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Background:Out-of-hospital cardiac arrest (OHCA) accounts for a substantial proportion of sudden cardiac events
globally, with hundreds of thousands of cases reported annually in the United States. The mortality rate of
patients who suffer OHCA remains high despite extensive utilization of resources.
Objectives: We aim to describe the current landscape of OHCA during the COVID-19 pandemic and provide an
overview of the logistical challenges and resuscitation protocols amongst emergencymedical service (EMS) per-
sonnel.
Discussion: Recent studies in Italy, New York City, and France characterized a significant increase in OHCA inci-
dence in conjunction with the arrival of the 2019 coronavirus disease (COVID-19) pandemic. The presence of
the pandemic challenged existing protocols for field resuscitation of cardiac arrest patients as the pandemic ne-
cessitated prioritization of EMS personnel and other healthcare providers' safety through stringent personal pro-
tective equipment (PPE) requirements. Studies also characterized difficulties encountered by the first responder
system during COVID-19, such as dispatcher overload, increased response times, and adherence to PPE require-
ments, superimposed on PPE shortages. The lack of guidance by governmental agencies and specialty organiza-
tions to provide unified safety protocols for resuscitation led to the development of different resuscitative
protocols globally.
Conclusions: The ongoing COVID-19 pandemic modified the approach of first responders to OHCA. With the rise
in OCHA during the pandemic in several geographic regions and the risks of disease transmission with
superimposed equipment shortages, novel noninvasive, adjunct tools, such as point of care ultrasound, warrant
consideration. Further prehospital studies should be considered to optimize OHCA and resource management
while minimizing risk to personnel.

© 2021 Elsevier Inc. All rights reserved.
1. Introduction

Out-of-hospital cardiac arrest (OHCA) is defined as a cessation of
cardiac mechanical activity occurring outside of the hospital setting,
confirmed by absence of signs of circulation [1]. Approximately
326,000 OHCA events occur per year in the United States, making sud-
den cardiac arrests (SCAs) one of the leading causes of death [2].
OHCA is also common internationally, though incidence varies accord-
ing to region [3]. In the last year, there has been a rise in OHCA, postu-
lated to be connected to COVID-19 related-illness, the inability of
patients to seek care for preventative care or general medical illness,
and a reluctance to seek care because of COVID transmission in the hos-
pital setting [4-7]. The risk of transmission of the SARS-CoV-2 virus to
first responders performing cardiopulmonary resuscitation (CPR)
Medicine, George Washington
037, United States.
creates a dilemma in how best tomanage CPR in the pandemic. In addi-
tion to standard resuscitative maneuvers, emergency medical service
personnel (EMS) perform endotracheal intubation, an aerosol generat-
ing procedure capable of transmitting viral particles [8]. We aim to pro-
vide a narrative review describing the changes in OHCA characteristics
in several areas associated with the pandemic and review the logistical
challenges and exposure risks to first responders managing prehospital
sudden cardiac events duringCOVID-19.We also review theuse of point
of care ultrasound (POCUS) as a noninvasive tool to evaluate cardiac ar-
rest and propose its use as a diagnostic tool in OCHA as a way to dimin-
ish COVID exposure to prehospital personnel.

2. Methods

Searches using PubMed, Google Scholar, medRxiv, and SCOPUS for
articles using a combination of the keywords “COVID-19,” “SARS-CoV-
2,” and “OHCA”, “out-of-hospital cardiac arrest”, “cardiopulmonary re-
suscitation”, “CPR”, “emergency medical services”, and “bystander
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CPR” were performed. Studies comprised systematic reviews, case re-
ports, case-studies, observational studies, retrospective and prospective
studies, letters, perspectives, commentaries, and clinical guidelines. Ref-
erences of all included studies were also reviewed to identify additional
sources. Only studies in English (including translated studies) were in-
cluded. The initial literature search identified 409 articles, of which
145 were deemed duplicates across the search systems. Of the remain-
ing 93 pieces, 52 articles were focused on traumatic cardiac arrest, in-
hospital cardiac arrest, editorial, expert opinion or reported preliminary
results. This produced a total of 41 articles included in our final review.
Key points from these articles were identified and organized according
to changes inOHCA incidence, impacts of emergencymedical service re-
sponse to OHCA events. A summary of the search algorithm is available
in Fig. 1.

3. Results

3.1. Incidence of out-of hospital cardiac arrests during COVID-19

There is not one specific trend in OHCA that could be associatedwith
the COVID-19 pandemic. Several studies showed an increase in OHCA,
while other studies reported a drop or no changes in OCHA incidence
(Table 1).

