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Introduction: In response to the COVID-19 pandemic in Detroit, an earlier termination of resuscitation protocol
was initiated in March 2020. To characterize pre-hospital cardiac arrest careduring COVID-19 in Detroit, we an-
alyzed out-of-hospital cardiac arrest (OHCA) rate of ROSC (return of spontaneous circulation) and patient char-
acteristics before and during the COVID-19 pandemic.
Methods: OHCA data was analyzed between March 10th, 2020 – April 30th, 2020 and March 10th, 2019 – April
30th, 2019. ROSC, patient demographics, arrest location, initial rhythms, bystander CPR and field termination
were compared before and during the pandemic. Descriptive statistics were utilized to compare arrest character-
istics between years, and the odds of achieving vs. not achieving ROSC. 2020 vs. 2019 as a predictor for ROSCwas
assessed with logistic regression.
Results: 471 patientswere included. Arrests increased to 291 during the pandemic vs. 180 in 2019 (62% increase).
Age (mean difference + 6; 95% CI: +2.4 to +9.5), arrest location (nursing home OR= 2.42; 95% CI: 1.42–4.31;
public placeOR=0.47; 95% CI: 0.25–0.88), BLS response (OR=0.68; 95% CI: 0.47–0.99), and field termination of
resuscitation (OR= 2.36; 95% CI: 1.36–4.07) differed significantly in 2020 compared to 2019. No significant dif-
ference was found in the confounder-adjusted odds of ROSC in 2020 vs 2019 (OR = 0.61; 95% CI: 0.34–1.11).
Conclusion:OHCA increased by 62% during COVID-19 inDetroit, without a significant change in prehospital ROSC.
The rate of ROSC remained similar despite the implementation of an early termination of resuscitation protocol in
response to COVID-19.

© 2021 Published by Elsevier Inc.
1. Background

In 2002, the out-of-hospital cardiac arrest (OHCA) survival rate in
Detroit was merely 0.2%, a nearly uniform fatal event [1]. In 2013, the
city filed for the largest municipal bankruptcy in the nation. As few as
6 functioning emergency medical service (EMS) units were in service
some days during that period. Since 2013, Detroit has made significant
improvements in out-of-hospital cardiac arrest care, from the imple-
mentation of non-transporting fire units in a medical role, priority dis-
patch, dispatch-assisted cardiopulmonary resuscitation (CPR) and
community bystander CPR trainings [2]. The ability to track OHCA data
improved significantly after participation in the SaveMIHeart collabora-
tive and the Cardiac Arrest Registry to Enhance Survival (CARES). The
data, in turn, was utilized to implement swift modifications in OHCA
protocols.
ency Medicine, Wayne State
1, United States.
The COVID-19 pandemic drastically altered the landscape of
OHCA in Detroit - an area covering 142.9 miles where approximately
670,000 people reside [2,3]. The first positive case of COVID-19 was
identified in Detroit, Michigan on March 10th, 2020. One day later,
the World Health Organization (WHO) declared COVID-19 a pan-
demic [4]. By March 30th, 2020, Michigan had the fourth highest
death toll due to the virus in the nation [5]. Over 80% of cases inMich-
igan were from the city of Detroit [5]. Detroit had 1666 COVID-19
cases per 100,000 population and 208 COVID-19 deaths per
100,000 [6].

The International Liaison Committee on Resuscitation recom-
mends a proper balance between early resuscitation and risk of
COVID-19 transmission to rescuers [7]. Effects of changes to resusci-
tation protocol in OHCA during the COVID-19 era are not clear as the
literature remains sparse. Therefore, we conducted a rigorous, strict
comparison of patients with non-traumatic OHCA during the
COVID-19 period to the same time frame in the previous year. The
primary endpoint was to determine if there were any changes in
pre-hospital ROSC in the pandemic period. We also aimed to identify
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Table 1
Patient demographics and medical history, out of hospital cardiac arrests in the pandemic
period (2020) vs. the pre-pandemic period (2019).

