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A B S T R A C T

Background: Previous studies have reported race-based health disparities in North America. It is unknown if emergency medical service (EMS) treatment of out-of- 
hospital cardiac arrest (OHCA) varies based on race. We sought to compare markers of resuscitation intensity among different racial groups.
Methods: Using data of adult EMS-treated OHCAs from the Trial of Continuous or Interrupted Chest Compressions During CPR, we analyzed data from participants for 
whom on-scene return of spontaneous circulation (ROSC) was not achieved. We fit multivariate regression models using a generalized estimating equation, to es
timate the association between patient race (White vs. Black vs. “Other”) and the following markers for resuscitation intensity: (1) resuscitation attempt duration; (2) 
intra-arrest transport; (3) number of epinephrine doses; (4) EMS arrival-to-CPR interval, and (5) 9–1–1 to first shock.
Results: From our study cohort of 5370 cases, the median age was 65 years old (IQR: 53–78), 2077 (39 %) were women, 2121 (39 %) were Black, 596 (11 %) were 
“Other race”, 2653 (49 %) were White, and 4715 (88 %) occurred in a private location. With reference to White race, Black race was associated with a longer 
resuscitation attempt duration and a lower number of epinephrine doses; Black and “Other” race were both associated with a lower odds of intra-arrest transport.
Conclusion: We identified race-based differences in EMS resuscitation intensity for OHCA within a North American cohort, although 40% of race data was missing 
from this dataset. Future research investigating race-based differences in OHCA management may be warranted.

Introduction

With an annual incidence of approximately 350,000 and survival to 
hospital discharge of 10 %1 in the United States, out-of-hospital cardiac 
arrest (OHCA) is a major public health issue that requires rapid in
terventions.2 Previous research has identified factors associated with 
OHCA outcomes, including bystander cardiopulmonary resuscitation 
(CPR), emergency medical service (EMS) response time, age, and sex.3,4

However, it is known that other factors such as race and socioeconomic 
status are associated with varying incidence, bystander interventions, 
and survival.5,6 To illustrate, multiple studies have demonstrated that 
minoritized groups such as Blacks and Hispanics are less likely to receive 
bystander CPR.5,7,8.

One recent study investigated the difference in CPR quality among 
racial groups.9 They found that with reference to White, Black patients 
had higher odds of compression rate compliance and lower odds of 
intended CPR strategy compliance. To add on to this work, resuscitation 
intensity by professional rescuers with respect to the race of the patient 
has not been evaluated. We sought to estimate whether the racial group 
of the OHCA patient is associated with markers of intense EMS man
agement. For cases that were unable to be resuscitated with on-scene 
efforts, we compared the length of time EMS committed to attempting 
resuscitation, after adjusting for geographical region of treatment. We 
also compared the proportion treated with intra-arrest transport, the 
number of epinephrine doses provided, the EMS arrival-to-CPR interval, 
and the 9–1–1 to first shock interval for those with an initial shockable 
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rhythm.

Methods

Study setting & Design

This was a secondary analysis of participants enrolled in the “Trial of 
Continuous or Interrupted Chest Compressions During CPR” trial (“The 
CCC Trial”; ClinicalTrials.gov NCT01372748), which has been previ
ously reported.10 Briefly, Resuscitation Outcomes Consortium (ROC)- 
affiliated EMS agencies across North America between April 1, 2011 to 
June 30, 2015, enrolled individuals ≥ 18 years of age who were treated 
with EMS-provided chest compressions (EMS-witnessed arrests and 
those with do-not-resuscitate [DNR] orders were excluded). The CCC 
study created 49 similarly sized enrollment clusters by subdividing each 
ROC site by EMS agency, station, or other unit as appropriate to the 
site’s EMS structure. Trained ROC data staff abstracted participant 
characteristics (including race), bystander interventions, time-stamped 
EMS interventions (including the total number of milligrams [mg] 
epinephrine administered), in-hospital interventions, and outcomes 
from clinical records. The three Canadian ROC sites, which accounted 
for approximately 54 % of cases entered into the ROC Cardiac Arrest 
Registry11, did not collect data on race.12 We acquired the publicly- 
available CCC trial dataset from the National Heart, Lung, and Blood 
Institute Biologic Specimen and Data Repository Information Center 
(BioLINCC), with approval from the Research Ethics Committee of the 
University of Fukui (#20180006). BioLINCC provided approval for this 
analysis (#14582).

