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ORIGINAL RESEARCH

Incidence, Predictors, and Outcomes of 
In-Hospital Cardiac Arrest in COVID-19 
Patients Admitted to Intensive and  
Non-Intensive Care Units: Insights From  
the AHA COVID-19 CVD Registry
Prakash Acharya , MD; Sagar Ranka, MD; Prince Sethi , MD; Rajani Bharati, MPH, PhD; Jinxiang Hu, PhD; 
Amit Noheria , MBBS, SM; Brahmajee K. Nallamothu , MD; Salim S. Hayek , MD; Kamal Gupta , MD

BACKGROUND: Limited information is available regarding in-hospital cardiac arrest (IHCA) in patients with COVID-19.

METHODS AND RESULTS: We leveraged the American Heart Association COVID-19 Cardiovascular Disease (AHA COVID-19 
CVD) Registry to conduct a cohort study of adults hospitalized for COVID-19. IHCA was defined as those with documentation 
of cardiac arrest requiring medication or electrical shock for resuscitation. Mixed effects models with random intercepts were 
used to identify independent predictors of IHCA and mortality while accounting for clustering at the hospital level. The study 
cohort included 8518 patients (6080 not in the intensive care unit [ICU]) with mean age of 61.5 years (SD 17.5). IHCA occurred 
in 509 (5.9%) patients overall with 375 (73.7%) in the ICU and 134 (26.3%) patients not in the ICU. The majority of patients at the 
time of ICHA were not in a shockable rhythm (76.5%). Independent predictors of IHCA included older age, Hispanic ethnicity 
(odds ratio [OR], 1.9; CI, 1.4–2.4; P<0.001), and non-Hispanic Black race (OR, 1.5; CI, 1.1–1.9; P=0.004). Other predictors in-
cluded oxygen use on admission, quick Sequential Organ Failure Assessment score on admission, and hypertension. Overall, 
35 (6.9%) patients with IHCA survived to discharge, with 9.1% for ICU and 0.7% for non-ICU patients.

CONCLUSIONS: Older age, Black race, and Hispanic ethnicity are independent predictors of IHCA in patients with COVID-19. 
Although the incidence is much lower than in ICU patients, approximately one-quarter of IHCA events in patients with COVID-19 
occur in non-ICU settings, with the latter having a substantially lower survival to discharge rate.
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Limited information is available on in-hospital car-
diac arrest (IHCA) in patients with COVID-19 infec-
tion. Until recently the only information available 

was from a few single center studies that have reported 
poor rates of survival to discharge ranging from zero to 
3%.1–3 A recent, large, multicenter study has provided 
important new information on IHCA in patients with 
COVID-19, admitted to an intensive care unit (ICU) in 
the United States. That study found the incidence of 

IHCA to be 14%, with only 7% of these patients surviv-
ing to discharge.4

Although valuable, this study reported on only ICU 
patients. However, among patients requiring hospital-
ization for COVID-19, only one-third require ICU level 
care.5 Most available data on IHCA focus exclusively 
on patients with severe disease or those requiring ICU-
level care.1,4 There is a significant paucity of data in re-
gard to IHCA in patients who are not critically ill and 
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hospitalized with COVID-19. Given the high in-hospital 
mortality in patients with COVID-19 and a higher frac-
tion of patients being admitted to a non-ICU setup, it 
is important to investigate the occurrence of IHCA in 
the non-ICU setting. With the continuing increase in 
COVID-19 related hospitalizations across the world, 
this information is of significant public health interest.6–8

We examined the incidence of IHCA in hospitalized 
patients with COVID-19 who were admitted to ICU as 
well as non-ICU setup in a large multicenter cohort 
study of more than 8000 admissions to 88 hospitals 
across the United States. We also examined the pre-
dictors of IHCA and survival to discharge.

METHODS
Study Design
All data and materials are available through the 
American Heart Association (AHA) Precision Medicine 

Platform (https://preci​sion.heart.org) and are available 
to qualified researchers through a formal research 
proposal. We used data from the American Heart 
Association COVID-19 Cardiovascular Disease (AHA 
COVID-19 CVD) Registry Powered by Get With The 
Guidelines. This multicenter cohort study included 
consecutive inpatient hospitalization of adult patients 
(≥18  years) with active COVID-19 infection, admit-
ted to 88 geographically diverse hospitals across the 
United States (Figure S1 and Table S1). We excluded 
patients with missing data regarding cardiac arrest (99 
patients) and visits that were readmissions (303 vis-
its). Readmissions were excluded from the study as we 
would be able to capture readmissions only in patients 
readmitted to hospitals included in the study and those 
admitted to other hospitals would be missed. Hence, 
patients were followed in the registry until hospital dis-
charge or death during the index admission.

