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Introduction: Coronavirus disease of 2019 (COVID-19) has resulted in millions of cases worldwide. As the pan-
demic has progressed, the understanding of this disease has evolved. Its impact on the health and welfare of
the human population is significant; its impact on the delivery of healthcare is also considerable.
Objective: This article is another paper in a series addressing COVID-19-related updates to emergency clinicians
on the management of COVID-19 patients with cardiac arrest.
Discussion: COVID-19 has resulted in significant morbidity and mortality worldwide. From a global perspective,
as of February 23, 2022, 435million infections have been noted with 5.9 million deaths (1.4%). Current data sug-
gest an increase in the occurrence of cardiac arrest, both in the outpatient and inpatient settings, with corre-
sponding reductions in most survival metrics. The frequency of out-of-hospital lay provider initial care has
decreased while non-shockable initial cardiac arrest rhythms have increased. While many interventions, includ-
ing chest compressions, are aerosol-generating procedures, the risk of contagion to healthcare personnel is low,
assuming appropriate personal protective equipment is used; vaccinationwith boosting provides further protec-
tion against contagion for the healthcare personnel involved in cardiac arrest resuscitation. The burden of the
COVID-19 pandemic on the delivery of cardiac arrest care is considerable and, despite multiple efforts, has
adversely impacted the chain of survival.
Conclusion: This review provides a focused update of cardiac arrest in the setting of COVID-19 for emergency
clinicians.

© 2022 Elsevier Inc. All rights reserved.
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1. Introduction

Cardiac arrest is a major public health issue, associated with low
rates of survival, poor neurologic outcome among survivors, and high
resource utilization in both prehospital and hospital environments
[1,2]. Despite extensive research and substantial clinical effort, survival
rates for out-of-hospital cardiac arrest (OHCA) range from 3 to 10.4%;
in-hospital cardiac arrest (IHCA) survival rates range from 12.4–26.4%
[2-6]. In the out-of-hospital environment, cardiac issues are the primary
etiology, with the majority of OHCA occurring as a result of acute coro-
nary syndrome and the sequelae of past myocardial infarction, referred
to as cardiogenic cardiac arrest [7]. Among personswith IHCA, the range
of etiologies is broader, consisting of approximately 60% cardiogenic
and 40% non-cardiogenic [8].

The challenges faced and difficulties associated with cardiac arrest
care have been further compounded by the COVID-19 pandemic. The
first outbreakwas reported in late 2019 inWuhan, China before spread-
ing rapidly around the globe, reaching pandemic status on March 11,
2020 [9-12]. As of February 23, 2022, 429 million cases have been diag-
nosed worldwide with 5.9 million deaths [13]. In the COVID-19 pan-
demic era, cardiac arrest is occurring more often and is associated
with an extremely high mortality rate (as much as 100% for COVID-19
patients experiencing IHCA) and poor resultant functional status (6.3%
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with good neurologic outcomes at 30 days; 95% confidence interval [CI]
0.4–9.7%) [14-18].

COVID-19may result in cardiorespiratory compromise in thosewith
severe disease and those with underlying cardiorespiratory conditions
[19]. Fear of contagion and limited resource availability have impacted
patient access to medical care [19-21]. Furthermore, the high demand
for service has understandably delayed urgent treatment, which may
result in cardiac arrest [20]. In fact, many centers have reported a reduc-
tion in the presentation of ST segment elevation myocardial infarction
(STEMI) and cerebrovascular accident (CVA) during the pandemic,
with many of these patients staying home with their illness and poten-
tially risking cardiac arrest [21].

For OHCA, the incidence of OHCA has increased while survival rates
have declined commensuratelywith COVID-19 in several studies, which
may be due to several important factors [11,22-26]. Due to concerns of
viral spread, bystanders may be less willing to intervene in OHCA [27-
30]. Because of social distancing and quarantines, the likelihood of a
witnessed arrest occurring in public, with a knowledgeable bystander
capable of performing CPR and/or applying an automated external defi-
brillator (AED)may have decreased [30]. Additionally, according to one
meta-analysis, field terminations (odds ratio [OR] = 2.46, 95% CI
1.62–3.74) and asphyxial etiologies (OR = 1.17, 95% CI 1.02–1.33)
have increased, while rates of shockable rhythm (OR = 0.73, 95% CI
0.60–0.88), ROSC (OR=0.65, 95%CI 0.55–0.77), and survival to hospital
admission (OR = 0.55, 95% CI 0.48–0.89) have decreased compared to
the pre-pandemic period [30].

Similarly, the COVID-19 pandemic has adversely affected IHCA care
and outcomes. Prior to the COVID-19 era, significant variation existed
among hospitals regarding IHCA care and survival outcomes; the pan-
demic has only accentuated this variation [31]. IHCA is also more likely
to be associated with a non-shockable rhythm (76.5%) and occur in the
ICU (73.7%) [32]. Factors such as emphasis on healthcare personnel use
of personal protective equipment (PPE) prior to contact, increased pa-
tient volume, and strained resources impact response times and subse-
quent outcomes [17,31].

