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Outcomes for Out-of-Hospital Cardiac Arrest in the United States

During the Coronavirus Disease 2019 Pandemic
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IMPORTANCE Recent reports from communities severely affected by the coronavirus disease
2019 (COVID-19) pandemic found lower rates of sustained return of spontaneous circulation
(ROSC) for out-of-hospital cardiac arrest (OHCA). Whether the pandemic has affected OHCA
outcomes more broadly is unknown.

OBJECTIVE To assess the association between the COVID-19 pandemic and OHCA outcomes,
including in areas with low and moderate COVID-19 disease burden.

DESIGN, SETTING, AND PARTICIPANTS This study used a large US registry of OHCAs to compare
outcomes during the pandemic period of March 16 through April 30, 2020, with those from
March 16 through April 30, 2019. Cases were geocoded to US counties, and the COVID-19
mortality rate in each county was categorized as very low (0-25 per million residents), low
(26-100 per million residents), moderate (101-250 per million residents), high (251-500 per
million residents), or very high (>500 per million residents). As additional controls, the study
compared OHCA outcomes during the prepandemic period (January through February) and
peripandemic period (March 1through 15).

EXPOSURE The COVID-19 pandemic.

MAIN OUTCOMES AND MEASURES Sustained ROSC (=20 minutes), survival to discharge, and
OHCA incidence.

RESULTS A total of 19 303 OHCAs occurred from March 16 through April 30 in both years,
with 9863 cases in 2020 (mean [SD] age, 62.6 [19.3] years; 6040 men [61.3%]) and 9440 in
2019 (mean [SD] age, 62.2 [19.2] years; 5922 men [62.7%]). During the pandemic, rates of
sustained ROSC were lower than in 2019 (23.0% vs 29.8%; adjusted rate ratio, 0.82 [95% ClI,
0.78-0.87]; P < .001). Sustained ROSC rates were lower by between 21% (286 of 1429
[20.0%]in 2020 vs 305 of 1130 [27.0%] in 2019; adjusted RR, 0.79 [95% Cl, 0.65-0.971) and
33% (149 of 863 [17.3%] in 2020 vs 192 of 667 [28.8%] in 2019; adjusted RR, 0.67 [95% Cl,
0.56-0.80]) in communities with high or very high COVID-19 mortality, respectively;
however, rates of sustained ROSC were also lower by 11% (583 of 2317 [25.2%] in 2020 vs
740 of 2549 [29.0%] in 2019; adjusted RR, 0.89 [95% Cl, 0.81-0.98]) to 15% (889 of 3495
[25.4%] in 2020 vs 1109 of 3532 [31.4%] in 2019; adjusted RR, 0.85 [95% Cl, 0.78-0.93]) in
communities with very low and low COVID-19 mortality. Among emergency medical services
agencies with complete data on hospital survival (7085 total patients), survival to discharge
was lower during the pandemic compared with 2019 (6.6% vs 9.8%; adjusted RR, 0.83 [95%
Cl, 0.69-1.00]; P = .048), primarily in communities with moderate to very high COVID-19
mortality (interaction P = .049). Incidence of OHCA was higher than in 2019, but the increase
was largely observed in communities with high COVID-19 mortality (adjusted mean
difference, 38.6 [95% Cl, 37.1-40.1] per million residents) and very high COVID-19 mortality
(adjusted mean difference, 28.7 [95% Cl, 26.7-30.6] per million residents). In contrast, there
was no difference in rates of sustained ROSC or survival to discharge during the prepandemic
and peripandemic periods in 2020 vs 2019.

CONCLUSIONS AND RELEVANCE Early during the pandemic, rates of sustained ROSC for OHCA
were lower throughout the US, even in communities with low COVID-19 mortality rates.
Overall survival was lower, primarily in communities with moderate or high COVID-19
mortality.
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ecent studies from communities severely affected by

the novel coronavirus 2019 (COVID-19) pandemic have

reported lower rates of successful resuscitation for out-
of-hospital cardiac arrest (OHCA).! Unadjusted rates of sus-
tained return of spontaneous circulation (ROSC) decreased by
an absolute 14.6% (from 25.2% in 2019 to 10.6% in 2020) in
New York, New York,! and by 8.5% (from 13.5%in 2019 t0 5.0%
in 2020) in northern Italy.? Investigators have speculated that
lower rates were because of higher patient illness severity and
overwhelmed emergency medical service (EMS) agencies dur-
ing the COVID-19 pandemic. However, it is unknown if lower
rates of sustained ROSC for OHCA are generalizable to geo-
graphic regions less severely affected by the COVID-19 pan-
demic and/or accompanied by lower rates of survival to dis-
charge.