Characteristic 2020
(n = 291)

2019
(n = 180)

Odds Ratio or Mean
Difference (95% CI)

Age (years)⁎ 64.5 (18.1) 58.5 (19.8) +6 (+2.4 to +9.5)
Gender = Female 43% (126) 48% (87) 0.82 (0.56–1.19)
Race/Ethnicity = Non-White 92% (267) 88% (158) 1.55 (0.83–2.87)
Heart Disease 25% (72) 18% (33) 1.46 (0.93–2.34)
Diabetes 24% (69) 17% (30) 1.55 (0.97–2.52)
Hypertension 34% (100) 33% (60) 1.05 (0.71–1.56)
Renal Disease 12% (34) 9% (16) 1.34 (0.73–2.59)
Respiratory Disease 14% (40) 18% (32) 0.74 (0.44–1.23)
Stroke 5% (15) 6% (11) 0.83 (0.37–1.92)

CI: confidence interval.
⁎ p < 0.05.
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changes in demographics, comorbidities, bystander CPR, and field
termination in hopes of providing insight into management of
OHCA during the COVID-19 pandemic and concurrently update the
unique situation in Detroit, Michigan.

2. Methods

Data for the current study was obtained from the Detroit Cardiac Ar-
rest Registry including CARES data. CARES is a component of the Detroit
Cardiac Arrest Registry and was reviewed by the Wayne State Univer-
sity Institutional Review Board (IRB) as exempt.

To measure the outcomes and progress of patients who experience
OHCA, the Center for Disease Control and Prevention collaborated
with the Emory University School of Medicine in 2004 to develop a na-
tional registry of OHCA data (CARES). CARES adopts Utstein-style
reporting guidelines, which provide a standard, structured framework
to collect and report data of patients with cardiac arrest. CARES is one
of the largest OHCA registries and quality improvement programs in
theworld, with>1800 hospitals and 1400 EMS agencies from 23 partic-
ipating states.

The study included patients 18 years and older with non-traumatic
OHCA and excluded patients if no resuscitationwas attempted or the ar-
rest was deemed to be traumatic in nature in the city of Detroit. The
CARES database excludes patients that did not undergo resuscitation
measures. Every OHCA patient is extracted from the Detroit EMS data-
base and automatically uploaded into CARES. The site CARES coordina-
tor performs a quality check to ensure any missing arrests have been
input and reviews every OHCA to confirm data were correctly trans-
ferred from the EMS database. Data are reviewed by the site CARES co-
ordinator and by the physicians leading the project and performing the
analysis.

The Detroit Fire Department functions with 6 non-transporting
squads and 27 fire engines, all licensed at the medical first-responder
level. There are 27 Basic Life Support (BLS) ambulances and 9 Advanced
Life Support (ALS) ambulances operated by the fire department. There
are also 8 ambulances provided by 4 private companies that provide
coverage during peak hours and are appropriately dispatched by the
city. Each call for service that is prioritized at the echo or delta level dis-
patches the nearest ambulance and MFR apparatus. Preferential dis-
patch of ALS units is absent because of the small number available and
the size of the response area [2].

Cardiac arrest care is performed under medical control authority
protocols and all cases where resuscitation is attempted are included
in the Detroit CARES data, including those that were terminated in the
field. There are standard dead-on-scene protocols when no resuscita-
tion will be attempted, in which case the patients were not included
in the dataset. There are advanced life support (ALS) and basic life sup-
port (BLS) protocols for cardiac arrestwith BLS units performing 3 initial
cardiopulmonary resuscitation (CPR) cycles (6 min) on scene before
preparing for transport and callingmedical control. In addition, patients
not achieving ROSC must have resuscitation efforts continued for
30min, at which pointmedical control can be contacted for termination
of resuscitation. The cardiac arrest protocols have been adjusted due to
COVID-19.

