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ORIGINAL ARTICLE
Impact of the SARS-CoV-2 Pandemic on
Emergency Department Presentations in an
Integrated Health System
Laura E. Walker, MD; Heather A. Heaton, MD; Ryan J. Monroe, MS;
R. Ross Reichard, MD; Monica Kendall, MS; Aidan F. Mullan, MA;
and Deepi G. Goyal, MD
Abstract

Objective: To quantify the impact of the severe acute respiratory syndrome coronavirus 2 pandemic
on emergency department volumes and patient presentations and evaluate changes in community
mortality for the purpose of characterizing new patterns of emergency care use.
Patients and Methods: This is an observational cross-sectional study using electronic health records for
emergency department visits in an integrated multihospital system with academic and community prac-
tices across 4 states for visits between March 17 and April 21, 2019, and February 9 and April 21, 2020. We
compared numbers and proportions of common and critical chief symptoms and diagnoses, triage as-
sessments, throughput, disposition, and selected hospital lengths of stay and out-of-hospital deaths.
Results: In the period of interest, emergency department visits decreased by nearly 50% (35037 to
18646). Total numbers of patients with myocardial infarctions, stroke, appendicitis, and cholecystitis
diagnosed decreased. The percentage of visits for mental health symptoms increased. There was an
increase in deaths, driven by out-of-hospital mortality.
Conclusion: Fewer patients presenting with acute and time-sensitive diagnoses suggests that patients
are deferring care. This may be further supported by an increase in out-of-hospital mortality. Un-
derstanding which patients are deferring care and why will allow us to develop outreach strategies and
ensure that those in need of rapid assessment and treatment will do so, preventing downstream
morbidity and mortality.
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T he onset of the severe acute respira-
tory syndrome coronavirus 2 (SARS-
CoV-2) pandemic in the United States

has brought significant changes to the opera-
tions of our health care system and country.
Efforts to mitigate the spread of the novel
coronavirus resulted in health care systems
canceling all but the most urgent visits and
developing plans to manage surges of critically
ill patients. As noted in media reports from
across the country,1-5 emergency departments
(EDs) have reported large decreases in patient
volumes. Reports from areas with earlier peaks
of coronavirus disease 2019 (COVID-19)
infection have reported decreases in numbers
of ST-elevation myocardial infarctions (STE-
MIs)6-8 and ischemic strokes,9 suggesting
Mayo Clin Proc. n November 2020;95(11):2395-2407 n https://doi.o
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that patients may be deferring care for serious
conditions for which the prevalence would be
expected to be stable. In a recent correspon-
dence, Solomon et al10 describe a decline in
myocardial infarctions (MIs) in both
preeCOVID-19 and year-over-year compari-
sons, exploring concerns that patients may
be deferring care due to fear of exposure to
the novel coronavirus. These fears further
extrapolate to concerns that delays in emer-
gency care may lead to more individuals dying
at home.11 No study to date has objectively
assessed the impact of the COVID-19
pandemic on presentations to EDs.

In this study, the objectives were to charac-
terize the impact of the COVID-19 pandemic
on volume, chief symptom, and characteristics
rg/10.1016/j.mayocp.2020.09.019
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of patients presenting to 21 EDs across an inte-
grated health system in 4 states. We also assess
the impact on the rates of out-of-hospital
deaths in an 8-county region in Minnesota.
PATIENTS AND METHODS

Study Design
This study was approved by our Institutional
Review Board and reporting adheres to the
Strengthening the Reporting of Observational
Studies in Epidemiology guideline for report-
ing epidemiologic studies.12 A protocol was
written before beginning the study.
Setting
Mayo Clinic is a hospital system with 3 aca-
demic tertiary-care centers (Rochester, Minne-
sota [MN]; Jacksonville, Florida; and
Scottsdale, Arizona) and a community health
system in Minnesota and Wisconsin that in-
cludes 18 EDs and 16 hospitals ranging from
critical access in rural communities to larger
hubs with subspecialty care. The ED visits
among sites are 1,500 to 78,000 annually
and in 2019 were 359,932 across the enter-
prise. The Rochester, Minnesota, campus is a
level I trauma center and includes a dedicated
pediatric ED. All facilities use a common elec-
tronic health record (EHR; Epic Systems).
Participants
All patients who presented to any Mayo
Clinic ED during the study periods between
March 17 and April 21, 2019 and February 9
to April 21, 2020 were included, with the
following predefined exceptions: urgent
care visits and nurse only visits. A total of
91,353 patient visits were included.
Variables
We defined March 17 to April 21, 2020, as
the time after the broad institution of
distancing measures in response to the
COVID-19 pandemic and term this the
COVID period. To account for seasonal vari-
ation seen in emergency medicine, we
compared this with both the 4 weeks before
the COVID period (February 9 to March 16,
2020) and the same period in 2019 (March
17 to April 21). We termed these baseline
Mayo Clin Proc. n November 2020;9
comparators the peri-COVID and pre-
COVID periods, respectively, and the
aggregate is termed the baseline period. In-
vestigators extracted patient demographic
characteristics, chief symptom, diagnosis,
disposition, and relevant time stamps to
determine ED length of stay (LOS) and hos-
pital LOS when appropriate.

To assess patient acuity, we considered
each patient’s emergency severity index
(ESI). The ESI is a front-end triage algorithm
to categorize ED patients by illness acuity and
resource needs (nursing care, medications,
and therapeutic interventions). Level 1 is
most urgent and level 5 is the least urgent.13

For evaluation of delayed and/or presen-
tations, we selected diagnoses that would be
expected to have stable rates among a popu-
lation (MI, stroke, cholecystitis, and appen-
dicitis). We identified surrogate markers
that may indicate complicated courses,
including hospital LOS for patients with
appendicitis and cholecystectomy, rates of
inpatient and observation hospitalization,
and mortality. In the 8-county area serviced
by the medical examiner (ME) affiliated
with the Rochester, Minnesota, campus, we
evaluated rates of in-hospital and out-of-
hospital mortality that were referred to the
ME. Figure 1 includes the complete listing
of all variables analyzed.

