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Abstract

Background: The COVID-19 pandemic affected the volume and epidemiology of pedi-
atric emergency department (ED) visits. We aimed to determine the rate of associated
complications for 16 high-risk conditions in a Michigan statewide network of academic
and community EDs during the pandemic.

Methods: We conducted a cross-sectional study of pediatric ED visits among a net-
work of 5 Michigan health systems during the pre-pandemic (March 1, 2019-March
10, 2020) and pandemic (March 11, 2020-March 31, 2021) periods. Data were
collected from the medical record and included patient demographics, ED visit char-
acteristics, procedure codes, and final International Classification of Diseases, 10th
Revision, Clinical Modification diagnosis codes. Selection of codes for 16 high-risk
conditions and diagnostic complications were identified using previously described
methods. Characteristics of ED visits were compared before versus during the pan-
demic using x* and Fisher’s exact tests. We used multilevel logistic regression to
analyze covariates and potential confounders for being diagnosed with a high-risk
condition or a complication of a high-risk condition.

Results: A total of 417,038 pediatric ED visits were analyzed. The proportion
of patients presenting with 10 of 16 high-risk conditions (including appendicitis,

Supervising Editor: Marna Rayl Greenberg, DO, MPH.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. JACEP Open published by Wiley Periodicals LLC on behalf of American College of Emergency Physicians.

JACEP Open 2022;3:e12865.
https://doi.org/10.1002/emp2.12865

wileyonlinelibrary.com/journal/emp2 | 1of6


mailto:cmangus@med.umich.edu
https://www.icmje.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://wileyonlinelibrary.com/journal/emp2
https://doi.org/10.1002/emp2.12865

MANGUS ET AL.

sepsis, and stroke) was higher in the pandemic period compared with pre-pandemic
(P < 0.01). Despite this, there was no significant increase in the frequency of compli-
cations for any of the 16 high-risk conditions during the pandemic. The adjusted odds
of being diagnosed with appendicitis (pre-pandemic 0.23% vs pandemic 0.52%; odds
ratio [OR], 1.19 [95% confidence interval, Cl, 1.00-1.41]), diabetic ketoacidosis (pre-
pandemic 0.16% vs pandemic 0.52%; OR, 2.40 [95% ClI, 2.07-2.78]), intussusception
(pre-pandemic 0.05% vs pandemic 0.07%; OR, 1.64 [95% Cl, 1.22-2.21)], and testic-
ular torsion (pre-pandemic 0.10% vs pandemic 0.14%; OR, 1.64 [95% Cl, 1.18-2.28])
was higher during the pandemic.

Conclusions: Despite a higher proportion of ED visits attributed to high-risk con-
ditions, there was no increase in complications, suggesting minimal impact of the
pandemic on outcomes of pediatric ED visits.

KEYWORDS
COVID-19, diagnosis, pediatric emergency medicine

1 | INTRODUCTION 1.3 | Goals of this investigation

1.1 |

Background

The COVID-19 pandemic drastically affected emergency department
(ED) patient volumes, with a significant drop in the early stages of
the pandemic followed by a gradual return to pre-pandemic levels.
Importantly, the epidemiology of ED visits including pediatric ED
visits changed over time.! Multiple reports early in the pandemic
suggested an increase in diagnostic delays and subsequent compli-
cations of common pediatric conditions managed in the ED,2° likely
attributed to patients’ and caregivers’ hesitancy in seeking medical
care in EDs because of the potential exposure to COVID-19.4 Children
presenting with high-risk conditions, such as appendicitis and diabetic
ketoacidosis,?3 were of particular concern, as such conditions are not
self-limiting and timely diagnosis is required to prevent morbidity and

mortality.

1.2 | Importance

Several studies have described pandemic-related pediatric ED
visit epidemiology, associated diagnostic delays, and patient out-
comes and complications of specific high-risk conditions.2~3> Most
are limited by being either single-site studies or reporting find-
ings solely from academic pediatric hospitals. As >85% of children
seek emergency care in community EDs, it is imperative to include
both academic and community EDs in research aiming to describe
the impact of the pandemic on pediatric ED visits for high-risk
conditions and associated diagnostic complications. As such, the
impact of the pandemic on the frequency and complication rate of
high-risk pediatric conditions and complications has not been fully
explored.

The aims of this project were to determine the frequency of 16 high-
risk conditions and associated complications in a Michigan statewide
network of academic and community EDs during the first year of the
COVID-19 pandemic.

