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AbstrAct
Objectives
To estimate the incidence, risk factors, and outcomes 
associated with in-hospital cardiac arrest and 
cardiopulmonary resuscitation in critically ill adults 
with coronavirus disease 2019 (covid-19).
Design
Multicenter cohort study.
setting
Intensive care units at 68 geographically diverse 
hospitals across the United States.
ParticiPants
Critically ill adults (age ≥18 years) with laboratory 
confirmed covid-19.
Main OutcOMe Measures
In-hospital cardiac arrest within 14 days of admission 
to an intensive care unit and in-hospital mortality.
results
Among 5019 critically ill patients with covid-19, 
14.0% (701/5019) had in-hospital cardiac arrest, 
57.1% (400/701) of whom received cardiopulmonary 
resuscitation. Patients who had in-hospital cardiac 
arrest were older (mean age 63 (standard deviation 
14) v 60 (15) years), had more comorbidities, and 
were more likely to be admitted to a hospital with a 
smaller number of intensive care unit beds compared 
with those who did not have in-hospital cardiac arrest. 
Patients who received cardiopulmonary resuscitation 
were younger than those who did not (mean age 61 
(standard deviation 14) v 67 (14) years). The most 

common rhythms at the time of cardiopulmonary 
resuscitation were pulseless electrical activity (49.8%, 
199/400) and asystole (23.8%, 95/400). 48 of the 
400 patients (12.0%) who received cardiopulmonary 
resuscitation survived to hospital discharge, and only 
7.0% (28/400) survived to hospital discharge with 
normal or mildly impaired neurological status. Survival 
to hospital discharge differed by age, with 21.2% 
(11/52) of patients younger than 45 years surviving 
compared with 2.9% (1/34) of those aged 80 or older.
cOnclusiOns
Cardiac arrest is common in critically ill patients 
with covid-19 and is associated with poor survival, 
particularly among older patients.

Introduction
Anecdotal reports of poor outcomes in critically ill 
patients with covid-19 who have had in-hospital 
cardiac arrest have prompted discussions on the 
futility of cardiopulmonary resuscitation in this patient 
population.1 However, data to guide these discussions 
are lacking. Only two limited reports of in-hospital 
cardiac arrest in patients with covid-19 have been 
published to date. A single center study from Wuhan, 
China included 151 patients with in-hospital cardiac 
arrest and found that only 3% of patients who received 
cardiopulmonary resuscitation survived to 30 days.2 A 
single center study from New York City that included 
31 patients with in-hospital cardiac arrest found that 
no patient survived to hospital discharge.3

As a result of the lack of comprehensive data on 
outcomes after in-hospital cardiac arrest in patients 
with covid-19, implementation of DNACPR (do not 
attempt cardiopulmonary resuscitation) policies in 
this setting has been controversial. Some have argued 
that DNACPR should be considered when the supply 
of intensive care unit beds is limited and also owing to 
the risk of covid-19 transmission to healthcare workers 
during cardiopulmonary resuscitation.4 5 These argu-
ments are being made under the assumption of poor 
survival in patients with covid-19 after in-hospital 
cardiac arrest, however data to support this assumption 
are lacking. Such data are urgently needed to inform 
complex decision making by patients, family members, 
providers, and hospital leaders about policies for 
cardiopulmonary resuscitation and goals of treatment 
in the context of the ongoing covid-19 pandemic.
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WhAt Is AlreAdy knoWn on thIs topIc
Anecdotal reports of poor outcomes in critically ill patients with covid-19 who 
have had in-hospital cardiac arrest have prompted discussions on the futility of 
cardiopulmonary resuscitation in this patient population
Data are urgently needed on the incidence and outcomes of cardiac arrest in 
patients with covid-19

WhAt thIs study Adds
This multicenter cohort study was conducted in more than 5000 critically ill 
patients with covid-19 from 68 hospitals across the United States
The study found that in-hospital cardiac arrest was common in critically ill 
patients with covid-19
In-hospital cardiac arrest was associated with poor survival, even with 
cardiopulmonary resuscitation, particularly among older patients
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We examined the incidence of in-hospital cardiac 
arrest and its outcomes in critically ill patients with 
covid-19 in a large, multicenter cohort study of more 
than 5000 patients admitted to intensive care units 
across the United States.

Methods
study design and oversight
We used data from the Study of the Treatment and 
Outcomes in Critically Ill Patients with Covid-19 
(STOP-COVID). This multicenter cohort study enrolled 
consecutive adults (age ≥18 years) with laboratory 
confirmed covid-19 admitted to participating intensive 
care units at 68 geographically diverse hospitals 
across the US.6 We included patients admitted to the 
intensive care unit between 4 March and 1 June 2020. 
We followed patients until hospital discharge, death, 
or 1 July 2020 (when the study database for the current 
analysis was locked), whichever occurred first. Table 
S1 in the supplementary appendix shows a complete 
list of participating sites.