For several reasons, it is possible that the impact of the
COVID-19 pandemic on rates of sustained ROSC after OHCA has
not been limited to just regions with high COVID-19 disease
burden. Policy changes that were instituted among EMS agen-
cies during the pandemic may have been implemented broadly,
even in areas with low to moderate COVID-19 incidence. These
changes may affect rates of sustained ROSC, including slower
response because of a need to don personal protective equip-
ment, shorter treatment duration on EMS arrival, or higher rates
of termination of resuscitation in the field in patients without
ROSC. It is also unclear if prior reports of lower rates of sus-
tained ROSC during the pandemic actually resulted in lower
rates of survival to discharge, because sustained ROSC is an
intermediate outcome and can be influenced by multiple fac-
tors (eg, high-dose epinephrine) without improving overall sur-
vival.

Accordingly, we linked OHCA data from the Cardiac Ar-
rest Registry to Enhance Survival (CARES) to COVID-19 dis-
ease mortality data in the US. Our primary goal was to exam-
ine whether rates of sustained ROSC for OHCA decreased and
if such decreases were confined only to communities with high
COVID-19 mortality rates. Additionally, we examined rates of
termination of resuscitation in the field and overall survival
to discharge and the extent to which the incidence of OHCA
increased in US regions with low, moderate, and high COVID-19
disease burden.

Methods

Data Source and Study Design

The data that support the findings of this study are available
from the corresponding author on request and approval by the
CARES registry. The CARES registry is a prospective multi-
center registry of patients with OHCA in the US with a catch-
ment area of approximately 152 million residents. The design
of theregistry, which was established by the US Centers for Dis-
ease Control and Prevention and Emory University, has been
previously described.** Briefly, all patients with a confirmed
OHCA for whom resuscitation was attempted are identified and
followed up by EMS agencies. Data are collected from 3 sources:
911 dispatch (public safety answering point) centers, EMS agen-
cies, and receiving hospitals. Standardized international
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Key Points

Question What is the association between the coronavirus
disease 2019 (COVID-19) pandemic and out-of-hospital cardiac
arrest (OHCA) outcomes in the US?

Findings This registry study found that rates of return of
spontaneous circulation were 18% lower overall than before the
pandemic, including 11% to 15% lower in communities with low
COVID-19 mortality. Rates of survival to discharge were 17% lower,
primarily in communities with moderate to high COVID-19
mortality, and incidence of OHCA was higher, but largely in
communities with high COVID-19 mortality.

Meaning The outcomes of OHCA were worse during the first
weeks of the COVID-19 pandemic in the US, and this was observed
not only in areas with high case-fatality rates but also ones with
lower rates.

Utstein definitions for defining clinical variables and out-
comes are used to ensure uniformity.® A CARES analyst (R.A.-
A.)reviewed records for completeness and accuracy.® The study
was approved by Saint Luke’s Hospital’s institutional review
board, which waived the requirement for informed consent be-
cause the study involved deidentified data.

Study Population

In this study, we were interested in comparing OHCAs occur-
ring in 2020 vs 2019 during the months of January through
April. Therefore, the cohort was restricted to EMS agencies that
submitted data during these months in 2020 and 2019.