Data Sources/Measurement
Discrete fields in the EHR were queried to
obtain the data for individual visits. Commu-
nity mortality data were acquired from ME
records.

Bias
Only information available in the EHR and
from the ME was included in this analysis.
Academic and community centers were
studied independently and in combination
to account for variable populations. These
data are representative of the range of care
and communities served by our institution
and may not be generalizable for all health
care systems. The ME data are representative
of only a subset of our communities and may
not be generalizable to the entire health sys-
tem that was evaluated for ED visits.
5(11):2395-2407 n https://doi.org/10.1016/j.mayocp.2020.09.019
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Patient demographics
Age

Sex/gender 

Race

Preferred language

Patient origination site (eg, home, nursing facility)

ED PRESENTATIONS DURING SARS-COV-2 PANDEMIC
Study Size
Our analysis for the peri-COVID and COVID
period in early 2020 included 56,325 ED
visits among all sites. For the pre-COVID
to COVID comparison, 53,683 patient visits
were analyzed. All patient visits in these pe-
riods were eligible for inclusion.
Care episode characteristics
Chief symptom

Discharge diagnosis

NSTEMI, STEMI, stroke, appendicitis, cholecystitis,
suicide, overdose 

Emergency severity index

Emergency department length of stay

Disposition destination (eg, home, nursing facility)

Trauma activation rates
Surrogates for medical complexity or delayed care

Admission and hospitalization status (observation/inpatient)

LOS for appendectomy and cholecystectomy patients

Grouped International Classification of Diseases, 
Tenth Revision classes

•

•

Quantitative Variables
Variables from the EHR included patient age,
sex, race, preferred language, chief symptom,
patient originating site (eg, clinic and other
health care facility), ESI, ED LOS, hospital
LOS for patients with appendicitis and chole-
cystitis, trauma activation level, final diagnosis,
diagnosis class, and disposition. Natural and
unnatural death, in-hospital deaths, out-of-
hospital mortality, and ME scene deaths in
the southeast Minnesota region were evaluated.
admitted through the emergency department

Community mortality characteristics
In-hospital mortality

Out-of-hospital mortality

Unnatural deaths

Natural deaths

Medical examiner scene cases

•

FIGURE 1. Variables for analysis of impact of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic on emergency depart-
ment visits, March 17, 2019, to April 21, 2019, and February 9, 2020, to
April 21, 2020. LOS ¼ length of stay; NSTEMI ¼ noneST-elevation
myocardial infarction; STEMI ¼ ST-elevation myocardial infarction.
Statistical Methods
For hospital data, continuous features are
summarized as median and interquartile
range. Categorical features are summarized
as frequency count and percentage. Chi-
squared and Fisher exact tests were used to
compare ED visits between periods. Com-
parisons of continuous features between pe-
riods were performed using Wilcoxon rank
sum tests. All tests were 2 sided.

Data regarding community mortality
include cause of death summarized as count
and percentage. Chi-squared and Fisher
exact tests were applied to compare deaths
between periods. All tests were 2 sided. All
P values were adjusted using the false dis-
covery rate correction to prevent type I error.
Adjusted P<.05 was considered significant,
corresponding to an unadjusted P¼.0244.
Statistical analyses were performed using R
(R Foundation for Statistical Computing,
Vienna, Austria), version 3.6.2.
RESULTS

Participants
The ED visits were divided into 2 main
groups: visits to Mayo Clinic academic hos-
pitals in Minnesota, Arizona, and Florida
and visits to Mayo Clinic Health System
community hospitals in Minnesota and
Mayo Clin Proc. n November 2020;95(11):2395-2407 n https://doi.o
www.mayoclinicproceedings.org
Wisconsin. There were 91,353 visits to EDs
captured between March 17 and April 21
in 2019 and February 9 through April 21
in 2020. Of these visits, 52,254 (57.2%)
were to community hospitals and 56,316
(61.6%) occurred during 2020.
Descriptive Data
Of 91,353 patient visits, 85% (n¼77,653)
were adult and 15% (n¼13,718) were pedi-
atric. Most patients were white (86%;
78,585 of 91,353), with English as the
preferred language (96%; 87,704 of
91,353), and 53.6% (48,978 of 91.353) of pa-
tients were female. A detailed breakdown of
demographic information can be found in
Supplemental Table 1 (available online at
http://www.mayoclinicproceedings.org).
rg/10.1016/j.mayocp.2020.09.019 2397
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Main Results
Table 1 includes findings based on symptom
and diagnosis. Compared with both the pre-
ceding 4 weeks (n¼37,670), and the prior
year (n¼35,037), ED visits decreased 49%
and 53.2% (n¼18,646), respectively. The
proportion of pediatric visits declined to
11.3% (2,104 of 18,646) of all visits, from
16.5% (n¼6,205 of 37,670) 4 weeks prior
and 15.4% (n¼5,409 of 35,037) the prior
year. There was a small decline in the pro-
portion of women compared with men in
both comparisons with baseline. There
were small but statistically significant
changes in the races of patients presenting,
as well as minimal changes to the preferred
languages of patients. There were fewer pa-
tients of all ethnicities who presented to ac-
ademic and community settings (P<.001),
with the exception of individuals of African
origin, who did not experience a change in
patient presentations to community hospi-
tals (P¼0.52) when comparing pre-COVID
with during COVID. There were decreases
visits for patients in all language groups
(P<.001), with the exception of Somali
(P¼0.13) when comparing pre-COVID
with COVID times in community hospitals,
and Arabic (P¼0.13) in community sites
during both pre- and per-COVID compared
with during COVID.

There was a decline in the absolute num-
ber of all chief symptoms with the exception
of gunshot wounds. The proportion of pa-
tients with a chief symptom of shortness of
breath and chest pain increased during the
COVID period (9.2% [1,707 of 18,646] and
7.1% [1,315 of 18,646]) from among all sites
compared with peri-COVID (6.3% [2,390 of
37,670]; P<.001; 5.7% [2,155 of 37,670];
P<.001) and pre-COVID (5.9% [2,081 of
35,037]; P<.001; 6.6% [2,306 of 35,037];
P¼.04) and were the only chief symptoms
to have this consistency.