Lombardy, Italy, New York City, USA, and Paris, France, are areas that
saw large increases in COVID-19 transmission early in the pandemic.
Fig. 1. Study query, inclusion
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These areas also demonstrated an increased incidence of OHCA during
their respective peak COVID periods, when compared to similar time
frames in previous years [4-6]. In the Northern Italian region of Lom-
bardy, a 52% increase in OHCA incidence was observed in the two
month period following its first recorded COVID-19 case (February
21th to April 20th) compared to the same time frame in 2019 [4]. The
OHCA curve in this region closely mirrored the COVID pandemic
curve, with a high percentage of OHCApatients either having confirmed
COVID or a COVID-like illness. Likewise in New York City, from March
1st to April 25th, the incidence rate of OHCA within city limits tripled
from the same time interval in 2019 [5]. Of the excess OHCA events in
this time period, 90% resulted in out-of-hospital deaths. A similar
study by Mountantonakis et al. in New York City from March 20th to
April 22th also reported an increase in OHCA events of 223% from
2019 [6]. Authors hypothesized that the observed increases weremulti-
factorial, with challenges in accessing and seeking care as possible root
causes. An observational study in Paris, France showed a doubling in the
incidence of OHCAs from March 16th to April 26th when compared to
the same timeframe from nine previous years [7]. This study noted
that a greater proportion (90.2%) of OHCAs occurred in the home setting
compared to previous years (76.8%) and also demonstrated an increase
in OHCA mortality after multivariate regression analysis. A meta-
analysis utilizing data from New York, Lombardy, and Paris studies
by Singh et al. showed a nearly two-fold increase in odds ratio of
OHCA during the first half of 2020 in comparison to 2019 [9].
, and exclusion criteria.



Table 1
Change in Incidence of out-of hospital cardiac arrest events during COVID-19.

City or region Reported change in OHCA incidencea Studied time interval Statistically significant? Source

Lombardy, Italy +52% (Regional mean)
+169%, Lodi
+106%, Cremona
+31%, Pavia
+12%, Mantova

February 21, 2020–April 20, 2020 Yes [4]

New York City, USA +199% March 1, 2020–April 25, 2020 Yes [5]
New York City, USA +223% March 20, 2020–April 22, 2020 Yes [6]
Paris, France +99%b March 16, 2020–April 26, 2020 Yes [7]
Padua, Italy -2.9% March 1, 2020–April 30, 2020 No [10]
King County, Washington, USA -0.3% January 1, 2020–April 15, 2020 No [11]
Munich, Germany -6.9% January 1, 2020–August 31, 2020 No [12]
Western Pennsylvania, USA -1.8%c March 1, 2020–May 25, 2020 No [13]

a Standard of comparison is 2019 OHCA incidence in a given region, unless otherwise noted.
b Standard of comparison was mean OHCA incidence in Paris, France during 3–16–4-26 from 2012 to 2019.
c Standard of comparison was mean OHCA incidence from January 2016 to February 2020.
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Other studies showed no appreciable change in OHCA associated
with the COVID-19 pandemic. Padua, Italy saw no significant changes
in OHCA incidence during the peak pandemic period compared to
2019 or previous years [10]. A study fromWashington State from Janu-
ary to April 2020 also found no change in OHCA (incident rate ratio of
0.997 for OHCA events between 2019 and 2020 [95% CI 0.989–1.016.
p= .72]) [11]. A study by Huber et al. of the urban regions surrounding
Munich, Germany likewise demonstrated no appreciable change in
OHCA incidence between 2020 and the mean incidence from 2017 to
2019 [12]. A review of OHCA data by Elmer et al. from rural areas of
Pennsylvania comparedOHCA incidence from January 2016 to February
2020 to the time period of March 1st to May 25th, 2020 and found no
significant change in the incidence of OHCA [13].

3.2. Risks and logistics for OHCA during COVID-19

Therewas not widely accepted, international guidance and processes
for resuscitation of OHCA during the pandemic, as there remains an on-
going debate as to the level of risk of exposure for first responders. The
World Health Organization recognizes CPR as an aerosol-generating pro-
cedure (AGP) [14,15]. With that understanding, most published guid-
ance favored the safety of EMS personnel in the form of required PPE
(gloves, eye protection, and surgical masks) or delayed resuscitation
until PPE was acquired and donned. These recommendations were rein-
forcedwith reports early in the pandemic from experiences related to in-
hospital resuscitation. The Centers for Disease Control and Prevention
(CDC) published a report about a group of healthcare personnel without
proper PPE exposed to a hospitalized, COVID-19 patient in California
early on in the pandemic. Of 121 exposed healthcare personnel,
43 became symptomatic, with three testing positive for COVID [16].
The authors recommended the use of a N95 or higher-level respirators
as necessary to protect frontline workers performing AGP.