Data Collection
Data were collected at the patient level in the par-
ticipating hospitals per AHA instructions. Hospitals 
participating in the registry submitted clinical informa-
tion regarding the medical history, hospital care, and 
outcomes of consecutive patients hospitalized for 
COVID-19 using an online, interactive case record form 
in the Patient Management Tool. This tool is powered 
by IQVIA (Parsippany, New Jersey), which serves as 
the data collection and coordination center. Trained 
personnel populated registry data using the standard 
definition of patient demographics, clinical comorbidi-
ties, inpatient laboratory data, treatment therapies at 
admission and discharge, and in-hospital outcomes. 
Quality checks for the patients in the registry were per-
formed throughout the data collection and preparation 
process. A random sample of hospitals is selected 
for chart reabstractions to independently assess data 
quality. The data is patient and hospital de-identified at 
an aggregate level.9

Definition and Outcomes
Patients with active COVID-19 infection were defined 
as those who were (1) diagnosed before hospitaliza-
tion but still symptomatic during hospitalization; (2) 
diagnosed during hospitalization; (3) symptomatic 
during hospitalization and have a confirmed test avail-
able only after discharge; and (4) those with a diagno-
sis (International Classification of Diseases [ICD] code 
U07.01 for COVID-19, virus identified) with or without 
COVID-related symptoms. The active infection with 
COVID-19 was confirmed by reverse transcription 
polymerase chain reaction, positive IgM antibody test, 
or a clinical diagnosis using hospital-specific criteria. 
Patients with prior COVID-19 diagnosis but without 
COVID-19 related symptoms were not considered to 

CLINICAL PERSPECTIVE

What Is New?
•	 Among patients with COVID-19, the incidence 

of in-hospital cardiac arrest (IHCA) in npatients 
not in the intensive care unit (ICU) was previ-
ously unknown; our study shows that 2.2% of 
non-ICU patients developed IHCA. The inci-
dence of IHCA for ICU patients was 15.4%.

•	 In addition to increased age, odds of IHCA were 
higher in patients of Black race and Hispanic 
ethnicity.

•	 The adjusted odds of IHCA do not differ accord-
ing to hospital size, and survival to discharge is 
significantly worse for non-ICU patients (0.7%) 
with IHCA compared with ICU patients (9.1%).

What Are the Clinical Implications?
•	 A significant proportion of patients with COVID-19 

infections who are triaged to non-ICU care de-
velop IHCA; the initial rhythm was uncertain in a 
higher proportion of non-ICU patients.

•	 Non-ICU patients have worse survival at dis-
charge after IHCA compared with ICU patients.

•	 Our study identifies predictors of IHCA in pa-
tients admitted with COVID-19 infection who may 
benefit from closer in-hospital observation and 
triaging to higher level of care.

Nonstandard Abbreviations and Acronyms

AHA	 American Heart Association
IHCA	 in-hospital cardiac arrest
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have active COVID-19 infection. Patients with positive 
IgG antibody test without positive IgM antibody were 
excluded as well.

In the AHA registry, patients with IHCA were iden-
tified as those with documentation of cardiac arrest 
requiring medication or defibrillation for resuscitation. 
The registry recorded the date of IHCA and if multiple 
dates of cardiac arrest were found, the first recorded 
date of cardiac arrest occurrence was taken. The first 
rhythm without a palpable pulse was documented as 
asystole, pulseless electrical activity, pulseless ventric-
ular tachycardia, ventricular fibrillation, or unknown/un-
documented. Patients whose goals of treatment were 
comfort measures only were not labeled as IHCA. The 
quick Sequential Organ Failure Assessment (qSOFA) 
score was used as a measure of acute illness severity 
on admission.10,11

IHCA was identified to have occurred in the ICU if 
the patient’s timestamp of ICU admission was earlier 
than the timestamp for cardiac arrest. If the timestamp 
for cardiac arrest was earlier than that for the ICU ad-
mission or there was no ICU admission during that 
hospitalization, this was considered to have occurred 
outside the ICU (cardiac arrest in non-ICU patients).

Statistical Analysis
We report the clinical characteristics of patients strati-
fied by IHCA and ICU or non-ICU status at the time 
of cardiac arrest. Continuous variables are presented 
as mean (SD), and categorical variables reported with 
frequencies and percentages. We used the t test to 
compare the continuous variables and chi-square test 
to compare categorical variables. Random intercept 
mixed effects models were used to identify the inde-
pendent predictors of IHCA and mortality after IHCA, 
while accounting for clustering at the hospital level. 
Hospitals were categorized into large (≥400 beds), 
medium (100–399 beds), and small (<100 beds). Odds 
ratios (ORs) with 95% CIs are reported. Statistical 
analyses were 2 sided and at a significance level of 
0.05. Covariates with more than 20% of missing vari-
ables were excluded (medication used before admis-
sion, inpatient medications administered before IHCA, 
and baseline troponin level on admission). Multiple im-
putation was conducted for variables with less than 
20% of missing values (supplemental oxygen use, 
body mass index, and qSOFA score). Final covari-
ates included in the models were informed by clinical 
knowledge and biological plausibility. Those include 
age, sex, race, body mass index, qSOFA on admis-
sion, prior coronary artery disease, peripheral artery 
disease, hypertension, hyperlipidemia, congestive 
heart failure, chronic kidney disease/end-stage renal 
disease, diabetes mellitus, chronic lung disease, and 
smoking or e-cigarette use.

Sensitivity analysis was performed comparing the 
results to the logistic regression model without clus-
tering. Subgroup analysis of predictors of IHCA was 
performed in patients admitted to ICU and non-ICU 
settings. The AHA Precision Medicine Platform (https://
preci​sion.heart.org) was used for analysis. All analyses 
were performed using R software.12

Oversight
All the participating institutions are required to comply 
with local regulatory and privacy guidelines and, if re-
quired, to secure institutional review board approval. 
The sites are granted waiver of informed consent under 
the common rule. The authors designed the study and 
performed the analysis.

