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Pediatric emergency department volumes ki
and throughput during the COVID-19 pandemic

Patient volumes in our pediatric emergency department (PED) de-
creased significantly after the initiation of public health interventions
during the Covid-19 pandemic. Chaiyachati et al. demonstrated de-
creased volumes in a US PED [1], and recent studies in other countries
support this observation [2-6]. An understanding of patient and visit
characteristics during pandemics can ensure PED preparedness during
high-volume surges or atypical low-volumes. The aim of this study
was to describe PED visit characteristics, with an emphasis on through-
put, during the COVID-19 pandemic compared with a historical period.

We performed a review of all patients presenting to an academic
PED from March 16 to April 30, 2020 (from initiation of local public
health interventions to gradual re-openings) and compared visit char-
acteristics with those during the same period in 2018 and 2019. All pa-
tients presenting to the PED were included. Patient level variables we
examined included age, gender, race, ethnicity, preferred language, ar-
rival time and method, referral status, Emergency Severity Index (ESI),
disposition, and revisit and left without being seen (LWBS) rates. PED
volume and flow characteristics included daily volumes, time to room,
provider, and disposition, and length of stay (LOS). Our Institutional Re-
view Board approved this study.

Categorical variables were described using counts and percentages
and compared with the y? test. We used the Kruskal-Wallis test to com-
pare non-parametric continuous variables. Significance was set at a
p-value of 0.05 a priori. Analyses were performed using the R statistical
software (version 3.5.0).

19,722 patients presented to the PED: 3688 patients during the pan-
demic period and 16,084 patients during the comparison period. The
characteristics of patients presenting to the PED in both periods are pre-
sented in Table 1. During the pandemic period, the proportions of
patients >18-years-old, referred to the PED, arriving by ambulance,
and admitted were higher, and the LWBS rate was significantly lower.
Characteristics of the PED volume and throughput for the study periods
are presented in Table 2. Daily volumes were significantly lower during
the pandemic period. All flow parameters were significantly shorter
during the pandemic period.

In this study, we describe differences in patient and department char-
acteristics during the COVID-19 pandemic compared to prior years. We
noted a decrease in the absolute number of patients in the pandemic pe-
riod, consistent with other published work [1-6]. We demonstrated
higher acuity and admission rates. We hypothesize that early public
health interventions and risk assessment regarding healthcare-related
exposure to COVID-19 and increased use of telehealth contributed to re-
duced PED attendance for low-acuity complaints [4,7-13].

Alarger proportion of referrals and ambulance arrivals occurred dur-
ing the pandemic period, which may reflect higher acuity or changes in
referral patterns for local primary care offices, as many were limiting
visits for patients with infectious symptoms during the pandemic.

https://doi.org/10.1016/j.ajem.2020.09.074
0735-6757/© 2020 Elsevier Inc. All rights reserved.

A novel finding in our study is the description of throughput during
the pandemic period. Because of lower daily volumes, all time-based pa-
rameters were shorter during the pandemic period, along with a lower
LWBS rate. This association between PED volumes, throughput vari-
ables, and LWBS rate has been previously described, but not in the set-
ting of a pandemic [14-16].

Understanding pandemic volume and acuity variation allows PED
leadership to plan resource allocation. In our PED, residents see approx-
imately 80% of patients and continued in this role during the pandemic.
The only change made to staffing was the elimination of an “intake”
physician, who conducts a brief initial assessment and places prelimi-
nary orders to expedite throughput. While prior studies on PED pre-
paredness during a pandemic have focused on volume surges, our
study shows that pandemic preparedness must also address resource
allocation for reduced patient volumes. [17,18] Decreasing PED staffing
during a pandemic reduces potential healthcare worker exposure to
disease carriers and conserves personal protective equipment. Low vol-
ume contingency plans could decrease scheduled shifts for providers
and utilize a back-up system for additional providers as needed, while
maintaining adequate trainee learning opportunities.

Our study was based at a single center and may not be generalizable
to other settings. Local epidemiologic data suggests that the prevalence
of COVID-19 was low during our study period, and our results may not
be reproducible in areas of high viral transmission [19]. The data was
collected retrospectively and is subject to biases associated with this
methodology. Additionally, while our date range selection aligns with
the start of Ohio's local public health interventions, it is difficult to assess
how much this contributed to our results.