Data Collection and Processing
The CARES registry collects patient-level data on demograph-
ics (age, sex, and race/ethnicity [self-identified]), location of
cardiac arrest, initial cardiac arrest rhythm, and whether the
arrest was witnessed. Additionally, information on cardiacar-
rest causative mechanism (presumed cardiac, respiratory, drug
overdose, and other mechanism) and as to whether by-
stander cardiopulmonary resuscitation (CPR) or defibrilla-
tion with an automated external defibrillator was adminis-
tered prior to EMS arrival is collected, as well as the time
interval to EMS arrival and the interval of EMS treatment.
The primary outcome was sustained ROSC, defined as res-
toration of a pulse for 20 minutes or longer. Secondary out-
comes included termination of resuscitation in the field (ie, ter-
minated CPR efforts and a patient declared dead without
hospital transport) and incidence rate of OHCA. Additionally,
within EMS agencies with complete (>99%) data on survival
to discharge during 2020, we examined rates of survival to dis-
charge. The independent variable was the year of arrest (2020
vs 2019), and we divided the months of January through April
into 3 COVID-19 comparison periods: prepandemic (January 1
through February 28 or 29); peripandemic (March 1 through
15); and pandemic (March 16 through April 30), when the
COVID-19 case surge led to lockdowns throughout much of the
US. For the purposes of this study, we focused on OHCA out-
comes in 2020 vs 2019 during the pandemic period (compar-
ing March 16 through April 30 across both years) but used the
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prepandemic and peripandemic period comparisons as addi-
tional controls for the pandemic period results.

Besides an overall comparison of OHCA outcomes be-
tween 2020 and 2019 during the pandemic periods, we also
examined whether differences in OHCA outcomes during the
pandemic period in 2020 were confined to communities with
high COVID-19 mortality rates. Daily county-level COVID-19
mortality data were obtained from publicly available sources.”
For each county, we calculated the mortality rate per million
residents attributed to COVID-19 by dividing the total num-
ber of deaths attributed to COVID-19 occurring during the pan-
demic period by the number of residents in the county. Each
patient in CARES was geocoded to a US county based on the
zip code location of their OHCA through a crosswalk file from
the US Department of Housing and Urban Development that
links each zip code to a US county.® This CARES file with
county-level information was then merged with the COVID-19
mortality data file.

Statistical Analyses

Given the large sample size, baseline differences for patients
with an OHCA during the pandemic period of March 16 through
April 30, 2020, were compared with patients from the same
period in 2019 using standardized differences, with a stan-
dardized difference of more than 10% denoting a clinically
meaningful difference.® To examine whether rates of sus-
tained ROSC were different in 2020 vs 2019 during the pan-
demic period, we constructed multivariable hierarchical lo-
gistic regression models, with EMS agency as a random effect
to account for clustering of patients within agencies. Modi-
fied Poisson regression with robust variance estimates was used
to directly estimate rate ratios (RRs).!?!! The model adjusted
for demographics (age, sex, and race/ethnicity), cardiac ar-
rest characteristics (initial cardiac arrest rhythm, whether the
cardiac arrest was witnessed, cardiac arrest location [home,
commercial workplace, public location, recreational facility,
nursing home or associated health care entity, or other], and
causative mechanism of cardiac arrest [presumed cardiac
mechanism, respiratory mechanism, drug overdose, and
other]), whether bystander CPR or defibrillation was per-
formed, and interactions between bystander CPR and defibril-
lation with OHCA location to account for differences in rates
of bystander interventions performed at home vs the other lo-
cations.

We then included in the model above an interaction term
between calendar year and the county-level COVID-19 mor-
tality rate during the pandemic period to determine if sus-
tained ROSC rates varied among communities with low, mod-
erate, and high COVID-19 mortality. The COVID-19 mortality
during the pandemic period was categorized as very low (0-25
COVID-19 deaths per million residents), low (26-100 COVID-19
deaths per million), moderate (101-250 COVID-19 deaths per
million), high (251-500 COVID-19 deaths per million), and very
high (>500 COVID-19 deaths per million).

We repeated these analyses for the secondary outcome of
termination of resuscitation in the field, as well as survival to
discharge in the EMS agencies with complete data on this out-
come. Furthermore, we constructed hierarchical linear regres-
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Figure 1. Definition of the Study Cohort

60661 Adult patients with OHCA from
January through Aprilin 2019 and 2020

> 7686 OHCAs excluded because they were witnessed by EMS

52975 OHCAs not witnessed by EMS

792 Excluded
425 Because they were not linked to US county or COVID-19 data
314 Because the cause was drowning or electrocution
53 Because of missing outcomes data

52183 OHCAs from 783 EMS sites in
study cohort

January and February (prepandemic)

13061in 2019
3429in 2019
9440in 2019

13273in 2020
3117in2020
9863 in 2020

March 1 to 15 (peripandemic)
March 16 to April 30 (pandemic)

The number of patients in the 3 study periods for 2020 and 2019 are depicted.
COVID-19 indicates coronavirus disease 2019; EMS, emergency medical
services; OHCA, out-of-hospital cardiac arrest.

sion models with EMS agency as a random effect and com-
pared OHCA incidence rates between 2020 vs 2019 overall and
by COVID-19 mortality strata. Variables in the model had miss-
ing rates of less than 1% and were modeled as a separate cat-
egory of missing data.