In response to the pandemic, the state of Michigan created state
model protocols, which were adopted by the Detroit Medical Control
Authority (DEMCA) [8]. These protocols modified resuscitation in an at-
tempt to enhance safety for first responders while maintaining a high
level of patient care. These protocols included limiting airway interven-
tions to basic life support (BLS) procedures. Bag-valve-mask and
supraglottic airways were the only airway interventions allowed that
did not warrant a call to medical control for permission. In addition,
10 min of CPR without return of spontaneous circulation (ROSC)
would warrant a call to medical control for possible termination of re-
suscitation, and transportation of a patient would only occur if ROSC
was sustained for more than 5 min.
91
OHCA characteristicswere recorded retrospectively. ROSC is defined
aswhether pulse was sustained for 20 ormoreminutes or if a pulsewas
achieved prior to end of EMS care. Response time is calculated as the
time of the ambulance on scene subtracted by the time EMS arrived at
the patient side. The current analysis encompasses the time period be-
tween the first positive case of COVID-19 in Detroit (March 10th,
2020) and April 30th, 2020. April 30th, 2020 was chosen as the end
date of the peak as arrests declined inMay and June. The comparison in-
volves the same time frame from 2019 as our non-pandemic reference.
Patient demographics, location of arrests, initial rhythm, comorbidities,
bystander CPR and field termination were compared between the two
time points.

Descriptive statistics were utilized to compare characteristics of ar-
rests in 2020 compared to 2019. Univariate comparisons for continuous
and categorical data were analyzed as mean difference (MD) or odds
ratio (OR), respectively, with 95% confidence intervals (95% CI). Logistic
regression was used to compare the odds of ROSC for 2019 vs. 2020,
after adjusting for age, gender, race, BLS vs ALS, shockable vs. unshock-
able rhythm, presence vs. absence of bystander CPR, and the arrest
being unwitnessed vs. witnessed by bystander vs. witnessed by EMS.
All data were analyzed using the R platform (Rstudio V.1.2.5). Requests
for access to the study's analytical code and data can be directed to the
corresponding author.

3. Results

A total of 490 patients were treated by EMS for OHCA. Traumatic ar-
rests numbered 10 and 9 in 2019 and 2020, respectively, leaving 471pa-
tients in the analysis. 180 OHCA occurred fromMarch 10th, 2019 –April
30th, 2019 whereas 291 OHCA occurred from the same dates in 2020
(62% absolute increase). Patients in 2020 vs. 2019 were older (mean
difference + 6; 95% CI: +2.4 to +9.5). No statistical differences were
observed in gender, race, pre-existing conditions or witnessed /
unwitnessed arrest by year. Table 1 and Fig. 1 displays the characteris-
tics of patients with non-traumatic out-of-hospital cardiac arrests who
underwent EMS resuscitation.

Compared to 2019, patients in 2020 were more likely to arrest in a
nursing home (OR = 2.42; 95% CI: 1.42–4.31) and less likely to arrest
in a public place (OR = 0.47; 95% CI: 0.25–0.88). In 2020 arrests were
more likely to be terminated in the field (OR = 2.36; 95%
CI: 1.36–4.07), and less likely to be a BLS response (OR = 0.68; 95%
CI: 0.47–0.99). No differenceswere observed in bystander CPR, rhythms
and ROSC. Table 2 and Fig. 2 displays additional interventions and
rhythms for patients who underwent EMS resuscitation during each
period.

11% of patients achieved prehospital ROSC in 2020 compared to 16%
in 2019 (p = 0.14, Table 2). Before adjusting for confounders, BLS re-
sponse (OR = 0.42; 95%CI: 0.24–0.73) and arrest in a nursing home
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Fig. 1. Effects of the COVID-19 Pandemic on OHCA Care in Detroit. OHCA demographics before the pandemic period (2019) and during the pandemic (2020). Demographics of out-of-
hospital cardiac arrest (OHCA) were compared as an absolute percentage (%) before the pandemic period (2019) and during the pandemic (2020) in Detroit, Michigan. † p < 0.05.
OHCA = out-of-hospital cardiac arrest.
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(OR = 0.44; 95%CI: 0.16–0.99) were associated with lower odds of
achieving ROSC (Table 3). ROSCwas significantly more likely before ad-
justmentwith a shockable initial rhythm (OR=3.32, 95% CI: 1.57–6.69)
and if the arrest was witnessed by a bystander (OR = 2.34. 95%
CI: 1.26–4.42) or by EMS personnel (OR = 3.9; 95%CI: 1.83–8.22).
After adjusting with logistic regression for age, gender, race, BLS vs
ALS, shockable or unshockable rhythm, bystander CPR, and witnessed
vs. unwitnessed arrest, there was no significant difference in the odds
of ROSC in 2020 vs 2019 (OR = 0.61; 95% CI: 0.34–1.11). By contrast,
BLS response (OR = 0.38; 95% CI: 0.21–0.70), unshockable rhythm
(OR = 0.32; 95% CI: 0.14–0.72), and arresting in the presence of EMS
(OR = 2.41; 95% CI: 1.02–5.77) all remained significant predictors of
ROSC after logistic regression (Table 4).
Table 2
Prehospital characteristics and outcomes, out of hospital cardiac arrests in the pandemic perio