There was an absolute decrease in the
number of presentations for diagnoses that
were expected to remain static. For the com-
munity cohort, there was no change in the
proportion of patients with all diagnoses
excepting non-STEMI (NSTEMI), which
decreased compared with pre-COVID levels
Mayo Clin Proc. n November 2020;9
(P¼.025) and the peri-COVID period
(P¼.007) despite the 50% (35,037 and
37,637 to 18,646) decrease in patient volumes.
Overall, there were fewer patients with a diag-
nosis of NSTEMI (peri-COVID: P¼.047; pre-
COVID: P ¼.11) and STEMI (peri-COVID:
P¼.016; pre-COVID: P¼.85) compared with
baseline periods. No difference was detected
in the number or percentage of patients with
a diagnosis of overdose (Figure 2).

When diagnoses were divided into classes
based on organ systems, there were increases
in the percentages of patients with digestive,
genitourinary, and mental health diagnoses.
Respiratory system diagnoses were variable,
with a significantly increased percentage
compared with pre-COVID (9.2% [3,232 of
35,037] to 11.9% [1,707 of 18,646];
P<.001) driven by presentations to academic
hospitals, and a small decrease compared
with peri-COVID (14.2% [5,336 of 37,670]
to 11.9% [1,707 of 18,646]; P<.001) due to
a decrease in presentations to the community.

More patients during the COVID period
(93.7%; 14,740 of 18,646) presented from a
nonmedical setting (91.3% [31,996 of
35,037]; P<.001; 92% [34,657 of 37,670];
P<.001) and fewer were referred from clinics
(4.5% [1,561 of 35,037] pre-COVID; P<.001;
4.1% [1,548 of 37,670] peri-COVID;
P<.001). There was a small decrease in pa-
tients who were transferred to the academic
centers from outside medical facilities, 1.9%
(150 of 7779) during COVID, 2.9% (462 of
16,181) pre-COVID (P¼<.001), and 1.1%
(374 of 15139) peri-COVID (P<.001).

Table 2 shows markers for patient acuity.
A small but overall increase in ESI 1
(þ0.1%; P¼.02 compared with pre-COVID)
and 3 (þ1.2%; P¼.002 and þ1.7%, P<.001
versus pre- and peri-COVID) and decrease
in ESI 4 (�1.2%; P¼0002 vs pre-
COVID, �1.9%; P<.001 vs peri-COVID)
was detected. The increased proportion of
ESI 1 and 3 suggests an increase in acuity.
The ED LOS decreased during March 17 to
April 21, 2020, in both baselines in both aca-
demic and community sites. The admission
rate increased in the COVID period (15%;
2,789 of 18,646) compared with both base-
lines (14.2% [4,974 of 35,037] pre-COVID;
5(11):2395-2407 n https://doi.org/10.1016/j.mayocp.2020.09.019
www.mayoclinicproceedings.org
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TABLE 1. Change in Diagnoses in Pre-COVID, Peri-COVID, and COVID Era in Academic and Community Hospitalsa

Peri-COVID (2/9-3/16/20) vs COVID Period (3/17-4/21/20)

Academic Hospitals Community Hospitals Overall

2/9/20-3/16/20
(N¼16,181)

3/17/20-4/21/20
(N¼7779) P

2/9/20-3/16/20
(N¼21,489)

3/17/20-4/21/20
(N¼10,867) P

2/9/20-3/16/20
(N¼37,670)

3/17/20-4/21/20
(N¼18,646) P

Chief symptoms, no. (%)
Abdominal pain 1627 (10.1) 806 (10.4) .60 1739 (8.1) 914 (8.4) .50 3366 (8.9) 1720 (9.2) .38
Back pain 365 (2.3) 163 (2.1) .60 514 (2.4) 267 (2.5) .84 879 (2.3) 430 (2.3) .92
Chest pain 999 (6.2) 553 (7.1) .016b 1156 (5.4) 762 (7.0) <.001b 2155 (5.7) 1315 (7.1) <.001
Other pain 1579 (9.8) 643 (8.3) <.001b 2008 (9.3) 1099 (10.1) .059 3587 (9.5) 1742 (9.3) .62
Cough 794 (4.9) 564 (7.3) <.001b 1527 (7.1) 637 (5.9) .001b 2321 (6.2) 1201 (6.4) .30
Diarrhea 148 (0.9) 70 (0.9) .99 200 (0.9) 91 (0.8) .59 348 (0.9) 161 (0.9) .62
Earache or infection 101 (0.6) 48 (0.6) >.99 363 (1.7) 126 (1.2) .002b 464 (1.2) 174 (0.9) .003b

Fever 846 (5.2) 506 (6.5) <.001b 1193 (5.6) 348 (3.2) <.001b 2039 (5.4) 854 (4.6) .001b

Gunshot wound 0 (0) 2 (0.0) .30 3 (0.0) 1 (0.0) >.99 3 (0.0) 3 (0.0) .77
Head injury or headache 474 (2.9) 181 (2.3) .019b 581 (2.7) 271 (2.5) .40 1055 (2.8) 452 (2.4) .023b

Laceration 159 (1.0) 99 (1.3) .092 350 (1.6) 264 (2.4) <.001b 509 (1.4) 363 (1.9) <.001
Motor vehicle crash 108 (0.7) 45 (0.6) .60 165 (0.8) 55 (0.5) .019b 273 (0.7) 100 (0.5) .024b

Shortness of breath 1038 (6.4) 766 (9.8) <.001b 1352 (6.3) 941 (8.7) <.001b 2390 (6.3) 1707 (9.2) <.001b

Skin rash 99 (0.6) 33 (0.4) .14 192 (.9) 81 (.7) .29 291 (0.8) 114 (0.6) .077
Throat symptoms 151 (0.9) 92 (1.2) .14 442 (2.1) 197 (1.8) .24 593 (1.6) 289 (1.5) .92
Vomiting 406 (2.5) 153 (2.0) .024b 700 (3.3) 229 (2.1) .001b 1106 (2.9) 382 (2.0) .002b