As additional controls for the primary outcome of sus-
tained ROSC and the secondary outcome of survival to dis-
charge, we examined whether there were differences in rates
for each outcome in 2020 vs 2019 during the prepandemic pe-
riod of January through February and the peripandemic pe-
riod of March 1 through 15. In these analyses, we designated
EMS agencies to be in the same COVID-19 mortality strata as
they were during the pandemic period. For instance, EMS agen-
ciesin counties designated as being in the very high COVID-19
mortality stratum (>500 deaths per 1000 000 residents) dur-
ing the pandemic period were kept in this same category for
analyses during the prepandemic and peripandemic periods,
even though there would have been almost no COVID-19 deaths
during these periods. Because we expected no difference in
outcomes in 2020 vs 2019 in each of these strata during the
prepandemic and peripandemic periods, these falsification
analyses served as validating controls for any differences ob-
served during the pandemic period.

For each analysis, the null hypothesis was evaluated at a
2-sided significance level of .05 and calculated 95% Cls, using
robust standard errors. All statistical analyses were con-
ducted using SAS version 9.1.3 (SAS Institute) and R version
2.6.0 (R Foundation for Statistical Computing).

. |
Results

We initially identified 60 661 patients with an OHCA during the
study period (Figure 1). We excluded 7686 cases witnessed by
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EMS personnel and 314 cases attributed to drowning or elec-
trocution. We also excluded 53 patients with missing data on
the primary outcome of sustained ROSC and 425 patients for
whom we could not link to a US county or county-level
COVID-19 mortality data. The final cohort included 52 183 pa-
tients with OHCAs in CARES-participating regions (and 783 EMS
agencies), with 26 334 OHCAs occurring from January through
February, 6546 from March 1through 15, and 19 303 from March
16 through April 30 (Figure 1).

Table 1 compares patients with an OHCA during the pan-
demic period in 2020 vs 2019, the focus of the analyses. Of the
19303 OHCASs occurring during the pandemic period, 9863
cases were in 2020 (mean [SD] age of patients, 62.6 [19.3] years;
6040 men [61.3%]) and 9440 in 2019 (mean [SD] age of pa-
tients, 62.2 [19.2] years; 5922 men [62.7%]). There were no
meaningful differences in age or sex, but patients in 2020, com-
pared with 2019, were more likely to be of Black race/
ethnicity (2019, 2137 individuals [22.6%]; 2020, 2751 individu-
als [28.0%]), present with an initial cardiac arrest rhythm of
asystole (2019, 5071 [53.7%]; 2020, 5862 [59.6%]), experi-
ence arrest at a home location (2019, 6590 [69.8%]; 2020, 7385
[74.9%]), and have an arrest causative mechanism catego-
rized as other (which included suspected COVID-19 infec-
tion; 2019, 132 [1.4%] vs 2020, 436 [4.4%]). Notably, the pro-
portion of witnessed cardiac arrests were similar for both years,
and there were no differences in the median time duration from
911 call to EMS arrival and duration of EMS treatment. Fi-
nally, rates of bystander CPR and defibrillation were also not
different during the pandemic period in 2020 compared with
the same period in 2019. Rates of bystander CPR, excluding pa-
tients in nursing homes, and bystander use of automated ex-
ternal defibrillators in public locations are reported in eTable 1
in the Supplement.