2. Methods

A literature reviewof PubMed, OvidMedline, andGoogle Scholar da-
tabaseswasperformed for articles up to January 31, 2022, using the key-
words ‘COVID’ OR ‘COVID-19’ OR ‘SARS-CoV-2’ OR ‘coronavirus’ AND
‘cardiac arrest’OR ‘heart arrest’ for this narrative review. The authors in-
cluded retrospective and prospective studies, systematic reviews and
meta-analyses, clinical guidelines, and other narrative reviews. Com-
mentaries and letters were also included. The literature search was re-
stricted to studies published in English. Authors reviewed all relevant
articles and decided which studies to include for the review by consen-
sus, with a focus on emergencymedicine-focused and -relevant articles,
including guidelines. At least two authors reviewed each included arti-
cle with an additional author added if disagreement occurred (in fact,
no disagreement occurred in this article selection process). Initially,
187 articles were identified by manuscript title review; 82 articles
were removed from consideration based upon abstract and/or full text
review. A total of 105 references were ultimately selected for inclusion
and used in the development of this review.

3. Discussion

3.1. Epidemiology, demographics, and prognosis

In both OHCA and IHCA, the outcome of cardiac arrest has worsened
during the COVID-19 pandemicwith lower survival and optimal neurol-
ogic status among survivors. Unfortunately, despite an increased under-
standing of COVID-19 and its impact on the human body, the general
trend from early to later in the pandemic has not shown a significant
improvement in survival and/or neurologically intact survival over
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time for the cardiac arrest victim [24,33-35]. This phenomenon was
well-described early in the pandemic in numerous regions of the
world, including the United States, Italy, and France [24,33,35,36]. The
pooled annual incidence of OHCA increased by as much as 39.9% (p <
0.001); with this increased rate of occurrence, other key metrics signif-
icantly worsened, including reduced rates of return of spontaneous cir-
culation (ROSC; OR = 0.65, 95% CI 0.55–0.77), frequency of shockable
cardiac arrest rhythms (OR=0.73, 95% CI 0.60–0.88), survival to hospi-
tal admission (OR=0.65, 95% CI 0.48–0.90), and hospital discharge (OR
= 0.52, 95% CI 0.40–0.69) [30].

Beyond the initial wave of the pandemic, the literature reports that
each subsequent surge, while there has been an observed increase in
cardiac arrest in the out-of-hospital setting, this rise has not been pro-
portional to the magnitude of COVID-19 infection in many areas [37].
This evidence appears to be conflicting, with some authors reporting in-
creases in OHCA incidence (Denver and Lombardy, Italy) while others
report either no change or a decrease in subsequent surges (Paris and
southern Germany) [24,34,37,38]. This discrepancy likely results from
numerous factors, includingdifferences in system capability, geographic
variation in COVID-19 burden, and local public measures.

3.1.1. Out-of-hospital cardiac arrest
According to a systematic review by Lim et al., OHCA has increased

by 120% since the start of the pandemic, with increased mortality (OR
=0.67, 95% CI 0.49–0.91) [39]. This increase in incidence has been dem-
onstrated worldwide [23,35,40]. When comparing patient characteris-
tics during the COVID-19 pandemic to the prepandemic time, it is
clear that epidemiologic patterns have changed. Patients were more
likely to be non-White or Black, male, and older [35,41,42]. Other com-
mon features of OHCA during the pandemic include a greater share of
patients presenting with asystole initially, arrest occurring at home,
andmechanism classified as “other”, whichwould include presumptive
COVID-19 infection [39,41]. The proportion of resuscitation attempts
did not differ [39]. Before the pandemic, patients were more likely to
achieve ROSC and be intubated while mechanical CPR device usage
did not differ significantly [39]. Australian authorities reported a reduc-
tion in pre-arrival care as well as delays in delivery of several key EMS
interventions including time-to-first defibrillation and time-to-first epi-
nephrine [43].

OHCA patients with COVID-19 demonstrated higher 30-day mortal-
ity (OR = 3.40, 95% CI 1.31–11.64) compared to those without COVID-
19 and lower adjusted 30-day survival (4.7% with COVID-19 versus
9.8% COVID-19 negative) [44]. It is important to note OHCA cases may
be underestimated due to limitations in data collection [45] and paucity
of viral testing. There are conflicting studies regarding changes in by-
stander CPR and defibrillator usage, either remaining unchanged or de-
creasing throughout the pandemic [30,39,41,46].

3.1.2. In-hospital cardiac arrest
As with outpatient cardiac arrest, inpatient experiences revealed a

similar increased incidence of IHCA and poorer survival rates
[33,47,48]. Among patients with COVID-19, the incidence of IHCA for
non-ICUpatientswas 2.2% and15.4% for ICU patients [48]; cardiac arrest
most often occurred on hospital day 4 [18,26]. For IHCA patients with
COVID-19 infection, ROSC varied from 13.2–54%, survival to hospital
discharge ranges from 0 to 12%, and good neurologic outcomes 0–0.7%
[14,15,17,44,48-51]; when considering inpatient location of cardiac ar-
rest, survival to hospital discharge was worse for non-ICU patients
(0.7%) versus ICUpatients (9.1%) [48]. As noted in the OHCA population,
co-morbid conditions also occurred with greater frequency among in-
patients [49]. The majority of IHCA patients presented with a non-
shockable rhythm (89%) [18]. Multiple studies have noted an age asso-
ciation with the occurrence of IHCA; in fact, the incidence of cardiac ar-
rest increased relative to age with each successive decade of life,
peaking in the seventh decade [18,49].
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A study examining patients who died from COVID-19 in the hospital
found 50% of those who died were appropriately admitted to a non-ICU
level of care [52]. Patients appearedwell early on, with 56.1% of patients
not requiring any additional oxygen support [52]. Concerningly, before
an inpatient rapid response activation or cardiac arrest team was
alerted, 76.6% of non-ICU patients had a most recent oxygen saturation
of at least 90%; by the time the care team was alerted, however, 43.1%
were hypoxic to less than 80% [52]. Rapid deterioration appears to
be more frequent in these patients, thus close clinical monitoring,
if available, would likely benefit these individuals [52]. Similar findings
in the early pandemic with higher rates of IHCA in general wards –
compared to pre-pandemic periods – has been reported [17,33,47].
Sparse ICU bed availability is associated with higher case fatality rate
from COVID-19 [53].