Other 7287 (45.0) 3055 (39.3) <.001b 9004 (41.9) 4584 (42.2) .75 16,291 (43.2) 7639 (41.0) <.001b

Specific diagnosis, no. (%)

Appendicitis 54 (0.3) 23 (0.3) .81 65 (0.3) 50 (0.5) .064 119 (0.3) 73 (0.4) .26
Cholecystitis 47 (0.3) 28 (0.4) .59 51 (0.2) 24 (0.2) .92 98 (0.3) 52 (0.3) .92
NSTEMI 80 (0.5) 38 (0.5) >.99 92 (0.4) 25 (0.2) .018b 172 (0.5) 63 (0.3) .090
STEMI 41 (0.3) 10 (0.1) .12 37 (0.2) 21 (0.2) .85 78 (0.2) 21 (0.1) .035b

Stroke 183 (1.1) 71 (0.9) .22 126 (0.6) 63 (0.6) >.99 209 (0.6) 134 (0.7) .047b

Suicide 25 (0.2) 14 (0.2) .85 39 (0.2) 22 (0.2) .85 64 (0.2) 36 (0.2) .73
Overdose 1 (0.0) 1 (0.0) >.99 4 (0.0) 4 (0.0) .65 5 (0.0) 5 (0.0) .58

General diagnosis class by system, no. (%)

Blood 136 (0.8) 61 (0.8) .81 80 (0.4) 25 (0.2) .085 216 (0.6) 86 (0.5) .16
Circulatory system 727 (4.5) 386 (5.0) .18 599 (2.8) 368 (3.4) .008b 1326 (3.5) 754 (4.0) .006b

Digestive system 988 (6.1) 622 (8.0) <.001b 1095 (5.1) 771 (7.1) <.001b 2083 (5.5) 1393 (7.5) <.001b

Eyes or ears 280 (1.7) 90 (1.2) .002b 567 (2.6) 210 (1.9) .001b 847 (2.2) 300 (1.6) .001b

Nervous system 236 (1.5) 91 (1.2) .14 339 (1.6) 140 (1.3) .090 575 (1.5) 231 (1.2) .019b

Respiratory system 1649 (10.2) 902 (11.6) .003b 3687 (17.2) 1315 (12.1) <.001b 5336 (14.2) 2217 (11.9) <.001b
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TABLE 1. Continued

Peri-COVID (2/9-3/16/20) vs COVID Period (3/17-4/21/20)

Academic Hospitals Community Hospitals Overall

2/9/20-3/16/20
(N¼16,181)

3/17/20-4/21/20
(N¼7779) P

2/9/20-3/16/20
(N¼21,489)

3/17/20-4/21/20
(N¼10,867) P

2/9/20-3/16/20
(N¼37,670)

3/17/20-4/21/20
(N¼18,646) P

General diagnosis class by system, no. (%), continued
Endocrine, nutritional, or metabolic disease 336 (2.1) 178 (2.3) .44 348 (1.6) 205 (1.9) .15 685 (1.8) 383 (2.1) .11
Factors influencing health status 379 (2.3) 189 (2.4) .81 636 (3.0) 266 (2.4) .021b 1016 (2.7) 457 (2.5) .15
Genitourinary 676 (4.2) 456 (5.9) <.001b 810 (3.8) 550 (5.1) <.001b 1486 (3.9) 1006 (5.4) <.001b

Infectious and parasitic disease 341 (2.1) 227 (2.9) <.001b 716 (3.3) 315 (2.9) .078 1057 (2.8) 542 (2.9) .62
Injury, poisoning, or external cause 1924 (11.9) 900 (11.6) .60 2788 (13.0) 1793 (16.5) <.001b 4749 (12.6) 2722 (14.6) <.001b

Mental, behavioral, and neurodevelopmental 429 (2.7) 266 (3.4) .003b 670 (3.1) 486 (4.5) <.001b 1104 (2.9) 752 (4.0) <.001b

Musculoskeletal system 1093 (6.8) 440 (5.7) .003b 1344 (6.3) 735 (6.8) .14 2437 (6.5) 1175 (6.3) .60
Neoplasms 39 (0.2) 14 (0.2) .59 16 (0.1) 5 (0.0) .60 55 (0.1) 19 (0.1) .32
Pregnancy or childbirth 27 (0.2) 17 (0.2) .60 95 (0.4) 61 (0.6) .26 122 (0.3) 78 (0.4) .15
Skin and subcutaneous tissue 416 (2.6) 150 (1.9) .008b 468 (2.2) 288 (2.7) .021b 884 (2.3) 438 (2.3) >.99
Abnormal findings, not classified elsewhere 5748 (35.5) 2533 (32.6) <.001b 6588 (30.7) 3058 (28.1) <.001b 12,356 (32.8) 5596 (30.0) <.001b

None 318 (2.0) 38 (0.5) <.001b 222 (1.0) 27 (0.2) .001b 540 (1.4) 65 (0.3) <.001b

Pre-COVID (3/17-4/21/19) vs COVID Period (3/17-4/21/20)

Academic Hospitals Community Hospitals Overall

2019 (N¼15,139) 2020 (N¼7779) P 2019 (N¼19,898) 2020 (N¼10,867) P 2019 (N¼35,037) 2020 (N¼18,646) P

Chief symptom, no. (%)
Abdominal pain 1704 (11.3) 806 (10.4) .077 1834 (9.2) 914 (8.4) .039b 3538 (10.1) 1720 (9.2) .003b

Back pain 431 (2.8) 163 (2.1) .001b 550 (2.8) 267 (2.5) .19 981 (2.8) 430 (2.3) .002b

Chest pain 1019 (6.7) 553 (7.1) .40 1287 (6.5) 762 (7.0) .12 2306 (6.6) 1315 (7.1) .075
Other pain 1631 (10.8) 643 (8.3) <.001b 2070 (10.4) 1099 (10.1) .55 3701 (10.6) 1742 (9.3) <.001b