The overall rate of sustained ROSC for OHCA during the
pandemic period in 2020 was 23.0% vs 29.8% during the same
period in 2019 and remained lower after model adjustment (ad-
justed rateratio [RR], 0.82[95% CI, 0.78-0.87]; P < .001). A sig-
nificant interaction was found between year and the county-
level COVID-19 mortality rate (Figure 2). Among counties with
high and very high COVID-19 mortality, rates of sustained ROSC
were 21% lower (286 of 1429 [20.0%] in 2020 vs 305 of 1130
[27.0%] in 2019; adjusted RR, 0.79 [95% CI, 0.65-0.97]) and
33% lower (149 of 863 [17.3%] in 2020 vs 192 of 667 [28.8%]
in 2019; adjusted RR, 0.67 [95% CI, 0.56-0.80]), respectively;
however, rates of sustained ROSC were also 11% lower (583 of
2317 [25.2%] in 2020 vs 740 of 2549 [29.0%] in 2019; ad-
justed RR, 0.89[95% CI, 0.81-0.98]) to 15% lower (889 of 3495
[25.4%]1in 2020 vs 1109 of 3532 [31.4%] in 2019; adjusted RR,
0.85 [95% CI, 0.78-0.93]) in communities with very low and
low COVID-19 mortality (interaction P = .03; eTable 2 in the
Supplement). In contrast, overall rates of termination of re-
suscitation in the field were higher in 2020 compared with 2019
during the pandemic period (5314 of 9863 [53.9%] vs 3768 of
9440 [39.9%]) and remained 27% (95% CI, 23%-33%) higher
in 2020 after model adjustment (Figure 2; eTable 3 in the
Supplement). Termination rates increased the most in com-
munities with high and very high COVID-19 mortality rates (ad-
justed RR, 1.40 [95% CI, 1.26-1.55] and 1.83 [95% ClI, 1.62-
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Table 1. Baseline Characteristics of Patients During the Pandemic Period
of March 16 Through April 30, 2020, vs the Same Period in 2019

Patients, No. (%)

2019 2020 Standardized
Variable (n = 9440) (n =9863) difference, %
Patient factors
Age,y
Mean (SD) 62.2(19.2) 62.6 (19.3)
Median (IQR) 65.0 65.0 2.1
(52.0-76.0) (52.0-77.0)
Sex
Female 3517 (37.3) 3819 (38.7)
Male 5922 (62.7) 6040 (61.3) 3.0
Missing, No. 1 4
Race/ethnicity
White 4844 (51.3) 4716 (48.1)
Black 2137 (22.6) 2751 (28.0)
Other 915(9.7) 1160 (11.8) 17.6
Unknown 1544 (16.4) 1186 (12.1)
Missing, No. NA 50
Cardiac arrest factors
First documented
cardiac arrest rhythm
Nonshockable
Asystole 5071 (53.7) 5862 (59.6)
Pulseless electrical 1766 (18.7) 1801 (18.3)
activity
Unknown 829 (8.8) 750 (7.6)
nonshockable
rhythm
Shockable
14.2
Ventricular 1277 (13.5) 1034 (10.5)
fibrillation
Ventricular 75(0.8) 80(0.8)
tachycardia
Unknown 422 (4.5) 309(3.1)
shockable rhythm
Missing, No. NA 27
Location of
cardiac arrest
Home 6590 (69.8) 7385 (74.9)
Industrial or 771(8.2) 377 (3.8)
commercial building
Nursing home and 1479 (15.7) 1609 (16.3)
other health care
residence
21.3
Street and other 455 (4.8) 393 (4.0)
public areas
Recreational facility 104 (1.1) 35(0.4)
Other 41(0.4) 60 (0.6)
Missing, No. NA 4
Witnessed status
of cardiac arrest
Bystander 4127 (43.7) 4049 (41.1)
witnessed
Unwitnessed 5313 (56.3) 5812 (58.9) o4
Missing, No. NA 2
(continued)
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Table 1. Baseline Characteristics of Patients During the Pandemic Period
of March 16 Through April 30, 2020, vs the Same Period in 2019
(continued)

Patients, No. (%)

2019 2020 Standardized
Variable (n = 9440) (n=9863) difference, %°
Cardiac arrest
causative mechanism
Presumed cardiac 7957 (84.3) 7935 (80.5)
Respiratory 769 (8.1) 878 (8.9)
18.5
Drug overdose 582 (6.2) 614 (6.2)
Other 132(1.4) 436 (4.4)
Bystander
cardiopulmonary
resuscitation
Yes 4418 (46.8) 4690 (47.7)
1.7
Missing, No. 1 24
Bystander defibrillation
with automated
external defibrillator
Yes 766 (8.1) 565 (5.7)
9.4
Missing, No. NA 1
EMS treatment
time intervals,
median (IQR)°
Time from 911 call 8.5(6.5-11.3)  9.0(6.9-12.0) 0.5
to EMS arrival
Duration of 22.2 24.8 3.4
EMS treatment (15.0-32.0) (16.7-37.0)

Abbreviations: EMS, emergency medical services; IQR, interquartile range;

NA, not applicable.

