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BACKGROUND: Patients hospitalized for severe coronavirus disease 
2019 (COVID-19) infection are at risk for in-hospital cardiac arrest (IHCA). 
It is unknown whether certain characteristics of cardiac arrest care and 
outcomes of IHCAs during the COVID-19 pandemic differed compared 
with a pre-COVID-19 period.

METHODS: All patients who experienced an IHCA at our hospital 
from March 1, 2020 through May 15, 2020, during the peak of the 
COVID-19 pandemic, and those who had an IHCA from January 1, 2019 
to December 31, 2019 were identified. All patient data were extracted 
from our hospital’s Get With The Guidelines–Resuscitation registry, a 
prospective hospital-based archive of IHCA data. Baseline characteristics 
of patients, interventions, and overall outcomes of IHCAs during the 
COVID-19 pandemic were compared with IHCAs in 2019, before the 
COVID-19 pandemic.

RESULTS: There were 125 IHCAs during a 2.5-month period at our 
hospital during the peak of the COVID-19 pandemic compared with 117 
IHCAs in all of 2019. IHCAs during the COVID-19 pandemic occurred 
more often on general medicine wards than in intensive care units (46% 
versus 33%; 19% versus 60% in 2019; P<0.001), were overall shorter in 
duration (median time of 11 minutes [8.5–26.5] versus 15 minutes [7.0–
20.0], P=0.001), led to fewer endotracheal intubations (52% versus 85%, 
P<0.001), and had overall worse survival rates (3% versus 13%; P=0.007) 
compared with IHCAs before the COVID-19 pandemic.

CONCLUSIONS: Patients who experienced an IHCA during the COVID-19 
pandemic had overall worse survival compared with those who had an 
IHCA before the COVID-19 pandemic. Our findings highlight important 
differences between these 2 time periods. Further study is needed on 
cardiac arrest care in patients with COVID-19.
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Since late December 2019, the world has experi-
enced a severe outbreak of a novel coronavirus 
disease (COVID-19). The United States, and New 

York City (NYC) in particular, has emerged as an epicen-
ter of the global pandemic, with thousands of hospi-
talizations, in-hospital cardiac arrests (IHCAs), and sub-
sequent deaths.1 The clinical syndrome of COVID-19 
ranges from mild infection to severe symptoms such as 
pneumonia, acute respiratory distress syndrome, and 
possible death.2 Many patients hospitalized for severe 
COVID-19 infection are at risk for these adverse out-
comes including IHCA.3

Roughly, 200 000 IHCAs occur in the United States 
per year.4 Advanced cardiac life support (ACLS) and car-
diopulmonary resuscitation (CPR) have become main-
stays during IHCAs as means to improve survival in 
patients who experience an IHCA. Since 2010, studies 
have illustrated an ≈20% survival rate in IHCAs, with 
an increasing survival rate per year.5 Improved survival 
is probably related to improved efforts in cardiac arrest 
care, quality improvement initiatives, and continued 
education among health care workers.6

Many of these established aspects of cardiac arrest 
care, including ACLS and CPR, continued to play a 
major role during the COVID-19 pandemic. Yet, data 
about the efficacy of these maneuvers in patients with 
COVID-19 who experience an IHCA remain unknown. 
The rapid respiratory decline along with other severe 
complications associated with COVID-19 have made 
the clinical course unpredictable.7 It is unknown if cer-
tain risk factors, causes, and outcomes of patients who 
experience an IHCA during the COVID-19 pandemic are 
similar to previous periods before the pandemic. As a 

result, we sought to compare characteristics and out-
comes of IHCAs during the COVID-19 pandemic and 
before the pandemic in a NYC public hospital.

METHODS
The data from this study are available from the corresponding 
author upon reasonable request.