Cough 412 (2.7) 564 (7.3) <.001b 832 (4.2) 637 (5.9) <.001b 1244 (3.6) 1201 (6.4) <.001b

Diarrhea 136 (0.9) 70 (0.9) >.99 163 (0.8) 91 (0.8) .99 299 (0.9) 161 (0.9) >.99
Earache or infection 97 (0.6) 48 (0.6) .99 288 (1.4) 126 (1.2) .076 385 (1.1) 174 (0.9) .13
Fever 550 (3.6) 506 (6.5) <.001b 695 (3.5) 348 (3.2) .27 1245 (3.6) 854 (4.6) <.001b

Gunshot wound 3 (0.0) 2 (0.0) >.99 3 (0.0) 1 (0.0) >.99 6 (0.0) 3 (0.0) >.99
Head injury or headache 490 (3.2) 181 (2.3) <.001b 569 (2.9) 271 (2.5) .11 1059 (3.0) 452 (2.4) .001b

Laceration 179 (1.2) 99 (1.3) .73 436 (2.2) 264 (2.4) .27 615 (1.8) 363 (1.9) .19
Motor vehicle accident 123 (0.8) 45 (0.6) .10 175 (0.9) 55 (0.5) .002b 298 (0.9) 100 (0.5) .002b

Shortness of breath 862 (5.7) 766 (9.8) <.001b 1219 (6.1) 941 (8.7) <.001b 2081 (5.9) 1707 (9.2) <.001b

Skin rash 124 (0.8) 33 (0.4) <.001b 177 (0.9) 81 (0.7) .29 301 (0.9) 114 (0.6) .005b

Throat symptoms 119 (0.8) 92 (1.2) .010b 322 (1.6) 197 (1.8) .30 441 (1.3) 289 (1.5) .014b

Vomiting 361 (2.4) 153 (2.0) .086 587 (3.0) 229 (2.1) <.001b 948 (2.7) 382 (2.0) .001b

Other 6898 (45.6) 3055 (39.3) <.001b 8691 (43.7) 4584 (42.2) .020b 15,589 (44.5) 7639 (41.0) <.001b
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TABLE 1. Continued

Pre-COVID (3/17-4/21/19) vs COVID Period (3/17-4/21/20)

Academic Hospitals Community Hospitals Overall

2019 (N¼15,139) 2020 (N¼7779) P 2019 (N¼19,898) 2020 (N¼10,867) P 2019 (N¼35,037) 2020 (N¼18,646) P

Specific diagnosis, no. (%)

Appendicitis 64 (0.4) 23 (0.3) .25 76 (0.4) 50 (0.5) .45 140 (0.4) 73 (0.4) >.99
Cholecystitis 51 (0.3) 28 (0.4) .97 43 (0.2) 24 (0.2) >.99 94 (0.3) 52 (0.3) .98
NSTEMI 74 (0.5) 38 (0.5) >.99 78 (0.4) 25 (0.2) .051 152 (0.4) 63 (0.3) .18
STEMI 21 (0.1) 10 (0.1) >.99 22 (0.1) 21 (0.2) .15 43 (0.1) 21 (0.1) .96
Stroke 169 (1.1) 71 (0.9) .25 121 (0.6) 63 (0.6) .95 290 (0.8) 134 (0.7) .27
Suicide 24 (0.2) 14 (0.2) .95 35 (0.2) 22 (0.2) .83 59 (0.2) 36 (0.2) .72
Overdose 5 (0.0) 1 (0.0) .77 3 (0.0) 4 (0.0) .53 8 (0.0) 5 (0.0) >.99

General diagnosis class, no. (%)

Blood 125 (0.8) 61 (0.8) .93 76 (0.4) 25 (0.2) .067 201 (0.6) 86 (0.5) .16
Circulatory system 689 (4.6) 386 (5.0) .25 664 (3.3) 368 (3.4) .95 1353 (3.9) 754 (4.0) .41
Digestive system 941 (6.2) 622 (8.0) <.001b 1122 (5.6) 771 (7.1) <.001b 2063 (5.9) 1393 (7.5) <.001b

Eyes or ears 279 (1.8) 90 (1.2) .001b 520 (2.6) 210 (1.9) <.001b 799 (2.3) 300 (1.6) <.001b

Nervous system 257 (1.7) 91 (1.2) .005b 352 (1.8) 140 (1.3) .005b 609 (1.7) 231 (1.2) .002b

Respiratory system 1034 (6.8) 902 (11.6) <.001b 2198 (11.0) 1315 (12.1) .014b 3232 (9.2) 2217 (11.9) <.001b

Endocrine, nutritional, or metabolic disease 308 (2.0) 178 (2.3) .30 321 (1.6) 205 (1.9) .14 629 (1.8) 383 (2.1) .074
Factors influencing health status 393 (2.6) 189 (2.4) .59 597 (3.0) 266 (2.4) .014b 990 (2.8) 457 (2.5) .027b

Genitourinary system 677 (4.5) 456 (5.9) <.001b 885 (4.4) 550 (5.1) .035b 1562 (4.5) 1006 (5.4) <.001b

Infectious and parasitic disease 227 (1.5) 227 (2.9) <.001b 494 (2.5) 315 (2.9) .064 721 (2.1) 542 (2.9) <.001b

Injury, poisoning, or external cause 1899 (12.5) 900 (11.6) .068 3059 (15.4) 1793 (16.5) .023b 4958 (14.2) 2722 (14.6) .25
Mental, behavioral, and neurodevelopmental 386 (2.5) 266 (3.4) <.001b 646 (3.2) 486 (4.5) <.001b 1032 (2.9) 752 (4.0) <.001b

Musculoskeletal system 1165 (7.7) 440 (5.7) <.001b 1428 (7.2) 735 (6.8) .26 2593 (7.4) 1175 (6.3) <.001b

Neoplasms 45 (0.3) 14 (0.2) .20 12 (0.1) 5 (0.0) .93 59 (0.2) 19 (0.1) .12
Pregnancy or childbirth 45 (0.3) 17 (0.2) .44 135 (0.7) 61 (0.6) .34 177 (0.5) 78 (0.4) .26
Skin and subcutaneous tissue 450 (3.0) 150 (1.9) <.001b 499 (2.5) 288 (2.7) .59 949 (2.7) 438 (2.3) .029b