2 | METHODS

2.1 | Study design

We conducted a cross-sectional study of pediatric patients (aged 0-
18 years) among a statewide network of EDs. The Michigan Pediatric
Emergency Medicine (MiPEM) Network is composed of 14 EDs from
5 Michigan health systems with representation from community and
academic sites that include 11 general EDs and 3 pediatric-specific
EDs. All ED visits to participating sites were included in the pre-
pandemic (March 1, 2019-March 10, 2020) and pandemic (March 11,
2020- March 31, 2021) time periods. This study was approved by the
institutional review board for each participating site.

2.2 | Measurements
We collected data from the electronic health record, including patient
demographics (age, sex, race, ethnicity), date of visit, emergency
severity index (ESI) triage level, mode of arrival, disposition, procedure
codes, encounter International Classification of Diseases, 10th Revi-
sion (ICD-10) codes, COVID-19 viral testing, and results of viral testing
(if applicable).

We defined the 16 high-risk conditions and their associated com-

plications using ICD-10 diagnosis and procedure codes as described
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The Bottom Line

Did the COVID-19 pandemic affect the complication rate
of serious pediatric conditions presenting to emergency
departments? In this study, we found an increase in the fre-
quency of 16 high-risk pediatric conditions (such as appen-
dicitis and diabetic ketoacidosis), but no increase in the rate
of complications for any of these conditions during the first
year of the COVID-19 pandemic.

by Michelson et al.”> The high-risk conditions studied were appendici-
tis, bacterial meningitis, compartment syndrome, diabetic ketoacidosis,
ectopic pregnancy, empyema, encephalitis, intussusception, mastoidi-
tis, myocarditis, orbital cellulitis, ovarian torsion, sepsis, septic arthritis,
stroke, and testicular torsion. Diagnoses and procedures suggesting
complications included conditions such as perforated appendicitis,
bowel resection, and abdominal abscess drainage (for appendicitis);
seizure, mechanical ventilation, neurosurgery, and death (for bacte-
rial meningitis); orchiectomy (for testicular torsion); debridement and
amputation (for compartment syndrome); and so on. A full list of the
ICD-10 codes for the high-risk diagnoses and corresponding high-risk
conditions can be found in Supplementary Appendices 1 and 2.

2.3 | Statistical analysis

The frequency and proportions for each category were presented for
each categorical variable; )(2 and Fisher’s exact tests were used to
test the distribution difference between the pre- and post-pandemic
period. For conditions with sufficient sample size (minimum of 50), we
analyzed covariates and potential confounders (age, sex, race/ethnicity,
mode of arrival, and disposition) for the diagnosis of a high-risk condi-
tions (appendicitis, diabetic ketoacidosis, intussusception, sepsis, and
testicular torsion). We also analyzed the odds of being diagnosed with
a complication for 3 of the high-risk conditions with sufficient sample
size (appendicitis, diabetic ketoacidosis, and testicular torsion) using
multilevel logistic regression with a random intercept of the ED site.
The significance level was 0.05. All analyses were performed using SAS
9.4 (SAS Institute).

3 | RESULTS

We analyzed 417,038 pediatric ED encounters; 68% (284,346) of
visits occurred in the pre-pandemic period (Table 1), representing a
53% decrease during the pandemic period. A higher proportion of
patients arrived via ambulance or medical flight (vs personal vehi-
cle) during the pandemic compared with the pre-pandemic period
(7.0% vs 4.7%, respectively; P < 0.001). In addition, an increased
percentage of patients were triaged as ESI levels 1 to 3 (vs level

4 or 5) during the pandemic when compared with prior (63.5%

vs 57.6%, respectively; P < 0.001). There was also an increase in
the percentage of patients admitted to or observed in the hospi-
tal during the pandemic compared with the pre-pandemic period
(10.5% vs 7.8%, respectively; P < 0.001). The overall number of
deaths in the ED was small, but the number of deaths in the ED
was higher during the pandemic compared with prior (105 patients
[0.08%] vs 70 patients [0.02%], respectively). Only 17% (22,583)
of children in the study population underwent COVID-19 testing,
and among those, 1% (1309 children) tested positive for COVID-19
infection.