This study offers insight into PED preparedness and planning for a
pandemic. Hesitation to seek care for low-acuity illnesses during the
COVID-19 pandemic may have contributed to fewer PED presentations.
Patients experienced timelier PED throughput, were less likely to leave
without being seen, and were more often admitted. PED pandemic pre-
paredness must not only address volume surges, but also anticipate de-
creased volumes to conserve resources.
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Table 1
Characteristics of patients presenting to and dispositioned from a pediatric emergency department between March 16 to April 30.
Characteristic, n (%) Overall (19,722) 2018 and 2019 (16,084) 2020 (3688) P P¥
Age 0.001
0-<1m 357 (1.8) 278 (1.7) 79 (2.1) 0.714
Tm-<1ly 2306 (11.7) 1862 (11.6) 444 (12.0) 1.0
1y-<2 1950 (9.9) 1596 (9.9) 354 (9.6) 1.0
2y-<5y 3111 (15.7) 2559 (15.9) 552 (15.0) 1.0
5y-<12y 5092 (25.8) 4197 (26.1) 895 (24.3) 0.161
12y -<18y 5381 (27.2) 4371 (27.2) 1010 (27.4) 1.0
>18y 1575 (8.0) 1221 (7.6) 354 (9.6) 0.007
Male sex 9904 (50.1) 8079 (50.2) 1825 (49.5) 0.43
Race 0.034
White 12,245 (61.9) 9895 (61.5) 2350 (63.7) 0.042
Black/African American 6849 (34.6) 5639 (35.1) 1210 (32.8) 0.03
Other 678 (3.4) 550 (3.4) 128 (3.5) 1.0
Ethnicity 0.71
Non-Hispanic 18,775 (95.0) 15,278 (95.0) 3497 (94.8)
Preferred language 0.71
English 19,020 (96.2) 15,469 (96.2) 3551 (96.3)
Spanish 488 (2.5) 403 (2.5) 85 (2.3)
Other 264 (1.3) 212 (1.3) 52 (1.4)
Referral to PED 3724 (18.8) 2778 (17.3) 946 (25.7) <0.001
Arrival method <0.001
Walk-in 17,141 (86.7) 14,037 (87.3) 3104 (84.2) <0.001
Ambulance 2589 (13.1) 2012 (12.5) 577 (15.6) <0.001
Air 42 (0.2) 35(0.2) 7(0.2) 1.0
Presenting shift <0.001
0000—0800 3263 (16.5) 2587 (16.1) 676 (18.3) <0.001
0800—1600 7342 (37.1) 6120 (38.1) 1222 (33.1) 0.012
1600—0000 9167 (46.4) 7377 (45.9) 1790 (48.5) <0.001
ESI at triage” <0.001
1 66 (0.3) 50 (0.3) 16 (0.4) 1.0
2 6430 (33.0) 5193 (32.8) 1237 (33.7) 1.0
3 8053 (41.3) 6460 (40.8) 1593 (43.4) 0.02
4 4263 (21.9) 3540 (22.4) 723 (19.7) <0.001
5 672 (3.4) 574 (3.6) 98 (2.7) 0.005
LWBS 624 (3.2) 608 (3.8) 16 (0.4) <0.001
Patient disposition <0.001
Discharged 14,412 (72.9) 11,755 (73.1) 2657 (72.0) 1.0
Admitted to general ward 4058 (20.6) 3228 (20.1) 880 (23.9) <0.001
Admitted to ICU 427 (2.2) 337 (2.1) 90 (24) 0.22
Transferred 133 (0.7) 104 (0.6) 29(0.8) 1.0
Eloped 59 (0.3) 46 (0.3) 13 (0.4) 1.0
Expired 9 (0.0) 6(0.0) 3(0.1) 1.0
Patient revisits 795 (4.0) 670 (4.2) 125 (34) 0.034

PED, pediatric emergency department; OSH, outside hospital; ICU, intensive care unit; ESI, emergency severity index; LWBS, left without being seen; ICU, intensive care unit, patient revisit,
the daily number and percent of patients who were evaluated in the pediatric emergency department within the last 72 h.

# Adjusted for multiple comparisons.

* 1.2% of overall patient volume had no ESI level recorded.