Abnormal findings, not classified elsewhere 5640 (37.3) 2533 (32.6) <.001b 6303 (31.7) 3058 (28.1) <.001b 11,943 (34.1) 5596 (30.0) <.001b

None 116 (0.8) 38 (0.5) .039b 203 (1.0) 27 (0.2) <.001b 369 (1.1) 65 (0.3) <.001b

aCOVID ¼ coronavirus disease; NSTEMI ¼ noneST-elevation myocardial infarction; STEMI ¼ ST-elevation myocardial infarction.
bStatistically significant.
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P¼.018; 13.5% [5,069 of 37,670] peri-
COVID; P<.001), driven by academic center
activity that had more marked changes. Irreg-
ular departures decreased compared with both
baselines.

Trauma presentations in our system are
classified as “green” (minor), “yellow,” and
“red” (severe). Compared with both base-
lines, the percentages of traumas were
similar. However, the absolute number of
red (n¼ 35 during COVID; n¼72 peri-
COVID; and n¼67 pre-COVID) and yellow
(n¼58 during COVID; n¼97 peri-COVID;
and n¼93 pre-COVID) declined overall,
driven by a decrease at academic centers by
nearly 60% (n¼41 and 40 pre/peri-COVID,
n¼16 during COVID) for red traumas and
50% (n¼21 and 22 pre/peri-COVID, n¼11
during COVID) for yellow.

In addition to the diagnoses, we evalu-
ated hospital LOS for patients with appendi-
citis and cholecystitis as a surrogate for a
complicated hospital course, with the
assumption that a longer LOS may be indic-
ative of complications, potentially due to
delayed presentation. There was no
increased hospital LOS for patients with
either appendicitis or cholecystitis.

Mortality was considered a surrogate for
delayed/deferred emergency care. Southern
Minnesota Regional ME’s Office data showed
an increase in natural deaths during the
COVID period (n¼250) vs pre-COVID
(n¼204) baseline (P¼.037). Out-of-hospital
mortality for natural and non-natural deaths
(noneCOVID-related) increased from 35.8%
(73 of 204 deaths) pre-COVID to 51.2%
(128 of 251 deaths) during the COVID
period (P¼.001). The significant increase in
out-of-hospital mortality drives the overall
mortality increase (Figure 3; Supplemental
Table 2, available online at http://www.
mayoclinicproceedings.org).
DISCUSSION

Key Results
Our health system, which represents a vari-
ety of practice types, experienced a dramatic
decrease in ED visits during the early SARS-
CoV-2 pandemic. This included decreases in
Mayo Clin Proc. n November 2020;9
patient presentations for almost all variables
studied, the exception being no change in
the small number of gunshot wounds.
Increased admission rate and increased pre-
senting acuity based on ESI both suggest
that patients who presented were sicker
than those in the baseline periods.

We found declines in the absolute
numbers of patients with STEMI, NSTEMI,
stroke, appendicitis, and cholecystitis, which
would not be expected to result from social
distancing measures. With fewer of these
time-sensitive diagnoses being made in EDs,
there is concern that delayed or deferred
care may result in downstream morbidity
(eg, heart failure or hemiparesis) or mortality.
We did not find evidence of prolonged hospi-
tal stays for patients with appendicitis/chole-
cystitis, suggesting that although we are
seeing smaller numbers, there is no morbidity
increase, using this as a surrogate.

There was a decline in the number of pa-
tients with a mental health diagnosis class.
However, the proportion of patients who
presented increased. This indicates that pa-
tients with mental health concerns
continued to visit the ED when other poten-
tial patients chose to defer care.

During the COVID era, there was an in-
crease in ME-reported natural (noneCOVID-
related) deaths compared with baseline periods,
which is extremely concerning. Recognizing
the limitations of these data and that this repre-
sents correlation and not causation, this sup-
ports the concern that patients are deferring
emergency care, resulting in mortality.

Limitations
There have been variable recommendations
and executive orders from included state
governments, which may have an effect on
behaviors of patients seeking ED care that
we are unable to measure.

Our use of county-based morality data in-
troduces a degree of bias because not all
deaths within all communities evaluated are
included in that data set. Limitations due to
availability of information affected our ability
to obtain these data and meant that only a
single region was able to be included. We
believed that despite the incomplete data
5(11):2395-2407 n https://doi.org/10.1016/j.mayocp.2020.09.019
www.mayoclinicproceedings.org
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FIGURE 2. Changes in the number of patients diagnosed with ST-elevation myocardial infarction (STEMI),
non-STEMI (NSTEMI), stroke/cerebrovascular accident (CVA), suicide, overdose, appendicitis, and
cholecystitis during preecoronavirus disease (COVID), peri-COVID, and COVID periods.
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set, this was an important finding that war-
ranted inclusion and analysis. Use of these
data limits the ability to comment on broader
patterns of mortality in all communities for
which we assessed ED visits.

The scope of this study does not include
other potential causes for shifts in visits.
Broadly, there was a sharp decline in outpa-
tient visits and surgeries within our system,
and rapid introduction of new visit types
such as telephone and telehealth visits
changed the way we delivered care during
this time, which may have affected patterns
of ED visits.

Interpretation
Overall, ED visits decreased by approxi-
mately 50% both year over year and in the
4-week lead up to the period of interest
from March 17 to April 21, 2020.

During the COVID period, most ED pre-
senting symptoms decreased proportionally
compared with the year and weeks prior.
This included presentations for which
numbers would be expected to remain
Mayo Clin Proc. n November 2020;95(11):2395-2407 n https://doi.o
www.mayoclinicproceedings.org
constant due to the baseline community
incidence of disease, suggesting that some
patients may be deferring care. The differ-
ence between presentations to community
vs academic centers in STEMI diagnosis
may in part be due to a decrease in travel
for medical care and an effective decline in
the population served by academic centers,
while community hospitals would maintain
their population base. However, this was
not seen in other selected diagnoses.

