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The CARES Surveillance Group

Abstract

Obijective: Fire and police first responders are often the first to arrive in medical emergencies and
provide basic life support services until specialized personnel arrive. This study aims to evaluate
rates of fire or police first responder-initiated cardiopulmonary resuscitation (CPR) and automated
external defibrillator (AED) use, as well as their associated impact on out-of-hospital cardiac
arrest (OHCA) outcomes.

Methods: We completed a secondary data analysis of the MI-CARES registry from 2014-2019.
We reported rates of CPR initiation and AED use by fire or police first responders. Multilevel
modeling was utilized to evaluate the relationship between fire/police first responder-initiated
interventions and outcomes of interest: ROSC upon emergency department arrival, survival to
hospital discharge, and good neurologic outcome.

Results: Our cohort included 25,067 OHCA incidents. We found fire or police first responders
initiated CPR in 31.8% of OHCA events and AED use in 6.1% of OHCA events. Likelihood

of sustained ROSC on ED arrival after CPR initiated by a fire/police first responder was not
statistically different as compared to EMS initiated CPR (aOR 1.01, CI 0.93-1.11). However,
fire/police first responder interventions were associated with significantly higher odds of survival
to hospital discharge and survival with good neurologic outcome (aOR 1.25, 95% CI 1.08-1.45
and aOR 1.40, 95% CI 1.18-1.65, respectively). Similar associations were see when examining
fire or police initiated AED use.

Conclusions: Fire or police first responders may be an underutilized, potentially powerful
mechanism for improving OHCA survival. Future studies should investigate barriers and
opportunities for increasing first responder interventions by these groups in OHCA.
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INTRODUCTION

It is well-established that early administration of cardiopulmonary resuscitation (CPR) and
automated external defibrillator (AED) use are key interventions in the pre-hospital chain of
survival for out-of-hospital cardiac arrest (OHCA).1 Nationally, only 30 percent of OHCA
patients treated by emergency medical services (EMS) survive to hospital admission and
less than 10 percent survive to hospital discharge.2=* Additionally, there is wide geographic
variability in OHCA survival.>

Research has shown that without bystander CPR, cardiac arrest survival decreases by up

to 10% each minute until defibrillation for patients with a shockable rhythm.67 As fire

or police first responders are often the first to arrive on scene for OHCA events, they

can play a critical role in rapid initiation of CPR and defibrillation. Indeed, studies have
shown that CPR from first responders corresponds to better survival rates, although not as
significantly as bystander-CPR (who often are present at the time of the arrest).3 Though
recent efforts have focused on training the public to perform CPR, approximately 50% of
OHCA events are unwitnessed.* This increases the importance of early action by fire/police
first responders, who may be first on scene.

Police dispatch is associated with shorter response time in OHCA due to strategic
positioning of police in their jurisdictions, allowing them to arrive at the site of emergencies
more rapidly than other reponders.8:9 Similarly, in communities that have implemented dual
dispatch protocols, fire teams arrived prior to EMS in approximately 47% of arrests —

with response times being approximately 1.5 minutes faster.10-11 Recognizing the survival
benefit, fire/police first responder interventions have become increasingly common and are
now considered by some to be within their scope of practice.12:13

Despite the significant potential for fire/police first responders as critical members of the
cardiac arrest response team, knowledge gaps regarding implementation and outcomes
outside of structured interventions remain. Given these gaps, juxtaposed with the high
potential for benefit, this study aims to evaluate the rate of fire/police first responder-
initiated CPR and AED use, as well as associated impact of these use of these services on
OHCA survival and neurologic outcomes.

METHODS

Study design and setting

Data for this study was derived from the Michigan Cardiac Arrest Registry to Enhance
Survival (MI-CARES), a subset of the national CARES registry, for the years 2014—
2019.14 The national CARES Registry includes over 2,000 participating EMS agencies,
over 2,500 hospitals and 29 states with over 60 community sites in 13 additional states,
covering a population of 167 million people with varying characteristics and broad
geographic representation.1®> CARES-participating communities establish contacts at their
local hospitals to provide data to the registry on OHCA patients treated at those facilities.
The registry uses internationally-recognized Utstein-style definitions to ensure standardized
data collection on patient-level variables and outcomes from the pre-hospital setting through
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hospital discharge.16:17 Participating EMS agencies are required to conduct routine audits
of records to ensure that all events are reported.* Through 2019, 151 EMS agencies, and
116 hospitals contributed data to the MI-CARES registry, which equates to a coverage of
approximately 92% of the state population.18