3.2. Pathophysiology

Several general pathophysiologic scenarios are seen in the COVID-
19-related cardiac arrest victim [18,26,27,32,54,55]. COVID-19 can di-
rectly cause cardiac arrest through acute respiratory distress syndrome
as well as an exaggerated immune response with cytokine storm, car-
diovascular injury, and myocarditis [54,56]. In addition, the SARS-CoV-
2 virus binds to ACE-2 receptors in the myocardium, leading to cardio-
myocyte lysis and subsequent injury [56].

The most readily understood and common process involves viral
pneumonia with the development of adult respiratory distress syn-
drome, progressive hypoxia, and acidosis with resultant cardiac arrest
[17,26,30,44,55,57]. A variant of this process includes respiratory failure
and associated other organ system malfunction, producing multiorgan
failure syndromeandultimately cardiac arrest [26]. Another pathophys-
iologic scenario includes primarily cardiac involvement with the devel-
opment ofmyocarditis,myocardial injury, and/ormyocardial infarction;
in any of these myocardial ailments, hypoxia related to cardiac failure,
acidosis resulting from poor perfusion, and irritability of the myocar-
dium contribute to the development of cardiac arrest [54,55]. Other
acute cardiac events in COVID-19 patients, such as decompensated
heart failure and arrhythmias, can result in cardiac arrest [27,54,55]. In
addition, certain medications which have been taken for COVID-19,
such as hydroxychloroquine or azithromycin, might also increase
OHCA risk due to QT prolongation, especially in subjects with pre-
existing cardiac disease [54,58]. Moreover, the prothrombotic state
that has been reported in patients with COVID-19 can lead to pulmo-
nary emboli [32,56,59,60].

In a study of 40 consecutive post-mortem examinations of patients
experiencing fatal cardiac arrest related to COVID-19, three distinct pul-
monary pathologic patterns were noted, including acute lung injury
(ALI) in 73%, intravascular fibrin and platelet aggregates in 90%, and pul-
monary congestion (vascular congestion and hemangiomatosis-like
change; VCHL) in 50% [61]. Many patients experienced more than one
type of pulmonary pathology; furthermore, a subset of patients did
not demonstrate acute lung injury, categorized as non-ALI [61]. When
comparing clinical data to post-mortem findings, patients without the
ALI pattern had a shorter hospital course prior to cardiac arrest, chest
imaging without major consolidation, and no pathologically deter-
mined cause of death. These patients potentially experienced a primary
cardiogenic processwith suddenmalignant dysrhythmia, cardiac arrest,
and death or possible vascular cause including microthrombi [61].

3.3. Clinical presentation

Patients presenting with OHCA are, by definition, critically ill from
the start; little information is typically available to the care team as
they initiate resuscitation. When compared to pre-pandemic data, pa-
tients experiencing OHCA during the COVID-19 pandemic more often
were in non-public locations and were unwitnessed [39,41]. In the sub-
group of patients who experienced cardiac arrest after calling for EMS
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assistance, the most frequent chief complaints were dyspnea, cough,
fever, chest pain, altered level of consciousness, and “sick person”
[39,41]. Prior to the onset of EMS-witnessed cardiac arrest, these pa-
tients frequently demonstrated respiratory distresswith sinus tachycar-
dia, tachypnea, and low oxygen saturations. After EMS evaluation,
oxygen saturations in the lower 80% range and less, while not predictive
of cardiac arrest, were seen frequently in these patients. Non-shockable
cardiac arrest rhythms, including asystole and pulseless electrical activ-
ity, were encountered much more often [39,41].

This increase in non-shockable rhythms [62] in the out-of-hospital
setting could result from several issues, including delayed EMS response
times, more frequent unwitnessed events, and less frequent application
of pre-arrival care by bystanders; furthermore, a likely increase in non-
cardiogenic cardiac arrest physiology (i.e., respiratory mediated with
hypoxia, hypercarbia, and/or acidosis) likely also contributes to this
higher rate of pulseless electrical activity and asystole.

Among patients with IHCA, more medical information is usually
available regarding the peri-arrest period. The location of cardiac arrest
is the ICU inmost instances, althoughmany studies report an increase in
IHCA on non-critical care units; IHCA less often occurred in the emer-
gency department, compared to other inpatient locations. Two particu-
lar patterns of cardiac arrest occurrence are noted relative to the
duration of illness: early in the hospital course, on days 2 to 4 and
later, on days 11 to 14 [14,15,17,50,51]. Patientswho experience cardiac
arrest early in the hospital course tend to be admitted to non-critical
care units and have rather sudden decompensation. In fact, one study
demonstrated that patients admitted to non-ICU level of care suffered
rapid clinical deterioration, oftenwith a sudden decrease in oxygen sat-
uration, immediately prior to cardiac arrest [52]. Cardiac arrest later in
the hospital course more frequently occurs in the ICU; these patients
are often already receiving maximal supportive care with mechanical
ventilation, vasopressor infusion, and hemodialysis. Either significant
multilobar pneumonia or adult respiratory distress syndrome is fre-
quently present; these patients tend to have more gradual, additional
decompensation, leading to cardiac arrest. As would be expected
among inpatients with multiorgan failure, significant hypoxic,
hypercarbic respiratory failure, and non-shockable rhythms are com-
mon with pulseless electrical activity predominating [14,15,17,50,51].

