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OBJECTIVES The purpose of this study was to evaluate the potential impact of the coronavirus disease-2019

(COVID-19) pandemic on out-of-hospital cardiac arrest (OHCA) responses and outcomes in 2 U.S. communities with

relatively low infection rates.

BACKGROUND Studies in areas with high COVID-19 infection rates indicate that the pandemic has had direct and in-

direct effects on community responses to OHCA and negative impacts on survival. Data from areas with lower infection

rates are lacking.

METHODS Cases of OHCA in Multnomah County, Oregon, and Ventura County, California, with attempted resuscitation

by emergency medical services (EMS) from March 1 to May 31, 2020, and from March 1 to May 31, 2019, were evaluated.

RESULTS In a comparison of 231 OHCA in 2019 to 278 in 2020, the proportion of cases receiving bystander cardio-

pulmonary resuscitation (CPR) was lower in 2020 (61% to 51%, respectively; p ¼ 0.02), and bystander use of automated

external defibrillators (AEDs) declined (5% to 1%, respectively; p ¼ 0.02). EMS response time increased (6.6 � 2.0 min

to 7.6 � 3.0 min, respectively; p < 0.001), and fewer OHCA cases survived to hospital discharge (14.7% to 7.9%,

respectively; p ¼ 0.02). Incidence rates did not change significantly (p > 0.07), and coronavirus infection rates were low

(Multnomah County, 143/100,000; Ventura County, 127/100,000 as of May 31) compared to rates of w1,600 to

3,000/100,000 in the New York City region at that time.

CONCLUSIONS The community response to OHCA was altered from March to May 2020, with less bystander CPR,

delays in EMS response time, and reduced survival from OHCA. These results highlight the pandemic’s indirect negative

impact on OHCA, even in communities with relatively low incidence of COVID-19 infection, and point to potential

opportunities for countering the impact. (J Am Coll Cardiol EP 2021;7:6–11) © 2021 by the American College of

Cardiology Foundation.
N 2405-500X/$36.00 https://doi.org/10.1016/j.jacep.2020.08.010
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TABLE 1 Source Populations for the Oregon SUDS and

Ventura PRESTO Studies (Multnomah County, Oregon,

and Ventura County, California)

Multnomah
County

Ventura
County

Total population, July 1, 2019* 812,855 846,006

Race/ethnicity (%)

White non-Hispanic 69.3 45.0

Hispanic 11.7 43.0

AB BR E V I A T I O N S

AND ACRONYM S

AED = automated external

defibrillator

COVID-19 = coronavirus

disease-2019

CPR = cardiopulmonary

resuscitation

EMS = emergency medical

services

OHCA = out-of-hospital

cardiac arrest
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O ut-of-hospital cardiac arrest (OHCA) results
from a sudden circulatory collapse. It is
fatal without rapid cardiopulmonary resus-

citation (CPR) and/or defibrillation and is responsible
for >350,000 deaths per year in the United States (1).
Emergency medical service (EMS) first responders
play a vital role in survival from OHCA. Rapid EMS
response and high-quality CPR improve survival rates
(2,3), and provision of bystander CPR can double sur-
vival from OHCA (4).

The novel coronavirus disease-2019 (COVID-19)
pandemic, with nearly 2 million U.S. cases and more
than 112,000 deaths as of June 11, 2020 (5), may
directly impact the burden of cardiovascular disease
and deaths, including OHCA, due to its effects on the
heart (6). The pandemic may also indirectly affect
OHCA by altering the capacity of the community and
EMS agencies to respond to OHCA. There is also evi-
dence that patients are avoiding calling 911 or going
to the hospital for chest discomfort or shortness of
breath. Hospital visits for acute myocardial infarction
have been significantly reduced during the pandemic
(7). Fear of contagion may discourage bystanders
from participating in the community response to
OHCA. Furthermore, EMS agencies have imple-
mented additional screening of all 911 calls for po-
tential COVID-19 symptoms or known infection, and
new processes have been instituted for provision of
personal protective equipment to maximize the
safety of first responders (8).

We hypothesized that, during the pandemic, com-
munity response to OHCA and EMS processes for
responding to OHCA would be altered, with negative
effects on survival outcomes. To test this hypothesis,
cases of OHCA were evaluated during from March to
May 2020 and March to May 2019 in Multnomah
County, Oregon, and Ventura County, California, 2
communities with an established infrastructure for
investigation of OHCA (9–11).
Asian 8.1 7.9

Black 6.1 2.4

Other† 4.8 1.7

Date of first COVID-19 case diagnosed March 10 March 4

Statewide stay-at-home order enacted March 23 March 19

Number of COVID-19 cases
(as of 5/31/2020)‡

1,165 1,078

Number of COVID-19 deaths
(as of 5/31/2020)‡

59 33

Incidence of COVID-19 per 100,000
(as of 5/31/2020)‡

143/100,000 127/100,000

*Quick Facts, U.S. Census Bureau, Washington, DC (Multnomah County, Oregon,
and Ventura County, California). †American Indian and Alaska Native alone, Native
Hawaiian and Other Pacific Islander alone, or Two or More Races. ‡U.S. Centers for
Disease Control and Prevention, county maps.