Cohort Selection

Exposure

Outcomes

Analysis

Arrests were included only if they had complete data for patient- and arrest-related variables.
Data from EMS agencies with less than 5 reported arrests over the study period were
excluded. This resulted in the exclusion of less than 0.05% (n=11) of reported arrests in

the MI-CARES registry. As they were felt to represent distinctly different from typical
OCHA events, arrests that occurred in medical facilities (including nursing homes) or were
witnessed by first responders (e.g., occurring after arrival on scene) were also excluded. This
resulted in the inclusion of 25,067 arrests (71.8% of the MI-CARES registry). As there is
significant geographic variability in cardiac arrest outcomes, we also include community
level variables using American Community Survey for the years under study. Data sets were
linked at the level of the census tract of arrest location.

The primary independent variables of interest were who initiated CPR or applied the AED.
Variables were analyzed in the manner they were collected as part of the registry. Notably,
the exposure variables of interest are collected differently when comparing CPR initiation
and AED application. CPR initiation was classified as either fire/police first responder
(non-transport firefighters or police, either local or state), lay person (further broken down
into bystanders, family members, and lay medical providers), or EMS. Data detailing AED
application was defined as: police, another first responder (this includes EMS and fire),
layperson sub-groups, or no AED was applied.

The primary outcomes of interest include sustained return of spontaneous circulation
(ROSC) with pulse upon emergency department arrival (i.e. end of EMS care), survival

to hospital discharge, and survival with good neurological outcomes at the time of hospital
discharge. Good neurologic outcome was defined as a Cerebral Performance Category
(CPC) score of 1 or 2 (good or moderate cerebral performance, respectively) at the time of
discharge.16

To assess the impact of the fire/police interventions on our prespecified outcomes, we used
multivariable hierarchical logistic regression with EMS-agency level intercepts to account
for variation across agencies. All models included patient, arrest, and community-level
covariates for risk adjustment. To adjust for temporal trends in cardiac arrest survival, a
calendar-year covariate was also included as a linear predictor. Further, as the CARES
database has annual growing coverage, sensitivity analyses including only the three most
recent years of data were analyzed.

Resuscitation. Author manuscript; available in PMC 2023 May 01.
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Patient- and arrest-related covariates included age, gender, race/ethnicity, location of the
OHCA (home/residence, nursing home/health care facility, or other location), witnessed
arrest status, and the first documented rhythm (shockable rhythm defined as ventricular
fibrillation, ventricular tachycardia, or unknown shockable; or unshockable rhythm defined
as asystole, idioventricular/pulseless electrical activity, or unknown unshockable). Given

the time-sensitivity of cardiac arrest intervention, utlization of arrival timestamps and
dispatcher-assisted CPR were explored. Timestamps were not available for police arrival
and missing for fire arrival in 82% of cases while completion of dispatcher-assisted CPR
was missing/unknown in 63.2% of cases, limiting their ultilization in the presented analysis.
Community-level variables included aggreate measures of sex, non-white residents, over the
age of 25, and had at least a high school education, expressed as proportions of the total
population. Median age, average household size, percent of the population below the poverty
line, population density per-square mile, and land area were also included.

All data analyses were completed using using standard statistical software (SAS v9.4, SAS
Institute, Cary, NC).19 Approval was obtained from the CARES national office to use data
from M, and the study was approved by the University of Michigan Institutional Review
Board.

A total of 25,067 OHCA incidents met the inclusion criteria. Among those who sustained
ROSC, the average age was 60.9 (SD 18.7) and 61.3% male (Table 1). Under a quarter
(23.0%) of patients sustained ROSC upon ED arrival. Those who sustained ROSC were
more likely to arrest in a non-residential location (20.1% vs 12.6%) and have an initial
shockable rhythm (31.0% vs 16.1%) than those who did not sustain ROSC. Of the patients
who sustained ROSC, 37.4% (n=2,152) had targeted temperature management initiated,
20% (n=1, 150) underwent coronary angiography, and 9.3% (n=537) received a cardiac
stent. Overall, 8.3% of pateints survived to hospital discharge and 6.9% survived with good
neurological outcome.