3.4. Systems of care – prehospital and hospital considerations

As is widely known, a primary strategy in the management of the
OHCA patient is known as the “chain of survival” concept, which em-
phasizes a system-of-care approach that includes early access to care
and consists of five key links: (1) recognition of cardiac arrest and acti-
vation of the response system; (2) immediate cardiopulmonary resusci-
tation; (3) rapid defibrillation of shockable cardiac arrest rhythms;
(4) EMS or resuscitation team rapid response; and (5) advanced life
support care [7,22,62].

While each link is important, considerable investigation in cardiac
arrest resuscitation has demonstrated that the most important links in
the chain of survival are the earliest ones— recognition of cardiac arrest,
initiation of CPR, and application of an automatic external defibrillator
(AED) – all of which are performed largely by lay bystanders in the
out-of-hospital setting and non-resuscitation teammembers in the hos-
pital environment [63-66]. COVID-19 has adversely affected patient
outcomes as a function of decreased access to care and the alteration
of prehospital- and hospital-based healthcare systems [67]. Even prior
to the pandemic, bystanders were reluctant to initiate CPR, apply an
AED, or perform other appropriate pre-arrival care; due to fears of con-
tagion during the COVID-19 pandemic, this reluctance has increased in
magnitude. Beyond these barriers to pre-arrival care, the COVID-19
pandemic has had many other impacts on cardiac arrest systems of
care, including direct and indirect medical effects on patients as well
as psychosocial and ethical challenges to responders. Marijon et al. re-
ported a 6% absolute reduction in pre-arrival care by bystanders [36].
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A query of the National Emergency Medical Services Information Sys-
tem (NEMSIS) revealed a reduction in pre-arrival care, with some com-
munities reporting up to an 8.9% reduction in bystander-delivered pre-
arrival care [43]. A systematic review from thefirst year of the pandemic
noted that the rates of bystander CPR were significantly lower with an
odds ratio of 0.52 when compared to the prior year; this reduction in
pre-arrival care has continued throughout subsequent phases of the
pandemic [30].Multiple other studies performed across a range of com-
munities around the globe have demonstrated similar findings
[14,15,50,51].

The adverse impact on pre-arrival care requires alteration of pre-
existing plans and adaptation to local issues, such as available resources,
medical needs, and COVID-19 prevalence. For instance, the Paris Fire
Brigade initiated a comprehensive plan to protect healthcare personnel
and maximize patient outcomes. Modifications to multiple levels and
phases of the OHCA response have included the following: (1) emer-
gency communication center dispatcher instructions to responders to
openwindows and doors at the scenewhenever possible tomitigate re-
spiratory aerosols and initiate hands-only CPR; (2) realization that
many public access AEDs were not available due tomandatory business
or building closures; (3) reduction in the number of responding person-
nel; (4) EMS crew donning of all personal protective equipment (PPE)
prior to initiating the response; (5) use of mechanical CPR devices;
and (6) physician-performed endotracheal intubation using video tech-
nique. An early additional portion of this plan, which has been curtailed,
is a de-activation of smartphone-based applications aimed at commu-
nity notification of cardiac arrest [68]. Of course, many of these changes
are possible in most US-based EMS systems, except physician presence
on scene.

Considering the early impact of social isolation and mandatory
building closures, a Canadian study compared AED accessibility mea-
sured by density of foot traffic for a range of locations with reported
AEDs. They noted that 69.9% of public access AEDs were completely in-
accessible, 18.8% were partially inaccessible, and 11.3% were unaffected
(i.e., accessible). They. noted that recreational parks, retail and recrea-
tion locations, and workplaces experienced the greatest reduction in
AED accessibility; they also reported that the greatest discrepancies be-
tween foot traffic levels and AED accessibility occurred in parks, retail
and recreation locations, and transit stations. These investigators identi-
fied yet another significant adverse consequence of the COVID-19 pan-
demic – inaccessibility of AEDs due to voluntary and/or mandated
closures of building; furthermore, this inaccessibility not only occurred
in areas with markedly reduced presence of persons but also in locales
where foot traffic was not reduced [69].

For in-hospital resuscitation, all such patients should be assumed to
have COVID-19 until proven otherwise – this statement is universally
appropriate for all ED patients and likely appropriate for most hospital-
ized patients with the noted exception that accurate COVID-19 testing
may have been recently performed. It must be stressed that patients
with both asymptomatic and symptomatic COVID-19 infection are
sources of contagion to the healthcare team [70].

The patient experiencing cardiac arrest with suspected COVID-19
should immediately be placed in an airborne infection isolation room
(AIIR) if such a resource is avaialbe, also referred to as a negative pressure
room; alternatively, if not possible, a private room with a closed door is
strongly encouraged. During the resuscitation of cardiac arrest, healthcare
personnel may be required to perform aerosol generating procedures
Table 1
Aerosol-generating procedures during
cardiac arrest resuscitation.