Table 2

Characteristics of the pediatric emergency department volume and flow from March 16 to April 30.
Characteristic, median [IQR] Overall 2018 and 2019 2020 P
Daily visits 155.5[89.0, 186.5] 177.5[155.8, 192.0] 74.5[67.3, 88.0] <0.001
Patient room time”, min 15.0[10.0, 29.0] 18.0[11.0, 36.0] 12.0[9.0,17.0] <0.001
Time to Provider”, min 56.0 [31.0, 102.0] 63.0 [33.0, 114.0] 40.0 [22.0, 61.0] <0.001
Time to disposition, min 154.0 [99.0, 226.0] 161.0 [105.0, 234.0] 124.0 [79.0, 190.0] <0.001
PED LOS, min 204.0 [137.8, 292.0] 210.0 [144.0, 299.0] 179.0 [119.0, 261.0] <0.001

STS, shock trauma suite; presenting shift, shift during which patient presented; rooming, time from patient arrival to placement in an examination room; provider time, time from patient
arrival to first provider evaluation; disposition time, time from arrival to patient disposition; PED, pediatric emergency department; LOS, length of stay.

* 2.8% of overall data missing.
# 3.4% of overall data missing.

draft: LE, MJL, AAV; Writing - review & editing: LE, MJL, PMW, PD, BTK,

AAV.

Declaration of Competing Interest

LE reports no conflict of interest.

M]JL reports no conflict of interest.

PMW reports no conflict of interest.

PD reports no conflict of interest.
AAV reports no conflict of interest.

References

[1] Chaiyachati BH, Agawu A, Zorc JJ, Balamuth F. Trends in pediatric emergency depart-
ment utilization after institution of COVID-19 mandatory social distancing. J Pediatr.
2020 (epub ahead of print: available online July 20, 2020. PMID: 32702427).

740


http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0005
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0005
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0005

L. Even, MJ. Lipshaw, P.M. Wilson et al.

[2] Isba R, Edge R, Jenner R, Broughton E, Francis N, Butler J. Where have all the children
gone? Decreases in paediatric emergency department attendances at the start of the
COVID-19 pandemic of 2020. Arch Dis Child. 2020;105(7):704 archdischild-2020-
319385.

[3] LiH, YuG, Duan H, Fu ], Shu Q. Changes in children’s healthcare visits during COVID-
19 pandemic in Hangzhou. China ] Pediatr. 2020;224:146-9.

[4] Lazzerini M, Barbi E, Apicella A, Marchetti F, Cardinale F, Trobia G. Delayed access or
provision of care in Italy resulting from fear of COVID-19. Lancet Child Adolesc
Health. 2020;4(5) e10-e1.

[5] Christey G, Amey ], Campbell A, Smith A. Variation in volumes and characteristics of
trauma patients admitted to a level one trauma Centre during national level 4 lock-
down for COVID-19 in New Zealand. N Z Med J. 2020;133(1513):81-8.

[6] Dopfer C, Wetzke M, Zychlinsky Scharff A, Mueller F, Dressler F, Baumann U, et al.
COVID-19 related reduction in pediatric emergency healthcare utilization - a
concerning trend. BMC Pediatr. 2020;20(1):427.

[7] Farooq A, Laato S, Islam A. The impact of online information on self-isolation inten-
tion during the COVID-19 pandemic: a cross-sectional study. ] Med Internet Res.
2020;22(5):€19128.

[8] Sharifirad G, Yarmohammadi P, Sharifabad MA, Rahaei Z. Determination of preven-
tive behaviors for pandemic influenza A/H1N1 based on protection motivation the-
ory among female high school students in Isfahan. Iran J Educ Health Promot. 2014;
3:7.

[9] Williams L, Rasmussen S, Kleczkowski A, Maharaj S, Cairns N. Protection motivation

theory and social distancing behaviour in response to a simulated infectious disease

epidemic. Psychol Health Med. 2015;20(7):832-7.

Hong YR, Lawrence ], Williams Jr D, Mainous lii A. Population-level interest and

telehealth capacity of US hospitals in response to COVID-19: cross-sectional analysis

of Google search and National hospital survey data. JMIR Public Health Surveill.
2020;6(2):e18961.

Chung S, Monteiro S, Hogencamp T, Damian FJ, Stack A. Pediatric alternate site

of care during the 2009 HIN1 pandemic. Pediatr Emerg Care. 2011;27(6):

519-26.

Cruz AT, Tittle KO, Smith ER, Sirbaugh PE. Increasing out-of-hospital regional surge

capacity for HIN1 2009 influenza a through existing community pediatrician offices:

a qualitative description of quality improvement strategies. Disaster Med Public

Health Prep. 2012;6(2):113-6.

Patel PD, Cobb J, Wright D, Turer R, Jordan T, Humphrey A, et al. Rapid development

of Telehealth capabilities within pediatric patient portal infrastructure for COVID-19

care: barriers, solutions, results. ] Am Med Inform Assoc. 2020 (epub ahead of print:

April 17, 2020. PMID: 32302395).