RESULTS
Baseline Characteristics
There were 8920 inpatient admissions for COVID-19 
during the enrollment period for the study through July 
22, 2020. We excluded 99 visits with missing data re-
garding cardiac arrest and further excluded 303 visits 
that were readmissions (Figure 1) giving a final cohort 
of 8518. Table 1 and Table S2 list the baseline demo-
graphic and clinical characteristics. The study cohort 
had a median age of 62 (49–75) years and 55.5% of 
them were male. Non-Hispanic White patients com-
prised 32.3% of the study population, followed by 
Hispanic (30.2%) and non-Hispanic Black (23.6%) 
patients. Cough (62.1%), shortness of breath (58.6%), 
fatigue and myalgia (37.5%), and nausea/vomiting/
diarrhea (26.8%) were the most common presenting 
symptoms. About 92% of the patients were diagnosed 
of COVID-19 with reverse transcription polymerase 
chain reaction and 7% were clinical diagnoses using 
hospital-specific criteria. Among the total cohort, 
49.9% of patients were admitted to large hospitals 
(≥400 beds), 25.2% to medium-size hospitals (100–
399 beds), and 24.9% were admitted to small hospi-
tals (<100 beds). Of all admissions, 2438 (28.6%) were 
admitted to ICU during the hospitalization and 6080 
(71.4%) did not have an ICU admission.

A total of 509 (5.9%) patients had an IHCA event. 
The incidence of IHCA was 15.4% for patients admit-
ted to ICU and 2.2% for non-ICU patients (Table  2). 
Asystole (38.3%) and pulseless electrical activity (PEA) 
(34.2%) were the most common initial rhythm during 
the arrest. The median time from symptom onset to 
IHCA was 14.7 days (interquartile range 8.6–21 days) 
and from diagnosis of COVID-19 to IHCA was 9.9 days 
(interquartile range 2.9–13.9  days). The median time 
from admission to cardiac arrest was 7.1 days (inter-
quartile range 2.8–13.4).

https://precision.heart.org
https://precision.heart.org
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Comparison of Cardiac Arrest in ICU and 
Non-ICU Patients
Of the 6080 non-ICU patients, 134 (2.2%) developed 
IHCA whereas of the 2438 patients who did have an 
ICU admission, 375 (15.4%) developed IHCA. (Table 2) 
A majority of the patients in both non-ICU (62.7%) and 
ICU (72.2%) setting had asystole or PEA as the ini-
tial rhythm during arrest (P=0.04). The initial rhythm 
during cardiac arrest was reported as unknown in 
a significantly higher percentage of cardiac arrest in 
non-ICU patients. (34.5% versus 19.5%, P<0.001). 
The median time from onset of symptoms to IHCA 
was about 5 days shorter in non-ICU patients (10.38 
versus 15.55  days, P<0.001). Moreover, the time 
from admission to IHCA (4.8  days versus 8.7  days) 
as well as time from diagnosis of COVID-19 to arrest 
(5.1 versus 9.36 days) was 4 days shorter in non-ICU 
patients. The determinants of shorter time between 
admission to cardiac arrest (<7 days) upon multivari-
able adjustment include prior history of congestive 
heart failure (P=0.006) and supplemental oxygen use 
on admission (P=0.02). Increased age was not signifi-
cantly associated with shorter time from admission to 
IHCA (P=0.14).

Patients who had IHCA were significantly older 
and included a higher proportion of Hispanic people 
and significantly lower proportion of non-Hispanic 
White people compared with those who did not have 
IHCA. Among non-ICU patients, a significantly higher 
proportion among those who had cardiac arrest were 
male (62.7% versus 52.6%, P=0.03). However, this 
difference was not observed for ICU patients (63.5% 
versus 62%, P=0.63). The presenting symptom of 

confusion and altered mental status was significantly 
higher in non-ICU patients with IHCA compared 
with those without (37.9% versus 20.9%, P=0.002). 
Non-ICU patients with IHCA had significantly higher 
proportion of patients with prior history of coronary 
artery disease, atrial fibrillation/flutter, cerebrovas-
cular disease, hypertension, heart failure, chronic 
kidney disease, and diabetes mellitus compared 
with those who did not have IHCA. These baseline 
differences were not seen in ICU patients, however 
(Table 1). Both ICU and non-ICU patients who devel-
oped IHCA had higher mean creatinine and troponin 
at baseline. (Table S2).

Predictors of Cardiac Arrest
On multivariable analysis, we identified several char-
acteristics that were associated with increased 
odds of developing IHCA. These included older age, 
Hispanic ethnicity, non-Hispanic Black race, sup-
plemental oxygen use on admission, higher qSOFA 
score on admission, and presence of hypertension. 
Cardiovascular risk factors like diabetes mellitus, 
chronic kidney disease/end-stage renal disease, 
obesity, and smoking were not associated with IHCA. 
(Figure 2).