Characteristic

EMS Type⁎ Advanced Life Support (ALS)
Basic Life Support (BLS)

ALS Initial Rhythm Asystole/Idioventricular/PEA
Ventricular Tachycardia/Ventricular Fibrillation

BLS Initial Rhythm Unknown Unshockable Rhythm
Unknown Shockable Rhythm

Unshockable vs. Shockable Asystole/Idioventricular/PEA or Unknown Unshockabl
Ventricular Tachycardia/Ventricular Fibrillation or Unk

Time To Patient Ambulance On Scene To
EMS At Patient Side (Min)

Witnessed Unwitnessed Arrest
Arrest Witnessed by EMS
Arrest Witnessed by Bystander

Bystander CPR Yes
No

Arrest Location⁎ Home/Residence
Nursing Home
Public Place

End of the Event⁎ Pronounced Dead in ED
Termination of Resuscitation in the Field
Ongoing Resuscitation in ED

ROSC Yes
No

EMS= emergency medical services; ALS = advanced life support; BLS = basic life support; PE
department; ROSC = return of spontaneous circulation; CI = confidence interval.
⁎ p < 0.05.
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4. Discussion

The consequences of OHCA during coronavirus disease of 2019
(COVID-19) are evident on a global level. COVID-19 is a global pandemic
affecting nearly 185 countries and infecting greater than 3 million
people worldwide as of April 28, 2020 with more than 210,000 deaths
related to the virus [9]. Northern Italy reported a 58% increase in
OHCA during the current pandemic in comparison to the same time pe-
riod in 2019 [10]. In New York City, there was a 10-fold increase in
OHCA during COVID-19 compared to the equivalent time period in
2019 [11]. France indicated a two-times increase in OHCAwith a reduc-
tion in survival during the pandemic compared to the same time period
in previous years [12]. Rate of OHCA and corresponding treatments and
d (2020) vs. the pre-pandemic period (2019).

2020
(n = 291)

2019
(n = 180)

Odds Ratio or Mean
Difference (95% CI)

49% (142) 39% (71) Ref
51% (149) 61% (109) 0.68 (0.47–0.99)
94% (133) 92% (65) Ref
6% (9) 8% (6) 0.73 (0.25–2.30)
90% (134) 87% (95) Ref
10% (15) 13% (14) 0.76 (0.35–1.68)

e 92% (267) 89% (160) Ref
nown Shockable 8% (24) 11% (20) 0.72 (0.38–1.36)

1.7 (2.6) 1.6 (1.7) −0.2 (−0.5 to +0.2)

55% (161) 52% (94) Ref
14% (42) 10% (18) 1.36 (0.75–2.55)
30% (88) 38% (68) 0.76 (0.50–1.14)
40% (117) 41% (73) Ref
60% (174) 59% (107) 1.01 (0.69–1.48)
69% (201) 74% (133) Ref
24% (70) 11% (19) 2.42 (1.42–4.31)
7% (20) 16% (28) 0.47 (0.25–0.88)
14% (41) 17% (31) Ref
69% (200) 36% (64) 2.36 (1.36–4.07)
17% (50) 47% (85) 0.45 (0.25–0.80)
11% (32) 16% (29) Ref
89% (259) 84% (151) 1.56 (0.90–2.68)