We identified all patients who experienced an IHCA from 
March 1, 2020 through May 15, 2020 during the COVID-19 
pandemic at NYC Health & Hospitals/Jacobi, one of the 11 
acute-care hospitals of the largest public health system in the 
United States. We compared this cohort with patients who 
experienced an IHCA at Health and Hospitals/Jacobi from 
January 1, 2019 through December 31, 2019. All patient 
data were extracted from our hospital’s American Heart 
Association’s Get With The Guidelines–Resuscitation regis-
try, a prospective hospital-based archive of IHCA data in an 
attempt to improve quality measures and overall in-hospital 
survival after IHCAs. All hospitalized patients who experi-
ence an IHCA and undergo CPR are registered by specialized 
trained staff into the registry. All data are compiled using a 
Patient Management Tool, which is a centralized flow-sheet 
of all cardiac arrest data.6,8 NYC Health and Hospitals/Jacobi 
is one of the participating hospitals of the Get With The 
Guidelines–Resuscitation registry in the United States.

Patients were included in the study if they experienced 
an IHCA during the 2 respective time periods, as mentioned 
above, and who underwent CPR and ACLS. Patients <18 
years old and who had a Do-Not-Resuscitate order were not 
included in the study. Patients who experienced an out-of-
hospital cardiac arrest and arrived at the hospital with on-
going CPR were not included in the study. Collected data 
included COVID-19 status, demographic data, comorbidities, 
cardiac arrest start and end time, intubation status pre- and 
postcardiac arrest, location of cardiac arrest, initial rhythm at 
the time of the cardiac arrest and specific interventions per-
formed. Patients were labeled as COVID-19 positive if they 
had a laboratory confirmed positive polymerase chain reac-
tion for severe acute respiratory syndrome coronavirus 2. The 
BioReference Laboratories polymerase chain reaction (PCR) 
molecular test was used at our hospital for COVID-19 test-
ing. Patients were designated as COVID-19 negative if they 
had a negative PCR test. Patients were considered indetermi-
nate if the patient had an IHCA before the completion of the 
PCR test. Outcomes of the IHCA such as whether return of 
spontaneous circulation (ROSC) was achieved, time to ROSC, 
duration of IHCA, and overall survival at discharge were also 
collected. Patients were divided into 2 cohorts for statistical 
analysis based on time of IHCA, before the COVID-19 pan-
demic and during the COVID-19 pandemic. The primary out-
come of the study was survival rate at discharge. Secondary 
outcomes included duration of cardiac arrest, association of 
in-hospital location and cardiac arrest, rate of achieved ROSC, 
time to ROSC, and a comparison of specific interventions per-
formed during the cardiac arrest. All investigators had access 
to the study database and statistical analysis. This study 
was approved by the Albert Einstein College of Medicine 
Institutional Review Board.

Categorical data are shown as numbers and percentages. 
Continuous variables are presented as means with SDs or 

WHAT IS KNOWN
•	 Advanced cardiac life support and cardiopul-

monary resuscitation have become mainstays of 
treatment for patients who experience an in-hos-
pital cardiac arrest.

•	 Survival of in-hospital cardiac arrests have 
increased over the past few decades, likely 
because of improved cardiac arrest care and qual-
ity improvement initiatives.

WHAT THE STUDY ADDS
•	 In-hospital cardiac arrest care played a major role 

during the peak of the coronavirus disease 2019 
(COVID-19) pandemic in New York City.

•	 Certain aspects of cardiac arrest care differed sig-
nificantly during the COVID-19 surge compared 
with a pre-COVID-19 period.

•	 Overall survival of in-hospital cardiac arrests 
decreased during the peak of the COVID-19 pan-
demic compared with a pre-COVID-19 period.
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medians and interquartile ranges. Parametric or nonparamet-
ric hypothesis tests were used depending on variable char-
acteristics. Medians were compared using the Kruskal-Wallis 
test, and proportions were compared using the χ2 test or 
Fisher exact test. A P of <0.05 was considered statistically sig-
nificant. Statistical analysis was performed using STATA 16.1.