Similar to the total population, the ICU and non-ICU 
patient subcohorts also had higher odds of IHCA with 
increasing age over 50 years, Hispanic ethnicity, and 
non-Hispanic Black race. After multivariable adjust-
ments, higher body mass index, supplemental oxygen 
requirement on admission, and prior medical history 
including coronary artery disease, hypertension, dia-
betes mellitus, chronic kidney disease/end-stage renal 

Figure 1.  Selection of patient cohort.
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Table 1.  Comparison of Baseline Characteristics

Variables Total Cohort

Non-ICU Patients ICU Patients

Without 
Cardiac Arrest

With Cardiac 
Arrest P Value

Without 
Cardiac Arrest

With Cardiac 
Arrest P Value

Total number of patients 8518 5946 134 2063 375

Mean age, y (SD) 61.4 (17.5) 60.78 (18.2) 75.16 (11.9) <0.001 62.05 (15.9) 63.63 (13.7) <0.001

Age (y) group, n (%)

<50 2182 (25.6) 1676 (28.2) 3 (2.2) <0.001 449 (21.8) 54 (14.4) 0.001

50–60 1522 (17.9) 1065 (17.9) 11 (8.2) 0.004 366 (17.7) 80 (21.3) 0.09

60–70 1802 (21.2) 1121 (18.9) 27 (20.1) 0.71 542 (26.3) 111 (29.6) 0.18

70– 79 1520 (17.8) 982 (16.5) 34 (25.4) 0.007 416 (20.2) 88 (23.5) 0.15

>80 1492 (17.5) 1101 (18.5) 59 (44.1) <0.001 290 (14.1) 42 (11.2) 0.14

Sex, n (%)

Male 4730 (55.5) 3129 (52.6) 84 (62.7) 0.03 1279 (62) 238 (63.5) 0.63

Race/Ethnicity, n (%)

Hispanic 2582 (30.2) 1930 (32.5) 58 (43.3) 0.008 476 (23.1) 117 (31.2) <0.001

Non-Hispanic Black 2009 (23.6) 1364 (22.4) 30 (22.4) 0.88 520 (25.2) 95 (25.3) 0.96

Non-Hispanic White 2750 (32.3) 1790 (30.1) 29 (21.6) 0.03 826 (40) 105 (28) <0.001

Body mass index >=30, n (%) 3252 (43.7) 2166 (36.4) 26 (19.4) 0.003 895 (43.4) 164 (43.7) 0.39

Symptoms of COVID 19

Fever/chills 1242 (15.1) 793 (13.3) 21 (15.7) 0.26 359 (17.4) 69 (18.4) 0.50

Cough 5173 (62.1) 3659 (61.5) 70 (52.2) 0.03 1213 (58.8) 230 (61.3) 0.96

Shortness of breath 4880 (58.6) 3188 (53.6) 82 (61.2) 0.11 1350 (65.4) 259 (69.1) 0.69

Chest pain 273 (3.2) 204 (3.4) 2 (1.5) 0.32 57 (2.8) 10 (2.7) 0.99

Nasal congestion or sore throat 841 (10.1) 634 (10.7) 7 (5.2) 0.06 175 (8.5) 25 (6.7) 0.21

Loss of sense of taste/smell 340 (4.1) 278 (4.7) 0 0.02 56 (2.7) 6 (1.6) 0.24

Fatigue or myalgia 3125 (37.5) 2255 (37.9) 28 (20.9) <0.001 714 (34.6) 127 (33.9) 0.48

Headache 745 (8.9) 560 (9.4) 6 (4.5) 0.07 155 (7.5) 24 (6.4) 0.41

Confusion/altered mental status 881 (10.6) 558 (9.4) 24 (17.9) 0.002 248 (12) 51 (13.6) 0.61

Nausea, vomiting, or diarrhea 2231 (26.8) 1640 (27.6) 16 (11.9) <0.001 496 (24) 79 (21.1) 0.12

Past medical history

Prior myocardial infarction/
percutaneous coronary 
intervention, or coronary artery 
bypass grafting

777 (9.12) 500 (8.4) 24 (17.9) <0.001 206 (10) 47 (12.5) 0.16

Atrial fibrillation/flutter 785 (9.2) 501 (8.4) 21 (15.7) 0.005 226 (11) 37 (9.9) 0.59

Cerebrovascular disease (stroke/
transient ischemic attack)

941 (11.1) 641 (10.8) 33 (24.6) <0.001 222 (10.8) 45 (12) 0.54

Hypertension 4952 (58.2) 3272 (55) 95 (70.9) <0.001 1325 (64.2) 262 (69.9) 0.04

Heart failure 927 (10.9) 585 (9.8) 29 (21.6) <0.001 262 (12.7) 51 (13.6) 0.69

Chronic kidney disease/end-stage 
renal disease

1152 (13.5) 719 (12.1) 34 (25.4) <0.001 334 (16.2) 65 (17.3) 0.64

Diabetes mellitus 3066 (35.9) 1995 (33.6) 62 (46.3) 0.002 840 (40.7) 169 (45.1) 0.13

Hospital characteristics 2063 375

Hospital size

Large (≥400 beds) 4248 (49.9) 2087 (35.1) 55 (41.04) 0.15 1212 (58.7) 174 (46.4) <0.001

Medium (100–400 beds) 2143 (25.2) 1453 (24.4) 11 (8.2) <0.001 571 (27.7) 108 (28.8) 0.66

Small (<100 beds) 2122 (24.9) 1684 (28.3) 68 (50.7) <0.001 276 (13.4) 93 (24.8) <0.001

Severity score on admission

High-risk quick Sequential Organ 
Failure Assessment score

592 (7.2) 306 (5.1) 18 (13.4) <0.001 221 (10.7) 47 (12.5) 0.35

ICU indicates intensive care unit.
Statistically significant P<0.05 are indicated in bold.
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disease, and congestive heart failure were not associ-
ated with increased odds of IHCA (Figure 3).