From March 17 to April 21, 2020, the
number of patient presentations for severe
trauma decreased during the time frame
studied while minor trauma visit numbers
increased. The interaction between statewide
stay-at-home orders, decreased travel, and
closures of nonessential businesses and
schools have dramatically changed daily
lives, and this may translate to different risks
and actualization of severe injury.

Prior studies have shown that in the
setting of natural disasters, a disruption of
usual medical maintenance,14 patients with
chronic diseases may similarly defer care
rg/10.1016/j.mayocp.2020.09.019 2403

https://doi.org/10.1016/j.mayocp.2020.09.019
http://www.mayoclinicproceedings.org


TABLE 2. Patient Acuity Measures and Surrogates of These During COVID Period Compared With Baseline in Academic Centers, Community Hospitals, and in Aggregatea

Peri-COVID (2/9-3/16/20) vs COVID Period (3/17-4/21/20)

Academic Hospitals Community Hospitals Overall

2/9/20-3/16/20
(N¼16,181)

3/17/20-4/21/20
(N¼7779) P

2/9/20-3/16/20
(N¼21,489)

3/17/20-4/21/20
(N¼10,867) P

2/9/20-3/16/20
(N¼37,670)

3/17/20-4/21/20
(N¼18,646) P

ESI, no. (%)
Level 1 133 (0.8) 67 (0.9) .94 163 (0.8) 108 (1.0) .078 296 (0.8) 175 (0.9) .14
Level 2 3262 (20.2) 1615 (20.8) .43 3244 (15.1) 1583 (14.6) .34 6506 (17.3) 3198 (17.2) .90
Level 3 9825 (60.7) 4727 (60.8) >.99 11,586 (53.9) 6202 (57.1) <.001b 21,411 (56.9) 10,929 (58.6) <.001b

Level 4 2824 (17.5) 1300 (16.7) .28 5646 (26.3) 2536 (23.53) <.001b 8470 (22.5) 3836 (20.6) <.001b

Level 5 81 (0.5) 39 (0.5) >.99 687 (3.2) 368 (3.4) .54 768 (2.0) 407 (2.2) .42

ED length of stay (h), median
(interquartile range)

3.8 (2.5-.4) 3.2 (2.0-4.5) <.001b 2.4 (1.4-3.7) 2.2 (1.3-3.4) .001b 2.9 (1.8-4.5) 2.6 (1.5-3.9) <.001b

Trauma activation level

None 16,110 (99.6) 7745 (99.6) >.99 21,368 (99.4) 10,789 (99.3) .21 37,487 (99.5) 18,534 (99.5) .30
Green 9 (0.1) 7 (0.1) .65 14 (0.1) 12 (0.1) .39 23 (0.1) 19 (0.1) .24
Yellow 22 (0.1) 11 (0.1) >.99 75 (0.3) 47 (0.4) .43 97 (0.3) 58 (0.3) .43
Red 40 (0.2) 16 (0.2) .81 32 (0.1) 19 (0.2) .85 72 (0.2) 35 (0.2) >.99

ED disposition, no. (%)

Catheterization laboratory 27 (0.2) 4 (0.1) .078 17 (0.1) 9 (0.1) >.99 44 (0.1) 13 (0.1) .24
Discharge 10,508 (65.0) 4988 (64.1) .35 16,968 (79.0) 8535 (78.6) .55 27,476 (72.9) 13,523 (72.5) .47
Hospital admission 3538 (21.8) 1879 (24.2) <.001b 1531 (7.1) 910 (8.4) <.001b 5069 (13.5) 2789 (15.0) <.001b

Hospital/ED observation 1476 (9.1) 742 (9.5) .46 1262 (5.9) 629 (5.8) .89 2738 (7.3) 1371 (7.4) .87
Irregular departure 399 (2.5) 77 (1.0) <.001b 327 (1.5) 108 (1.0) .002b 726 (1.9) 185 (1.0) .001b

Operating room 91 (0.6) 44 (0.6) >.99 101 (0.5) 72 (0.7) .076 192 (0.5) 116 (0.6) .20
Transfer to health care facility 117 (0.7) 32 (0.4) .016b 1240 (5.8) 579 (5.3) .21 1357 (3.6) 611 (3.3) .11
Other 25 (0.2) 13 (0.2) >.99 43 (0.2) 25 (0.2) .81 55 (0.1) 44 (0.2) .048

Pre-COVID (3/17-4/21/19) vs COVID Period (3/17-4/21/20)

Academic Hospitals Community Hospitals Overall

2019 (N¼15,139) 2020 (N¼7779) P 2019 (N¼19,898) 2020 (N¼10,867) P 2019 (N¼35,037) 2020 (N¼18,646) P

ESI, no. (%)
Level 1 129 (0.9) 67 (0.9) >.99 134 (0.7) 108 (1.0) .010b 263 (0.8) 175 (0.9) .049b

Level 2 3121 (20.6) 1615 (20.8) .97 2885 (14.5) 1583 (14.6) .99 6006 (17.1) 3198 (17.2) >.99
Level 3 9032 (59.7) 4727 (60.8) .21 11,037 (55.5) 6202 (57.1) .021b 20,069 (57.3) 10,929 (58.6) .007b

Level 4 2721 (18.0) 1300 (16.7) .024b 4891 (24.6) 2536 (23.4) .021b 7612 (21.7) 3836 (20.6) .007b

Level 5 84 (0.6) 39 (0.5) .85 758 (3.8) 368 (3.4) .13 842 (2.4) 407 (2.2) .21

ED length of stay (h), median
(interquartile range)

3.6 (2.4-5.1) 3.2 (2.0-4.5) <.001b 2.3 (1.4-3.6) 2.2 (1.3-3.4) .001b 2.9 (1.7-4.3) 2.6 (1.5-3.9) <.001b

Continued on next page

M
A
YO

C
LIN

IC
PRO

C
EED

IN
G
S

2404
M
ayo

Clin
Proc.