COVID-19 ¼ coronavirus disease-2019; PRESTO ¼ Prediction of Sudden Death in
Multi-Ethnic Communities study; SUDS ¼ Sudden Unexpected Death Study.

SEE PAGE 12
METHODS

STUDY POPULATION. Consecutive cases of OHCA
were identified from 2 communities with ongoing
population-based studies: the Oregon SUDS (Sudden
Unexpected Death Study) (Multnomah County, Ore-
gon, population 812,855) and the Ventura PRESTO
(Prediction of Sudden Death in Multi-Ethnic Com-
munities) study (Ventura County, California, popu-
lation 846,006). Incident OHCA cases were identified
through collaboration with each county’s 2-tiered
EMS system (both ambulance and fire first
response); cases with resuscitation attempted by EMS
were included. These studies were approved
by the Institutional Review Boards of Cedars-
Sinai Medical Center, Oregon Health and
Science University, and all participating hos-
pitals and health systems. All survivors of
cardiac arrest provided informed consent; for
nonsurvivors, this requirement was waived.

COMPARISON OF COVID-19 PANDEMIC AND

PRE-PANDEMIC PERIODS. The pandemic
followed a similar course in the 2 counties
(Table 1). The first cases in each community
were diagnosed in early March, and total

cases, deaths, and COVID-19 incidence rates were
similar as of May 31, 2020 (143 per 100,000 and 127 per
100,000 in Multnomah and Ventura counties,
respectively). OHCA cases occurring during the
pandemic period (March 1 to May 31, 2020) were
compared to OHCA cases during the same time period
in the previous year (March 1 to May 31, 2019). COVID-
19-positive cases with EMS response and their overlap
with OHCA cases were evaluated in Multnomah
County from March 1 to May 13, 2020.

DATA SOURCES AND DEFINITIONS. The occurrence
of OHCA was adjudicated based on detailed review of
the EMS prehospital care report and was defined as a
sudden, circulatory collapse of likely cardiac cause
requiring CPR and/or defibrillation and not due to
trauma or overdose. OHCA circumstances were ob-
tained based on Utstein definitions (12). Bystander



TABLE 2 OHCA Pre-Pandemic Versus COVID-19 Pandemic‡

Pre-Pandemic
March-May 2019

(n ¼ 231)

Pandemic
March-May 2020

(n ¼ 278) p Value

Age, yrs 69.1 � 17.4 64.9 � 18.3 0.01

Age categories, yrs (%) 0.04

<35 9 (4) 15 (5)

35-64 76 (33) 122 (44)

65-84 108 (47) 99 (36)

$85 38 (16) 42 (15)

Males 137 (60) 174 (63) 0.49

Arrest location† 0.009

Home 145 (63) 210 (76)

Nursing home/care facility 43 (19) 31 (11)

Public 41 (18) 37 (13)

Witnessed arrest 122 (53) 140 (50) 0.58

Shockable rhythm (VF/VT) 64 (28) 64 (23) 0.24

Bystander CPR 142 (61) 141 (51) 0.02

Bystander use of AED 12 (5.2) 4 (1.4) 0.02

Total response time, min* <0.001

911 call to at patient’s side

Mean � SD 6.6 � 2.0 7.6 � 3.0

Median (min, max) 6.4 (1.6, 13.7) 7.0 (0.7, 22.8)

Total response time, min*

$6 min vs. <6 min 132 (57) 196 (71) 0.002

Total response time, min* 0.01

<4 15 (7) 13 (5)

4-5 36 (16) 26 (9)

5-6 48 (21) 43 (15)

6-7 52 (23) 57 (21)

7-8 33 (14) 44 (16)

$8 47 (20) 95 (34)

Time to defibrillation, min*† 0.08

Mean � SD 11.4 � 8.4 14.3 � 9.7

Median (min, max) 9.3 (�3.5, 45.6) 11.0 (1.8, 55.3)

Return of spontaneous circulation 95 (41) 95 (34) 0.11

Admitted alive to hospital† 74 (32) 65 (24) 0.03

Survival to hospital discharge† 34 (14.7) 22 (7.9) 0.02

*For each measurement, the minimum time was used (ambulance or fire). †Time to defibrillation was calculated
for 62 cases in 2019 and 63 cases in 2020 with primary VF or VT; Data on arrest location was missing for 2 cases
in 2019; Data on admitted alive to hospital was missing for 1 case in 2019 and 2 cases in 2020; Data on survival to
hospital discharge was missing for 1 case in 2020 who was still in the hospital as of 6/15/2020. ‡Data compare
OHCA cases from March to May 2019 (pre-pandemic) with March to May 2020 (COVID-19 pandemic) in the
Oregon SUDS study (Multnomah Co., Oregon) and Ventura PRESTO study (Ventura Co., California).