Sensitivity analysis was performed using a logistic 
regression model without clustering to delineate the 
predictors of IHCA. The findings were similar with no 
significant differences noted. A separate sensitivity 
analysis was also performed without performing multi-
ple imputations for the missing variables and no signif-
icant difference in the findings were noted.

Outcomes
In the overall cohort, approximately 7% of the pa-
tients survived to discharge after IHCA (Table S3). 
However, there was a significant difference in sur-
vival between ICU and non-ICU groups, with 9.1% 
of ICU patients surviving to discharge whereas only 
0.7% of non-ICU patients survived to discharge 
(P<0.001). Age 70 to 79  years ;(OR, 5.7; CI, 1.3–
25.7; P=0.02) and >=80  years (OR, 21.7; CI, 2.2–
214.6; P=0.008) were associated with significantly 
increased adjusted odds of mortality in patients 
with IHCA. Differences in sex, race or ethnicity, and 
prior comorbidities did not predict mortality after 
IHCA. (Table S4).

Influence of Hospital Characteristics
Patients who were admitted to large hospitals (≥400 
beds) had significantly lower incidence of IHCA (6.6% 
versus 5.4%, P=0.03) compared with those admit-
ted to medium to small hospitals (<400 beds). Also, 
significantly lower proportion of patients admitted to 
teaching hospitals developed IHCA compared with 
those admitted to nonteaching hospitals (5.4% versus 
8.7%, P=0.004) (Figure S2). However, upon adjustment 
for covariates, hospital size (OR, 0.89; CI, 0.74–1.08; 
P=0.25) and teaching status (OR, 0.91; CI, 0.69–
1.22; P=0.53) did not significantly increase the odds 
of IHCA. Survival to discharge after IHCA did not vary 
significantly according to hospital size (OR, 1.18; CI, 
0.53–2.65; P=0.69) and teaching status (OR, 0.72; CI, 
0.21–2.94; P=0.62).

DISCUSSION
The main aim of our research was to better understand 
the incidence and predictors of IHCA in hospitalized 
patients with COVID-19. To our knowledge, this is the 
largest study on IHCA in COVID-19 to date and the first 
study to specifically look at IHCA in noncritically ill pa-
tients. The main findings of our study are as follows: 
(1) IHCA occurs in a significant proportion of non-ICU 
patients with COVID-19; (2) although the incidence of 
IHCA is much lower in non-ICU patients compared with 
ICU patients, it is almost always a fatal event with 0.7% 
survival to discharge; and (3) age over 70, Hispanic 
ethnicity, and Black race are strong independent pre-
dictors of IHCA.

Incidence and Outcomes of IHCA
We found an overall incidence of IHCA of 5.9% in our 
patient population. However, the incidence was much 
higher in ICU patients at 15.4%. The overall percentage 
is similar to the 4.6% incidence reported in a recent 
single-center report of 1309 patients with COVID-19 
from Royal Oaks, Michigan.3 The IHCA incidence in 
ICU patients is higher than the 7.9% reported by Hayek 
et al in a recent study of ICU patients from 68 cent-
ers in the United States. Part of this difference may be 
related to the fact that about 27% of IHCA occurred 
after 14  days of admission, and the prior study had 
censored patients before this time point. Of course, 
differences in hospital and patient characteristics may 
also explain some of this difference. The finding of a 
2.2% incidence of IHCA in non-ICU patient is new in-
formation, as prior studies have not directly assessed 
this population. In a smaller, single-center study from 
New York City, of the 31 total IHCA, 23% (7 patients) 
were in non-ICU patients, which is similar to the 26% 
of all IHCA seen in our current report.2 However, the 
incidence in non-ICU was not available in this study, as 
the total population with COVID-19 was not reported.

The overall survival to discharge rate was 6.9% and 
was significantly better in the ICU group at 9.1% and 
abysmal in the non-ICU group at 0.7%. The ICU group 

Table 2.  Comparison of Outcomes in Non-ICU Patients Compared With ICU Patients

Outcomes Non-ICU Patients ICU Patients P Value

Total number of patients 6080 2438

Patients with cardiac arrest, n (%) 134 (2.2) 375 (15.4) <0.001

Initial rhythm during cardiac arrest, n (%)

Asystole or pulseless electrical activity 84 (62.7) 271 (72.2) 0.038

Pulseless ventricular tachycardia/ventricular fibrillation 4 (2.7) 31 (8.2) 0.040

Initial rhythm unknown 46 (34.5) 73 (19.5) <0.001

Outcome, n (%)

Mortality during index admission 133 (99.3) 341 (90.9) <0.001

ICU indicates intensive care unit.
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survival is closer to the 12% reported by Hayek et al in 
their recent multicenter publication. This is also similar 
to post-IHCA survival in other ICU patient populations in 
the United States reported at 12.5% in a recent report 
from the AHA Get With The Guidelines-Resuscitation 
registry.4,13 The almost universal in-hospital fatal-
ity after non-ICU IHCA (0.7% survival) is striking and 
much higher than that reported in the United States 
in patients who did not have COVID-19.14 A 7-year re-
port from the Get With The Guidelines-Resuscitation 
registry found that survival to discharge was lower in 
nonmonitored ward IHCA than that in ICU IHCA (10.6% 
versus 14%). The only report on non-ICU patients with 
COVID-19 is from a single center in Wuhan, China.1 The 
authors report that of the 113 patients with IHCA in the 

wards, all of whom underwent cardiopulmonary resus-
citation, only 1 survived to discharge, giving a survival 
to discharge rate of 0.88% that is similar to ours. For 
the 23 ICU patients, survival to discharge was 13% in 
that study.