Fire/police first responder interventions occurred in less than half of arrests. CPR was
initiated by a lay person 33.1% of the time. Of the remaining cases that did not have CPR
initiated by a lay person, fewer than half had CPR initiated by fire/police first responders
(49.8% of those without layperson initiated CPR; 31.8% of total population). Among

those who both did and did not sustain ROSC, no AED was applied in the majority of
arrests (62.1% and 68.9%, respectively). Police accounted for AED application in 6.1% of
all arrests, while non-police (EMS and fire) first responders accounted for application in
24.4% of all arrests.The likelihood of sustained ROSC on ED arrival after CPR initiated

by a fire/police first responder was not statistically different as compared to EMS initiated
CPR (OR 1.01, CI 0.93-1.11; Table 2). In contrast, the likelihood of survival to hospital
discharge and survial to discharge with good neurologic outcome was significantly greater
after fire/police first responder CPR as compared to EMS initiated CPR. Lay person-and lay
medical provider-initiated CPR was also associated with a significantly greater likelihood of
survival to hospital discharge and discharge with good neurologic outcome compared with
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EMS-initiated CPR. Results including only the three most recent years of cases showed
equivalent trends to those completed with the complete cohort.

When examining the relationship between AED application and the prespecified outcomes,
we found a statistically significant association between good neurological outcome and
AEDs applied by all groups, including police (Table 3). AED application by lay people was
positively associated with all outcomes (sustained ROSC, survival to discharge, and good
neurologic outcome) when compared to no AED application. Results for AED application
including only the three most recent years of cases showed equivalent trends to those
completed with the complete cohort.

DISCUSSION

Since 1993, the American Heart Association has recommended that “basic CPR should
be started immediately after cardiac arrest is recognized” and that “with rare exceptions,
initiation of CPR by emergency personnel is too late”.20 Indeed, suggested benchmarks
indicate that CPR should be initiated within six minutes and defibrillation within eight
minutes at the latest.21.22 Our data show that CPR is initiated by fire/police in one-third of
arrests, with police applying an AED in approximately 6% of arrests. This is despite data
that police are often the first to arrive to OHCASs and other medical emergencies in most
communities.23:24

Further, we demonstrated that interventions initiated by bystanders and fire/police, groups
that have potential to arrive more quickly on scene, were associated with improved
outcomes as compared to EMS-initiated CPR and no AED application, respectively. Given
the significant time dependence of cardiac interventions, the improvement in outcomes
associated with fire or police first responder interventions is not surprising. Moreover, it

is consistent with a broad body of previously published literature that has served as the
foundation for early CPR and defibrillation as chief mechanisms to improve outcomes for
patients.2>:26 Prior literature has demonstrated decreased time to defibrillation and increased
OHCA survival following the implementation of police AED programs.1327 We believe
the finding of better outcomes with survival to hospital discharge is particularly important.
It suggests that while interventions by these first responders may not increase immediate
survival, they are associated with better downstream outcomes (potentially by limiting
neurological injury from prolonged down times).

While fire/police interventions were not directly compared to bystander interventions, our
data did show trends toward persistent but attenuated improvements in outomes benefits.
This is likely driven in large part by the temporal sequence of events after an arrest occurs,
a bystander’s potential to respond most rapidly followed by the arrival of fire/police. This
trend is consistent with prior literature demonstrating the arrival of fire and police prior to
EMS.8-11 Other contributing factors to this trend may be due, in part, in the wide variation
to training requirements and AED access for fire/police first responders.

Prior studies have demonstrated wide variation nationally in minimum training
requirements, with little guidance around medical training for police.12 At present in the
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State of Michigan, while CPR and AED use are covered as a component of initial police
academy training there are not standardized guidelines or requirements on the acquisition
or maintenance for basic life support (BLS) training such as that provided through the
American Heart Association.

AED access and utilization are also critical components of early prehospital response,

not only with respect to early defibrillation but also as it may be correlated with fire/

police viewing their role as initial medical providers. Prior studies demonstrate that police
initiate medical intervention in the minority of arrests,12 though surveys of law enforcement
agencies demonstrate that those agencies who carry AEDs are more likely to view their role
as initial medical providers than those who do not (83% vs 46%).23

Further underscoring the role of fire/police as initial providers, both domestically and
abroad, dual-dispatch systems have repeatedly shown to reduce the time to defibrillation
and improve survival rates.10.28-31 |n each study, earlier response times were speculated to
be the primary mechanism driving improved survival outcomes.10:26-31 Notably, each of
these studies also included widespread access to AEDs and (for prospective studies) annual
training.