Many National Resuscitation Councils, including those of Australia,
New Zealand, the United Kingdom, and the United States, recom-
mended a conservative approach to CPR [17]. These conservative mea-
sures included rescue breathing with a bag-mask device with a filter
and tight seal [18]. The Australian College of Emergency Medicine, rec-
ognizing thatmany first respondersmay not have access to all appropri-
ate PPE for COVID-19, strongly recommended that first responders don
at least gloves, eye protection, and a surgical mask before initiating
chest compressions [17]. Health agencies, such as the American Heart
Association (AHA), English National Health Service (NHS), and Belgian
Resuscitation Council, released guidance that promoted first responder
safety by limiting resuscitative efforts until first responders donned PPE
[19-22]. The International Liaison on Resuscitation (ILCoR) published
more liberal guidance suggesting that lay rescuers consider chest com-
pressions and public access defibrillation, initiation of rescue breaths
(and chest compressions when appropriate) for infants and children,
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and for healthcare workers to consider defibrillation prior to donning
PPE where perceived benefit outweighed potential risks [23]. The De-
partment of Health and Social Care (DHSC) in England indicated that
emergency medical service (EMS) personnel should carry out CPR
whilewaiting for further support, without necessitating proper donning
of PPE, as chest compressions and defibrillation were not deemed to be
AGPs [20,22]. DHSC guidance indicated that delayed resuscitation led to
avoidable fatalities. This was acknowledged in a systematic review by
Couper et al. stating that CPR delayed by a fewminutes reduced the like-
lihood of patient survival. They also conceded that providing CPR to a
COVID-probable or positive patient without PPE placed healthcare
workers at risk [24]. The systematic review also pointed out that
amongst the published studies, none resolved the debate of whether
chest compressions and defibrillation generated aerosols. Sayre et al.
argued that while approximately one healthcare worker per 10,000
may die due to viral transmission from CPR on a COVID-19 patient,
roughly 300 lives per 10,000 with OHCA would be saved as a result of
CPR [11]. They suggested that bystander CPR should only be delayed
for proper PPE donning in regions of particularly high COVID-19 inci-
dence. Even in cases where chest compressions were associated with
viral transmission, the exposure to other airway maneuvers during re-
suscitationmade it difficult to isolate chest compressions as the solitary
cause of transmission.

In addition to policy challenges and changes governing resuscitation
during COVID-19, the pandemic created unique stressors to the
response systems to OHCA and non-OHCA events, including changes
in response time, bystander CPR and assistance, decrease in resuscita-
tion attempts and the utilization of specific termination of resuscitation
protocols. Some of these impacts are detailed in Table 2. Studies noted
an increase in time for EMS response as a result of COVID phone screen-
ing questions (COVID status and symptomology), increased dispatcher
workload, and delays in EMS departure due to the need for PPE donning
[7]. However, the transit time fromEMSdeparture to arrival at the scene
generally decreased due to a reduction in vehicle traffic. In Paris, BLS
teams were limited to one person per patient to reduce exposure and
to increase distribution of first responders [25].

There were reductions in bystander CPR inmany of the studied geo-
graphic regions. While not an official part of any EMS system, bystander
CPR is relied upon intervention that plays a crucial role in OHCA sur-
vival. In Italy, Baldi et al. found EMS response times actually increased
with median arrival time increased by three minutes, and a 15.6%
drop in incidence of bystander CPR during OHCA events [26]. Of these,
COVID-positive patients represented 77.4% of the excess OHCA calls.
Lockdowns, as a result of COVID-19, led to unique circumstances for
EMS personnel. Jost et al. noted that “laypeople” who would ordinarily
help with CPR were no longer available to support EMS efforts and
emergency response teams [25]. Many automatic external defibrillators
(AED) stations were inaccessible with the closure of most public places.



Table 2
Consequences of COVID-19 on EMS response to OHCA events.

