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ORIGINAL RESEARCH

Cardiac Arrest Following Drug Overdose 
in the United States: An Analysis of the 
Cardiac Arrest Registry to Enhance Survival
Aditya C. Shekhar , MBE; Brian H. Nathanson , PhD; Timothy J. Mader , MD; Ryan A. Coute , DO

BACKGROUND: Given increases in drug overdose-associated mortality, there is interest in better understanding of drug overdose 
out-of-hospital cardiac arrest (OHCA). A comparison between overdose-attributable OHCA and nonoverdose-attributable 
OHCA will inform public health measures.

METHODS AND RESULTS: We analyzed data from 2017 to 2021 in the Cardiac Arrest Registry to Enhance Survival (CARES), 
comparing overdose-attributable OHCA (OD-OHCA) with OHCA from other nontraumatic causes (non-OD-OHCA). Arrests in-
volving patients <18 years, health care facility residents, patients with cancer diagnoses, and patients with select missing data 
were excluded. Our main outcome of interest was survival with good neurological outcome, defined as Cerebral Performance 
Category score 1 or 2. From a data set with 537 100 entries, 29 500 OD-OHCA cases and 338 073 non-OD-OHCA cases met 
inclusion criteria. OD-OHCA cases involved younger patients with fewer comorbidities, were less likely to be witnessed, and 
less likely to present with a shockable rhythm. Unadjusted survival to hospital discharge with Cerebral Performance Category 
score =1 or 2 was significantly higher in the OD-OHCA cohort (OD: 15.2% versus non-OD: 6.9%). Adjusted results showed 
comparable survival with Cerebral Performance Category score =1 or 2 when the first monitored arrest rhythm was shockable 
(OD: 28.9% versus non-OD: 23.5%, P=0.087) but significantly higher survival rates with Cerebral Performance Category score 
=1 or 2 for OD-OHCA when the first monitored arrest rhythm was nonshockable (OD: 9.6% versus non-OD: 3.1%, P<0.001).

CONCLUSIONS: Among patients presenting with nonshockable rhythms, OD-OHCA is associated with significantly better out-
comes. Further research should explore cardiac arrest causes, and public health efforts should attempt to reduce the burden 
from drug overdoses.
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In the United States, the incidence of drug overdose 
has dramatically increased over the past few de-
cades.1,2 Various types of overdoses can lead to hos-

pitalization, long-term consequences, and death. For 
example, opioids diminish respiratory drive and subse-
quently can cause hypoxia and cardiac arrest.3,4 Given 
the current high burden from overdoses, there is signif-
icant epidemiologic interest in the topic, and research 
in this area can inform efforts to reduce the associated 
disease burden.5 In the past, out-of-hospital cardiac 

arrest (OHCA) was largely treated as epidemiolog-
ically homogenous. However, there is recent interest 
in investigating specific cardiac arrest causes with the 
goal of identifying potential differences.6 The majority 
of cardiac arrests are attributable to presumed cardiac 
pathology (eg, myocardial infarction or electrophysio-
logical aberrancies), whereas recent data suggest just 
under 5% of OHCA in the United States are overdose 
attributable.7 Comparisons of the circumstances and 
outcomes surrounding overdose-attributable cardiac 
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arrests with other arrest causes may help inform tar-
geted public health efforts. For instance, it has been 
previously reported that overdose-attributable arrests 
may have lower rates of shockable first monitored ar-
rest rhythms yet higher rates of return of spontaneous 
circulation achievement and neurologically intact 
survival.8,9

National-level databases provide an ideal resource 
to interrogate specific cardiac arrests causes. The 
Cardiac Arrest Registry to Enhance Survival (CARES) 
database is a well-established, national registry of 
OHCA in the United States.10 CARES was created 
by the United States’ Centers for Disease Control 
and Prevention in 2004 in order to provide effec-
tive surveillance of OHCA  in the United States.10 In 
this study, we used the CARES registry to compare 

overdose-attributable out-of-hospital cardiac arrests 
(OD-OHCA) with arrests attributable to other causes 
(non-OD-OHCA). Our overall goal was to identify any 
noteworthy differences between OD-OHCA and other 
causes, and our main outcome of interest was survival 
with a good neurologic outcome.

