worsens in many parts of the country, the
systems-wide effects on other acute medical and surgical con-
ditions should continue to be studied to ensure care does not
suffer.
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