• Chest Compressions
• Airway Suctioning
• Bag-mask Ventilations
• Insertion of Supra-glottic Airway
• Endotracheal Intubation
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(AGPs) such as bag-mask ventilation, airway suctioning, endotracheal in-
tubation (ETI), and chest compressions (Table 1). Performing AGPs in an
AIIR reduces cross-contamination among staff and patients outside the
room; importantly, resuscitation team personnel can still be exposed to
and contaminated with viral particles in these rooms. While many
healthcare facilities have developed novel alterations to existing patient
care spaces with the ability to convert to negative pressure status, these
rooms are still a limited resource. Furthermore, as seen inmany instances
of IHCA related to COVID-19, [52] sudden deterioration is common, mak-
ing it difficult to predict the likelihoodof cardiac arrest andpre-placement
of such patients in an AIIR.

PPE should be worn by all teammembers and donned prior to entry
into the resuscitation room or immediate area, regardless of patient
condition [71,72]. Drawing on the experiences of the Paris Fire Brigade,
fire crews would don all PPE prior to initiating the response; the place-
ment of PPE – in this case, gloves, N95 respirators, eye protection,
gowns, and overshoes – required approximately oneminute [73]. Proto-
cols describing minimum PPE needed to perform resuscitation-related
AGPs, as recommended by the Centers for Disease Control and Preven-
tion (CDC) and the American Heart Association's (AHA) updated Ad-
vanced Cardiac Life Support (ACLS) guidelines, [71,72,74] have been
proposed yet these recommendations are based on low-quality evi-
dence [75]. Healthcare personnel should don the following PPE before
entering the resuscitation room or area, regardless of the patient's cur-
rent condition: respiratory protection [e.g., N95 respirator, P-100 respi-
rator, powered air purifying respirator (PAPR)], eye protection (goggles
or full-face shield), long-sleeve gown (covering forearms to the wrist),
and gloves. Much of this information is based on experience with
other airborne infectious agents, demonstrating that many healthcare
personnel have not developed infection during the clinical care of pa-
tients involving AGPs when suitably protected [70,75]. While a P-100
respirator or PAPR may provide more protection than a properly fitted
N95 respirator, they may negatively impact the provider's ability to
communicate with other team members and perform various manual
tasks [71,72].

The number of IHCA team members allowed to enter the room and
engage in caremust be limited. It is also appropriate to limit the number
of healthcare personnel in the resuscitation room, primarily to reduce
the number of COVID-19-exposed individuals but also to rationally
use (and thus conserve) PPE. The actual number of team members in
the resuscitation room will vary based upon several factors, including
local personnel resource availability, practice patterns, and patient
needs. Immediately outside the resuscitation room or area, additional
personnel can be stationed, including a pharmacist, nurse serving as a
safety officer, and patient care technician for other duties as needed
[70-72].

Any equipment or personnel that do not require immediate entry
into the patient room should remain in the hallway for prompt access.
For example, the code cart with appropriate medications and supplies
can remain in the hallway immediately adjacent to the doorway. The
safety officer or other assigned personnel can provide rapid access to
any requestedmedications, supplies, or equipment.With this approach,
the code cart and its contents do not need to be discarded afterwards
due to contamination. Conversely, the monitor-defibrillator and appro-
priate cables for monitoring and delivery of therapy likely will require
placement in the room, adjacent to the patient; after care has been ren-
dered, this device will need to be decontaminated [70].

3.5. Cardiac arrest management

In the approach to cardiac arrest during the pandemic, it should be
assumed that the patient has COVID-19 infection with the potential
for contagion – this statement includes not only patients with known
COVID-19 but also those of either suspected or unknown infection sta-
tus. The priorities of resuscitation of the patient have not changed; the
primary components include appropriate circulation, provision of an
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adequate airway, and supporting sufficient oxygenation and ventilation
(the C-A-B approach with “C” for circulation, “A” for airway, and “B” for
breathing). Themeans andmethods of addressing these priorities, how-
ever, have changed somewhat. These changes are based not only on pa-
tient care needs but also on themandate to protect teammembers from
COVID-19 infection. Recent guidelines have been published for both
OCHA and IHCA [71,72]. Table 2 provides the key points for resuscitation
in cardiac arrest in the COVID-19 era.

3.5.1. Circulation
Interventions aimed at achieving best-possible circulation include

chest compressions, defibrillation of shockable rhythms, bolus-dose
medications, and intravenous fluid administration. Of these interven-
tions, chest compressions are the essential initial treatment for any pa-
tient in cardiac arrest; it is important to note that chest compressions
are considered an AGP [72,76]. As has been known for many decades,
high-quality compressions with limited interruptions are life-saving
and have a significant impact on increasing neurologically intact sur-
vival; this observation is still valid during the current pandemic. In
fact, it is recommended that chest compressions be started as soon as
possible [72]. Mechanical compression devices have been suggested as
appropriate for certain cardiac arrest venues, including the resource-
limited scenarios and a bridge to extracorporeal membrane oxygena-
tion [72,76]. Such devices would significantly reduce the number of
team members in the resuscitation room and thus limit the potential
for contagion. [17,70,77] In addition, several simulation studies have
Table 2
Considerations in Cardiac Arrest

Contagion reduction

• Appropriate use of PPE is essential for healthcare personnel safety to reduce risk
of infection.

• All providers should wear an N-95 respirator (or equivalent) and other appro-
priate PPE (gown, gloves, eye protection) when performing AGP (i.e., CPR, air-
way intervention).

• Persons not wearing PPE should leave the room/area immediately.
• Healthcare personnel can significantly reduce their risk of infection, severe
illness, and death through receiving vaccine and booster against SARS-CoV-2.