The study was approved with a waiver of informed 
consent by the institutional review board at each 
participating site and registered on ClinicalTrials.gov 
(NCT04343898). The authors designed the study, 
collected the data, and performed the analyses.

Data collection
Study staff at each site collected data by detailed 
chart review using a standardized case report form 
(supplementary material). Data were entered in a 
secure, web based platform (Research Electronic Data 

Capture—REDCap).7 8 Patient level data included 
baseline information on demographics, coexisting 
conditions, symptoms, and drugs before hospital 
admission; vital signs on intensive care unit admission; 
pharmacological and non-pharmacological treatments 
administered; and organ injury and support, such 
as the receipt of invasive mechanical ventilation 
and renal replacement therapy, in addition to daily 
laboratory and physiological data for the first 14 days 
after intensive care unit admission. Vital status was 
collected up to the time of hospital discharge. All 
data were validated through a series of automated 
verifications using REDCap’s data quality module.

Definitions and outcomes
We defined in-hospital cardiac arrest as unexpec-
ted hemodynamic instability associated with the 
absence of a palpable pulse, for which cardiopulmo-
nary resuscitation would normally be administered 
(whether or not cardiopulmonary resuscitation was 
actually administered). Patients whose death was 
expected because of progressive clinical deterioration, 
including those whose goals of treatment were comfort 
measures only, were not labeled as in-hospital cardiac 
arrest. Cardiopulmonary resuscitation was defined 
as the initiation of chest compressions alone or in 
conjunction with treatments such as defibrillation, 
epinephrine, vasopressin, amiodarone, lidocaine, or 
atropine. Table S2 in the supplementary appendix 
lists other treatments. We used a modified sequential 
organ failure assessment (mSOFA) score as a measure 
of acute illness severity on admission to the intensive 
care unit (table S3 in supplementary appendix).9-12 We 
recorded the date of in-hospital cardiac arrest, whe-
ther cardiopulmonary resuscitation was administered, 
its duration, other treatments used, and the initial 
cardiac rhythm at the time of arrest among patients 
who received cardiopulmonary resuscitation. We also 
recorded the functional outcome of cardiac arrest 
survivors at the time of hospital discharge using the 
cerebral performance category scale, which is widely 
used to evaluate functional outcomes in resuscitation 
research.13 14

statistical analysis
We report the clinical characteristics of patients 
stratified by in-hospital cardiac arrest, whether they 
received cardiopulmonary resuscitation, and whether 
they survived to hospital discharge. Continuous 
variables are presented as mean (standard deviation) 
or as median (25th-75th interquartile range) for 
normally and non-normally distributed data, res-
pectively. Categorical variables are presented as 
count and percentage. We used the t test to compare 
normally distributed variables and the Mann-
Whitney U or Kruskal-Wallis tests to compare non-
normally distributed variables between groups. We 
used multivariable logistic regression to identify 
independent predictors of in-hospital cardiac arrest  
and to identify independent predictors of not recei-
ving cardiopulmonary resuscitation. The following 

5019 adults admitted to intensive care units with severe covid-
701 had in-hospital cardiac arrest
Of those with cardiac arrest, Mean age: 63 years, Sex: 65% men, 
Race: 21% non-hispanic white, 32% non-hispanic black

Study design Cohort study

© 2020 BMJ Publishing group Ltd.http://bit.ly/BMJc19ca

In-hospital cardiac arrest is common in critically ill patients with 
covid- and is associated with poor survival, even with 
cardiopulmonary resuscitation, particularly among older patients

Summary

Visual Abstract Cardiac arrest with covid-19
In-hospital incidence in critically ill patients

Exposure
Incidence of in-hospital 
cardiac arrest and 
cardiopulmonary 
resuscitation

Outcomes

Multicenter ( across US)Prospective

Population

* pubmed.ncbi.nlm.nih.gov/

Overall survival rate after cardiopulmonary resuscitation 
was similar to non-covid- related critical illness *

Discharged with 
normal or mild 

neurological 
impairment

Total cohort 
population

5019

Had 
in-hospital

cardiac arrest

701

Received 
cardiopulmonary 

resuscitation

400

Survived
to discharge

48 28

14.0% 12.0% 58.3%57.1%
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covariates were selected for inclusion in the model 
based on clinical knowledge and biological plausi-
bility: age, sex, race, history of smoking, body mass 
index, diabetes mellitus, hypertension, coronary artery 
di sease, congestive heart failure, chronic obstructive 
pulmonary disease, active malignancy, chronic or end 
stage kidney disease, mSOFA score, and the number 
of intensive care unit beds at the admitting hospitals 
before covid-19 (not including surge capacity beds). 
Table S4 in the supplementary appendix reports counts 
and frequencies for missing values. Missing data were 
not imputed; multivariable models used complete case 
analysis. All analyses were performed by using SPSS 
24 (IBM, NY, USA).