The reason for this high in-hospital mortality rate is 
not fully evident. The predominant rhythm at the time 
of IHCA was PEA or asystole in both ICU and non-ICU 
patients and this has been associated with worse out-
comes in patients without COVID-19 in prior studies.13 
However, this should be the same for both ICU and 
non-ICU patients. One reason for excessive mortality in 
non-ICU patients could be delayed recognition of car-
diac arrest. This is likely as in our study initial rhythm 
was reported as unknown in a significantly greater 

Figure 2.  Independent predictors of in-hospital cardiac arrest.
BMI indicates body mass index; CABG, coronary artery bypass grafting; ESRD, end-stage renal disease; ICU, intensive care unit; MI, 
myocardial infarction; PCI, percutaneous coronary intervention; and qSOFA, quick sequential organ failure assessment score.
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percentage of non-ICU patients, indicating that per-
haps they were not on a telemetry unit. It is also likely 
that because these patients were not expected to have 
cardiac arrest, teams were not ready to perform im-
mediate cardiopulmonary resuscitation in patients with 
COVID. Delays may have been exacerbated because 
of isolation status and need of donning personal pro-
tective gear. In addition, it is possible that the goals of 
care were different between the 2 groups of patients. 
It is also plausible that given the difference in age and 
comorbidity profile, the resuscitation efforts in non-ICU 
patients may have terminated earlier at the request of 
the family.

Another factor may have been the presumed etiol-
ogy. Because the underlying rhythm was mostly PEA/
asystole, it points mostly to respiratory arrest or pul-
monary embolism. Because these patients were not 
in the ICU, it is less likely to be pneumonitis or acute 
respiratory distress syndrome and a sudden pulmo-
nary embolism may be more likely. In a recent report 
on 1240 patients with COVID-19 from France, pulmo-
nary embolism was diagnosed by computed tomo-
graphic angiography in 8.3% of patients and resulted 
in a significantly higher risk of ICU transfer though not 
mortality.15 However, this study could have missed pul-
monary embolisms that were fatal and contributed to 

mortality before the computed tomographic angiog-
raphy was performed. Finally, implicit bias according 
to increased age and race/ethnicity while triaging for 
admission cannot be ruled out. It is possible that this 
could lead to a sicker cohort being triaged to non-ICU 
setup, leading to worse outcomes.

Predictors of IHCA
We identified several predictors of IHCA. Advanced age 
was a significant and independent predictor of IHCA in 
both ICU and non-ICU patients. However, in the non-
ICU group patients with IHCA were substantially older 
than the ICU group with IHCA (mean age 75 versus 
62  years). Race and ethnicity were also a significant 
and independent predictor of IHCA with non-Hispanic 
Black and Hispanic patients having a significant higher 
risk of IHCA in both hospital settings. In a recent multi-
center study in ICU patients with COVID-19, Black pa-
tients were found to be at higher risk but not Hispanic 
patients.4 However, in our study, Hispanic patients had 
a 19% higher risk of IHCA than non-Hispanic White 
patients. The higher risk of IHCA is consistent with a 
higher mortality seen in Hispanic patients nationally.16 
Sex was also identified as an independent predictor of 
IHCA with women having less risk of IHCA in the overall 

Figure 3.  Independent predictors of in-hospital cardiac arrest in non-ICU patients (A) and independent predictors of in-
hospital cardiac arrest in ICU patients (B).
BMI indicates body mass index; CABG, coronary artery bypass grafting; ESRD, end-stage renal disease; ICU, intensive care unit; MI, 
myocardial infarction; PCI, percutaneous coronary intervention; and qSOFA, quick sequential organ failure assessment score.
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group, though not in the ICU patients. The reasons for 
this are unclear though they may be related to possi-
ble sex-based differences in pathogenesis and severity 
of COVID-19.17 However, further research is needed to 
explore the mechanism for these differences.

At baseline, underlying cardiovascular comorbidi-
ties were associated with a significantly higher risk of 
IHCA in non-ICU patients, likely as this patient group 
was significantly older. However, after adjusting for 
baseline differences, in multivariate analysis, most of 
these were not associated with a higher risk of IHCA 
in either ICU or non-ICU groups. This finding is simi-
lar to that in the STOP-COVID (Study of the Treatment 
and Outcomes in Critically Ill Patients With COVID-19) 
registry and is likely due to the fact that in a majority of 
patients the underlying rhythm was PEA or asystole, 
which is associated with a noncardiac etiology.4 The is 
consistent with the observation that the initial high-risk 
qSOFA score and supplemental oxygen requirement 
were independently associated with IHCA risk. This 
points to the fact that the severity of illness may be a 
stronger predictor than underlying comorbidities.

Although there were some presenting symptoms 
that appeared to be associated with a higher risk of 
IHCA at baseline, after adjustment none of these re-
mained as independent predictors.

Implications
This study highlights the high risk of cardiac arrest in 
patients who are critically ill with COVID-19 and the 
subsequent poor survival. We also identify age, Black 
race, and Hispanic ethnicity as significant risks for 
IHCA and these could be focus of extra attention and 
discussion about resuscitation status with families.