n
N
ovem

ber
2020;95(11):2395-2407

n
https://doi.org/10.1016/j.m

ayocp.2020.09.019
w
w
w
.m

ayoclinicproceedings.org

https://doi.org/10.1016/j.mayocp.2020.09.019
http://www.mayoclinicproceedings.org


TABLE 2. Continued

Pre-COVID (3/17-4/21/19) vs COVID Period (3/17-4/21/20)

Academic Hospitals Community Hospitals Overall

2019 (N¼15,139) 2020 (N¼7779) P 2019 (N¼19,898) 2020 (N¼10,867) P 2019 (N¼35,037) 2020 (N¼18,646) P

Trauma activation level, no. (%)

None 15,066 (99.5) 7745 (99.6) .88 19,777 (99.4) 10,789 (99.3) .43 34,843 (99.4) 18,534 (99.4) .70
Green 11 (0.1) 7 (0.1) .96 23 (0.1) 12 (0.1) >.99 34 (0.1) 19 (0.1) >.99
Yellow 21 (0.1) 11 (0.1) >.99 72 (0.4) 47 (0.4) .55 93 (0.3) 58 (0.3) .55
Red 41 (0.3) 16 (0.2) .58 26 (0.1) 19 (0.2) .58 67 (0.2) 35 (0.2) >.99

ED disposition, no. (%)

Catheterization laboratory 24 (0.2) 4 (0.1) .10 11 (0.1) 9 (0.1) .66 35 (0.1) 13 (0.1) .48
Discharge 10,011 (66.1) 4988 (64.1) .007b 15,562 (78.2) 8535 (78.5) .67 25,573 (73.0) 13,523 (72.5) .39
Hospital admission 3361 (22.2) 1879 (24.2) <.001b 1613 (8.1) 910 (8.4) .56 4974 (14.2) 2789 (15.0) .024b

Hospital/ED observation 1308 (8.6) 742 (9.5) .054b 1222 (6.1) 629 (5.8) .35 2530 (7.2) 1371 (7.4) .76
Irregular departure 234 (1.5) 77 (1.0) .001b 282 (1.4) 108 (1.0) .007b 516 (1.5) 185 (1.0) .001b

Operating room 89 (0.6) 44 (0.6) >.99 96 (0.5) 72 (0.7) .11 185 (0.5) 116 (0.6) .30
Transfer to health care facility 89 (0.6) 32 (0.4) .19 1069 (5.4) 579 (5.3) .99 1158 (3.3) 611 (3.3) .99
Other 23 (0.2) 13 (0.2) >.99 43 (0.2) 25 (0.2) >.99 66 (0.2) 44 (0.2) .43

aCOVID ¼ coronavirus disease; ED ¼ emergency department; ESI ¼ emergency severity index.
bStatistically significant.
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FIGURE 3. Medical examiner mortality data for 8-county region in southern Minnesota during 2020
pandemic compared with the same 4-week period for years prior. SMRMEO ¼ Southern Minnesota
Regional Medical Examiner’s Office.
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during a pandemic due to concerns over
infection or limited access to outpatient care.

Generalizability
Our results can be evaluated in both the
context of a broad range of community prac-
tices and academic centers. Our data demon-
strate findings that may be expected; for
academic centers that attract patients from
other communities, effectively increasing
the local population, there is a decreased
number of diagnoses that remain stable in
community practice, such as MI, cerebrovas-
cular accident, appendicitis, and cholecys-
titis. Our sites do not include any safety
net hospitals in urban areas, and results
may not reflect their experiences. Finally,
the prevalence and rate of increase of
SARS-CoV-2 infection varied dramatically
across the country. During the study period,
our sites had relatively flat curves compared
with other regions, potentially limiting the
generalizability of our findings.

CONCLUSION
Our study confirms that ED visits decreased
in the setting of the SARS-Cov-2 pandemic.
Mayo Clin Proc. n November 2020;9
We do not have complete understanding of
the reasons for these declines, and we do
not know what the downstream effects of
the change in pattern of ED presentations
will be. This work is important for several
reasons.

Deferred Acute Care
Patients may defer care for a variety of rea-
sons, including fear of exposure. The increase
in out-of-hospital deaths is a worrisome
finding, suggesting that deferred care may
have grave consequences. Although we did
not find a difference in our surrogate markers
for medical complications, our scope was nar-
row and the time frame was short. As we
emerge from the pandemic and health care
systems resume operations with new precau-
tions, these patients will need to be identified
and appropriately prioritized to manage po-
tential complications.

Reimbursement Models
Emergency departments rely on predictable
volumes to guide staffing and maintain the
infrastructure to provide around-the-clock
care. Disruptions to these volumes threaten
5(11):2395-2407 n https://doi.org/10.1016/j.mayocp.2020.09.019
www.mayoclinicproceedings.org
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ED PRESENTATIONS DURING SARS-COV-2 PANDEMIC
the financial viability of these bedrock safety
nets that are more essential than ever in the
midst of a global pandemic.
Pandemic Planning
As we plan for coming waves of this
pandemic and unknown crises on the hori-
zon, we need to analyze the impact of our re-
sponses and make informed plans to
understand and mitigate the collateral
impact of our actions. We have crossed the
threshold of 200,000 deaths in the United
States, and should remember that the impact
of the pandemic will not end with those with
significant morbidity and mortality due to
the infection. We need to find ways to
ensure that patients seek and receive neces-
sary emergent care even as we flatten the
curve.
SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online
at http://www.mayoclinicproceedings.org.
Supplemental material attached to journal
articles has not been edited, and the authors
take responsibility for the accuracy of all
data.
Abbreviations and Acronyms: COVID-19 = coronavirus
disease 2019; ED = emergency department; EHR = elec-
tronic health record; ESI = emergency severity index; LOS
= length of stay; ME = medical examiner; MI = myocardial
infarction; MN = Minnesota; NSTEMI = noneST-eleva-
tion myocardial infarction; SARS-CoV-2 = severe acute
respiratory syndrome coronavirus 2; SMRMEO = South-
ern Minnesota Regional Medical Examiner’s Office;
STEMI = ST-elevation myocardial infarction
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