METHODS
Study Design and Patient Population
We performed a retrospective analysis of adult non-
traumatic emergency medical services (EMS)-treated 
OHCA from the national CARES data set for 2017 to 
2021. All adult (age >18 years) OHCA from January 2017 
to December 2021 were analyzed. Arrests that were 
documented as overdose attributable (OD-OHCA) 
were compared with arrests that were documented 
as attributable to other causes (non-OD-OHCA). The 
following were specifically excluded: patients under 
age 18, arrests involving residents of nursing homes 
or other health care facilities; arrests after the arrival 
of 911-dispatched first responders, patients with can-
cer diagnoses, and patients where key arrest data (eg, 
age, sex, first rhythm, and outcomes) were missing 
(Table 1). National CARES deidentified data are avail-
able to researchers upon submission and subsequent 
approval of a project proposal by the registry.

Determining Cardiac Arrest Causes
For every cardiac arrest contained within the CARES 
database, EMS providers document a suspected ar-
rest cause based on indicators identified on-scene (eg, 
drug paraphernalia) and information reported by by-
standers/family members (eg, witness stating a patient 
may have overdosed). All arrests without cause-related 
on-scene indicators are presumed to have cardiac 
causes. Centers submitting to CARES have an op-
portunity to revise documented cause based on later 
evidence, such as reports produced by medical exam-
iners or treating hospitals. The drug overdose cause 
is specifically defined as “all intentional and accidental 
arrests caused by a presumed or known overdose of 
medication or drugs (legal/illegal), to include alcohol.”11

Data Source: Cardiac Arrest Registry to 
Enhance Survival
The CARES database was developed in 2004 as a 
collaborative effort between Emory University and the 
Centers for Disease Control and Prevention to serve 
as a central repository for cardiac arrest data from 
EMS systems throughout the United States.10 The 
registry uses the Utstein style of OHCA reporting and 
includes variables from prehospital care through hos-
pital discharge.12 The program currently includes 27 

CLINICAL PERSPECTIVE

What Is New?
•	 Given the current morbidity and mortality due to 

drug overdose, there is immense public health 
interest in the topic of drug overdose cardiac ar-
rest; therefore, we examined the Cardiac Arrest 
Registry to Enhance Survival (CARES), a nation-
wide registry of cardiac arrest, to compare over-
dose cardiac arrests with nonoverdose cardiac 
arrests.

What Are the Clinical Implications?
•	 Across 29 500 overdose cardiac arrests and 

338 073 nonoverdose cardiac arrests, we found 
that overdose arrests involved younger patients 
with fewer comorbidities, were less likely to 
be witnessed, and less likely to present with a 
shockable rhythm; outcomes were comparable 
when the first monitored rhythm was shockable, 
but overdose arrests were associated with bet-
ter outcomes when the first monitored rhythm 
was nonshockable.

Nonstandard Abbreviations and Acronyms

CARES	 Cardiac Arrest Registry to 
Enhance Survival

CPC	 Cerebral Performance 
Category

non-OD-OHCA	 nonoverdose-attributable 
out-of-hospital cardiac arrest

OD-OHCA	 overdose-attributable out-of-
hospital cardiac arrest

OHCA	 out-of-hospital cardiac arrest
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state-based registries and the District of Columbia with 
community sites in 14 additional states. CARES repre-
sents a catchment area of more than 162 million people 
or approximately 49% of the US population, with more 
than 2000 EMS agencies, and 2500 participating hos-
pitals. Further details of CARES development, design, 
and data elements have been previously published.10,13 
Organizations participating in CARES, including EMS 
and receiving hospitals, document standardized in-
formation about cardiac arrests they encounter, and 

Table 1.  Patient Variables Stratified by Non-OD-OHCA 
Versus OD-OHCA Status

Patient variables
Non-OD-OHCA 
N=338 073

OD-OHCA 
N=29 500

Year of OHCA

2017 47 019 (13.9%) 4131 (14.0%)

2018 52 007 (15.4%) 4552 (15.4%)

2019 63 745 (18.9%) 5101 (17.3%)

2020 81 115 (24.0%) 7329 (24.8%)