2 Given the large sample size, P values are not reported. Instead, standardized
differences of more than 10% are used to denote a meaningful difference
between 2020 vs 2019.

b Data were missing in 23% of patients for the interval from 911 call to EMS
arrival and 50% of patients for duration of EMS treatment.

2.05], respectively) but were also 12% to 24% higher in
communities with the lowest COVID-19 mortality (interac-
tion P < .001).

Data on survival to discharge were complete in 468 of 783
EMS agencies (59.8%). There was a total of 7025 OHCAs (3393
in 2019 and 3632 in 2020) during the pandemic period from
these 468 agencies. Overall, rates of survival to discharge were
6.6% (239 of 3632 individuals) in 2020 compared with 9.8%
(332 of 3393 individuals) in 2019 and were 17% lower after
model adjustment (adjusted RR, 0.83 [95% CI, 0.69-1.001];
P =.048). Rates of survival to discharge during the pandemic
period were lower only in counties with a COVID-19 mortality
rate of more than 100 deaths per million residents (101-250
deaths per million: RR, 0.54 [95% CI, 0.36-0.79]; 251-500
deaths per million: RR, 0.71 [95% CI, 0.43-1.20]; >500 deaths
per million: RR, 0.67 [95% CI, 0.42-1.05]) and were un-
changed in counties with very low or low COVID-19 mortality
(interaction P = .049) (Figure 2; eTable 4 in the Supplement).

Notably, the incidence rate of OHCA was higher overall dur-
ing the pandemic period compared with 2019 (mean [SD], 88.5
[64.1] vs 69.7 [49.8] cardiac arrests per million residents;
P < .001). After adjustment, communities with high or very
high COVID-19 mortality rates had a 52% increase in OHCA
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incidence (incidence rate ratio, 1.52) during the pandemic pe-
riod compared with the same period in 2019 (Table 2). In com-
munities with low or very low COVID-19 mortality, however,
OHCA incidence was only marginally higher in 2020 (inci-
dence rate ratio range, 1.05-1.26).

As additional controls for the pandemic period findings,
we compared 2020 vs 2019 rates of sustained ROSC and sur-
vival to discharge during the prepandemic period of January
through February and the peripandemic period of March 1
through 15. Rates of both outcomes were similar in 2020 com-
pared with 2019 during both of these nonpandemic periods,
overall and when counties were analyzed by their COVID-19
mortality rate during the pandemic period (Figure 3; eTable 5
in the Supplement).

|
Discussion

During the first weeks of the COVID-19 pandemicin the US, the
likelihood of sustained ROSC after an OHCA decreased by 18%
and the likelihood of termination of resuscitation in the field
increased by 27% when compared with the same period in
2019. Although these patterns were more prominent in coun-
ties most affected by the COVID-19 pandemic, lower rates of
sustained ROSC and higher rates of termination of resuscita-
tion were also observed in counties with low COVID-19 mor-
tality rates, despite only small increases in the incidence of
OHCA in these less-affected communities. Rates of survival to
discharge were also lower during the pandemic period com-
pared with 2019, especially in communities with more than
100 COVID-19 deaths per million residents during the study
period. Collectively, our findings provide more granular in-
formation on the association between the COVID-19 pan-
demic and OHCA outcomes in the US, even among communi-
ties not severely affected by COVID-19.

To date, there have been limited reports on the associa-
tion between the COVID-19 pandemic and OHCA outcomes
from regions such as northern Italy and New York, New York.?
Although these studies found marked increases in cardiac ar-
rest incidence and lower rates of sustained ROSC compared
with 2019, these regions were severely affected early during
the pandemic and had exceptionally high COVID-19 inci-
dence. Based on county-level data, there were 2135 deaths per
million residents in New York, New York, during the study’s
pandemic period. Thus, it is not unexpected that this surge
would affect EMS treatment outcomes for emergency condi-
tions such as OHCA in these locations. Yet, little is known about
the association of the COVID-19 pandemic on OHCA out-
comes in less-affected communities. Moreover, these initial re-
ports did not contain information on survival to discharge, and
lower rates of sustained ROSC and higher termination rates in
the field may simply represent more appropriate decision-
making of OHCA patients during the pandemic.