RESULTS
From March 1, 2020 through May 15, 2020, during the 
peak of the COVID-19 pandemic in NYC, there were 
125 patients who experienced an IHCA at NYC Health 
and Hospitals/Jacobi from a total of 4470 total hospi-
talizations. The incidence rate of IHCAs during this time 
period was 2.8%. Ninety-nine (79%) of these patients 
had a laboratory confirmed positive PCR test for COV-
ID-19, 12 patients (10%) tested negative, and 14 
(11%) were indeterminate as they had an IHCA before 
a completed COVID-19 PCR test. In comparison, from 
January 1, 2019 through December 31, 2019, there 
were 117 IHCAs from a total of 20 181 hospitalizations. 
The incidence rate of IHCAs during this time period was 
0.6%. As shown in Table 1, both cohorts, those who 
experienced an IHCA during the COVID-19 pandemic 
and those before the pandemic in 2019, were similar 
in median age (67 [57–76] versus 66 [56–77], P=0.99), 

were less often female (34% versus 42%, P=0.18) and 
had similar rates comorbidities.

In contrast, those who experienced an IHCA before 
the COVID-19 pandemic had higher rates of various 
comorbidities such as: history of prior heart failure (23% 
versus 13%; P=0.03), acute trauma (17% versus 2%; 
P<0.001), malignancy (19% versus 10%; P=0.04), sep-
sis (44% versus 20%; P<0.001), and evidence of hypo-
tension or hypoperfusion (63% versus 46%; P=0.006) 
compared with patients who had an IHCA during the 
COVID-19 pandemic (Table 1). In the cohort of patients 
who had an IHCA during the COVID-19 pandemic, there 
was more evidence of pneumonia (75% versus 21%; 
P<0.001) compared with those who had an IHCA in 
2019. In addition, a sensitivity analysis was performed 
comparing IHCAs during the pandemic, from March 1, 
2020 through May 15, 2020, to the same time period 
in 2019 (March 1, 2019 to May 15 2019), which yielded 
similar findings (Table I in the Data Supplement).

Furthermore, as shown in Figure 1, the majority of 
IHCAs before the COVID-19 pandemic occurred in an 
intensive care unit setting as compared with a general 
inpatient service or the emergency department (60% 
versus 19% versus 21%, respectively). In contrast, dur-
ing the peak of the COVID-19 pandemic in NYC, the 
majority of IHCAs occurred on general inpatient units 
and not in ICUs (46% versus 33%, 21% in emergency 
department). These differences about location of IHCAs 
during the COVID-19 pandemic was statistically signifi-
cant (P<0.001, see Table 2). There was no statistical dif-
ference between the type of initial rhythm at the time 
of the IHCA between the 2 time periods. Before the 
COVID-19 pandemic, in 2019, 32% of patients had 
asystole as the presenting arrest rhythm, 55% had 
pulseless electrical activity, 9% had ventricular fibril-
lation/pulseless ventricular tachycardia, and 4% had 
unknown cardiac rhythms. During the 2.5 months of 
the COVID-19 pandemic, 37% of patients had asystole, 

Table 1.  Baseline Characteristics of Patients With an In-Hospital 
Cardiac Arrest Pre-COVID-19 Pandemic vs During the COVID-19 
Pandemic