2021 94 187 (27.9%) 8387 (28.4%)

Age, y, median 
[interquartile range]

64 [54, 75] 37 [29, 48]

Age, y, mean (SD) 63.6 (16.3) 39.0 (12.6)

Female sex, n (%) 120 668 (35.7%) 9569 (32.4%)

Race or ethnicity

White 169 780 (50.2%) 17 251 (58.5%)

Black 72 778 (21.5%) 4693 (15.9%)

Hispanic 25 665 (7.6%) 2330 (7.9%)

Asian/others* 11 965 (3.5%) 391 (1.3%)

Unknown race and 
ethnicity

57 885 (17.1%) 4835 (16.4%)

Location

Home 281 941 (83.4%) 22 876 (77.5%)

Public 56 132 (16.6%) 6624 (22.5%)

Arrest witnessed status

Unwitnessed 182 248 (53.9%) 23 097 (78.3%)

Witnessed by 
bystander

155 825 (46.1%) 6403 (21.7%)

Bystander cardiopulmonary resuscitation (excluding 911 witnessed 
events and nursing home/health care facility events)

Yes 135 741 (40.15%) 10 289 (34.88%)

No 202 332 (59.85%) 19 211 (35.12%)

Bystander automated 
external defibrillator was 
applied (public location 
only, excluding 911 
witnessed events and 
nursing home/health 
care facility events)

6512 (11.60%) 259 (3.91%)

Sustained return of spontaneous circulation

Yes 93 589 (27.7%) 10 435 (35.4%)

No 244 398 (72.3%) 19 060 (64.6%)

Missing/unknown 86 (0.0%) 5 (0.0%)

First monitored rhythm

Asystole 178 145 (52.7%) 19 091 (64.7%)

Idioventricular/
pulseless electrical 
activity

62 201 (18.4%) 4365 (14.8%)

Unknown 
unshockable

27 164 (8.0%) 4550 (15.4%)

Ventricular fibrillation 51 658 (15.3%) 1021 (3.5%)

Ventricular 
tachycardia

3498 (1.0%) 93 (0.3%)

Unknown shockable 15 407 (4.6%) 380 (1.3%)

 (Continued)

Patient variables
Non-OD-OHCA 
N=338 073

OD-OHCA 
N=29 500

First monitored rhythm 
status

(0.0%)

Nonshockable 267 510 (79.1%) 28 006 (94.9%)

Shockable 70 563 (20.9%) 1494 (5.1%)

Comorbidities (missing values are assumed to be absent)

Diabetes 56 679 (16.8%) 885 (3.0%)

Hypertension 91 471 (27.1%) 1841 (6.2%)

Renal disease 14 670 (4.3%) 150 (0.5%)

Heart disease 62 644 (18.5%) 611 (2.1%)

Respiratory disease 30 973 (9.2%) 766 (2.6%)

Hyperlipidemia 18 172 (5.4%) 178 (0.6%)

Stroke 11 162 (3.3%) 148 (0.5%)

Other disease 116 791 (34.5%) 14 429 (48.9%)

Types of drugs administered (missing values assumed to be absent)

Epinephrine 272 319 (80.6%) 21 602 (73.2%)

Amiodarone 43 891 (13.0%) 1234 (4.2%)

Atropine 5939 (1.8%) 341 (1.2%)

Bicarbonate 72 327 (21.4%) 5817 (19.7%)

Calcium chloride 6656 (2.0%) 298 (1.0%)

Dextrose 14 811 (4.4%) 1760 (6.0%)

Lidocaine 9620 (2.8%) 234 (0.8%)

Magnesium sulfate 1157 (0.3%) 44 (0.1%)

Naloxone 33 277 (9.8%) 16 221 (55.0%)

Vasopressin 141 (0.0%) 15 (0.1%)

Other drugs 82 552 (24.4%) 7407 (25.1%)

Hypothermia care 
initiated or continued in 
the hospital

41 080 (12.2%) 4028 (13.7%)

Outcome

Dead in field 142 727 (42.2%) 12 528 (42.5%)

Died in the 
emergency 
department

70 505 (20.9%) 3569 (12.1%)

Died in the hospital 95 447 (28.2%) 8468 (28.7%)

Survived; CPC 3 or 4 5957 (1.8%) 459 (1.6%)

Survived; CPC 1 or 2 23 437 (6.9%) 4476 (15.2%)

CPC indicates Cerebral Performance Category; OD-OHCA, overdose-
attributable out-of-hospital cardiac arrest; and OHCA, out-of-hospital 
cardiac arrest.