Our findings extend our understanding of the COVID-19
pandemic and OHCA outcomes in 2 main ways. First, we found
that rates of sustained ROSC were lower in all communities,
even in those with low COVID-19 mortality rates, where OHCA
incidence was only marginally higher. Second, in the 60% of
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Figure 2. Rates of Sustained Return of Spontaneous Circulation (ROSC), Termination of Resuscitation, and

Survival to Discharge During the 2020 Pandemic Period vs 2019

Rate. % . ) Dgcreased Ipcrgased )
22 Adjusted likelihood of ; likelihood of Global Interaction
Source 2019 2020 RR(95%Cl) outcome : outcome Pvalue Pvalue
Primary outcome
Sustained ROSC
Overall 29.8 23.0 0.82(0.78-0.87) - <.001
County-level COVID-19 deaths per million population .03
0-25 29.0 252 0.89(0.81-0.98) -
26-100 314 254 0.85(0.78-0.93) -
101-250 30.1 204  0.75(0.66-0.85) .-
251-500 27.0 200 0.79(0.65-0.97) ——
>500 288 173 0.67 (0.56-0.80) ——
Secondary outcomes
Termination of resuscitation
Overall 39.9 539  1.27(1.23-1.33) - <.001
County-level COVID-19 deaths per million population <.001
0-25 46.5 53.6 1.12(1.07-1.18) -
26-100 36.7 483 1.24(1.16-1.31) -
101-250 386 524  1.27(1.16-1.40) ——
251-500 41.0 62.1 1.40 (1.26-1.55) ——
>500 33.1 66.5 1.83(1.62-2.05) ——
Survival to discharge
Overall 9.8 6.6 0.83 (0.69-1.00) —e— .048
County-level COVID-19 deaths per million population .049
0-25 104 8.4 0.96 (0.70-1.32) e Comparisons of rates are shown for
26-100 105 88 1.04 (0.80-1.35) e the overall cohort and stratified by
101-250 125 50  054(036:0.79)  —e— t;;;;"(Lér(‘)?;i'De‘;g')crz?;‘:l‘_’t"”z;ﬂsﬁf
- rtality rate.
251-500 76 48 0.71(0.43-1.20) P analysis for the outcome c))(fsurvival
>500 6.2 2.9 0.67/(0.42-1.05) ‘ ‘4'77 ‘ ‘ to discharge was restricted to
0.25 0.5 1 1.5 2 emergency medical services agencies

Adjusted RR (95% Cl)

with complete data on this outcome.
RRindicates rate ratio.

Table 2. Incidence Rate of Out-of-Hospital Cardiac Arrest (OHCA) During the 2020 Pandemic Period vs 2019,
Overall and Stratified by County-Level Coronavirus Disease 2019 (COVID-19) Mortality Rate®

Unadjusted OHCA incidence, mean
(SD), per 1000 000 residents

Adjusted mean
difference in incidence

Incidence rate

Variable 2020 2019 (95% Cl) Pvalue ratio

Overall 88.5 (64.1) 69.7 (49.8) 14.8 (14.2-15.3) <.001 1.21

County-level COVID-19

mortality rate per

million residents
0-25 86.7 (47.8) 79.7 (43.8) 4.3 (3.2-5.4) <.001 1.05

2 The adjusted mean difference in

26-100 64.1 (43.2) 57.7 (41.5) 6.9 (6.0-7.9) <.001 1.12 OHCA incidence was derived from
101-250 111.6 (81.9) 83.8(63.3) 22.0(20.7-23.3) <.001 1.26 hierarchical linear regression models
251-500 121.0 (65.2) 73.9 (49.8) 38.6 (37.1-40.1) <.001 1.52 and therefore is not simply the
>500 90.9 (85.1) 55.5 (57.2) 28.7 (26.7-30.6) <.001 1.52 difference in unadjusted OHCA

incidence between 2020 and 2019.

EMS agencies with complete data on survival to discharge, we
found that rates of survival to discharge were lower, primar-
ily in communities that were moderately to severely affected
by COVID-19.