Variable

Pre-
COVID-19 
pandemic

During 
COVID-19 
pandemic

P ValueN=117 N=125

Age, y; median (interquartile range) 66 (56–77) 67 (57–76) 0.99

Female, n (%) 50 (42) 43 (34) 0.18

Acute stroke, n (%) 0 (0) 1 (.8) 0.33

Acute heart failure, n (%) 4 (3) 3 (2) 0.63

Prior heart failure, n (%) 27 (23) 16 (13) 0.03*

Diabetes, n (%) 44 (38) 48 (38) 0.89

Hepatic insufficiency, n (%) 13 (11) 4 (3) 0.01*

Trauma, n (%) 20 (17) 3 (2) <0.001*

Malignancy, n (%) 22 (19) 12 (10) 0.04*

Electrolyte abnormality, n (%) 46 (39) 28 (22) 0.004*

Active myocardial infarction, n (%) 3 (3) 0 (0) 0.07

Prior myocardial infarction, n (%) 5 (4) 0 (0) 0.02*

Renal insufficiency, n (%) 44 (38) 41 (33) 0.43

Pneumonia, n (%) 25 (21) 94 (75) <0.001*

Sepsis, n (%) 52 (44) 25 (20) <0.001*

Mechanical ventilation, n (%) 63 (54) 60 (48) 0.36

Hypotension/hypoperfusion, n (%) 74 (63) 57 (46) 0.006*

COVID-19 indicates coronavirus disease 2019.
*Denotes statistical significance.

Figure 1. Location of in-hospital cardiac arrests during the coronavirus 
disease 2019 (COVID-19) pandemic vs before the COVID-19 pandemic.
ED indicates emergency department; and ICU, intensive care unit.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCOUTCOMES.120.007303
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54% had pulseless electrical activity, 3% had ventricu-
lar fibrillation/pulseless ventricular tachycardia, and 6% 
had unknown cardiac rhythms (P=0.28).

Moreover, as shown in Table 2, the duration of IHCAs 
was on average shorter during the COVID-19 pandemic 
compared with 2019 (median time of 11 minute [8.5–
26.5] versus 15 minute [7.0–20.0], P=0.001). Similarly, 
for those not intubated before the IHCA, fewer patients 
underwent endotracheal tube insertion for mechanical 
ventilation at the time of IHCA during the COVID-19 
pandemic compared with 2019 (52% versus 85%; 
P≤0.001). There was also a statistical difference between 
vasopressor use during and after the IHCA between the 2 
cohorts, with more vasopressor use before the pandemic 
compared with during the pandemic (69% versus 47%; 
P=0.001). Yet, there was no statistical difference between 
epinephrine use (94% versus 97%; P=0.3), median time 
to first epinephrine use (2 minute [0–3] versus 2 minute 
[0–3]; P=0.37), and use of antiarrhythmic medications 
(14% versus 11%; P=0.56) between the 2 cohorts.

In terms of overall outcomes after initial IHCA, more 
patients achieved ROSC at the time of initial cardiac arrest 
in the 2019 cohort compared with during the COVID-19 
pandemic (56% versus 36%; P=0.001). For those who 
achieved ROSC, there was no statistical difference in 
the median time to ROSC between the 2 cohorts (12 
minute [5–19] versus 9 minute [5–16], P=0.86; Table 3). 
There was also no difference in the number of patients 
who underwent recurrent CPR for those who achieved 
ROSC after the initial IHCA during both time periods 
(36% versus 29%; P=0.41). These findings were similar 
in patients who were only COVID-19 positive. In addi-
tion, there was no significant differences in outcomes in 
COVID-19 positive/indeterminate patients versus COV-
ID-19 negative patients except for median time to ROSC, 
which was shorter in COVID-19 negative patients (5.5 
minute [2–9] versus 10 minute [5–14]) compared with 
patients who were positive/indeterminate. Furthermore, 
as illustrated in Figure 2, overall survival rate at discharge 
was worse during the COVID-19 pandemic compared 
with before the pandemic. Only 3% of patients survived 
an IHCA and were discharged from the hospital during 
the 2.5 months of the COVID-19 pandemic (compared 
with 13% in 2019 before the pandemic [P=0.007] or 
18.3% survival in 2018). Furthermore, within the COV-
ID-19-positive cohort, only 2% survived to discharge.

DISCUSSION
To our knowledge, this is the first detailed analysis of 
the characteristics and outcomes of IHCAs during the 
COVID-19 pandemic in the United States. At our hos-
pital, specific features, interventions, and outcomes of 
IHCAs during the COVID-19 surge differed significantly 
compared with IHCAs occurring before the COVID-19 
pandemic. Specifically, they had shorter cardiac arrest 
durations, less endotracheal intubations, and higher 
mortality. Moreover, IHCAs occurred more frequently in 
general medicine units than ICUs during the pandemic.