We demonstrate here that interventions initiated by fire/police first responders have
potential to improve outcomes, particularly survival to discharge and discharge with

good neurological outcomes. Their role may be particularly in unwitnessed arrests where
bystanders are not available to intervene earlier. Our findings have important implications
for many stakeholders in the OHCA chain of survival, including CARES registry state
coordinators, leaders in EMS agencies, first responders, emergency medicine providers,
and patients. Future work should focus on the characterization of resources and practices
among fire/police prehospital providers, with a focus on the acceptability and feasibility of
interventions to enhance their role in OHCA interventions.

LIMITATIONS

Our study does have important limitations. Evaluation of temporal events were limited due
to characterization of related variables as supplemental rather than required, resulting in high
rates of missing time-related variables (e.g., the estimated time of the arrest, the time of

the first defibrillation, and the time of CPR initiation).16 Due to the nature of our study

as a secondary data analysis, we were unable to parse out granular response details. In
particular, we were not able to distinguish fire and police in CPR initiation nor were we

able to characterize details around CPR quality. Further, limitations exist in our ability to
distinguish which responder may have been first on scene. Collected data describes which
responder group was dispatched but not the on-scene arrival order.

An additional limitation may result from regional variation in fire/police access to AEDs or
hospital resources and practices. Given that patient outcomes in the emergency department
and at hospital discharge are highly impacted by both prehospital and hospital-based
resources, it is difficult to differentiate the role of individual components of care.

Resuscitation. Author manuscript; available in PMC 2023 May 01.
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CONCLUSIONS

Our study found associations with improved outcomes for interventions initiated by both
fire/police first responders as well as by lay persons. While time data were not available

for analysis, this is likely driven by their ability to intervene with CPR and AED utilization
earlier in the OHCA. Other components, which may be more amenable to modification,
include training and access to AEDs. Future work should focus on further clarifying the role
of fire/police prehospital providers in OHCA.

ACKNOWLEDGEMENTS

The CARES Surveillance Group is comprised of all members of contributing EMS agencies and hospitals. We
appreciate the efforts made by these individuals and organizations to continue to improve the care and outcomes of
patients with out-of-hospital cardiac arrest.

FUNDING AND ROLE OF FUNDERS:

This study was funded by the National Heart, Lung, and Blood Institute (NHLBI) 5SRO1HL137964-04. The authors
declare the study sponsors had no role in the study design, in the collection, analysis and interpretation of data; in
the writing of the manuscript; and in the decision to submit the manuscript for publication.

DECLARATION OF CONFLICTS OF INTEREST:

Dr. Robert Neumar reports being Co-Chair, International Liaison Committee on Resuscitation, and President and
Board Chair, SaveMiHeart. All other authors confirm the absence of the potential conflicts of interest listed in the
ICMJE guidelines including: grants, consulting fees or honoraria, support for meeting travel, fees for participation
in review activities such as data monitoring boards or statistical analysis, payment for writing or reviewing the
manuscript, and/or provision of writing assistance, medicines, equipment, or administrative support.

DATA AVAILABILITY:

Data is available for access upon request through the CARES National Office (https:/
mycares.net).

References

1. Strategies to Improve Cardiac Arrest Survival: A Time to Act. Institute of Medicine.

Accessed August 6, 2019. http://www.nationalacademies.org/hmd/Reports/2015/Strategies-to-
Improve-Cardiac-Arrest-Survival.aspx

2. Daya M, Schmicker R, May S, Morrison L. Current burden of cardiac arrest in the United States:
Report from the Resuscitation Outcomes Consortium. Pap Comm Comm Treat Card Arrest Curr
Status Future Dir. Published online June 30, 2015.