Participant selection

From the CCC trial cases, we excluded those with: (1) on-scene 
ROSC; (2) “obvious death” (including rigor mortis and dependent 
lividity) as the reason for resuscitation being aborted; (3) missing data 
on race and event times required for analysis (including the times of EMS 
initial CPR, transport, ROSC, and resuscitation cessation).

Outcome measures and variable Definitions

We operationalized several outcomes to serve as surrogate markers 
for EMS resuscitation intensity. First, we examined the primary outcome 
of EMS treatment duration for unsuccessful resuscitations, defined as the 
time interval between the initiation of EMS-performed chest compres
sion and the end of EMS resuscitation, whether due to declaration of 
death in the prehospital setting or hospital arrival. This represents the 
duration of time that EMS providers committed to attempting resusci
tation. Paramedics’ decision to engage in a prolonged treatment dura
tion reflects a more fervent resuscitation effort. Second, we investigated 
the outcome of intra-arrest transport, defined as transport to hospital in 
the absence of any previous episodes of ROSC. This reflects a more 
intense approach by providers which include the logistical challenges of 
extrication and transport with ongoing CPR to the nearest hospital. 
Third, we investigated the outcome of the number of epinephrine doses, 
also serving as a proxy for a persistent treatment intervention. 
Epinephrine doses were assumed to have been provided at 1 mg per 
dose. Fourth, we investigated the time from EMS scene arrival to start of 
CPR, demonstrating a level of expedience of EMS, traveling from their 
vehicle to the patient. Fifth, we looked at the 9–1–1 to first shock in
terval in individuals who had an initial shockable rhythm. This shows 
the urgency of which EMS arrives on scene, assesses and defibrillates the 
patient.

The primary exposure variable of interest was race/ethnicity, which 
was categorized in the CCC Dataset as Black, Hispanic, White, Asian, or 
Other (defined as “other race” or “multi-racial”). However, given that 
Hispanic, Asian, and “Other” categories accounted for 11 % of the cases 
with non-missing data, we classified race/ethnicity into three groups for 

a more balanced comparison: White, Black, and Other race (including 
Asian, Hispanic and Other).

Data analysis

We used R (Foundation for Statistical Computing, Vienna, version 
4.2.2)13, Microsoft Excel 16.78 (Microsoft Corp, Redmond), and Prism 
GraphPad Version 10.0.3 for data management and statistical analysis. 
We described patient and treatment characteristics within racial groups. 
Categorical variables were described as counts and proportions, whereas 
continuous variables were detailed with median and interquartile range 
(IQR).

We performed several analyses with the exposure variable as race 
and the outcome variables as surrogate measures for EMS treatment 
intensity. First, we investigated the association of race and the primary 
outcome of EMS treatment duration. We excluded cases from this model 
who achieved ROSC at any time, to compare treatment duration at
tempts among cases with unsuccessful resuscitations. We fit both 
adjusted and unadjusted multivariable linear regression models to es
timate the association between race and treatment duration. Given that 
EMS practices, including the duration of attempted resuscitation, may 
be associated with geographical region of treatment we included a 
generalized estimating equation (GEE) in the model, to adjust for clus
tering effect. We included adjustment covariates for standard Utstein 
variables,14 including age, sex, EMS response time (measured from the 
9–1–1 call until first EMS vehicle on-scene arrival), initial rhythm, 
location, bystander CPR, and bystander witnessed status. “White” was 
used as the reference value. Results were described as estimates and 95 
% confidence intervals (CI). In addition, given that the distance from the 
scene to the hospital may vary (and may not reflect the degree of 
intensive care provided), we repeated the analysis after excluding cases 
that were transported to hospital (i.e., restricted to those who were 
declared dead at the scene).

For our secondary analysis examining the outcome of intra-arrest 
transport, we included all study cases. We fit both adjusted and unad
justed multivariable logistic regression models, to estimate the associ
ation between race and intra-arrest transport. We used the same 
adjustment strategy as in the primary analysis, and presented estimates 
as odds ratios with corresponding CI. For our third analysis examining 
the number of epinephrine doses, we repeated the primary analysis 
methodology (also excluding cases that had achieved ROSC at any time), 
however also adjusted for EMS arrival-to-epinephrine interval. Next, we 
performed our fourth analysis investigating the interval of EMS arrival- 
to-CPR with the same analytical approach to the primary analysis. This 
analysis included all cases within our study cohort. Our fifth analysis on 
the 9–1–1 to first shock interval was performed using the same analyt
ical approach as the primary analysis on patients who had an initial 
shockable rhythm.