Table 2.  Characteristics of In-Hospital Cardiac Arrests During Pre-
COVID-19 Pandemic Period vs During the COVID-19 Pandemic

Variable

Pre-
COVID-19 
pandemic

During 
COVID-19 
pandemic P Value

In-hospital cardiac arrest location

 ��� Emergency department, n (%) 25 (21) 26 (21) <0.001*

 ��� General ward, n (%) 22 (19) 58 (46)

 ��� Intensive care unit, n (%) 70 (60) 41 (33)

Initial pulseless rhythm

 ��� Asystole, n (%) 38 (32) 46 (37) 0.28

 ��� Pulseless electrical activity, n (%) 64 (55) 67 (54)

 ��� Ventricular fibrillation/ventricular 
tachycardia, n (%)

10 (9) 4 (3)

 ��� Unknown, n (%) 5 (4) 8 (6)

Endotracheal tube insertion, n (%)† 46 (85) 38 (52) <0.001*

Time to intubation,‡ min 
(interquartile range)

9 (5–14) 5 (1–10) 0.1

Epinephrine use, n (%) 110 (94) 121 (97) 0.30

Number of epinephrine given, n (%) 3 (3) 2 (1) 0.02*

Time to epinephrine,‡ min 
(interquartile range)

2 (0–3) 2 (0–2) 0.37

Time to defibrillation, min 
(interquartile range)

4 (0–10) 7 (2–10) 0.27

Antiarrhythmic use, n (%) 16 (14) 14 (11) 0.56

Any vasopressor use, n (%) 81 (69) 59 (47) 0.001*

Use of wave-form capnography, n (%) 82 (70) 69 (55) 0.01

IHCA duration,‡ min (interquartile 
range)

15  
(8.5–26.5)

11 (7–20) 0.001*

COVID-19 indicates coronavirus disease 2019; and IHCA, in-hospital cardiac 
arrest.

†Included patients who were not intubated before the IHCA.
‡Median time in minutes.
*Denotes statistical significance.

Table 3.  Outcomes of In-Hospital Cardiac Arrests During Pre-COVID-19 
Period vs During the COVID-19 Pandemic

Variables

Pre-
COVID-19 
pandemic

During 
COVID-19 
pandemic P Value

Return of spontaneous circulation 
achieved, n (%)

66 (56) 45 (36) 0.001*

Time to return of spontaneous 
circulation, min; median 
(interquartile range)

12 (5–19) 9 (5–16) 0.35

Recurrent in-hospital cardiac 
arrest,† n (%)

24 (36) 13 (29) 0.41

Survival at discharge, n (%) 15 (13) 4 (3) 0.007*

COVID-19 indicates coronavirus 2019.
†Those who received recurrent cardiopulmonary resuscitation and 

advanced cardiac life support, denominator was only those who received 
return of spontaneous circulation at initial in-hospital cardiac arrest.

*Denotes statistical significance.
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Before COVID-19, studies showed a 10% to 20% 
survival rate in patients with IHCAs.6,9 At our institution, 
the survival rate of IHCAs in 2019 was 13% (18.3% sur-
vival rate in 2018). However, the survival rate of IHCAs 
during the 2.5 months of the surge was significantly 
lower at ≈3%. Our findings are similar to Shao et al,3 
who demonstrated an IHCA survival rate of 2.9% at 30 
days in patients from Wuhan, China. One hypothesis to 
explain the discrepancy of survival rates is because of 
the underlying cause of the cardiac arrest as the large 
majority of patients were COVID-19 positive. COVID-19 
is associated with severe systemic inflammation and pro-
found hypoxia.10,11 Studies have demonstrated various 
other systemic complications that occur in patients with 
COVID-19, such as cardiac injury, kidney dysfunction, 
and coagulation activation leading to thromboembolic 
events.12–15 These insults to the body are presumably irre-
versible and, without meaningful treatments at this time, 
thus leading to worse outcomes. In contrast, common 
causes of IHCAs before the pandemic such as cardiac 
events, severe electrolyte abnormalities or trauma por-
tend to higher survival rates as they may be reversible.16