Several possible factors may explain our findings. With
marked decreases in hospitalization for myocardial infarc-
tion, heart failure, and noncardiac conditions during the pan-
demic period,'2'® some have suggested that delayed medical
care during the national lockdown in the US could have con-
tributed to higher cardiac arrest and death rates at home and,
if resuscitation was attempted, lower rates of sustained ROSC.
To support this, we found large increases in OHCA incidence

JAMA Cardiology Published online November 14, 2020

in areas most severely affected by COVID-19. However, de-
lays in seeking medical care during the lockdown may not en-
tirely explain the 11% to 15% lower rates of sustained ROSC that
we observed in communities with low COVID-19 mortality
rates, because the incidence of OHCA did not increase sub-
stantially in these communities. It is also possible that lower
rates of bystander CPR and defibrillation, longer response in-
tervals for EMS arrival, and shorter duration of EMS treat-
ment during the pandemic could explain our findings, but we
found that each of these parameters were similar to those dur-
ing the same period in 2019. And although there were higher
rates of OHCAs occurring at home and with an initial non-
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Figure 3. Comparison of 2020 vs 2019 Rates of Sustained Return of Spontaneous Circulation (ROSC) and Survival to Discharge

During the Prepandemic, Peripandemic, and Pandemic Periods

Adjusted Interaction Adjusted Interaction Adjusted Interaction

Source RR (95% CI) Prepandemic P value RR (95% CI) Peripandemic P value RR (95% CI) Pandemic P value
Sustained ROSC

0-25 1.00(0.92-1.08) + 1.09 (0.91-1.30) - 0.89(0.81-0.98) -~

26-100 0.97 (0.92-1.03) - 1.00(0.89-1.13) -+ 0.85(0.78-0.93) -

101-250 0.96 (0.89-1.02) - 0.94(0.77-1.16) — 0.75(0.66-0.85) -

251-500 0.97 (0.79-1.20) —— 0.95(0.78-1.16) —— 0.79 (0.65-0.97) ——

>500 0.96 (0.82-1.12) — 1.03(0.70-1.52) —_— 0.67 (0.56-0.80) -
Survival to discharge

0-25 0.90(0.72-1.14) — 1.53(0.83-2.82) — 0.96 (0.70-1.32) —i—

26-100 1.23(1.04-1.45) — 1.15(0.78-1.68) — 1.04 (0.80-1.35) —

101-250 1.01(0.73-1.39) — 0.87(0.44-1.70) —_— 0.54 (0.36-0.79) —

251-500 0.93(0.65-1.35) — 0.31(0.12-0.85) <—— 0.71(0.43-1.20) —

>500 1.06 (0.71-1.61) — 1.10(0.52-2.28) ——— 0.67 (0.42-1.05) ——

—
02505 1 15 2
Adjusted RR (95% Cl)

—
02505 1 15 2

—
025 05 1 15 2

Adjusted RR (95% Cl) Adjusted RR (95% Cl)

The analysis for the outcome of survival to discharge was restricted to
emergency medical services agencies with complete data on this outcome. The
prepandemic period was January through February; the peripandemic period,

March 1through 15; and the pandemic period, March 16 through April. COVID-19
indicates coronavirus disease 2019; RR, rate ratio.

shockable rhythm during the pandemic period, rates of sus-
tained ROSC and survival to discharge remained lower after
adjustment for these differences.

This raises the possibility of whether protocols that were
rapidly put into place following the beginning of the pan-
demic could have influenced patients’ likelihood of achiev-
ing sustained ROSC. For instance, the US Centers for Disease
Control and Prevention'” and the American Heart Association'®
each established interim guidelines for EMS and its profes-
sionals during the pandemic, which included screening 911 calls
for likelihood of COVID-19 infection, limiting the number of
EMS personnel during initial response, pausing critical chest
compressions during aerosolizing procedures such as intuba-
tion, limiting bag-mask ventilation when done without spe-
cialized filtration, and not transporting patients to hospitals
without ROSC. Many of these recommendations are believed
to be essential for protecting frontline health care workers from
unnecessary exposure in communities severely affected by the
COVID-19 pandemic but may also decrease the likelihood of a
successful resuscitation. Whether these recommendations may
have been implemented more broadly than communities se-
verely affected by COVID-19 and whether such practices af-
fected rates of successful resuscitation deserve further study.

Limitations

Our study should be interpreted in the context of the follow-
ing limitations. First, data on our outcome of survival to dis-
charge were restricted to 60% of the EMS agencies with com-
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