Results

We included 5370 OHCA cases in our analysis (Fig. 1). The median 
age was 65 years (IQR: 53–78), 2077 (39 %) were female, and 892 (17 
%) had initial shockable rhythms (Table 1 and Supplemental Table S1). 
White patients were the oldest with a median age of 67 years and tended 
to have more frequent bystander CPR. Black patients tended to have a 
higher proportion of female cases. Median time intervals for prehospital 
interventions were similar across racial groups. Surrogate measures for 
EMS treatment intensity are shown on Table 2. The median treatment 
duration and epinephrine doses provided was similar across groups, and 
over half of patients received intra-arrest transport.

The association of race with outcomes using the adjusted regression 
analyses with GEE is shown in Table 3. With reference to White race, 
Black race was associated with a longer duration of treatment attempt in 
patients without prehospital ROSC (β = 0.662; 95 % CI 0.122, 1.20).

With reference to White race, Black (OR 0.948; 95 % CI 0.932, 
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0.965), and Other race (OR 0.969; 95 % CI 0.948, 0.991) were associ
ated with lower odds of intra-arrest transport. Black race, with reference 
to White race, was associated with fewer doses of epinephrine (β =
-0.413; 95 % CI − 0.554, − 0.273). We found no association between the 
EMS-arrival-to-CPR interval or 9–1–1 to first shock interval and racial 
groups.

Supplemental Tables 1-7 show the association of the outcome mea
sures with each covariate in the adjusted and unadjusted models.

Discussion

From our cohort of over 5000 cases within the CCC trial dataset, we 
explored the association of race on surrogate markers for EMS treatment 
intensity. We found that, with reference to White cases, Black race was 
associated with longer treatment durations and fewer epinephrine 
doses. Black and Other race were associated with lower odds of intra- 
arrest transport. No association was observed with EMS arrival-to-CPR 
interval or 9–1–1 to first shock interval with reference to White. Our 
findings resemble Schmicker et al., study9 as their results do not 
demonstrate a systemic under-treatment of any one group or CPR 
quality metrics being a contributor to racial disparities. Rather, they 
observed several associations in CPR compression metrics between 
racial groups. Likewise for our markers of EMS resuscitation intensity, 
we observed several associations between race and differences in care 
among OHCA patients that may warrant additional future 
investigations.

In our study, Other and Black groups were younger and less 
commonly received bystander CPR, compared to White groups, consis
tent with previous literature. 5,7,8 The reasons for this may be multi
factorial. Previous studies suggest less education and resources within 
communities of ethnic minorities pertaining to cardiac arrest recogni
tion, bystander CPR and AED application.5,7 Further, a systematic re
view and meta-analysis suggest that the younger age of minority groups 
in OHCA could be a demographic factor rather than these groups being 
more ill.8.

For patients in refractory arrest, our results indicate that Black race 
was associated with longer treatment duration attempts. To our 
knowledge, no previous studies have examined differences in the 
duration of resuscitation attempts for refractory OHCA between racial 
groups. However, Goldberger and colleagues categorized 435 US hos
pitals by how long they attempted resuscitation prior to termination 
among those in refractory arrest.15 Investigators reported that hospitals 
with the longest attempts at resuscitation had the highest rates of ROSC 
and survival to hospital discharge, supporting our use of this metric as a 
marker of resuscitation intensity. In our data, median treatment dura
tions were approximately 25 min, after which there still remains a 
possibility of achieving ROSC and having favorable eventual outcomes 
(according to previous large database studies16).

Our investigation of secondary outcomes revealed that Black and 
Other race had lower odds of intra-arrest transport compared to White. 
There may be many contributing factors to intra-arrest transport rates. 
First, recent data indicates that on-scene resuscitation in comparison to 

Fig. 1. Study Flow ROSC, return of spontaneous circulation; CPR, cardiopulmonary resuscitation.
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intra-arrest transport is associated with a higher probability of survival 
to discharge,17 and thus the decision not to transport may be, on 
average, the best treatment decision. However, even among high- 
performing regions infrequently deploying intra-arrest transport, those 
chosen for this therapy demonstrate the most favorable characteris
tics,18 suggesting that there is a grading process by which providers 
select cases for this therapy, which supports our use of this metric for 

intensive care. A similar study in Utah looking at the association of race/ 
ethnicity with odds of intra-arrest transport found no significant dif
ference when adjusted for confounders.19 The variation in findings could 
be due to geographic location, data collection period and confounders 
such as comorbidities and socioeconomic status compared to our data
set. Intra-arrest transport decisions may also be influenced by commu
nity and scene-related factors such as the ability to extricate efficiently 
and the distance to the hospital. Although the odds ratio show a statis
tically lower chance of intra-arrest transport in Black and Other race 
versus White, it’s clinical significance may be minimal in the context of 
resuscitation intensity.