The frequency of select high-risk conditions and associated com-
plications of those high-risk conditions during the pre-pandemic and
pandemic periods is shown in Table 2. The proportion of patients
presenting with appendicitis, bacterial meningitis, diabetic ketoacido-
sis, intussusception, myocarditis, ovarian torsion, testicular torsion,
sepsis, septic arthritis, and stroke was higher in the pandemic period
compared with prior (P < 0.05). The raw case counts for diabetic
ketoacidosis, myocarditis, stroke, and testicular torsion increased
during the pandemic. Despite this, no statistically significant increases
in the frequency of complications during the pandemic period com-
pared with pre-pandemic period were identified for any of the
16 conditions.

Results of multilevel logistic regression for the diagnosis of 5
select conditions are shown in Table 3. When controlling for all
other variables, the adjusted odds of being diagnosed with appendici-
tis (pre-pandemic 0.23% vs pandemic 0.52%; odds ratio [OR], 1.19
[95% confidence interval, Cl, 1.00-1.41]), diabetic ketoacidosis (pre-
pandemic 0.16% vs pandemic 0.52%; OR, 2.40 [95% Cl, 2.07-2.78]),
intussusception (pre-pandemic 0.05% vs pandemic 0.07%; OR, 1.64
[95% Cl, 1.22-2.21)], and testicular torsion (pre-pandemic 0.10% vs
pandemic 0.14%; OR, 1.64 [95% Cl, 1.18-2.28]) was higher during the
pandemic.

Additional results of the multilevel regression to assess for odds
of being diagnosed with a complication of a high-risk condition are
included as supplemental material. For patients with the diagnosis of
appendicitis, the odds of having a complication were independently
associated with age, sex, and arrival mode. Patients aged 1 to 4 years
(OR, 3.64 [95% ClI, 2.03-6.51]), male patients, and those arriving by
ambulance/medical flight (OR, 1.9 [95% ClI, 2.36-2.67]) had higher
adjusted odds of having a complication of appendicitis. Patients aged
5 to 9 years (OR, 1.75 [95% Cl, 1.05-2.93]) and non-Hispanic Black
children (OR, 1.54 [95% Cl, 1.02-2.35]) had an increased odds of being
diagnosed with a complication of diabetic ketoacidosis. For children
with appendicitis, diabetic ketoacidosis, or sepsis, the pandemic
period was not independently associated with the risk of having a

complication of their high-risk condition.

3.1 | Limitations
This study has several limitations. High-risk conditions and associated
complications were identified via diagnosis codes, which may be sus-

ceptible to coding errors. In addition, data are reported from a single
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TABLE 1 Patient and visit characteristics for pediatric emergency department encounters in Michigan
Pre-pandemic (March 1, Pandemic (March 11,
2019-March 10, 2020), 2020-March 31,2021),
Overall, n (%) n (%) n (%) Pvalue

417,038 284,346 (68.2) 132,692 (31.8)
Patient age
<1year 51,433(12.3) 32,194 (11.3) 19,239 (14.5) <0.001
1-4 years 137,264 (32.9) 98,058 (34.5) 39,206 (29.5)
5-9years 86,514 (20.7) 65,625 (23.1) 20,889 (15.7)
10-14 years 76,083 (18.2) 48,971(17.2) 27,112 (20.4)
15-18years 65,744 (15.8) 39,498 (13.9) 26,246 (19.8)
Patient sex (n = 417,024)
Male 213,990(51.3) 147,262 (51.8) 66,728 (50.3) <0.001
Female 203,034 (48.7) 137,079 (48.2) 65,955 (49.7)
Race and ethnicity
Non-Hispanic Black 152,201 (36.5) 107,719 (37.9) 44,482 (33.5) <0.001
Non-Hispanic White 119,940 (28.8) 79,957 (28.1) 39,983(30.1)
Hispanic 78,461(18.8) 51,706 (18.2) 26,755(20.2)
Other 66,436 (15.9) 44,964 (15.8) 21,472 (16.2)
Arrival mode
Ambulance/medical flight 22,529 (5.4) 13,241 (4.7) 9288 (7.0) <0.001
Personal vehicle/walk in 382,852 (91.8) 263,962 (92.8) 118,890 (89.6)
Other or unknown 11,657 (2.8) 7143(2.5) 4514 (3.4)
Disposition (n =415,571)
Admission/observation 36,026 (8.7) 22,230(7.8) 13,796 (10.5) <0.001
Discharge 368,676 (88.7) 255,432 (89.9) 113,244 (86.1)
Deathin ED 175 (0.04) 70(0.02) 105 (0.08)
Other? 10,869 (2.6) 6334 (2.2) 4535 (3.4)
COVID-19 test (n =417,027)
No test 394,439 (94.6) 284,341 (100.0) 110,098 (83.0) <0.001
Tested negative 21,279(5.1) 5(0.0) 21,274 (16.0)
Tested positive 1309 (0.3) 0(0.0) 1309 (1.0)
ESl acuity (n = 281,761)°
1 2101(0.7) 1224(0.7) 877(0.9) <0.001
2 41,810 (14.8) 25,371 (13.6) 16,439 (17.3)
3 123,792 (43.9) 80,841 (43.3) 42,951 (45.3)
4 99,639 (35.4) 69,234 (37.0) 30,405 (32.1)
5 14,419 (5.1) 10,228 (5.5) 4191 (4.4)