The biggest implications of our study findings, how-
ever, may be for non-ICU patients. Older age was a very 
significant predictor, as was being Black or Hispanic. 
Further, need for supplemental oxygen on admission 
and a high-risk qSOFA score were predictors of IHCA. 
Study findings highlight a need for better risk stratifi-
cation of patients with COVID-19 to identify those who 
would need a higher level of care.

These observations also point to the importance 
of conducting early discussions about goals of care 
including resuscitation status even in pateints who 
are not critically ill. These outcomes data also pro-
vide information to clinicians, patients, and families to 
make an informed decision during these discussions. 
Finally, the availability of data regarding the incidence 
of cardiac arrest and subsequent survival from a na-
tionally representative sample establishes a yardstick 
for individual hospitals to gauge their outcomes. It 
also allows them to plan, accumulate, and allocate re-
sources in the scenario of a local surge of COVID-19 
infection.

Strengths and Limitations
The study has several strengths. This is the largest 
study to date of cardiac arrest and outcomes in pa-
tients with COVID-19. Patient-level granular data were 
acquired from 88 geographically diverse centers. The 
registry is well curated and follows the standards of 
all Get With The Guidelines AHA registries. All the pa-
tients were followed from admission to discharge or 
until death. Moreover, our study is the first to include 
and evaluate outcomes in a significantly large number 
of non-ICU patients.

The study has several limitations as well. Details 
of the cardiopulmonary resuscitation process, in-
cluding timing of initiation of chest compressions, 
quality of chest compressions, defibrillation, dura-
tion of resuscitation, and medications administered 
during the process, are not available. Similarly, the 
cause of cardiac arrest could not be ascertained. 
An initial rhythm was unknown in a significant pro-
portion of cardiac arrests. We also do not have data 
regarding the immediate outcome of the resuscita-
tion process as well as the neurological recovery 
thereafter. We were unable to ascertain the initia-
tion of palliative care or interval changes in the goals 
of care. Additionally, the data were collected early 
during the pandemic. Since then, there has been 
much that has been learned about the effective 
medications as well as unique aspect of care of pa-
tients with COVID-19.

CONCLUSIONS
IHCA is common in patients with COVID-19 related ad-
mission, particularly those in the ICU, but it also occurs 
in an important minority of those cared for exclusively 
in a non-ICU location. Survival to discharge after car-
diac arrest is significantly worse in non-ICU patients 
compared with patients who had IHCA in the ICU. The 
odds of cardiac arrest do not significant differ accord-
ing to the size of hospital. Age, sex, race, and treat-
ment received during hospitalization are independently 
associated with IHCA. The study helps identify high-
risk groups, especially in non-ICU settings, that may 
benefit from closer in hospital observation or more in-
tensive care.
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SUPPLEMENTAL MATERIAL 



Table S1. Characteristics of the hospitals included in the registry. 

Hospital characteristics n(%) 

Hospital location 

- Urban 80 (90.9) 

- Rural 3 (3.3) 

- Unknown 5 (5.8) 

Hospital type 

- Teaching 71 (80.6) 

- Non-teaching 12 (13.6) 

- Unknown 5 (5.8) 

Hospital size 

- Large (>400) 43 (48.9) 

- Medium (100-399) 34 (38.6) 

- Small (<100) 11  (12.5) 

ICU bed size 

- <25 4 (4.6) 

- 25-50 8  (9.1) 

- >50 17 (19.3) 

- Unknown 59 (67) 



Table S2. Baseline characteristics supplement. 

Variables Total cohort Non-ICU patients ICU patients 

Without cardiac 

arrest 

With cardiac 

arrest 

P-value Without 

cardiac arrest 

With cardiac 

arrest 

P-value

Race n(%) 5946 134 2063 375 

Native American 34 (0.4) 18 (0.3) 0 - 14 (0.7) 2 (0.5) 0.10 

Asian 463 (5.5) 322 (5.4) 1 (0.7) 0.02 122 (5.9) 18 (4.8) 0.39 

Pacific islander 23 (0.3) 17 (0.3) 0 - 5 (0.2) 1 (0.3) 0.93 

Not documented 657 (7.7) 504 (8.5) 16 (11.9) 0.16 100 (4.8) 37 (9.9) <0.001 

Prior medication use 

- Statin use 2891 (97.3) 1966 (33.1) 54 (40.3) 0.37 710 (34.4) 161 (42.9) 0.99 

- ACE/ARB use 2191 (53.3) 1471 (24.7) 36 (26.9) 0.38 564 (27.3) 120 (32) 0.33 

- Mineralocorticoid

antagonist

42 (1.02) 28 (0.5) 1 (0.7) 0.99 12 (0.6) 1(0.3) 0.63 

- Aspirin only 1752 (82.8) 1185 (19.9) 42 (31.3) 0.99 451 (21.9) 74  (19.7) 0.28 

- Anticoagulant 1064 (13) 694 (11.7) 31 (23.1) <0.001 283 (13.7) 56 (14.9) 0.88 

- Insulin use 1066 (47.2) 687 (11.6) 24 (17.9) 0.26 285 (13.8) 70 (18.7) 0.77 

- Steroid use

(inhaled/ oral)