We evaluated epinephrine doses as a metric of intensive care. The 
administration of epinephrine is recommended every 3–5 min,20 and 
thus one would expect to be correlated with treatment duration. Despite 
similar first-epinephrine times between groups, we saw divergent pat
terns with regard to treatment durations and epinephrine groups, 
implying differing practices with regard to intervals between epineph
rine doses. Given that longer gaps in epinephrine administration are 
associated with unfavorable neurological outcomes, these differences 
may contribute to outcome differences.21,22.

Although not related to OHCA, there are previous data demon
strating differences in treatment based on race, including differential 
heart failure treatments of African American patients,23–25 pain man
agement differences, 26 or the lack of ACE inhibitors prescription for 
Black individuals from the common conceptions that it is less effective 
than for White individuals.27 Implicit biases that may affect treatment 
decisions and outcomes or loss of trust in healthcare professionals.28

One systematic review, using implicit association tests, found that im
plicit bias exists in most healthcare professionals,29 which may affect 
clinical decision-making, patient-provider communication and health 
outcomes.29–31 As an OHCA requires timely interventions, implicit bia
ses held by EMS providers in this high-stress environment could impact 
the decision-making of treatment interventions. Although our study 
cannot measure race-based biases in treatment decisions, this would be 
an important question for future studies to identify if bias exists in EMS 
OHCA management.

Limitations

This observational study has limitations. Although paramedic charts 
were recorded prospectively, our data may include errors. Determining 
the race of a patient with OHCA, who is rarely able to provide historical 
details, may have varying accuracy. It is known that OHCA character
istics and outcomes vary across ROC sites in North America32, which 
may have impacted our results. Further, the timeframe of our dataset 
(2011–2015) may affect the generalizability of our results to the current 
time and other regions due to differing patient demographics and EMS 
protocols. There was a substantial amount of missing data pertaining to 
race within the CCC dataset, which may have affected our results; 
however, the main reason was likely non-collection of race-based data at 
the Canadian ROC sites. Our study cohort only included cases for which 
resuscitation was attempted, and so the question remains of whether 
there may be inequities in deciding to forego resuscitation at the scene. 
Despite accounting for regional differences using the GEE model, we 
were not able to account for factors such as socioeconomic status, 
overall healthcare quality and access, or genetic variations among racial 
groups. Although our results show a statistically significant lower odds 
of intra-arrest transport in Black and Other race versus White, the results 
are still relatively close to 1, and thus the clinical significance of these 
findings may be debatable. Lastly, our analysis utilized clinical trial 
data, which is susceptible to the Hawthorne effect, where paramedic 
decision may be altered due to the increased level of observation.

Conclusion

Among EMS-treated OHCAs, we found some differences in surrogate 

Table 1 
Cohort characteristics.

Black 
(n ¼ 2121)

White 
(n ¼ 2653)

Other 
(n ¼ 596)

Time Intervals (minutes), median (IQR)
9–1–1 to 1st EMS arrival 4.3 (3.2, 

5.6)
4.9 (3.7, 
6.2)

4.6 (3.6, 
5.7)

9–1–1 to first EMS CPR 6.7 (5.1, 
8.4)

7.2 (5.7, 
9.2)

6.7 (5.2, 
8.2)

9–1–1 to ALS arrival 5.1 (3.9, 
7.1)

5.8 (4.2, 
8.0)

5.3 (4.0, 
7.2)

9–1–1 to first epinephrine 16 (13, 20) 15 (12, 19) 15 (12, 19)
9–1–1 to first successful advanced 

airway
18 (14, 22) 17 (14, 21) 17 (13, 22)

EMS arrival to transport 20 (16, 26) 21 (16, 26) 20 (16, 25)
Patient characteristics ​ ​ ​
Location type, n (%) ​ ​ ​
Public 225 (11) 354 (13) 66 (11)
Non-public 1891 (89) 2296 (87) 527 (88)
Age (years), median (IQR) 62 (53, 74) 67 (54, 81) 63 (47, 75)
Female, n (%) 940 (44) 916 (35) 220 (37)
Bystander witnessed, n (%) 701 (35) 937 (37) 197 (33)
Bystander CPR, n (%) 680 (32) 1292 (49) 247 (41)
Initial rhythm, n (%) ​ ​ ​
Shockable 337 (16) 465 (18) 90 (15)
Non-shockable 1775 (84) 2176 (82) 505 (85)
Declared dead at the scene, n (%) 797 (38) 1318 (50) 246 (41)
ROSC after transport, n (%) 91 (4.3) 84 (3.2) 25 (4.2)

ALS, advanced life support paramedic; advanced airway, supraglottic airway or 
endotracheal tube; ROSC, return of spontaneous circulation during transport; 
EMS, emergency medical services; CPR, cardiopulmonary resuscitation; Shock
able rhythm, ventricular fibrillation or ventricular tachycardia; Non-shockable 
rhythm, pulseless electrical activity or asystole; IQR, interquartile range; 
Other, EMS-assessed race that was not Black or White (e.g Hispanic, Asian, 
biracial, etc).