3. Malta Hansen C, Kragholm K, Pearson DA, et al. Association of Bystander and First-Responder
Intervention With Survival After Out-of-Hospital Cardiac Arrest in North Carolina, 2010-2013.
JAMA. 2015;314(3):255-264. doi:10.1001/jama.2015.7938 [PubMed: 26197186]

4. Cardiac Arrest Registry to Enhance Survival: 2020 Annual Report. https://mycares.net/sitepages/
uploads/2021/2020_flipbook/index.html?page=12

5. Abir M, Fouche S, Lehrich J, et al. Variation in pre-hospital outcomes after out-of-hospital cardiac
arrest in Michigan. Resuscitation. 2021;158:201-207. doi:10.1016/j.resuscitation.2020.11.034
[PubMed: 33307157]

6. Larsen MP, Eisenberg MS, Cummins RO, Hallstrom AP. Predicting survival from out-of-
hospital cardiac arrest: A graphic model. Ann Emerg Med. 1993;22(11):1652-1658. doi:10.1016/
S0196-0644(05)81302-2 [PubMed: 8214853]

Resuscitation. Author manuscript; available in PMC 2023 May 01.


https://mycares.net/
https://mycares.net/
http://www.nationalacademies.org/hmd/Reports/2015/Strategies-to-Improve-Cardiac-Arrest-Survival.aspx
http://www.nationalacademies.org/hmd/Reports/2015/Strategies-to-Improve-Cardiac-Arrest-Survival.aspx
https://mycares.net/sitepages/uploads/2021/2020_flipbook/index.html?page=12
https://mycares.net/sitepages/uploads/2021/2020_flipbook/index.html?page=12

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Salhi et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

21.

22.

23.

24.

25.

Page 9

. Vleet LMV, Hubble MW. Time to First Compression Using Medical Priority Dispatch System

Compression-First Dispatcher-Assisted Cardiopulmonary Resuscitation Protocols. Prehosp Emerg
Care. 2012;16(2):242-250. doi:10.3109/10903127.2011.616259 [PubMed: 22150694]

. Myerburg Robert J, Fenster Jeffrey, Velez Mauricio, et al. Impact of Community-Wide Police

Car Deployment of Automated External Defibrillators on Survival From Out-of-Hospital Cardiac
Aurrest. Circulation. 2002;106(9):1058-1064. doi:10.1161/01.CIR.0000028147.92190.A7 [PubMed:
12196329]

. Griffith B. Opinion: Increase cardiac arrest outcomes by updating police dispatch protocols. Policel.

Accessed April 16, 2021. https://www.policel.com/police-products/medical/aeds/articles/opinion-

increase-cardiac-arrest-outcomes-by-updating-police-dispatch-protocols-gkluMA8qHgpHGmMXT/
Raun L, Pederson J, Campos L, Ensor K, Persse D. Effectiveness of the Dual Dispatch to
Cardiac Arrest Policy in Houston, Texas. J Public Health Manag Pract JPHMP. Published online
September 2018. doi:10.1097/PHH.0000000000000836

Hansen SM, Hansen CM, Fordyce CB, et al. Association Between Driving Distance From
Nearest Fire Station and Survival of Out-of-Hospital Cardiac Arrest. J Am Heart Assoc.
2018;7(21):e008771. doi:10.1161/JAHA.118.008771 [PubMed: 30571383]

Klassen AB, Core SB, Lohse CM, Sztajnkrycer MD. A Descriptive Analysis of Care Provided
by Law Enforcement Prior to EMS Arrival in the United States. Prehospital Disaster Med.
2018;33(2):165-170. doi:10.1017/S1049023X18000213 [PubMed: 29530105]

Husain S, Eisenberg M. Police AED programs: A systematic review and meta-

analysis. Resuscitation. 2013;84(9):1184-1191. doi:10.1016/j.resuscitation.2013.03.040 [PubMed:
23643893]

Cardiac Arrest Registry to Enhance Survival: About CARES. https://mycares.net/sitepages/
aboutcares.jsp

Cardiac Arrest Registry to Enhance Survival: CARES Fact Sheet. https://mycares.net/sitepages/
factsheet.jsp

Cardiac Arrest Registry to Enhance Survival (CARES): 2021 Data Dictionary. https://mycares.net/
sitepages/uploads/2020/Data%?20Dictionary%20(2021).pdf

Vellano K, Crouch A, Rajdev M, McNally B, The CARES Registry Group. Cardiac Arrest Registry
to Enhance Survival (CARES): Report on the Public Health Burden of Out-of-Hospital Cardiac
Arrest. https://mycares.net/sitepages/uploads/2015/CARES%2010M%20Formatted. pdf

Michigan CARES. MI-CARES Bi-Annual Population Assessment.; 2016.