Consequence on EMS Response Additional Notes Source

Increased EMS response time as a
result of:

-COVID-19 phone screening
questions
-Increased dispatcher workload
-Delays in departure due to PPE
requirement for personnel

Delays in ambulance departure
mostly attributed to need for PPE;
ambulance sanitization and
increased number of trips are also
factors

[7,26]

Fewer resuscitative maneuvers
attempted by EMS personnel
per OHCA incident

Reduction from 52% to 39% of OHCA
events led to resuscitative efforts
noted in Padua, Italy

[10]

Need for PPE prior to initiation of
resuscitation

Consists of gloves, goggles, and
surgical mask
Delayed CPR can lead to reduced
likelihood of patient survival

[17-22]

BLS and CPR training for EMS
personnel on hold

Put on hold due to need for close
quarters training and practice with
mouth-to-mouth resuscitation

[44]

Decreased incidence of bystander
CPR for OHCA events

Additive effects of bystander
reluctance, as well as guidance
requiring PPE prior to CPR initiation

[26,35]

Inaccessible public AED stations Closure of locations as a result of
lockdowns

[25]

Limited EMS personnel per
incident response

Reducing potential exposure while
increasing first responder
distribution

[25]

Varied rates of resuscitative
termination

Decentralization of EMS oversight in
urban areas

[36]

OHCA; out of hospital cardiac arrest, EMS; emergency medical service, PPE; personal pro-
tective equipment, CPR; cardiopulmonary resuscitation, BLS; basic life support, AED; auto-
mated external defibrillator.
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The majority of studies that looked at OHCA noted a drop in resusci-
tation attempts during the COVID-19 pandemic as well as the invoking
of specific termination of resuscitation (TOR) protocols in several cities.
In Padua, Italy, 39% of EMS events during the peak of the pandemic led
to resuscitation attempts compared to 52% for similar time frame in
2019 [10]. Likewise in New York City, 89% of OHCA cases experienced
termination of resuscitation during the pandemic period compared to
74% during the equivalent period in 2019 [5]. In Spain, the total number
of country-wide resuscitation attempts dropped during the pandemic
from February 1st to April 30th, when compared to similar time periods
from two previous years (2017 and 2018) [27]. Los Angeles County and
New York City governing councils released statements prohibiting the
transport of OHCA patients with potential COVID infection without re-
turn of spontaneous circulation [28,29]. In both cases, this specific guid-
ance was released in an effort to minimize exposure risk for first
responders. Because of the decentralized nature of EMS oversight in
Los Angeles County, there may have been further variability in the
rates of TOR [30].

4. Discussion

In several studies and cities, there appears to be a strong correlation
between thenumber of COVID-19 cases andOHCA events. The strongest
correlation was demonstrated in Lombardy, Italy with a COVID pan-
demic curve and OHCA event curve that closely mirrored one other
[4]. Landi and De Servi proposed several different hypotheses that con-
tributed to the rise in the incidence of OHCAwhich included a combina-
tion of healthcare reorganization, lockdown measures, and reductions
in hospital visits and admissions for cardiovascular events such asmyo-
cardial infarction, heart failure, and dysrhythmias [31]. In the Paris
study,Marijon et al. proposed the rise in OHCAdeathswere likely linked
to the difficulties in accessing medical care, reluctance and fear of visit-
ing the emergency department (ED) or medical offices, increased psy-
chological stress, and scaled back non-essential medical services,
interventions (such as elective surgeries), and consultations in Paris
during the pandemic [7]. Similarly, authors from Munich, Germany
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hypothesized that regions reporting a high incidence of COVID-19 pos-
itivity during peak pandemic periods saw a decrease in non-COVID re-
lated hospital visits likely due to public fears of contracting COVID-19
[12]. This may explain why regions such as Lombardy [4], New York
City [5,6], and Paris [7] experienced significant increases in OHCA inci-
dence, while other regions with lower COVID-19 incidence such as
rural areas of Pennsylvania, USA [14] (2 cases per thousand residents)
saw no changes in OHCA incidence. Expanding on this hypothesis,
Scquizzato et al. postulated that delays to hospital care may be associ-
ated with increased incidence of acute hypoxemic respiratory failure
(evolves into cardiac arrest) as well as an increase in the presence of
non-shockable rhythms during CPR [32]. Delays in care, related to the
pandemic, which led to cardiac arrest, especially amongst patients
with preexisting conditions, warrants further exploration. A report in
England demonstrated that acute myocardial infarction (AMI)-related
hospitalizations dropped substantially during their peak pandemic
period, coinciding with an increased incidence of OHCA [33]. These
authors also noted that patients with AMI who were hospitalized after
OHCA faced increased delays to reperfusion, less frequently received
invasive coronary angiography, and were less likely to receive patient
care from a specialist.

Hospital reorganization in response to COVID-19demandsmay have
negatively impacted patients with preexisting heart and heart-related
conditions. These findings suggest that OHCA spikes are associated
with both hesitancy in visiting hospitals as well as reprioritized hospital
resources in favor of COVID-19 positive patients. As more data becomes
available, larger comparisons and trends of COVID-19 and OHCA cases/
events can be better evaluated to determine if a broader relationship
exists.