Table 2 
Surrogate Measures for Aggressive EMS Treatment.

Black 
(n ¼ 2121)

White 
(n ¼ 2653)

Other 
(n ¼ 596)

Outcomes ​ ​ ​
Treatment duration (minutes), 
median (IQR)

​ ​ ​

Full study cohort1 25 (20, 31) 24 (19, 30) 25 (20, 31)
Among those declared dead at the 
scene2

24 (20, 29) 24 (18, 29) 24 (19, 30)

Intra-arrest transport, n (%) 1324 (62) 1335 (50) 350 (59)
Epinephrine doses (number), median 
(IQR)

3 (2, 4) 3 (3, 5) 3 (2, 4)

EMS arrival-to-CPR (minutes), 
median (IQR)

2.0 (1.1, 
3.4)

2.2 (1.3, 
3.5)

1.8 (1.1, 
2.9)

9–1–1 to first shock (minutes), median 
(IQR)

14 (9.1, 22) 12 (9.0, 21) 13 (9.6, 21)

EMS, emergency medical services; CPR, cardiopulmonary resuscitation; ROSC, 
return of spontaneous circulation during transport; IQR, interquartile range; 
Other, EMS-assessed race that was not Black or White (e.g Hispanic, Asian, 
biracial, etc); Intra-arrest transport, patients who were transported to hospital 
without on-scene ROSC.

1 Treatment duration calculated as the interval between EMS initiation of 
resuscitation and termination of resuscitation due to: termination of resuscita
tion due at the scene, ROSC during transport, or arrival at hospital.

2 Treatment duration calculated as the interval between EMS initiation of 
resuscitation and termination of resuscitation due at the scene.
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markers for EMS resuscitation intensity: with reference to White race, 
Black race was associated with longer treatment durations; Black and 
Other races were associated with lower odds of intra-arrest transport; 
and, Black race was associated with fewer epinephrine doses. Further 
research into race-based OHCA treatment may be warranted to provide 
an increased understanding of potential differences and ensure equitable 
treatment provisions to those in need.
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(95 % CI)

Adjusted3 estimate 
(95 % CI)

Adjusted3 odds ratio 
(95 % CI)

Adjusted3 estimate 
(95 % CI)

Adjusted3 estimate 
(95 % CI)

Adjusted4 estimate 
(95 % CI)

White Reference Reference Reference Reference Reference Reference
Black 0.662 (0.122, 1.20) 0.347 (− 0.371, 1.07) 0.948 (0.932, 0.965) − 0.413 (− 0.554, 

− 0.273)
− 0.0318 (− 0.231, 
0.168)

0.915 (− 0.301, 2.130)

Other 0.244 (− 0.686, 1.17) 0.446 (− 0.877, 1.77) 0.969 (0.948, 0.991) − 0.0709 (− 0.311, 
0.169)

− 0.252 (− 0.555, 
0.0515)

− 0.289 (− 1.449, 
0.872)

Mins, Minutes; mg, milligrams; EMS, emergency medical services; CPR, cardiopulmonary resuscitation; CI, confidence interval; EMS, emergency medical services; 
generalized estimating equation, accounts for the cluster effect of 49 regions; Other, EMS-assessed race that was not Black or White (e.g Hispanic, Asian, biracial, etc); 
ROSC, return of spontaneous circulation.

1 Treatment duration calculated as the interval between EMS initiation of resuscitation and termination of resuscitation due to: termination of resuscitation due at 
the scene, or arrival at hospital.

2 Treatment duration calculated as the interval between EMS initiation of resuscitation and termination of resuscitation due at the scene.
3 Adjusted for covariates of age, sex, EMS response time, initial rhythm, location, bystander CPR, bystander witnessed, 911 to first epinephrine dose (only for the 

epinephrine dose analysis).
4 Adjusted for covariates of age, sex, EMS response time, location, bystander CPR and bystander witnessed (only for cases with an initial shockable rhythm).
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