SAS Software.

Cummins RO, Ornato JP, Thies WH, Pepe PE Improving survival from sudden cardiac arrest: the
“chain of survival” concept. A statement for health professionals from the Advanced Cardiac Life
Support Subcommittee and the Emergency Cardiac Care Committee, American Heart Association.
Circulation. 1991;83(5):1832-1847. doi:10.1161/01.CIR.83.5.1832 [PubMed: 2022039]

Ono Y, Hayakawa M, lijima H, et al. The response time threshold for predicting favourable
neurological outcomes in patients with bystander-witnessed out-of-hospital cardiac arrest.
Resuscitation. 2016;107:65—70. doi:10.1016/j.resuscitation.2016.08.005 [PubMed: 27531022]
Bailey ED, Wydro GC, Cone DC. Termination of Resuscitation in the Prehospital Setting for
Adult Patients Suffering Nontraumatic Cardiac Arrest. Prehosp Emerg Care. 2000;4(2):190-195.
doi:10.1080/10903120090941498 [PubMed: 10782611]

Hawkins SC, Shapiro AH, Sever AE, Delbridge TR, Mosesso VN. The role of law enforcement
agencies in out-of-hospital emergency care. Resuscitation. 2007;72(3):386-393. doi:10.1016/
j.resuscitation.2006.07.021 [PubMed: 17156910]

Papson K, Mosesso VNJ. Ten years of police defibrillation: program characteristics and personnel
attitudes. Prehospital Emerg Care Off J Natl Assoc EMS Physicians Natl Assoc State EMS Dir.
2005;9(2):186-190. doi:10.1080/10903120590924708

Valenzuela TD, Roe DJ, Nichol G, Clark LL, Spaite DW, Hardman RG. Outcomes of

Rapid Defibrillation by Security Officers after Cardiac Arrest in Casinos. N Engl J Med.
2000;343(17):1206-1209. doi:10.1056/NEJM200010263431701 [PubMed: 11071670]

Resuscitation. Author manuscript; available in PMC 2023 May 01.


https://www.police1.com/police-products/medical/aeds/articles/opinion-increase-cardiac-arrest-outcomes-by-updating-police-dispatch-protocols-gkIuMA8qHgpHGmxT/
https://www.police1.com/police-products/medical/aeds/articles/opinion-increase-cardiac-arrest-outcomes-by-updating-police-dispatch-protocols-gkIuMA8qHgpHGmxT/
https://mycares.net/sitepages/aboutcares.jsp
https://mycares.net/sitepages/aboutcares.jsp
https://mycares.net/sitepages/factsheet.jsp
https://mycares.net/sitepages/factsheet.jsp
https://mycares.net/sitepages/uploads/2020/Data%20Dictionary%20(2021).pdf
https://mycares.net/sitepages/uploads/2020/Data%20Dictionary%20(2021).pdf
https://mycares.net/sitepages/uploads/2015/CARES%20IOM%20Formatted.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Salhi et al.

26.

217.

28.

29.

30.

31.

Page 10

Hasselqvist-Ax I, Riva G, Herlitz J, et al. Early Cardiopulmonary Resuscitation in Out-ofHospital
Cardiac Arrest. N Engl J Med. 2015;372(24):2307-2315. doi:10.1056/NEJM0al1405796 [PubMed:
26061835]

Mosesso VN, Davis EA, Auble TE, Paris PM, Yealy DM. Use of Automated External
Defibrillators by Police Officers for Treatment of Out-of-Hospital Cardiac Arrest. Ann Emerg
Med. 1998;32(2):200-207. doi:10.1016/S0196-0644(98)70137-4 [PubMed: 9701303]

Hollenberg J, Riva G, Bohm K, et al. Dual dispatch early defibrillation in out-of-hospital cardiac
arrest: the SALSA-pilot. Eur Heart J. 2009;30(14):1781-1789. doi:10.1093/eurheartj/ehpl177
[PubMed: 19474051]

Saner H, Morger C, Eser P, von Planta M. Dual dispatch early defibrillation in out-of-

hospital cardiac arrest in a mixed urban—rural population. Resuscitation. 2013;84(9):1197-1202.
doi:10.1016/j.resuscitation.2013.02.023 [PubMed: 23518012]