A = pulseless electrical activity; CPR = cardiopulmonary resuscitation; ED = emergency
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outcomes are suspect to a high degree of variability due to geographic
disparities [13]. The variability is found at a state and national level
prior to the pandemic and is further illuminated amidst the COVID-19
pandemic [14-19].
Table 3
Patient demographics, medical history, arrest characteristics, and year (pre-pandemic/2019 vs

Characteristic

Year (During March–April) 2019
2020

Age Years
Gender Male

Female
Race/Ethnicity White

Non-White
Heart Disease Yes

No
Diabetes Yes

No
Hypertension Yes

No
Renal Disease Yes

No
Respiratory Disease Yes

No
Stroke Yes

No
EMS Type⁎ Advanced Life Support (ALS)

Basic Life Support (BLS)
Unshockable vs. Shockable† Asystole/Idioventricular/PEA or Unknown Unshockab

Ventricular Tachycardia/Ventricular Fibrillation or Un
Witnessed⁎ Unwitnessed Arrest

Arrest Witnessed by EMS
Arrest Witnessed by Bystander

Bystander CPR Yes
No

Arrest Location⁎ Home/Residence
Nursing Home
Public Place

EMS= emergency medical services; PEA = pulseless electrical activity; CPR = cardiopulmon
⁎ p < 0.05.
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There was a 62% increase in OHCA cases in the city of Detroit during
the peak of the COVID-19 pandemic compared to the previous period. A
number of factors potentially could have made Detroiters particularly
susceptible to an increase in OHCA during the pandemic. Risk factors
. pandemic/2020) for pre-hospital patients achieving or not achieving ROSC.

No ROSC
(n = 410)

ROSC
(n = 61)

Odds Ratio or Mean
Difference (95% CI)

37% (151) 48% (29) Ref
63% (259) 52% (32) 0.64 (0.37–1.12)
62.4 (18) 60.9 (22) −1.5 (−7.4 to +4.4)
55% (225) 54% (33) Ref
45% (185) 46% (28) 1.03 (0.60–1.77)
10% (40) 10% (6) Ref
90% (370) 90% (55) 0.97 (0.42–2.68)
22% (89) 26% (16) Ref
88% (321) 74% (45) 0.78 (0.43–1.48)
21% (87) 20% (12) Ref
79% (323) 80% (49) 1.09 (0.57–2.24)
34% (140) 33% (20) Ref
66% (270) 67% (41) 1.06 (0.60–1.91)
11% (45) 8% (5) Ref
89% (410) 92% (56) 1.35 (0.56–4.08)
15% (60) 20% (12) Ref
85% (350) 80% (61) 0.70 (0.36–1.44)
6% (23) 5% (3) Ref
94% (387) 95% (58) 1.10 (0.37–4.94)
42% (174) 39% (39) Ref
58% (236) 61% (22) 0.42 (0.24–0.73)

le 92% (379) 79% (48) Ref
known Shockable 8% (31) 21% (13) 3.32 (1.57–6.69)

57% (235) 33% (20) Ref
11% (45) 25% (15) 3.90 (1.83–8.22)
32% (130) 43% (26) 2.34 (1.26–4.42)
40% (164) 43% (26) Ref
60% (246) 57% (35) 0.90 (0.52–1.56)
70% (286) 79% (48) Ref
20% (83) 10% (6) 0.44 (0.16–0.99)
10% (41) 11% (7) 1.03 (0.40–2.32)

ary resuscitation; ROSC = return of spontaneous circulation; CI = confidence interval.



Table 4
Logistic regression for the odds of ROSC in the pre-pandemic (2019) and pandemic (2020)
periods, adjusted for suspected confounders.