Patient and public involvement
The multicenter study design and the need to generate 
data quickly in the midst of the pandemic precluded 
patient or public involvement in the design or conduct 
of the study.

results
baseline characteristics, predictors, and outcomes 
of cardiac arrest
Among 5019 patients included in the study, 701 
(14.0%) had in-hospital cardiac arrest within 14 days 
of admission to the intensive care unit (fig 1, table 1). 
The median time from hospital admission to in-hospital 
cardiac arrest was seven days (interquartile range 4-11 
days); 15.3% (107/701) of patients had in-hospital 
cardiac arrest on the day of admission to the intensive 
care unit. Patients who had in-hospital cardiac arrest 
were more likely to be older, to be admitted to a hospital 
with a smaller number of intensive care unit beds, and to 

have a higher burden of cardiovascular disease and risk 
factors (tobacco use, diabetes melli tus, hypertension, 
coronary artery disease, chronic or end stage kidney 
disease) compared with patients who did not have in-
hospital cardiac arrest (table 1). These patients also had 
more pronounced laboratory abnormalities on the day of 
admission to the intensive care unit and were more likely 
to have received two or more vasopressors compared 
with those who did not have in-hospital cardiac arrest  
(table 1).

In multivariable analysis, several characteristics 
were associated with a higher risk of in-hospital 
cardiac arrest: being admitted to a hospital with a 
smaller number of intensive care unit beds, older age, 
black race, and higher mSOFA score on admission to 
the intensive care unit (fig 2). Coronary artery disease 
and congestive heart failure were not associated 
with in-hospital cardiac arrest (fig 2). Overall, 653 of 
701 patients (93.2%) with in-hospital cardiac arrest 
died, including 301 who died without receiving 
cardiopulmonary resuscitation and 352 who died 
despite cardiopulmonary resuscitation (fig 1).

characteristics and outcomes of cardiopulmonary 
resuscitation
Among the 701 patients with in-hospital cardiac 
arrest, 400 (57.1%) received cardiopulmonary resus-
citation (fig 1). The 42.9% (301/701) of patients 
who did not receive cardiopulmonary resuscitation 
had a DNACPR code status at the time of in-hospital 
cardiac arrest. Patients who received cardiopulmonary 
resuscitation were younger than those who did not 
(mean age 61 (standard deviation 14) v 67 (14) years) 
and were less likely to be receiving invasive mechanical 

Did not have cardiac arrest (86.0%)

Had cardiac arrest (14.0%)

Critically ill patients with covid-19 admitted to intensive care units from 4 March to 1 June 2020

701

301

5019

4318

Did not receive CPR (42.9%)
400

Received CPR (57.1%)

352
Died (88.0%)Survived to discharge (12.0%)

48

Normal or mild neurological impairment
(CPC score of 1 or 2) (7.0%)

28
Moderate or severe neurological impairment

(CPC score of 3 or 4) (5.0%)

20

Fig 1 | Flow diagram depicting study population, incidence of in-hospital cardiac arrest, cardiopulmonary 
resuscitation, and outcomes. Percentages in lower boxes relate to group who underwent cPr (n=400). covid-
19=coronavirus disease 2019; cPc=cerebral performance category; cPr=cardiopulmonary resuscitation
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ventilation at the time of in-hospital cardiac arrest 
(table 2). In multivariable analysis, only older age was 
independently associated with a higher likelihood of 

not receiving cardiopulmonary resuscitation (fig 2). 
Rates of cardiopulmonary resuscitation use differed 
considerably by age: 76.5% (52/68) of patients 