Resuscitation

• General Priorities
ο In adults, prioritize chest compressions and defibrillation for shockable

rhythms

• Chest Compressions
ο Initiate compressions by healthcare personnel wearing PPE without delay.
ο Mechanical CPR devices should be considered if available to limit provider

exposure - note that current data do not demonstrate improved patient outcomes.
ο Prioritize and maximize chest compression fraction.

• Defibrillation
ο Defibrillate as soon as possible for shockable rhythms by healthcare providers

wearing PPE without delay.

• Oxygenation, Ventilation, & Airway Management
ο If agonal breathing is present, passive oxygenation (placement of oral airway

with 100% oxygen delivery via face mask) is recommended until HEPA filtered
ventilation is possible.

ο Utilize a securely attached HEPA filter for all ventilation devices, including
bag-mask ventilations, supraglottic airway, and endotracheal tube.

ο Use a bag-mask-HEPA filter with tight seal for ventilation until supraglottic or
endotracheal airway is established.

ο For endotracheal intubation, utilize the provider with a high chance of first--
pass success.

ο Utilize video laryngoscopy if possible.
ο If the intubator is experienced with use of an intubation box, there is insuffi-

cient evidence to support their use.
ο Pause compressions only to facilitate intubation if necessary.
ο Avoid endotracheal administration of medications if possible.
ο Reduce closed ventilation circuit disconnections.
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demonstrated that the ability to perform CPR and other life-saving pro-
cedures is compromised when PPE is in place. It is recommended that
additional compressors be available, if possible, due to the enhanced fa-
tigue associated with PPE-performed chest compressions [72,78-80].

A successful strategy aimed at improving oxygenation and ventila-
tion is patient proning, both with and without mechanical ventilation.
This approach has been demonstrated to reduce morbidity and mortal-
ity in critically ill COVID-19 patients with acute hypoxic respiratory fail-
ure [81,82]. Several mechanisms responsible for this improved outcome
have been postulated, including improved expansion of lung tissuewith
increased ability to oxygenate as well as enhanced management of pul-
monary secretions. It is not surprising to note that certain critically ill
patients placed in the prone position develop cardiac arrest and require
chest compressions, among other interventions. The rapid application
of chest compressions and defibrillation is critically important, particu-
larly early in cardiac arrest. In turning the cardiac arrest victim to a su-
pine position, delays in treatment are encountered as well as safety
issues for the patient (i.e., dislodging endotracheal tube [ETT]) and
healthcare personnel exposure to contagion.

There is limited data and recommendations concerning resuscita-
tion for patients in the prone position [76,82,83]. These three formatted
reviews did not identify sufficient evidence to make definitive recom-
mendations nor alter existing resuscitation guidelines. Based upon
lower quality evidence, however, it is reasonable to initiate resuscita-
tion, including posterior compressions and defibrillation, in the prone
position, particularly if repositioning the patient supine would lead to
treatment delays, potential dislodgement of the ETT and other invasive
devices, and increased risk of infectious exposure for teammembers. In
fact, the Interim Guidance to Healthcare Providers for Basic and Ad-
vanced Cardiac Life Support notes that providing chest compressions
in the prone position is likely superior to not providing compressions
during a prolonged maneuver to return the patient to the supine posi-
tion; they continue by stating that “for patients in the prone position
with an advanced airway, it may be reasonable to providemanual com-
pressions in the prone position until a patient can be safely transitioned
to a supine position with a trained team” [72,83].

When the patient is in the prone position, compressions are per-
formed on the posterior thoracic spine, at the level of T7 to T10, with a
one or two-handed technique (Fig. 1); for external landmark position-
ing, note that vertebral body T7 is located at the inferior tip of the scap-
ula. Counter pressure on the sternum may also be applied, if needed. If
initial resuscitation is performed in this position, the quality of chest
compressions and patient response to treatment can be determined
using end-tidal CO2 monitoring and arterial pressure tracing, if the lat-
ter is already in place (note that it is not recommended to place arterial
pressure monitoring catheters during active resuscitation); if monitor-
ing values are concerning for less-than-adequate response, then consid-
eration can bemade to place the patient in the standard supine position.
In general, if deemed necessary for optimal management, such as con-
cerning end-tidal CO2 measurements or constrained ability to monitor
endotracheal tube position, the patient can be returned to the standard
supine position using the following approach: continue posteriorly de-
livered compressions until immediately ready to reposition the patient;
assemble an adequate number of PPE-protected healthcare personnel
with identified tasks (turining, supporting the head and neck,
safeguarding the endotracheal tube, managing vascular access, etc.);
hold compressions, turn the patient, monitor all tubes and relatedmed-
ical devices; immediately resume chest compressions in standard fash-
ion as well as continue with other appropriate therapies; and confirm
adequate positing of the endotracheal tube and other medical devices
[72,83].

Electrical defibrillation is the treatment-of-choice for ventricular fi-
brillation and pulseless ventricular tachycardia; in fact, time-to-
defibrillation is an important determinant for successful resuscitation.
Several investigations from past respiratory viral threats have not dem-
onstrated a clinically significant risk of contagion during defibrillation



Fig. 1.Placement of compressor's hands for posterior compressionswhen the patient is placed in a prone position. Provide compressionswith thehands centered over the T7-T10vertebral
bodies. Note that the inferior tip of the scapula is located at the T7 vertebral body level.
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[84,85]. Importantly, defibrillation is not considered an AGP; in patients
with active COVID-19 infection, defibrillation is recommended by the
ACLS guidelines [72,86]. Defibrillation can also be performed if the pa-
tient is in the prone position with pads in the anterior-posterior posi-
tion, bi-axillary position (bilateral axillary position or one pad in each
axilla), or posterolateral position (left axilla and right supra-scauplar)
[83]. Refer to Fig. 2 for placement of defibrillation padswhen the patient
is in the prone position.