COVID-19 ¼ coronavirus disease-2019; OHCA ¼ out-of-hospital cardiac arrest; PRESTO ¼ Prediction of Sudden
Death in Multi-Ethnic Communities Study; SUDS ¼ Sudden Unexpected Death Study; VF ¼ ventricular fibrillation;
VT ¼ ventricular tachycardia.
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CPR was defined as CPR performed by a person who
was not part of the organized EMS system response.
Response time was defined as the time elapsed be-
tween receipt of the 911 call and arrival at the pa-
tient’s side by fire department or ambulance service,
whichever arrived first.

STATISTICAL ANALYSIS. We used the chi-square
test for categorical variables and independent sam-
ple Student’s t-test or Mann-Whitney U test for
continuous variables as appropriate. Data were
analyzed using SAS version 9.4 software (SAS Insti-
tute, Cary, North Carolina), and 2-sided statistical
tests with a p value <0.05 were considered
significant. Three-month incidence rates and
95% confidence intervals (CIs) were calculated for
each county for each year using cases from Mar 1
to May 31 in the numerator and the U.S. Census
county population estimate for July 1, 2019, in the
denominator.

RESULTS

OHCA INCIDENCE. In the 2 communities during both
periods in 2019 and 2020, a total of 657 potential
OHCA cases were identified. A total of 148 were
excluded after adjudication, and 509 cases of OHCA
met inclusion criteria. During the pre-pandemic
period (March 1 to May 31, 2019), 231 OHCA cases
were included (110 in Oregon and 121 in Ventura).
During the COVID-19 pandemic period (March 1 to
May 31, 2020), 278 OHCA cases were included (126 in
Multnomah County, and 152 in Ventura County).
Three-month incidence rates of OHCA in the 2
counties increased by 23% and 25%, respectively,
from the pre-pandemic to the pandemic period.
Multnomah County saw 12.2 to 15.0 per 100,000 cases
(95% CI: 9.8 to 14.6 and 95% CI: 12.3 to 17.7, respec-
tively); p ¼ 0.12) and Ventura County saw 14.2 to 17.7
per 100,000 cases (95% CI: 11.6 to 16.7; and 95% CI:
14.9 to 20.6, respectively; p ¼ 0.07).

Among the 126 OHCA cases in Multnomah County 1
(0.8%) had confirmed COVID-19 infection based on
records of COVID-19 test-positive individuals with
EMS response.

CHARACTERISTICS OF OHCA. Compared to the pre-
pandemic period, OHCA cases during the pandemic
period were younger (69.1 � 17.4 vs. 64.9 � 18.3 years
of age, respectively; p ¼ 0.01) (Table 2). An increased
proportion of OHCA occurred in the home (63% vs.
76%, respectively; p ¼ 0.009). OHCA cases were less
likely to receive bystander CPR during the pandemic
(61% vs. 51%, respectively; p ¼ 0.02) (Central
Illustration), and bystander use of automated
external defibrillators (AEDs) declined (5% vs. 1%,
respectively; p ¼ 0.02). EMS response time increased
from 6.6 � 2.0 min to 7.6 � 3.0 min during the
pandemic (p < 0.001), although time to defibrillation
was not significantly prolonged (11.4 � 8.4 min vs.
14.3 � 9.7 min, respectively; p ¼ 0.08). Survival to
hospital discharge was significantly lower in the
pandemic period (14.7% vs. 7.9%, respectively;
p ¼ 0.02) (Central Illustration).



CENTRAL ILLUSTRATION Impact of the COVID-19 Pandemic on EMS Response Time,
Bystander CPR, and Survival to Hospital Discharge Among OHCA Cases

2019

14.7%

61%

57%

71%

51%

90%

0%
10%
20%
30%
40%
50%
60%
70%
80%

2020

7.9%

Survival to Hospital Discharge
Response Time ≥6 Minutes (vs <6  Minutes)
Bystander CPR

Uy-Evanado, A. et al. J Am Coll Cardiol EP. 2021;7(1):6–11.