table 1 | characteristics of critically ill patients with covid-19 with and without in-hospital cardiac arrest. Data are numbers (%) unless stated otherwise
characteristic no cardiac arrest (n=4318, 86.0%) cardiac arrest (n=701, 14.0%) P value
icu beds
<50 1268/4318 (29.4) 434/701 (61.9) <0.001
50-99 1248/4318 (28.9) 144/701 (20.5) 0.031
≥100 1802/4318 (41.7) 123/701 (17.5) <0.001
Demographics
Age (years; mean (SD)) 60 (15) 63 (14) <0.001
 <45 647/4318 (15.0) 68/701 (9.7) <0.001
 45-64 1851/4318 (42.9) 277/701 (39.5) 0.003
 65-79 1419/4318 (32.9) 270/701 (38.5) <0.001
 ≥80 401/4318 (9.3) 86/701 (12.3) <0.001
Male sex 2707/4318 (62.7) 458/701 (65.3) 0.15
Race
 White (non-Hispanic) 1263/4318 (29.2) 150/701 (21.4) <0.001
 Black (non-Hispanic) 1280/4318 (29.6) 226/701 (32.2) 0.17
 Hispanic 484/4318 (11.2) 67/701 (9.6) 0.22
 Asian 248/4318 (5.7) 43/701 (6.1) 0.66
 Unknown 1043/4318 (24.2) 215/701 (30.7) <0.001
Body mass index (mean (SD))* 32 (8) 32 (9) 0.23
 <30 1725/4165 (41.4) 283/656 (43.1) 0.044
 30-34 1111/4165 (26.7) 189/656 (28.8) 0.72
 35-39 640/4165 (15.4) 76/656 (11.6) 0.007
 ≥40 689/4165 (16.5) 108/656 (16.5) 0.59
coexisting conditions and risk factors†
Current or former tobacco use* 1861/3756 (49.5) 313/564 (55.5) 0.007
Diabetes mellitus 1770/4318 (41.0) 340/701 (48.5) <0.001
Hypertension 2611/4318 (60.5) 475/701 (67.8) <0.001
Coronary artery disease 563/4318 (13.0) 113/701 (16.1) 0.001
Congestive heart failure 434/4318 (10.1) 78/701 (11.1) 0.17
Chronic obstructive pulmonary disease 377/4318 (8.7) 56/701 (8.0) 0.52
Chronic or end stage kidney disease 671/4318 (15.5) 148/701 (21.1) <0.001
Active malignancy 188/4318 (4.4) 39/701 (5.6) 0.07
laboratory values on day of icu admission (median (iQr))
White cell count (per mm3) 8.2 (5.9-11.5) 10.1 (7-14.3) <0.001
Lymphocyte count (per mm3) 10.1 (6.2-15.5) 8.3 (4.8-13.6) <0.001
Hemoglobin (g/dL) 12.6 (14-11) 12.3 (10.6-13.8) 0.009
Platelet count (103/μL) 214 (163-276) 222 (165-285) 0.16
Creatinine (mg/dL) 1.03 (0.79-1.59) 1.4 (0.92-2.49) <0.001
Albumin (g/dL) 3.2 (2.8-3.6) 3.1 (2.7-3.5) <0.001
Aspartate aminotransferase (U/L) 51 (35-80) 64 (39-109) <0.001
Alanine aminotransferase (U/L) 35 (22-59) 40 (24-68) <0.001
Total bilirubin (mg/dL) 0.6 (0.4-0.8) 0.6 (0.4-0.9) <0.001
Lactate (mmol/L) 1.5 (1.1-2.2) 2.1 (1.3-3.1) <0.001
Arterial pH 7.38 (7.31-7.44) 7.33 (7.239-7.41) <0.001
D dimer (ng/mL) 1142 (610-2800) 2380 (1220-8200) <0.001
C reactive protein (mg/L) 146 (77.5-225) 173 (95.3-261) <0.001
Ferritin (ng/mL) 938 (464-1843) 1234 (604-2653) <0.001
msOFa score on icu admission (mean (sD)) 4.1 (3.1) 6.0 (3.3) <0.001
complications‡
Invasive mechanical ventilation 3172/4318 (73.5) 491/701 (70.0) 0.029
Extracorporeal membrane oxygenation 174/4318 (4.0) 2/701 (0.3) <0.001
Newly diagnosed reduced left ventricular function§ 118/4318 (2.7) 48/701 (6.8) <0.001
Receipt of at least two vasopressors 1255/4318 (29.1) 362/701 (51.6) <0.001
Acute kidney injury requiring RRT 842/4318 (19.5) 161/701 (23.0) 0.033
Outcomes
ICU length of stay (days; median (IQR)) 17 (9-30) 6 (4-10) <0.001
Survived and discharged from hospital 2759/4318 (63.9) 48/701 (6.8) <0.001
Died while in hospital 1390/4318 (32.2) 653/701 (93.2) <0.001
Still in hospital 30 days after ICU admission 169/4318 (3.9) 0/701 (0.0) —
ICU=intensive care unit; IQR=interquartile range; mSOFA=modified sequential organ failure assessment score; RRT=renal replacement therapy; SD=standard deviation.
*Denominator differs in variables for smoking and body mass index because of missing data for these specific variables (listed in supplementary appendix).
†Definitions of coexisting conditions are provided in supplementary appendix.
‡On ICU admission for non-cardiac arrest group, or before cardiac arrest.
§Defined as newly diagnosed left ventricular ejection fraction less than 50% on echocardiogram.
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younger than 45 years received cardiopulmonary 
resuscitation and only 39.5% (34/86) of patients aged 
80 and older received cardiopulmonary resuscitation 
(fig 3).