The administration of bolus-dose medications during cardiac arrest
is not different than pre-pandemic recommendations; the same
Fig. 2. Placement of defibrillation pads on the patient while placed in the prone posi
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statement is true for intravenous (IV) fluid administration. One noted
exception to this statement is the avoidance of the administration of
medications via the endotracheal tube; opening the circuit for medica-
tion administration can be considered a source of aerosol generation
[72].With the increased frequency of both PEA and asystole as the initial
cardiac arrest rhythm, early administration of bolus dose epinephrine is
encouraged. Vascular access should also be performed in standard fash-
ion, appropriate for the cardiac arrest scenario. If a peripheral or central
IV is already in place prior to the cardiac arrest, this line can be used for
medication administration; caution is advised regarding patency of
tion. A. Posterior-anterior. B. Bilateral axillary. C. Left axilla-right supra-scapular.
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existing IV lines due to the hypercoagulable state encountered in the
COVID-19-infected patient. If no venous access is available at the time
of cardiac arrest, an intraosseous (IO) line is strongly recommended;
in fact, an IO line is the preferred vascular access device in this situation.
An IO line is rapidly and easily placed, even when the team member
is in full PPE; in addition, placement of a central or peripheral venous
line is more challenging when the team member is in full COVID-19
PPE [87-89].

3.5.2. Oxygenation, ventilation, & airway management
All airway and breathing interventions are considered AGPs to vary-

ing degrees and thus pose a contagion risk to the resuscitation team.
Such interventions must be performed using appropriate PPE. Manage-
ment of the airway and breathing status has different priorities depend-
ing upon the etiology of the cardiac arrest. Non-cardiogenic events,
particularly those events involving compromised respiratory function,
have a markedly higher airway management priority as compared to
cardiogenic cardiac arrests. This statement has been clearly established
prior to the pandemic and remains a standard approach since the ad-
vent of COVID-19. In general, earlier application of a definitive airway
with oxygenation and ventilation is appropriate for certain non-
cardiogenic events.

Upon entering the room following appropriate donning of PPE, ap-
plication of a 100% non-rebreather face mask connected to high-flow
oxygen (i.e.,15 liters) coupled with insertion of an oral airway is recom-
mended. Once additional personnel are donned in appropriate PPE and
in the resuscitation room, respiratorymanagement can transition to bag
mask ventilations (BMV), attached to an in-line high-efficiency particu-
late absorbing (HEPA) filter [72]. A tight seal of the face mask is impor-
tant, preferably using a two-person technique, to ensure best-possible
oxygenation and ventilation, as well as to limit contagion risk [72,86].
The HEPA filter is placed in line along the exhalation port of most respi-
ratory devices used in resuscitation, including the bag-mask ventilation,
supra-glottic airway, endotracheal tube, and mechanical ventilation.
The HEPA filter is a pleated mechanical air filter that can theoretically
remove up to 99.97% of particulate matter in the air down to a size of
0.3 μm, including dust, pollen, and various microbes including viral par-
ticles. The HEPA filter is recommended bymany authorities for such ap-
plication [72]. Alternatives to theHEPAfilter include the low-dead space
viral filter or a heat andmoisture exchanging filter (HMEF) with at least
99.99% viral filtration efficiency may be placed in the circuit, between
ventilation device and the airway.

The next consideration in respiratorymanagement is insertion of an
advanced airway, including either a supra-glottic airway (SGA) or an
endotracheal tube (ETT), using an in-line HEPA filter. Placement of an
advanced airway as early as possible will reduce the risk of aerosoliza-
tion while maximizing patient care, assuming that other interventions
are not adversely impacted by any airway management-associated
treatment delays and appropriate resources are available for such.
Placement of an advanced airway should occur as soon as clinically fea-
sible, once the resuscitation team is in position and appropriate person-
nel are available [72]. In fact, numerous authorities recommend that the
initiation of airway management in the COVID-19 patient experiencing
cardiac arrest should begin with placement of the advanced airway,
omitting the earlier steps noted above [72].

The decision regarding which type of advanced airway used must
consider several factors, including individual patient needs, resource
availability, and teammember expertise. If an SGA is selected, it should
be placed in conjunctionwith a HEPA filter. If endotracheal intubation is
selected as the advanced airway strategy, video laryngoscopy, if avail-
able,− as compared to direct laryngoscopy – is preferred in that the for-
mer allows for an increased distance between the patient and the
airway management team member [72,90-92]. Furthermore, in an ef-
fort to reduce the AGP nature of the chest compression – airway man-
agement combination, the AHA recommends that chest compressions
be paused during intubation to reduce risk of disease transmission
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and ensure first-pass intubation success [72]. This represents a signifi-
cant change from pre-pandemic recommendations to insert an ad-
vanced airway with minimal to no interruption in chest compression;
an approximate 10-s compression pause is considered appropriate in
this setting. As with the SGA strategy, once the ETT is confirmed in cor-
rect placement, a HEPA filter should be attached to further limit the risk
of viral aerosolization and reduce contagious risk.