Furthermore, more IHCAs occurred on general medi-
cine units than the ICUs during the pandemic. Triage of 
patients with COVID-19 has been difficult during the 
surge because of the lack of available intensive care unit 
beds and the unpredictability of the clinical course.3,17,18 
Many patients with severe COVID-19 required admis-
sion to an intensive care unit or a monitored setting 
but were unfortunately limited by bed availability. This 
may have placed patients at a higher risk for unmoni-
tored clinical deterioration.19 We also suspect that more 
IHCAs occurred because of a lack of continuous oxim-
etry monitoring in the general medicine units as rapid 
respiratory failure was often difficult to predict.

Moreover, an added complexity during the COVID-19 
surge was the need for personal protective equipment 
and the risk of infection among health care workers.20,21 

ACLS protocols including chest compressions and endo-
tracheal tube insertion for patients with COVID-19 
placed health care workers at a higher risk of exposure. 
CPR and mechanical ventilation are aerosol generating 
procedures, which increases transmission of the virus.22 
Studies emphasize the importance of rescuer safety and 
the need for appropriate personal protective equip-
ment donning during cardiac arrest care.23,24 Because of 
increased personal protective equipment requirements 
and the complexity of the donning process, the prepara-
tion time for IHCAs may have been longer and studies 
have demonstrated worse mortality in IHCAs when there 
are longer delays to chest compressions and ACLS.25 
Additionally, the sheer volume of IHCAs, often at similar 
times, may have contributed to delays or complexities in 
care. Other considerations need to be considered, such 
cases where the patient’s overall poor prognosis may 
have deemed cardiac resuscitation unhelpful compound-
ed by the concerns for unnecessary staff exposure. All of 
the above may explain why there was shorter average 
cardiac arrest durations and fewer endotracheal intuba-
tions during the pandemic. In addition, it is possible that 
some patients had a do-not-intubate order although not 
a Do-Not-Resuscitate order or CPR and/or intubation 
was terminated at the request of patients’ families dur-
ing the cardiac arrest event.

Various recommendations have been made to 
improve resuscitation care in patients with COVID-19, 
while maintaining provider safety, since the beginning 
of the pandemic. Specific examples include limiting per-
sonnel involved, using mechanical CPR devices, having 
an experienced intubator involved and utilizing video 
laryngoscopy.26 However, it is unclear currently if any of 
these interventions are effective in improving resuscita-
tion care in patients with COVID-19.

Our study has certain limitations. First, the retro-
spective nature of our analysis allows for potential 
confounding and selection bias. Second, our study is 
a single-center study from NYC and thus might not be 
generalizable to other hospital settings. In addition, 
our hospital did not have specific resuscitation policies 
that were in place during the pandemic, which might 
be the case in other hospital settings, but instead were 
assessed on a case by case basis. Last, certain details 
surroundings the IHCAs were unable to be obtained, 
including some demographic data, neurological status 
in those who survived, time of arrest to timing of CPR, 
exact oxygen requirements, quality of chest compres-
sions, and the reasons for termination of CPR.

CONCLUSIONS
Our study demonstrated that the overall survival of 
IHCAs was worse during the peak of the COVID-19 
pandemic in a New York City hospital compared with 
before the pandemic. Certain features of IHCAs dur-

Figure 2. Overall survival at discharge after in-hospital cardiac arrest 
before coronavirus disease 2019 (COVID-19) pandemic and during the 
COVID-19 pandemic.
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ing the pandemic differed from prior, such as the in-
hospital location of IHCAs and the overall duration of 
IHCAs. Our findings highlight the important differences 
in IHCAs during the pandemic compared with before 
the pandemic. Further study is needed on cardiac arrest 
care in patients with COVID-19 to improve overall in-
hospital survival.
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