The most common initial cardiac rhythms at the 
time of cardiopulmonary resuscitation were pulseless 
electrical activity (49.8%, 199/400), asystole (23.8%, 
95/400), ventricular tachycardia (8.3%, 33/400), 
and ventricular fibrillation (3.8%, 15/400). Pulseless 
electrical activity was more common in patients 
who survived to discharge compared with those who 
died, whereas the distribution of other rhythms was 
similar between survivors and non-survivors (table 
3). Epinephrine was the most commonly used treat-
ment during cardiopulmonary resuscitation (81.0%, 
324/400), followed by defibrillation (18.5%, 74/400). 
The median duration of cardiopulmonary resuscitation 
was 10 minutes (interquartile range 5-18). Younger 
patients received cardiopulmonary resuscitation for 
a longer duration than older patients (median 13 
minutes (interquartile range 7-20) in patients younger 
than 45 years compared with 7 minutes (4-14) in 
patients aged 80 or older).

Overall, 135 of the 400 patients (33.8%) who 
received cardiopulmonary resuscitation achieved 
return of spontaneous circulation, but only 12.0% 

(48/400) survived to hospital discharge. Return of 
spontaneous circulation was achieved at a median time 
of 6 minutes (interquartile range 4-14) after initiation 
of cardiopulmonary resuscitation. In those who died 
after return of spontaneous circulation, the median 
time from cardiopulmonary resuscitation to death was 
7 days (interquartile range 3-15 days). The likelihood 
of survival to hospital discharge decreased with older 
age, ranging from 21.2% (11/52) among patients 
younger than 45 years to 2.9% (1/34) among patients 
aged 80 and older (fig 3). Duration of cardiopulmonary 
resuscitation did not differ significantly according to 
sex, race, or number of intensive care unit beds (table 
S5 in supplementary appendix). In multivariable 
analysis, age 80 or older, male sex, and admission 
to a hospital with a smaller number of intensive care 
unit beds were each independently associated with 
an increased risk of death after cardiopulmonary 
resuscitation, whereas mSOFA score was not (table S6 
in supplementary appendix). Among the 48 patients 
who survived to hospital discharge, 58.3% (28/48) 
had normal or mildly impaired neurological status 
(cerebral performance category score of 1 to 2), and 
41.7% (20/48) had moderate to severe neurological 
dysfunction (cerebral performance category score of 3 
or 4; fig 1).

Number of intensive care unit beds

  ≥100 (reference)

  50-99

  <50

Age

  <45 (reference)

  45-64

  65-79

  ≥80

Male

Black compared with non-Hispanic white

Hispanic compared with non-Hispanic white

Body mass index per 5 kg/m2

Current or former tobacco use

Diabetes mellitus

Hypertension

Coronary artery disease

Congestive heart failure

Kidney disease (chronic or end stage)

Chronic obstructive pulmonary disease

Active malignancy

mSOFA score per 2 units

1.74 (1.33 to 2.26)

5.62 (4.43 to 7.12)

1.20 (0.87 to 1.66)

1.58 (1.12 to 2.23)

1.75 (1.15 to 2.67)

1.19 (0.98 to 1.44)

1.58 (1.23 to 2.02)

1.21 (0.86 to 1.71)

1.04 (0.98 to 1.10)

0.86 (0.69 to 1.07)

1.20 (0.99 to 1.44)

1.01 (0.82 to 1.25)

1.13 (0.87 to 1.47)

1.05 (0.78 to 1.42)

1.25 (0.98 to 1.58)

0.96 (0.68 to 1.34)

1.24 (0.84 to 1.83)

1.31 (1.24 to 1.38)

0.5 2 41 8

Clinical
characteristics

Adjusted odds ratio
(95% CI)

Adjusted odds ratio
(95% CI)

Cardiac arrest

1.36 (0.80 to 2.32)

1.35 (0.84 to 2.15)

1.78 (0.92 to 3.46)

2.68 (1.33 to 5.37)

4.89 (2.14 to 11.16)

0.99 (0.70 to 1.40)

1.16 (0.73 to 1.85)

1.55 (0.82 to 2.94)

1.07 (0.97 to 1.19)

0.96 (0.64 to 1.45)

0.76 (0.54 to 1.07)

1.42 (0.96 to 2.09)

0.77 (0.49 to 1.23)

0.85 (0.49 to 1.49)

1.03 (0.66 to 1.60)

0.91 (0.49 to 1.69)

1.78 (0.87 to 3.65)

1.04 (0.94 to 1.15)

0.5 2 41 8

Adjusted odds ratio
(95% CI)

Adjusted odds ratio
(95% CI)