If the patient has already been endotracheally intubated and is on
mechanical ventilation at the time of cardiac arrest, consider leaving
the patient on the ventilator with an in-line HEPA filter; such a strategy
maintains the closed circuit and significantly reduces the chance of con-
tagion. If this strategy is pursued, the resuscitation teammust adjust the
ventilator settings to allow asynchronous ventilations, allowing for the
delivery of appropriate tidal volumes and using the following sugges-
tions:maximize the FiO2 to 100%; use either pressure or volume control
ventilation with the limitations to either pressure or tidal volume to
generate adequate chest rise (4–6 mL/kg ideal body weight); adjust
the trigger settings to prevent the ventilator from auto triggering with
chest compressions; maintain respiratory rate at 10 breaths/min for
adults; adjust the positive end-expiratory pressure setting as needed,
considering lung volume expansion and systemic blood pressure; to
balance lung volumes and venous return; and maintain a closed circuit
with HEPA filter to reduce the opportunity for aerosol generation and
contagion [72].

3.6. Provider contagion protection and contagion during resuscitation

The risk of aerosol generation during CPR remains poorly under-
stood [93,94]. In a mannequin and cadaver study, compression-only
CPR was shown to disperse nebulized fluorescent marker applied to
the airway as an aerosol in the direction of the compressor [95]. Place-
ment of a surgical mask or oxygen mask over the patient's face limited
aerosol spread; insertion of a supraglottic airway device connected to
an electrostatic airway filter further reduced visible aerosol release. A
separate study using similar methodology demonstrated that intuba-
tion with a cuffed endotracheal tube connected to a HEPA filter was
more effective in preventing aerosol leakage from the mouth and nose
during chest compressions than a supraglottic airway device [96]. In a
swine cardiac arrest model utilizing an optical particle sizer to charac-
terize aerosol particle concentration and size distribution, no significant
difference in aerosol generationwas found between a period of ventric-
ular fibrillation without chest compression or ventilation and
compression-only CPR prior to defibrillation [97]. Chest compression
following defibrillation, however, resulted in significantly greater aero-
sol generation, particularly of large-size particles.

How these findings translate to real-world risk of SARS-CoV-2 trans-
mission during CPR is unknown, although its primarymodeof transmis-
sion remains through respiratory droplets and aerosols. In a cross-
sectional study of Indian healthcare personnel involved in the care of
COVID-19 patients during the early months of the pandemic in 2020,
SARS-CoV-2 infection rates were similar between those who partici-
pated in CPR at least once and those who did not at all [5/197 (2.53%)
vs. 10/196 (5.10%)] [98]. Given the effective implementation of multi-
faceted infection prevention and control strategies to protect healthcare
personnel and mitigate transmission of SARS-CoV-2 in healthcare set-
tings during the pandemic, the overall risk of COVID-19 attributable to
CPR is likely low.

Both the CDC andWHO classify CPR anAGP [99,100]. To this effect, it
is recommended that healthcare personnel participating in resuscita-
tion don the appropriate PPE first to limit unprotected exposure to re-
spiratory droplets and aerosols [72]. Those not wearing appropriate
PPE should be excused immediately from the area to don PPE. Chest
compressions and defibrillation when indicated should be initiated as
quickly as possible. Mechanical CPR devices may be considered, if avail-
able, and the resuscitation team is trained in its proper use.When avail-
able and practical, AIIRs and other engineering controls capable of
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creating a negative pressure environment can provide additional miti-
gation of aerosols during resuscitation. Placing a face mask on the pa-
tient can be a relatively simple intervention to trap aerosols during
compression-only CPR, while an advanced airway with HEPA filtration
of ventilation exhaust provides significantly greater control over aero-
sols generated. Finally, COVID-19 vaccination and booster have signifi-
cantly reduced the risk of infection among healthcare personnel
[72,101-104].

3.7. Post-resuscitation management

Once ROSC is achieved and maintained, the patient likely requires
additional resuscitation and supportive care. As is true in non-COVID-
19 patients, the resuscitation team should assess / re-assess the patient
using the airway, breathing, circulation, and disability approach [105].
Airway and breathing must be first addressed. If deficiencies in main-
taining a stable airway and/or inadequate oxygenation or ventilation
are found, then definitive management must occur as soon as clinically
feasible; if the patientwas not intubated during the period of active car-
diac arrest, endotracheal intubation withmechanical ventilation should
follow. Support of appropriate perfusion is the next priority with use of
intravenousfluids, blood products, and vasopressor infusion (likely nor-
epinephrine), as indicated by the clinical specifics of the resuscitated pa-
tient; in addition, malignant and/or compromising dysrhythmias
should be managed in standard fashion. Attention to co-existing issues
such as hypoglycemia, CVA, etc. that could not only cause the event
but also contribute to continued altered mentation should also be
considered at this time. Targeted temperate management can also be
considered using the pre-COVID-19 criteria; the avoidance of hyper-
thermia is strongly encouraged as well [105,106].

4. Conclusions

The COVID-19 pandemic has most certainly adversely impacted the
health and safety of the human population. It has not only introduced a
new illness with significant morbidity and mortality but also exacer-
batedmany pre-existingmedical conditions. Considering cardiac arrest,
both out of and in the hospital setting, the COVID-19 pandemic has con-
tributed to a significant increase in its occurrence as well as a simulta-
neous reduction in neurologically intact survival rates, negatively
impacting both those individuals with and without viral infection.
While many interventions, including chest compressions, are aerosol-
generating procedures, the risk of contagion to healthcare personnel is
low, assuming appropriate personal protective equipment is used; vac-
cination against the COVID-19 virus with appropriate boosting provides
further protection against contagion for the healthcare personnel in-
volved in cardiac arrest resuscitation.
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