Predictor Adjusted Odds Ratio (95% CI) for Obtaining
Return of Spontaneous Circulation

Year = 2020 0.61 (0.34–1.11)
Age (per 10 year increase) 0.99 (0.86–1.15)
Gender = Male 0.87 (0.49–1.56)
Arrest Location = Nursing Homea 0.56 (0.19–1.45)
Arrest Location = Public Placea 0.92 (0.34–2.21)
EMS Type = BLS 0.38 (0.21–0.70)⁎

Initial Rhythm = Unshockable 0.32 (0.14–0.72)⁎

Bystander CPR = Yes 1.70 (0.86–3.36)
Race = Whiteb 0.91 (0.31–2.29)
Arrest Witnessed By EMSc 2.41 (1.02–5.77)⁎

Arrest Witnessed By Bystanderc 0.62 (0.31–2.29)

EMS= emergencymedical services; PEA= pulseless electrical activity; CPR= cardiopul-
monary resuscitation; ROSC = return of spontaneous circulation; CI = confidence
interval.
⁎ p < 0.05.
a Compared to location of Home/Residence.
b Compared to Non-White Race.
c Compared to unwitnessed cardiac arrest.
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for illness severity with the virus included comorbidities, older age and
minority status/ethnicity [3]. A majority of the Detroit population are of
African American race, a large proportion have multiple comorbidities,
and 36% live in poverty [3,20-22].

Indirect effects of COVID-19 could have also affected the increase in
OHCA. In Hong Kong, patients with STEMI's delayed receiving medical
care and there were also delays in evaluating patients once they arrived
at the hospital due to COVID-19 rules and regulations [23]. In Ontario,
Canada there was a 20% drop in the number of code strokes after the
first COVID-19 case appeared and a similar decrease in clinic referrals
due to changed hospital policies [24]. Similar declines in overall Emer-
gencyDepartment visits were seen in theUnited Stateswhen compared
to a 4-week interval in 2019 [25]. The indirect effects of statewide
stay-at-home orders mean that individuals may be more likely to re-
frain from essential health care due to concern of contracting the conta-
gious virus.

Patient consultations and outpatient visits have been postponed be-
cause of fear of exposure and risk of contamination. The emergence of
telehealth for follow-ups and emergency medical services have gar-
nered attention in the period of the pandemic. Low priority cases that
are seen by a physicianmay be advised not to present to the hospital un-
less individuals require emergent medical attention. Patients were also
frequently discharged from emergency departments with suspected
COVID-19 but no confirmatory tests were available [26,27].

While we could not directly assess if patients avoided or were
diverted from hospital care, we did note that a larger proportion of car-
diac arrests occurred at home compared to public places in 2020 vs.
2019. While this is almost certainly due to stay-at-home orders, this
change in the location of arrests did not seem to have an effect of the
odds of ROSC. The psychological stress of a global pandemic, including
fear of contracting the virus, could potentially have been expected to re-
sult in a lower rate of bystander CPR (a known predictor of favorable
OHCA outcomes) [10,12]. However, we did not note such an effect in
our city (Tables 2, 4) which was consistent with bystander CPR data in
King County, Washington [28]. It is important to acknowledge that al-
though we did not find significant effects of ROSC due to increased
OHCA rates, the city of Detroit as well as country-wide health systems
should reinforce the cruciality of seeking urgent medical care for condi-
tions, such as myocardial infarction, that could result in serious harm
and death.

The crisis standard of care COVID-19 CPR protocol instituted by our
medical control authority included the ability to request termination
of resuscitation in suspected COVID-19 cases after 10 min of CPR with-
out ROSC. The previous protocol required 30 min of CPR without ROSC
94
prior to requesting termination. As a result, termination of resuscitation
rates nearly doubled in the time of the pandemic (Fig. 2). This is not sur-
prising, since resuscitations were terminated up to 20 min earlier in
2020 rather than 2019.