Abbreviation: ESI, emergency severity index.

2Includes left without being seen, left without completing treatment, left against medical advice, transfer/send to another location, elected to go to urgent

care, and nurse-only visits.

bA total of 4/5 health systems reporting.

state. Although not reflective of the national or global experience, the
MIPEM network includes academic and community centers as well
as general and pediatric EDs and likely provides an accurate repre-
sentation of statewide pediatric ED visits. Finally, this study reflects

data from the first year of the COVID-19 pandemic. The availability of
COVID-19 viral testing and diagnosis codes were variable in the first
few months of the pandemic and may not be fully reflected in these
data.
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TABLE 2

Frequency of high-risk conditions, n (%)

Frequency of high-risk conditions and associated complications during the pre-pandemic and pandemic periods

Frequency of complications of high-risk conditions, n (%)

Pre-pandemic  Pandemic

(March 1, (March 11,

2019-March ~ 2020-March

Overall 10, 2020) 31,2021)

All visits 417,038 284,346 (68.2) 132,692(31.8)
Appendicitis 1321(0.317) 641(0.225) 680(0.513)
Bacterial meningitis 51(0.012) 26 (0.009) 25(0.019)
Compartment syndrome 12 (0.003) 9 (0.003) 3(0.002)
Diabetic ketoacidosis 1137(0.273) 445(0.157) 692 (0.522)
Ectopic pregnancy 15 (0.004) 9 (0.003) 6(0.005)
Empyema 33(0.008) 19 (0.007) 14 (0.011)
Encephalitis 16 (0.004) 10 (0.004) 6(0.005)
Intussusception 217 (0.052) 127 (0.045) 90 (0.068)
Mastoiditis 86(0.021) 66(0.023) 20(0.015)
Myocarditis 12(0.003) 3(0.001) 9(0.007)
Orbital cellulitis 21(0.005) 14 (0.005) 7 (0.005)
Ovarian torsion 67 (0.016) 34(0.012) 33(0.025)
Sepsis 478(0.115) 286(0.101) 192(0.145)
Septic arthritis 61(0.015) 34(0.012) 27(0.020)
Stroke 37(0.009) 14 (0.005) 23(0.017)
Testicular torsion 220(0.053) 94 (0.033) 126 (0.095)

TABLE 3 Oddsratio of diagnosis of a high-risk condition during
the pandemic period (reference: pre-pandemic)

Adjusted odds ratio
Condition (95% Cl)2 Pvalue
Appendicitis 1.19(1.00-1.41) 0.052
Diabetic ketoacidosis 2.40(2.07-2.78) <0.0001
Intussusception 1.64(1.22-2.21) 0.001
Sepsis 0.96(0.71-1.31) 0.802
Testicular torsion 1.64(1.18-2.28) 0.003

Abbreviation: Cl, confidence interval.
2After adjusting for age, race/ethnicity, sex, mode of arrival, and disposition.

4 | DISCUSSION
Our results were consistent with prior reports noting a significant
decrease in pediatric ED visit volumes during the pandemic period.!
Despite a decrease in the absolute number of ED visits during the
pandemic period, visits were higher acuity, as reflected by the pro-
portional increase in arrivals by emergency medical services/medical
flight, patient admissions, deaths in the ED, and ESI triage categoriza-
tion. Despite an increase in the frequency of 10 of the 16 high-risk
conditions studied, the rate of complications was unchanged for all 16
conditions.