Not receiving CPR

Fig 2 | Determinants of cardiac arrest and not receiving cardiopulmonary resuscitation in critically ill patients with coronavirus disease 2019. Forest 
plot depicting adjusted odds ratios and 95% confidence intervals for two separate binary logistic regression models: association with in-hospital 
cardiac arrest, and association with not receiving cardiopulmonary resuscitation. cPr=cardiopulmonary resuscitation; msOFa=modified sequential 
organ failure assessment
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discussion
Principal findings
In a large multicenter study of more than 5000 critically 
ill adults with covid-19 admitted to intensive care  
units at 68 participating hospitals across the US, 

we found that approximately one in seven patients 
experienced in-hospital cardiac arrest, of whom 
only 57.1% (400/701) received cardiopulmonary 
resuscitation. Among those who received cardio-
pulmonary resuscitation, only 12.0% (48/400) survived 

table 2 | characteristics of patients who received and did not receive cardiopulmonary resuscitation. Data are numbers (percentages) unless stated 
otherwise
characteristic received cPr (n=400, 57.1%) Did not receive cPr (n=301, 42.9%) P value
icu beds
<50 237/400 (59.3) 197/301 (65.4) 0.10
50-99 82/400 (20.5) 62/301 (20.6) 0.99
≥100 81/400 (20.3) 42/301 (14.0) 0.04
Demographics
Age (years; mean (SD)) 61 (14) 67 (14) <0.001
 <45 52/400 (13.0) 16/301 (5.3) 0.001
 45-64 172/400 (43.0) 105/301 (34.9) 0.04
 65-79 142/400 (39.5) 128/301 (42.5) 0.06
 ≥80 34/400 (8.5) 52/301 (17.3) 0.001
Male sex 266/400 (66.5) 192/301 (63.8) 0.46
Race
 White (non-Hispanic) 84/400 (21.0) 66/301 (21.9) 0.78
 Black (non-Hispanic) 131/400 (32.8) 95/301 (31.6) 0.75
 Hispanic 38/400 (9.5) 29/301 (9.6) 0.99
 Asian 26/400 (6.5) 17/301 (5.6) 0.75
 Unknown 121/400 (30.3) 94/301 (31.2) 0.80
Body mass index (mean (SD))* 32 (8) 32 (10) 0.92
 <30 150/366 (41.0) 133/290 (45.9) 0.23
 30-34 114/366 (31.1) 75/290 (25.9) 0.14
 35-39 47/366 (12.8) 29/290 (10.0) 0.27
 ≥40 55/366 (15.0) 53/290 (18.3) 0.29
coexisting conditions and risk factors†
Current or former tobacco use* 171/327 (52.3) 142/237 (59.9) 0.46
Diabetes mellitus 201/400 (50.2) 139/301 (46.2) 0.29
Hypertension 253/400 (63.2) 222/301 (73.8) 0.003
Coronary artery disease 67/400 (16.8) 46/301 (15.3) 0.60
Congestive heart failure 47/400 (11.8) 31/301 (10.3) 0.55
Chronic obstructive pulmonary disease 31/400 (7.8) 25/301 (8.3) 0.79
Chronic or end stage kidney disease 84/400 (21.0) 64/301 (21.3) 0.93
Active malignancy 17/400 (4.3) 22/301 (7.3) 0.08
laboratory values on day of icu admission (median (iQr))
White cell count (per mm3) 10.1 (7.0-14.3) 10.1 (7.1-14.4) 0.70
Lymphocyte count (per mm3) 9.0 (5.0-14.0) 7.3 (4.6-12.7) 0.05
Hemoglobin (g/dL) 12.5 (10.6-13.8) 12.3 (10.6-13.7) 0.57
Platelet count (103/μL) 217 (168-284) 226 (159-291) 0.99
Creatinine (mg/dL) 1.30 (0.90-2.40) 1.51 (0.96-2.49) 0.08
Albumin (g/dL) 3.1 (2.7-3.5) 3.1 (2.7-3.5) 0.94
Aspartate aminotransferase (U/L) 65 (41-120) 62 (36-99) 0.15
Alanine aminotransferase (U/L) 42 (25-76) 39 (23-59) 0.04
Total bilirubin (mg/dL) 0.6 (0.4-0.9) 0.6 (0.4-0.9) 0.75
Lactate (mmol/L) 2.2 (1.3-3.4) 2 (1.4-2.9) 0.22
Arterial pH 7.32 (7.22-7.44) 7.35 (7.25-7.42) 0.07
D dimer (ng/mL) 2637 (1283-8680) 2180 (1160-7955) 0.44
C reactive protein (mg/L) 157 (83-249) 190.9 (110-269) 0.04
Ferritin (ng/mL) 1225 (636-2591) 1255 (599.43-2784) 0.84
msOFa score on icu admission
Mean (SD) 5.9 (3.3) 6.2 (3.3) 0.26
complications‡
Invasive mechanical ventilation 257/400 (64.3) 234/301 (77.7) <0.001
On extracorporeal membrane oxygenation 13/400 (3.3) 1/301 (0.3) <0.001
Newly diagnosed reduced left ventricular function§ 29/400 (7.2) 19/301 (6.3) 0.70
Receipt of at least two vasopressors 226/400 (56.5) 197/301 (65.4) 0.001
Acute kidney injury requiring RRT 78/400 (19.5) 83/301 (27.6) 0.01
ICU=intensive care unit; IQR=interquartile range; mSOFA=modified sequential organ failure assessment score; RRT=renal replacement therapy; SD=standard deviation.
*Denominator differs in variables for smoking and body mass index because of missing data for these specific variables (listed in supplementary appendix).
†Definitions of coexisting conditions are provided in supplementary appendix.
‡Before cardiac arrest.
§Defined as newly diagnosed left ventricular ejection fraction less than 50% on echocardiogram.
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to hospital discharge, and only 7.0% (28/400) did so 
with normal or mildly impaired neurological status. 
Survival to hospital discharge varied considerably by 
age, from 21.2% (11/52) in patients younger than 45 
years to 2.9% (1/34) in patients aged 80 and older. Most 
patients who survived to hospital discharge required 
only a short course of cardiopulmonary resuscitation. 
Admission to a hospital with fewer intensive care 
unit beds was strongly associated with a greater risk 
of in-hospital cardiac arrest, suggesting that hospital 
resources, staffing, expertise, strain, or other factors 