The presence of the COVID-19 pandemic altered how OHCA events
were managed by the emergency response systems. In Padua, Italy re-
suscitative maneuvers were attempted in 39% of OHCA cases during
the pandemic period in 2020 compared to 52% in the equivalent time
period from 2019 [10]. Similar findings were reported in Paris, France
[7] as well as a more recent study from Spain, where a reduction in re-
suscitation events was reported and found to be independent of levels
of local community transmission, particularly in theweeks immediately
following their national shutdown [13]. These findings could be related
to due to a variety of factors, including fear of disease transmission, lim-
ited resources at accepting hospitals, and data suggesting particularly
poor prognosis in COVID patients with cardiac arrest. Additionally, de-
lays in EMS response times likely lead to prolonged downtimes, making
resuscitative efforts less successful.

The reluctance of bystanders to perform CPR and limited access to
public AEDs probably contributed to OHCAmortality in local communi-
ties during the pandemic. Reluctance by lay-people to perform CPRwas
already problematic prior to the pandemic [34]. The aversion to
performing CPR was only exacerbated [25] in the setting of a virus
transmitted through aerosols. Baldi et al. demonstrated that rates of
lay-person CPR decreased in Italy [35], in line with other studies. The
reluctance to perform CPR was further complicated by guidance from
national resuscitative councils in Australia, New Zealand, United
Kingdom, and the United States, mandating PPE be donned prior to ini-
tiating resuscitative maneuvers [17]. The reduction in lay-person resus-
citation combinedwith delays in EMS initiating resuscitation, favors the
safety of the responders, but comes at the expense of positive OHCA pa-
tient outcomes.

In addressing pre-hospital OHCA response, the use of point-of-care
ultrasound (POCUS) is intriguing but unproven as of now. A few studies
have shown that POCUS has predictive value in OHCA outcomes such as
in-ED mortality and survival to ED admission [36-39]. There are, how-
ever, many barriers to implementation, such as mechanical US device
failure, deferred US use for purposes of other interventions, and logistics
of transferring US devices between EMS vehicles [40]. Nonetheless, sev-
eral other studies have shown that limited training time for EMS per-
sonnel can lead to proficient evaluation of patients with cardiac
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standstill [41-43]. Implementation of POCUS in pre-hospital settings
may be feasible, but much more research and field data during COVID-
19 is needed.

As the pandemic evolves, so may the characteristics of OHCA and
prehospital care, particularly as additional data becomes available to in-
formbest practices and EMSprotocols.Most importantly, wemust learn
from our experiences. For instance, the onset of mass vaccinations has
the potential to change case-by-case resuscitation protocols in the
near future, depending on the vaccination history of the patient. This
will need to be continually monitored as we continue our response to
this pandemic.

4.1. Limitations

There are notable limitations in the literature review for OHCA and
the use of POCUS in OHCA. Although the findings in our review suggest
a relationship between COVID-19 and an increase in OHCA incidence,
the retrospective nature of this study does not allow causation as a con-
clusion. There are also several noted studies that demonstrated lower
OHCA incidence during peak pandemic periods, which contradicts
other noted trends. Variable regional COVID-19 incidence rates were
explored as potential causes for the difference in OHCA rates. Addition-
ally, our search algorithm excluded studies that were not written or
translated in English, which may have led to exclusion of other data
sets. This review looked at emergency response acrossmanydiscrete re-
gions of the globe (which reached peak pandemic periods at different
time points) and have variations in their EMS systems. Findings in one
city or region may not be generalizable to other locales. Additionally,
our findings are only relevant to regionswithwell-established EMS sys-
tems; we cannot generalize findings to regions without such systems.
Further studies with OHCA-specific patient populations are necessary.
Although there are studies published about the use of POCUS in OHCA
events, there has yet to be literature published about this topic during
the COVID-19 pandemic. As a result, the potential for true translational
practice to COVID patients remains speculative and unknown. Many of
the studies in this reviewwere published early in the pandemic and cur-
rent trends and practices likely changed as the pandemic evolved.

5. Conclusions

The ongoing COVID-19 pandemic altered the approach of first re-
sponders to OHCAs. Given its rise in incidence in several regions, impact
on provider response, and conservative trending guidance on the use of
PPE during resuscitative attempts, novel approaches such as POCUS de-
serve attention and further prehospital studies to evaluate OHCA pa-
tients while maintaining provider safety. Additionally, prehospital
protocols must be continuously refined based on the most up to date
data and consensus guidelines, during this rapidly evolving pandemic.
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