A decreased chance of ROSC could have been expected due to this
protocol change, as well as several other potential effects of the
pandemic. First, previous studies have reported high rates of respiratory
arrests due to COVID-19 [12,29],which in turn could result inmore non-
shockable rhythms. Non-shockable rhythms are associated with higher
mortality and lower survival to hospital discharge [30-32]. However, no
significant differences in initial rhythm were found in our population
between 2019 and 2020. Although we did not find significant differ-
ences in initial rhythm, theremay have been small or even clinically sig-
nificant differences in both shockable rhythms and non-shockable
rhythms which we were underpowered to detect. However, the abso-
lute point estimate differences in ROSC and shockable vs. non-
shockable rhythms are nevertheless lower thanwhat has been observed
in similar studies of othermunicipalities, including an analysis of the na-
tional CARES database [14]. Detroit may have had an attenuated effect
on rate of initial rhythms and ROSC compared to other municipalities
because baseline rates of non-shockable rhythms were already high,
and baseline ROSC was lower, compared to national averages [14].
France reported a significant decrease in shockable rhythms. On the
other hand, New York City reported a decrease in ventricular rhythms
and an increase in asystole as the presenting rhythm similar to our
EMS system [11,12]. Second, increased PPE requirements and caution
in the COVID-19 era could have had an adverse effect on outcomes
due to an increase in EMS on-scene to EMS at patient time. Neverthe-
less, we observed no such difference in time despite these changes,
even with themodified resuscitation protocol. By the same token, a po-
tential increase in scene timemay have beenmitigated by themodifica-
tion in termination of resuscitation efforts. Third, given a lower rate of
arrests in public places, one may have expected a lower rate of by-
stander CPR, which is associated with increased rates of ROSC [33,34].
This too was not significantly different between years. Fourth, as more
people were at home due to the stay-at-home orders, access to an
AEDmay have been less likely compared to OHCA in a public place. Nev-
ertheless, no significant difference in the 2019 vs. 2020 rates of ROSC
were noted, even after adjusting for noted confounders.

The noted increase in cardiac arrests in Detroit is consistentwith the
experience of other cities hit hard in the early months of the pandemic,
but unlike other cities we did not note a significant decrease in ROSC
[7,35,36]. In New York City, which experienced a peak in COVID-19
cases roughly contemporaneous with Detroit, a similarly designed
study showed a significant decrease in ROSC and increase in non-
shockable rhythms attributed to the pandemic. It is possible that our
study was underpowered to detect a difference in ROSC or non-
shockable rhythms, which could account for this discrepancy [14]. Al-
though this may have been underpowered, there was nevertheless a
clinically significant difference between absolute change in ROSC in
our data compared to other cities such as NY, which had a 14% decrease,
and the country, which had an 18% decrease, as an average [11,14].
Baseline differences in OHCA care and outcomes are markedly heterog-
enous between localities prior to the pandemic. By extension, the effect
of the pandemic on those outcomes in different localities would also be
expected to differ. In other words, a pandemic which increased non-
shockable rhythms and decreased rates of ROSC overall may have had
greater effects in places where those metrics were already more favor-
able, and less effect in places like Detroit. Analysis of the baseline differ-
ences between the Detroit and New York OHCA populations would
seem to support this interpretation. Notably, the pre-COVID rate of
prehospital ROSC in NewYork Citywas 35% compared to just 16% in De-
troit [11]. Similarly, the pre-COVID rate of ALS shockable rhythms in
New York was 11–14%, but just 8% in Detroit [11]. Though Detroit has
made strides in EMS OHCA care, the previous criteria for termination
of resuscitation may have favored a population less likely to achieve
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ROSC regardless of COVID-19. Put differently, the initiation of an early
termination protocol in response to COVID-19 could have aligned pa-
tient selection for termination of resuscitation in Detroit more closely
towards what was already occurring in other cities. The fact that an ear-
lier termination protocol was initiated in Detroit, a significant increase
(over double) in terminations was observed, and ROSC rates were nev-
ertheless similar, would seem to further support this interpretation.

Objective factors such as bystander CPR, as well as subjective ethical
concerns should be evaluated further. The medical control physician is
the decision maker on whether crisis standards of care are appropriate,
as there are no specific triggers identified in the state model protocol to
initiate crisis standards of care. The day to day situation of patient
volume during the pandemic was extremely variable. Assessing atti-
tudes and aggressiveness of care of responders and medical control
physicians is worth additional study.

Patientsmay be fearful of contracting the virus in the ambulance or a
hospital setting and therefore refuse care. The refusal of care could lead
to amissed diagnosis or undiagnosed condition, eventually contributing
to an out-of-hospital cardiac arrest. Adjudicating each refusal and adju-
dicating patients who arrive to the hospital with no COVID-19 testing
data will be beneficial to determine whether there are other factors to
consider in out-of-hospital cardiac arrests during this time. Further-
more, linkage to COVID-19 testingdatawill be an important step for fur-
ther understanding our data set and comparing which patients were
affected by COVID-19 prior to an out-of-hospital cardiac arrest.