Of the conditions, 5 (appendicitis, diabetic ketoacidosis, myocardi-

tis, stroke, and testicular torsion) also had a higher case count

Pre-pandemic  Pandemic

(March 1, (March 11,

2019-March 2020-March
Pvalue Overall 10, 2020) 31,2021) P value
<0.001 375/1321(28.4) 175/641(27.3) 200/680(29.4) 0.39
0.0083 24/51(47.1) 9/26(34.6) 15/25 (60.0) 0.07
0.6121 4/12(33.3) 3/9(33.3) 1/3(33.3) 0.99
<0.001 180/1137(15.8) 74/445(16.6)  106/692(15.3) 0.55
0.4963 2/15(13.3) 2/9(22.2) 0/6(0.0) 0.21
0.1908 16/33(48.5) 9/19 (47.4) 7/14(50.0) 0.88
0.6255 6/16(37.5) 2/10(20.0) 4/6(66.7) 0.06
0.0023 5/217(2.3) 3/127 (2.4) 2/90(2.2) 0.95
0.0882 7/86(8.1) 5/66(7.6) 2/20(10.0) 0.73
0.0013 5/12(41.7) 2/3(66.7) 3/9(33.3) 0.31
0.8815 3/21(14.3) 2/14(14.3) 1/7 (14.3) 0.99
0.0022 5/67(7.5) 5/34(14.7) 0/33(0.0) 0.02
0.0001 94/478(19.7) 61/286(21.3) 33/192(17.2) 0.26
0.0369 8/61(13.1) 5/34(14.7) 3/27(11.1) 0.68
0.0001 11/37(29.7) 4/14 (28.6) 7/23(30.4) 0.90
<0.001  0/220(0) 0/94(0) 0/126(0) 0.99

during the pandemic period compared with prior despite an overall
decrease in patient volume. In considering the potential etiologies for
this notable change, COVID-19-related inflammation, postinfectious
inflammatory response, and direct viral injury have been proposed in
the pathophysiology of these conditions.68 Given the limited avail-
ability of COVID-19 testing at the time of this study, it is unclear how
many pediatric patients had COVID-19-related illness or exposure
contributing to their clinical presentations. What is evident, however,
is that the pandemic alone, when accounting for other variables, con-
veyed an increased adjusted odds of being diagnosed with several of
these high-risk conditions. Clearly, ongoing studies into the pathogenic
effects of COVID-19 are warranted to better understand the risk of
these high-risk conditions and associated complications in relation to
the pandemic.

Despite the increase in the proportion of high-risk conditions dur-
ing the pandemic, we found no increase in complications for any of
the 16 conditions studied. This is contrary to the many initial reports
suggesting increased diagnostic delays and complications during the
pandemic period.23 Several subsequent studies support our findings: a
recent systematic review and meta-analysis of children presenting with
testicular torsion during the pandemic found that the rate of delayed
presentations and orchiectomy did not significantly differ in the pan-
demic period compared with prior.” A single-site study in Spain found
no increase in the incidence of complicated appendicitis in pediatric
patients during the pandemic period, although this study was from a

single institution and comprised only 151 patients.1?
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It is reassuring to confirm that despite an increase in the frequency
of several high-risk conditions during the pandemic, the rate of com-
plications of these conditions did not increase. The lack of increased
complications is likely multifactorial. One hypothesis entails the role
of overcrowding in relation to diagnostic error. It is conceivable that
with lower ED patient volumes and fewer competing priorities, clini-
cians had more time to assess each patient and think critically about
each case. Another possible theory involves caregivers’ intuition and
ability to recognize when their child is seriously ill. Despite parental-

reported concerns about presenting to the ED during a pandemic,*

our
data suggest that most caregivers are ultimately able to discriminate
between non-urgent and urgent/emergent illness and seek ED care
when indicated. These data suggest that visits during the pandemic
were of higher acuity and that more people used the ED for urgent
and emergent healthcare crises rather than non-acute health concerns.
This is consistent with prior research demonstrating a decrease in
low-resource-intensity pediatric ED visits (visits that do not result in
hospital admission or medication administration and for which no lab-
oratory tests, diagnostic imaging, or procedures are performed) during
the pandemic period compared with prior.t

Overall, the pandemic had many complex effects on pediatric
patients, their caregivers, and clinicians. The role of COVID-19 in the
development of high-risk conditions, lack of related complications, and
reasons for these findings warrants further investigation.

In summary, during the first year of the COVID-19 pandemic, pedi-
atric ED visits were lower in volume but higher in acuity. There
was an increase in the proportion of presentations attributed to
high-risk conditions; however, there was no increase in associated
complications.
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