1025 (12) 644 (10.8) 13 (9.7) 0.78 315 (15.3) 53 (14.1) 0.63 

- Non steroid

immunosuppressi

ve /chemotherapy

395 (4.6) 262 (4.4) 6 (4.5) 0.99 106 (5.1) 21 (5.6) 0.81 

- Hydroxychloroqui

ne

409 (4.8) 262 (4.4) 7 (5.2) 0.81 122 (5.9) 18 (4.8) .46 

Past medical history 

- Peripheral artery

disease

225 (2.6) 141 (2.4) 5 (3.7) 0.46 64 (3.1) 15 (4) 0.46 

- Hyperlipidemia 2932 (34.4) 1944 (32.7) 49 (36.6) 0.39 798 (38.7) 141 (37.6) 0.74 

- Chronic

pulmonary disease

1381 (16.2) 906 (15.2) 20 (14.9) 0.99 388 (18.8) 67 (17.9) 0.72 

- Smoking or e-

cigarette (vaping)

533 (6.3) 350 (5.9) 11 (8.2) 0.35 140 (6.8) 32 (8.5) 0.27 

Associated diagnoses 

during 

hospitalization 

- Supraventricular

arrythmia

89 (1.1) 17 (0.3) 1 (0.7) 0.86 31 (1.5) 40 (10.7) <0.001 

- Atrial fibrillation 699 (8.2) 321 (5.4) 24 (17.9) <0.001 272 (13.2) 82 (21.9) <0.001 

- Acute MI/PCI 51 (0.59) 10(0.2) 1 (0.7) 0.44 29 (1.4) 11 (2.9) 0.004 

- In-hospital shock 1057 (12.9) 54 (0.9) 30(22.4) <0.001 706 (34.2) 267 (71.2) <0.001 

- New onset heart

failure

127 (1.5) 34 (0.6) 2 (1.5) 0.42 58 (2.8) 33 (8.8) <0.001 

- Myocarditis 28 (0.33) 8 (0.1) 0 1.0 10 (0.5) 10 (2.7) 0.004 



- PE/DVT 280 (3.29) 80 (1.3) 2 (1.5) 1.0 169 (8.2) 29 (7.7) 0.85 

- Clinical bleeding

requiring

transfusion

255 (3) 61 (1) 3 (2.2) 0.35 147 (7.1) 44 (11.7) 0.004 

- New

Hemodialysis or

CRRT

334 (3.9) 13 (0.20) 0 1.0 233 (11.3) 88 (23.5) <0.001 

- Ischemic or

hemorrhagic

stroke

104 (1.2) 26 (0.4) 0 0.92 58 (2.8) 20 (5.3) 0.02 

Baseline laboratory 

- Mean Serum

Creatinine (mg/dl)

(SD)

1.72 (6.19) 2.42 (2.31) <0.001 1.94 (4.42) 2.40 (5.56) <0.001 

- Troponin (ng/ml) 4.51 (21.96) 34.96 (60.29) <0.001 3.96 (26.47) 13.67 (58.81) <0.001 

Management prior to 

cardiac arrest 

- Inotropes 720 (8.5) 39 (0.7) 9 (6.7) <0.001 644 (31.2) 28 (7.5) <0.001 

- Mechanical

ventilation

1496 (17.6%) 76 (1.3) 11 (8.2) <0.001 1305 (63.3) 104 (27.7) <0.001 

- Glucocorticoid 1703 (21.6) 821 (13.8) 17 (12.7) 0.97 712 (34.5) 153 (40.8) <0.001 

- Hydroxychloroqui

ne

3723 (44.9) 2411 (40.6) 69 (51.5) 0.004 1039 (50.4) 203 (54.1) 0.02 

- Remdesivir 654 (7.9) 350 (5.9) 3 (2.2) 0.10 273 (13.2) 28 (7.5) 0.002 



Table S3. Discharge location of patients with cardiac arrest. 

Discharge location N (%) 

Discharged home 11 (2.2) 

Hospice 1 (0.2) 

Acute care facility 6 (1.2) 

Other health care facility 15 (2.9) 

AMA 1 (0.2) 



Table S4. Predictors of survival to discharge in patients with cardiac arrest. 

Variables Odds ratio Confidence Interval P-value

Age group (compared 

to <50)  

- 50-59 0.69 0.21-2.14 0.49 

- 60-69 2.04 0.59-6.98 0.26 

- 70-79 5.69 1.26-25.71 0.02 

- >=80 21.67 2.19-214.63 0.008 

Sex (Female compared 

to male) 

1.20 0.52-2.77 0.66 

Race 

(reference non- 

Hispanic whites) 

- Hispanic 2.13 0.76-5.94 0.15 

- Non-Hispanic

Black

2.28 0.81-6.45 0.12 

BMI category (>=30 

compared to <30) 

1.13 0.38-5.11 0.77 

Severity score 

qSOFA 2.35 0.58-0.51 0.23 

Comorbidities 

- Prior MI/ PCI

or CABG

4.27 0.14-1.34 0.14 

- Hypertension 0.29 0.09-1.01 0.90 

- Hyperlipidemia 0.85 0.37-1.97 0.71 

- Congestive

heart failure

1.06 0.31-3.61 0.93 

- Chronic kidney

disease/ESRD

1.47 0.50-4.37 0.48 

- Diabetes 0.85 0.38-1.91 0.70 

- Chronic lung

disease

1.06 0.35-3.21 0.91 

- Smoker/ e-

cigarette user

2.25 0.45-11.16 0.32 



Figure S1. Distribution of total cohort by state. 



Figure S2. Incidence of in-hospital cardiac arrest (IHCA) and survival to discharge among patients 

with IHCA according to hospital characteristics.  