In a comparison of the pre-pandemic (March 1 to May 31, 2019) and pandemic (March 1 to May 31, 2020) periods, the proportion of OHCA cases

with EMS response $6 min (red line) increased from 57% in the pre-pandemic period to 71% in the pandemic period (p ¼ 0.002). The

proportion of OHCA with bystander CPR (gray line) decreased from 61% to 51% (p ¼ 0.02). Survival to hospital discharge (blue area)

decreased from 14.7% to 7.9% (p ¼ 0.02). Error bars are 95% confidence intervals of proportions. CPR ¼ cardiopulmonary resuscitation;

EMS ¼ emergency medical services; OHCA ¼ out-of-hospital cardiac arrest.
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DISCUSSION

During the first 3 months of the COVID-19 pandemic
in 2 communities (Multnomah County, Oregon, and
Ventura County, California), EMS response times for
OHCA were longer, bystander use of CPR and AED
decreased, and survival to hospital discharge for
OHCA declined compared to the same period the year
before. The incidence of OHCA also increased, but
this change did not reach statistical significance.

These findings are largely consistent with results
from 2 studies in Europe (13,14) and 1 in New York City
(15). The first European study, from the Lombardy re-
gion of Italy, reported a 58% increase in the incidence
of OHCA (n ¼ 362) from February 20 through March 31,
2020, compared to the same 40-day period in 2019
(n ¼ 229), with longer EMS response times, less
bystander CPR, and lower survival (13). In Paris,
France, the incidence of OHCA doubled in the early
weeks of the lockdown. The proportion of cases
admitted alive to hospital decreased from 22.8% to
12.8%, respectively (14). The Paris study also reported
longer EMS response times and declines in bystander
CPR and shockable rhythm. In New York City, the
incidence of nontraumatic OHCA with EMS resuscita-
tion from March 1 to April 25, 2020, was 3-fold higher
than during the same period a year before, and OHCA
during the pandemic had substantially lower shock-
able rhythm, return of spontaneous circulation, and
survival than the year before, although bystander CPR
rates did not change (15). These studies were con-
ducted in areas with a higher COVID-19 incidence than
in the 2 communities in the present study. The authors
estimated that individuals with suspected or diag-
nosed COVID-19 constituted 77% of the excess OHCA
cases in the Italian study (13) and 33% in the Paris study
(14). In Seattle and King Counties, Washington, which
had 2 to 3 times higher COVID-19 rates (5) than Mult-
nomah and Ventura Counties, patients with confirmed
COVID-19 or COVID-like illness accounted for 5% of
OHCA at home and 11% in nursing homes from
February 26 to April 15, 2020 (16).

Our observation that more OHCA occurred at home
during the pandemic is consistent with stay-at-home
orders and may explain part of the decline in
bystander use of CPR and AED, although bystander
response declined in all locations. The longer EMS
response times and declines in bystander CPR



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: This

study addresses clinical competencies of medical

knowledge and systems-based practice regarding the

impact of the ongoing COVID-19 pandemic on the

community and EMS response to OHCA. The indirect

impact of the pandemic may negatively influence

survival from OHCA, with implications for clinicians

caring for patients at high risk for OHCA.

TRANSLATIONAL OUTLOOK: Even in geographic

regions with relatively low COVID-19 incidence rates,

a detrimental impact on EMS response and survival

from OHCA was observed. Future research could

measure the effectiveness of interventions for pa-

tients, communities, and EMS systems to improve

response to and survival from OHCA during future

outbreaks.
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reported here have each been associated with lower
survival from OHCA (4). Although this study could
not evaluate whether patients in delayed calling 911,
Garcia et al. (17) and others reported a steep nation-
wide decline in hospital-treated acute coronary syn-
drome during the early pandemic period, potentially
indicating that fewer individuals were seeking care
for cardiac symptoms (7).

We observed a modest but not statistically sig-
nificant increase in the incidence of OHCA in the 2
counties, despite a relatively low incidence of
COVID-19 infection (143 and 127 per 100,000 in
Multnomah and Ventura Counties, respectively, as
of May 31, 2020, compared to w1,600 to 3,000 per
100,000 in the New York City region at that time)
(5). In this study’s population, COVID-19 infection
among individuals with OHCA appeared to be rare (1
OHCA case in Multnomah County confirmed COVID-
19 disease), in contrast to areas with higher COVID-
19 incidence (13). Additionally a higher percentage
of OHCA presenting at a younger age was observed
in the pandemic period. Indirect and direct effects of
the pandemic on the incidence and epidemiology of
OHCA warrant further investigation over time.

This study used a rigorous case adjudication pro-
cess and included >500 cases of OHCA from 2 sepa-
rate communities; however, the study was limited to
cases with resuscitation attempted by EMS.

CONCLUSIONS

The present results suggest that the pandemic may
have significant effects on survival from OHCA, even
in areas with relatively low COVID-19 incidence, and
that optimizing community and EMS responses dur-
ing the ongoing pandemic and future outbreaks may
improve survival.
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