not captured in our database could have had a major 
impact on outcomes. Cumulatively, these data indicate 
poor outcomes in critically ill patients with in-hospital 
cardiac arrest, particularly in older patients.

implications
Three important implications can be reported from 
our findings. Firstly, a substantial number of patients 
who are critically ill with covid-19 will suffer cardiac 
arrest. Although this had been anecdotally reported, 
we offer large scale data from multiple US hospitals 
on this topic. This finding is important and should 
prompt clinicians to design systems that are able 
to accommodate for large numbers of these events 
during future outbreaks, including methods to 
protect frontline healthcare providers from infection. 
Secondly, we identified patient and hospital specific 
risk factors for cardiac arrest, thereby highlighting 
those at greatest risk who might require closer 
monitoring or earlier goals of treatment discussions. 
Finally, our work better characterizes the likelihood 
of survival after in-hospital cardiac arrest specific 
to covid-19 related critical illness. Information on 
survival will provide clinicians, patients, and families 
with real world information on outcomes after these 
events. This information could guide end-of-life care 
discussions with critically ill patients with covid-19 
and their families.

Our study has additional findings of interest. Cardiac 
arrest in critically ill patients with covid-19 appears 
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Fig 3 | Proportion of patients with cardiac arrest who underwent cardiopulmonary 
resuscitation, and of those, proportion who survived to hospital discharge, stratified 
by age. number of patients with cardiac arrest given for each age category (eg, among 
patients <45 years old, 68 had cardiac arrest, 76.5% of whom received cardiopulmonary 
resuscitation; 21.2% survived to hospital discharge). cPr=cardiopulmonary 
resuscitation

table 3 | characteristics of cardiopulmonary resuscitation stratified by survival to hospital discharge. Data are numbers 
(percentages) unless stated otherwise
characteristic Died (n=352, 88.0%) survived to discharge (n=48, 12.0%) P value
icu beds
<50 226/352 (64.2) 11/48 (22.9) <0.001
50-99 70/352 (19.9) 12/48 (25.0) 0.45
≥100 56/352 (15.9) 25/48 (52.1) <0.001
Demographics
Age (years; mean (SD)) 61 (14) 57 (15) 0.03
Male sex 242/352 (68.8) 24/48 (50.0) 0.01
Race
 White (non-Hispanic) 71/352 (20.2) 13/48 (27.1) 0.26
 Black (non-Hispanic) 116/352 (33.0) 15/48 (31.3) 0.87
 Hispanic 33/352 (9.4) 5/48 (10.4) 0.79
 Asian 21/352 (6.0) 5/48 (10.4) 0.22
 Unknown 111/352 (31.5) 10/48 (20.8) 0.18
initial cardiac rhythm
Ventricular fibrillation 13/352 (3.7) 2/48 (4.2) 0.69
Pulseless ventricular tachycardia 30/352 (8.5) 3/48 (6.3) 0.78
Pulseless electrical activity 169/352 (48.0) 30/48 (62.5) 0.04
Asystole 89/352 (25.3) 6/48 (12.5) 0.07
Unknown 45/352 (14.5) 7/48 (14.6) 0.82
treatments administered during cPr
Defibrillation 68/352 (19.3) 6/48 (12.5) 0.25
Epinephrine 291/352 (82.7) 33/48 (68.8) 0.02
Vasopressin 17/352 (4.8) 2/48 (4.2) 0.84
Amiodarone 31/352 (8.8) 3/48 (6.3) 0.55
Lidocaine 9/352 (2.6) 0/48 (0.0) 0.26
Atropine 18/352 (5.1) 2/48 (4.2) 0.78
Chest compressions alone 39/352 (11.1) 8/48 (16.7) 0.26
Duration of cPr (min)
Median (IQR) 12 (6-19) 4 (2-6) <0.001
CPR=cardiopulmonary resuscitation; ICU=intensive care unit; IQR=interquartile range; SD=standard deviation.
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to be predominantly related to non-cardiac causes 
because the initial rhythm for most patients in our 
study was non-shockable (pulseless electrical activity 
or asystole in 73% of patients). Respiratory failure 
and prothrombotic events that have been extensively 
described in patients with covid-19 are probably 
major contributors to in-hospital cardiac arrest in 
this setting.15-17 Shao and colleagues reported similar 
findings in their study of 151 patients with in-hospital 
cardiac arrest in Wuhan, China. They found 87.5% 
of patients had a respiratory cause for their cardiac 
arrest, and asystole was the initial cardiac rhythm in 
89% of patients.2 Consistent with these findings, we 
observed that coronary artery disease and congestive 
heart failure were not independently associated with 
cardiac arrest. This finding suggests that severity of 
the acute illness rather than comorbidities plays a 
more dominant role in determining in-hospital cardiac 
arrest in this population.