*Asian, American-Indian/Alaska Native or Native Hawaiian/Pacific Islander

Table 1.  Continued
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data are aggregated for epidemiological research and 
monitoring purposes. Cardiac arrest cases submitted 
to CARES are reviewed to ensure data integrity. The 
CARES database has been used to answer a number 
of questions regarding broad trends in OHCA. Given 
all data are deidentified and publicly available, the use 
of CARES data has been determined to be exempt 
from institutional review board review. Furthermore, in-
formed consent was not obtained, because the study 
involves a retrospective examination of patient data 
generated during normal care.

Statistical Analysis
We summarized continuous variables with means and 
SDs and categorical variables with counts and per-
centages. We compared continuous variables with 
the Student’s t test and categorical variables with the 
chi-square test. Our primary outcome of interest was 
survival to hospital discharge with good neurological 
status (Cerebral Performance Category score [CPC]=1 
or 2). Given known differences in outcomes by whether 
or not the patient has a shockable or nonshockable 
first rhythm, we stratified the patients into shockable 
and nonshockable groups for multivariable modeling. 
We created a multivariable logistic regression model 

to determine the association of cause on survival with 
CPC=1 or 2, using all predictors in Table 1 other than 
patient outcomes and first rhythm type (shockable 
versus nonshockable status) as the latter variable was 
used for stratification. Two separate models were sub-
sequently created depending on whether the patient 
presented with a shockable or nonshockable rhythm. 
The multivariable regression models also included 
interactions with cause and age. All inference tests 
were 2-tailed, and P values <0.05 were considered 
statistically significant. All analyses were done using 
Stata/MP 17.0 for Windows, StataCorp, LLC College 
Station, TX.

RESULTS
From a data set with 537 100 entries, 29 500 OD-OHCA 
cases (8.0%) and 338 073 non-OD-OHCA (92.0%) 
cases met inclusion criteria (Figure 1). When compar-
ing OD-OHCA with non-OD-OHCA, several notewor-
thy results become apparent (Table 1). First, OD-OHCA 
involved younger patients than non-OD-OHCA (OD: 
39.0±12.6 years old versus non-OD: 63.6±16.3 years 
old, P<0.001). Second, OD-OHCA patients had signifi-
cantly fewer comorbidities (eg, diabetes, hypertension, 

Figure 1.  Derivation of the study population.
*Nontraumatic cardiac arrest with attempted resuscitation. †Surrogate for likely poor baseline function 
leading to early postresuscitation decision for early palliative care. ‡Surrogate for likely short arrest 
duration precluding need for aggressive postresuscitative care. §Assumed to be early palliative care and 
therefore not a candidate for aggressive postresuscitation critical care. CARES indicates Cardiac Arrest 
Registry to Enhance Survival; and OHCA, out-of-hospital cardiac arrest.
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renal disease, heart disease, respiratory disease, hy-
perlipidemia, and stroke) than non-OD-OHCA patients. 
Third, OD-OHCA were less likely to be witnessed (OD: 
21.7% versus non-OD: 46.1%, P<0.001). Fourth, OD-
OHCA had significantly lower rates of shockable first 
monitored arrest rhythms (OD: 5.1% versus non-OD: 
20.9%, P<0.001).

Overall outcomes were significantly better within the 
OD-OHCA cohort in the unadjusted analysis (Table 1). 
Namely, survival with favorable neurological outcomes 
(CPC=1 or 2) was higher in the OD-OHCA cohort (OD: 
15.2% versus non-OD: 6.9%, P<0.001). However, mul-
tivariable adjusted results Table 2) showed compara-
ble survival with CPC 1 or 2 between OD-OHCA and 
non-OD-OHCA when the first monitored arrest rhythm 
was shockable (OD: 28.9% versus non-OD: 23.5%, 

P=0.087) (Figure 2A), but significantly higher rates of 
survival with CPC 1 or 2 for OD-OHCA when the first 
monitored arrest rhythm was nonshockable (OD: 9.6% 
versus non-OD: 3.1%, P<0.001) (Figure 2B).