5. Limitations

There are several limitations to our data that are shared amongother
reports of out-of-hospital cardiac arrest in the COVID-19 era. First, the
out-of-hospital cardiac arrests discussed in our study cannot be directly
or indirectly attributed to COVID-19 due to numerous complex factors.
Only rarely was post-mortem testing conducted, therefore, it will
most likely be difficult to definitively prove that COVID-19 was related
to deaths in out-of-hospital cardiac arrests. However, our noted increase
in OHCA is consistent with what has been observed in other cities and
countries during local pandemic surges [11]. Additionally, we did not in-
clude patients who did not have resuscitation attempted as the CARES
database excludes these patients from the registry. Based on prelimi-
nary findings from our EMS database, there is also an increase in pa-
tients with no resuscitation attempted which warrants further
exploration. Second, our results are not generalizable to all other
urban areas in the U.S. with sufficiently different socioeconomic, demo-
graphic, geographic, and population health characteristics to Detroit.
However, we see a large strength of the study as this exact finding:
Detroit's rate of ROSC as a function of the pandemic may have been
less affected than other localities precisely because of Detroit's baseline
status as an outlier in U.S. OHCA outcomes at baseline. Othermunicipal-
ities which are more similar to Detroit in baseline rates of ROSC and
non-shockable rhythmsmaymore closely reflect the results of our anal-
ysis than those of places like New York, or of the CARES database on av-
erage. This may help such municipalities more closely target their own
changes in termination protocols to local situations, by acknowledging
the nuance of the pandemic's effects as a function of local baselines in
OHCA care. We were unable to directly evaluate the relationship be-
tween these characteristics across specific time periods coinciding
with COVID-19 disease burden (e.g. standardized by weekly new case
rates) or by geographic distributionswithin the city. Third, all retrospec-
tive, registry-based data has limitations, including potential for data
entry errors,missing data, and other reporting biases from the organiza-
tions providing data to CARES.While reporting bias and/ormissing data
can be an issue with large databases, in general, we noted no fields in
the CARES database left unanswered and CARES has explicit, objective
definitions for their reporters to record data appropriately to mitigate
potential biases. Fourth, we compared only a single timeframe
(March–April 2019) to the COVID-19 era. While we can identify no
95
reason that 2019 may have differed from previous years that could
have been used as alternative baselines for comparison, we cannot ex-
clude this possibility. Finally, while we noted no change in the rate of
ROSC between years after adjusting for known confounders, our analy-
sis may have been underpowered to detect modest differences. How-
ever, as discussed, the absolute 2019 vs. 2020 differences in ROSC and
shockable vs. non-shockable rhythms were less than those observed
in other places and may reflect heterogenous effects of the pandemic
onOHCAoutcomes as a function of baseline differences betweenDetroit
and other places.

6. Conclusion

COVID-19 appears to have had a profound effect reflected not only in
the number of infected cases, but also the number of deaths due to out-
of-hospital cardiac arrests. The 62% increase in OHCA compared to the
same time frame in 2019 can likely be attributed to the pandemic and
adds to an expanding body of literature suggesting an increase in pre-
hospital death during the pandemic [10-12]. In addition to the current
literature, we found that arrests were more likely to occur in nursing
homes and less likely to occur in public places in 2020, compared to
2019. Furthermore, we report a statistically significant difference in
age; however, other demographic characteristics sustained similarity
between the time periods. Interestingly, our bystander CPR rates did
not wane in the pandemic time frame.

The unpredictable and rapidly evolving health crisis presents a
unique challenge in the pre-hospital setting. Implementation of resusci-
tation protocols that provide a balance between optimal patient care
and mitigating exposure to rescuers are necessary to manage such a
crisis.

The modifications in resuscitation protocol due to the effects
of COVID-19 led to an increase in field termination of resuscitation.
Notably, ROSC rates in Detroit remained similar, despite a shortened
CPR timeprotocol change; however, our sample sizemay be underpow-
ered to conclude the absence of a statistically significant difference.
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