Another striking finding from our study is that 
only about half of the patients who experienced 
cardiac arrest received cardiopulmonary resuscitation 
compared with 90% of patients in the study by Shao 
and colleagues.2 Several possible explanations could 
explain this difference. Most of the patients in the 
study by Shao and colleagues were on general medical 
floors and were probably considered less likely to die 
than the patients in the current study, all of whom were 
admitted to intensive care units. Other potential reasons 
for the large disparity in rates of cardiopulmonary 
resuscitation between studies include differences 
in age, comorbidity burden, cultural preferences, 
and clinician estimations of futility. Patients in our  
study who did not receive cardiopulmonary resus-
citation had a DNACPR order in place. We did not 
document the date or the reasons why DNACPR 
status was implemented, but none of the centers in 
STOP-COVID had an institutional policy in place for 
routinely withholding cardiopulmonary resuscitation 
from patients with covid-19. However, many centers 
adopted a proactive approach involving palliative care 
teams and initiation of early goals of care discussions 
with patients and family members, which could have 
led to the implementation of DNACPR orders for many 
of these critically ill patients.

Among those who received cardiopulmonary 
resuscitation in our study, 12.0% survived to hospital 
discharge. These outcomes are better than the 3% 
survival at 30 days reported by Shao and colleagues,2 
and are consistent with those recently reported in a 
study of critically ill patients with non-covid-19 disease 
from the GWTG-R registry.18 Overall, these findings 
suggest that patients with covid-19 with cardiac arrest 
had outcomes at these hospitals that were similar to 
critical illnesses like sepsis, pneumonia, and acute 
respiratory distress syndrome even during early sta-
ges of the pandemic. Baseline information from our 
study will be valuable for benchmarking and tracking 
hospital outcomes, and planning local policies around 
resuscitation as new treatments might shift decision 
making in future waves of the pandemic.

strengths and limitations
Our study has several strengths. It is a large study of 
cardiac arrest and cardiopulmonary resuscitation 
outcomes in patients with covid-19. All data were 
extracted by detailed chart review, with extensive and 
granular data collected from 68 geographically diverse 
centers. All patients were followed until death, hospital 
discharge, or a minimum of 30 days from admission to 
the intensive care unit. Additionally, we collected data 
on neurological status at hospital discharge among 
survivors.

We also acknowledge several limitations. Firstly, data 
on the cardiac rhythm of patients who did not receive 
cardiopulmonary resuscitation were not available. 
Secondly, we were unable to capture the timing of 
initiation of treatments such as chest compressions 
or defibrillation. Consequently, we were unable to 
assess the quality and timeliness of resuscitation, 
which can be compromised in patients with covid-19 
owing to the requirements for donning personal 
protective equipment, and could have contributed to 
the poor outcomes. Thirdly, the data were collected 
during the early months of the pandemic in the US and 
might not reflect current trends, including mortality 
rates given the application of new treatments (eg, 
dexamethasone). Fourthly, to minimize data entry 
burden on the participating centers in the midst of 
the pandemic, laboratory and acute organ injury data, 
including cardiac arrest, were limited to the first 14 
days after admission to the intensive care unit, which 
could have led to underestimation of the true incidence 
of cardiac arrest.

conclusions
Cardiac arrest is common in critically ill patients with 
covid-19 and is associated with poor survival even 
when cardiopulmonary resuscitation is provided, 
particularly in patients aged 80 or older, and in those 
requiring prolonged cardiopulmonary resuscitation. 
Our study data could help inform patients, family 
members, and clinicians in complex decision making 
about patients with covid-19 who are at risk of cardiac 
arrest or who have experienced cardiac arrest.
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