DISCUSSION
Our examination of a large, national registry of OHCA 
reveals key differences when comparing OD-OHCA 
with non-OD-OHCA. For example, OD-OHCA involved 
younger individuals with fewer comorbidities, were 
less likely to be witnessed, and less likely to present 
with a shockable first monitored arrest rhythm. These 
findings are consistent with what has been shown in 
smaller-scale studies.8,14–16 Neurological outcomes 
were significantly better in the OD-OHCA cohort, even 

Table 2.  Adjusted Marginal Probability of Survival to Hospital Discharge With Cerebral Performance Category Score=1 or 
2 by Rhythm Status

First documented rhythm type Non-OD-OHCA OD-OHCA P value

Nonshockable first documented rhythm 3.1%
95% CI (2.8%–3.4%)

9.6%
95% CI (8.6%–10.7%)

<0.001

Shockable first documented rhythm 23.5%
95% CI (22.5%–24.4%)

28.9%
95% CI (22.6%–35.1%)

0.087

OD-OHCA indicates overdose-attributable out-of-hospital cardiac arrest.

Figure 2.  Adjusted marginal probabilities of survival to hospital discharge with Cerebral Performance Category score 
(CPC)=1 or 2.
A, Patients with a shockable first documented rhythm. B, Patients with a nonshockable first documented rhythm. CPC indicates 
Cerebral Performance Category.
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after controlling for age and the presence of comor-
bidities. The finding that overdose-attributable cardiac 
arrests are paradoxically associated with lower rates 
of shockable rhythms but better outcomes than other 
cardiac arrest causes has been seen in other stud-
ies.5,7–9,15 One speculation for this trend is that opi-
oids, which may have been involved in many of the 
overdose-attributable cardiac arrests, may hold some 
neuroprotective properties. Emerging preclinical evi-
dence supports this hypothesis.17,18

Currently, the topic of overdose-attributable car-
diac arrest is especially timely. Data from multiple 
sources indicate the number of overdoses increased 
substantially during the COVID-19 pandemic.19,20 This 
increase may have resulted from increased stress ac-
companying the pronounced societal changes that 
took place during the pandemic.21–23 This is especially 
concerning given overdoses were already increasing 
well before the pandemic began.1,2 Data also indicate 
our ability to manage overdose-attributable cardiac 
arrest has improved: 1 study from Australia found 
rates of survival to hospital discharge more than dou-
bled between the years 2000 and 2017.24 Our data 
further highlight this particularly vulnerable popula-
tion and underscore the need for continued research 
specific to OD-OHCA resuscitation, which has the 
potential to significantly reduce the burden of OHCA 
in the US.

Our study is limited by the fact CARES only covers 
roughly half of the US population. It is possible that 
communities not submitting to CARES might expe-
rience markedly different patterns of cardiac arrest. 
Second, arrest cause was documented according to 
CARES definitions based on identifiers recognized on-
scene. Other studies have hinted at a tendency to over-
classify arrests as presumed cardiac in nature. Thus, 
it is possible that some arrests were misclassified.6 
Similarly, the categorization of arrests as being over-
dose attributable is also imperfect, and we do not have 
precise information as to what specific kinds of drugs 
(eg, percentage due to opioid overdoses) contributed 
to these arrests. Nevertheless, our study provides im-
portant national surveillance on a cardiac arrest cause 
of immense public health importance.

CONCLUSIONS
Our analysis of a large registry of OHCA reveals stark 
differences when comparing OD-OHCA with non-OD-
OHCA. Namely, OD-OHCA involved younger patients 
with fewer comorbidities, were less likely to be wit-
nessed, and were less likely to present with a shock-
able rhythm. Multivariate analysis revealed neurologic 
outcomes were significantly better for OD-OHCA than 
non-OD-OHCA when patients presented with a non-
shockable rhythm but were comparable when patients 

presented with a shockable rhythm. These insights 
may inform further research, as well as public health 
measures.
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