[14] Chan L, Reilly KM, Salluzzo RF. Variables that affect patient throughput times in an

academic emergency department. Am ] Med Qual. 1997;12(4):183-6.

[15] Arkun A, Briggs WM, Patel S, Datillo PA, Bove ], Birkhahn RH. Emergency department

crowding: factors influencing flow. West ] Emerg Med. 2010;11(1):10-5.

[16] Stang AS, McCusker ], Ciampi A, Strumpf E. Emergency department conditions asso-

ciated with the number of patients who leave a pediatric emergency department be-

fore physician assessment. Pediatr Emerg Care. 2013;29(10):1082-90.

Sugerman D, Nadeau KH, Lafond K, Cameron W, Soetebier K, Jhung M, et al. A

survey of emergency department 2009 pandemic influenza a (HIN1) surge

preparedness-Atlanta, Georgia, July-October 2009. Clin Infect Dis. 2011;52(Suppl.

1):5177-82.

Filice CE, Vaca FE, Curry L, Platis S, Lurie N, Bogucki S. Pandemic planning and re-

sponse in academic pediatric emergency departments during the 2009 H1NT1 influ-

enza pandemic. Acad Emerg Med. 2013;20(1):54-62.

State of Ohio COVID-19 Dashboard: Ohio Department of Health. [updated May 24,

2020]. Available from: https://coronavirus.ohio.gov/wps/portal/gov/covid-19/

dashboards; 2020.

[10]

[11]

[12]

[13]

[17]

[18]

[19]

741

American Journal of Emergency Medicine 46 (2021) 739-741

Laura Even MD

Department of Pediatrics, University of Cincinnati College of Medicine,
Cincinnati, OH, United States of America

E-mail address: laura.even@cchmc.org

Matthew J. Lipshaw MD, MS

Department of Pediatrics, University of Cincinnati College of Medicine,
Cincinnati, OH, United States of America

Division of Emergency Medicine, Cincinnati Children's Hospital Medical
Center, Cincinnati, OH, United States of America

E-mail address: matthew.lipshaw@cchmc.org

Paria M. Wilson MD, MEd

Department of Pediatrics, University of Cincinnati College of Medicine,
Cincinnati, OH, United States of America

Division of Emergency Medicine, Cincinnati Children's Hospital Medical
Center, Cincinnati, OH, United States of America

E-mail address: paria.wilson@cchmc.org

Preston Dean MD

Department of Pediatrics, University of Cincinnati College of Medicine,
Cincinnati, OH, United States of America

E-mail address: preston.dean@cchmc.org

Benjamin T. Kerrey MD, MS

Department of Pediatrics, University of Cincinnati College of Medicine,
Cincinnati, OH, United States of America

Division of Emergency Medicine, Cincinnati Children's Hospital Medical
Center, Cincinnati, OH, United States of America

E-mail address: benjamin.kerrey@cchmc.org

Adam A. Vukovic MD, MEd

Department of Pediatrics, University of Cincinnati College of Medicine,
Cincinnati, OH, United States of America

Division of Emergency Medicine, Cincinnati Children's Hospital Medical
Center, Cincinnati, OH, United States of America

Corresponding author at: Division of Emergency Medicine, Cincinnati
Children's Hospital Medical Center, 3333 Burnet Ave, MLC 2008, Cin-
cinnati, OH 45229, United States of America.

E-mail address: adam.vukovic@cchmc.org

25 August 2020


http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0010
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0010
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0010
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0010
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0015
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0015
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0020
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0020
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0020
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0025
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0025
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0025
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0030
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0030
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0030
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0035
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0035
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0035
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0040
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0040
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0040
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0040
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0045
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0045
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0045
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0050
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0050
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0050
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0050
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0055
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0055
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0055
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0060
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0060
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0060
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0060
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0065
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0065
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0065
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0065
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0070
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0070
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0075
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0075
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0080
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0080
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0080
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0085
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0085
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0085
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0085
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0090
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0090
http://refhub.elsevier.com/S0735-6757(20)30870-6/rf0090
https://coronavirus.ohio.gov/wps/portal/gov/covid-19/dashboards
https://coronavirus.ohio.gov/wps/portal/gov/covid-19/dashboards
mailto:laura.even@cchmc.org
mailto:matthew.lipshaw@cchmc.org
mailto:paria.wilson@cchmc.org
mailto:preston.dean@cchmc.org
mailto:benjamin.kerrey@cchmc.org
mailto:adam.vukovic@cchmc.org