Nordberg P, Jonsson M, Forsberg S, et al. The survival benefit of dual dispatch of EMS and
fire-fighters in out-of-hospital cardiac arrest may differ depending on population density — A
prospective cohort study. Resuscitation. 2015;90:143-149. doi:10.1016/j.resuscitation.2015.02.036
[PubMed: 25790753]

Nordberg P, Hollenberg J, Rosenqvist M, et al. The implementation of a dual dispatch system

in out-of-hospital cardiac arrest is associated with improved short and long term survival. Eur
Heart J Acute Cardiovasc Care. 2014;3(4):293-303. doi:10.1177/2048872614532415 [PubMed:
24739955]

Resuscitation. Author manuscript; available in PMC 2023 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Salhi et al.

Table 1.

Characteristics of cardiac arrests in Michigan, 2014-2019.

No Sustained ROSC (Frequency, %) (N = 19318)

Sustained ROSC (Frequency, %) (N = 5749)

Patient Characteristics

Age (Mean, SD) 50.73 (20.42) 60.94 (18.65)
Male 12283 (63.58) 3524 (61.30)
White 10251 (53.06) 3802 (66.13)
Black/African American 5265 (27.25) 820 (14.26)
Other Race 3802 (19.68) 1127 (19.60)
Arrest Characteristics
Location of Arrest
Home 16884 (87.40) 4593 (79.89)
Public 2434 (12.60) 1156 (20.11)
Initial Rhythm
Shockable 3108 (16.09) 1782 (31.00)
Unshockable 16210 (83.91) 3967 (69.00)
Year
2014 1704 (8.82) 452 (7.86)
2015 2621 (13.57) 757 (13.17)
2016 3041 (15.74) 917 (15.95)
2017 3722 (19.27) 1089 (18.94)
2018 3956 (20.48) 1213 (21.10)
2019 4274 (22.12) 1321 (22.98)

Exposure Variables

Who I nitiated CPR *

Fire/Police 6192 (32.05) 1785 (31.05)
Lay Person 6091 (31.53) 2205 (38.35)
Lay Medical Provider 536 (2.77) 229 (3.98)
EMS Personnel 6499 (33.64) 1530 (26.61)
Who First Applied AED
Not Applied 13312 (68.91) 3571 (62.12)
Non-Police First Responder 4587 (23.74) 1536 (26.72)
Lay Person 153 (0.79) 152 (2.64)
Lay Medical Provider 143 (0.74) 79 (1.37)
Police 1123 (5.81) 411 (7.15)

*
As collected in the registry, police & fire first responders are combined for reporting CPR initiation, while fire & EMS first responders are
combined for reporting AED initiation
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Adjusted effects of CPR initiation by responding group, as compared to EMS-initiated CPR.”

Table 2.

CPR Initiation™” (All years)

CPR Initiation™™ (2017-2019)

Outcome

Odds Ratio (95% CI)

Sustained ROSC

Fire/Police First Responder***

1.01(0.93, 1.11)

1.01 (0.90, 1.13)

Lay Person

1.07 (0.98, 1.17)

1.07 (0.96, 1.19)

Lay Medical Provider

1.13 (0.95, 1.35)

1.15 (0.92, 1.45)

Survival to Discharge

Fire/Police First Responder

125 (1.08, 1.45)”

1.43(1.18,1.73)

Lay Person

156 (1.36, 1.79)”

1.78 (150, 2.13)

Lay Medical Provider

177 (137, 2.28)"

1.97 (141, 2.73)

Discharged with Good Neurological Outcome

Fire/Police First Responder

140 (118, 1.65)7

1.65 (1.33, 2.05)

Lay Person

171 (1.46,1.99)”

2.08 (1.70, 2.55)

Lay Medical Provider

2.00 (152, 2.64)"

2.47 (1.74,352)

*
Estimates derived using multilevel logistic regression models adjusted for: age, gender, race/ethnicity, location, first documented rhythm, calendar

year, and community level variables as defined in the methods

HA
Odds ratio reference category: EMS

HokA

As collected in the registry, “First Responder” here refers to (Fire or Police)

7LP—vaIue<O.01
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Table 3.

Adjusted effects of AED application by responding group, as compared to no AED application.

AED Application”™ (All Years) | AED Application™™ (2017-2019)

Odds Ratio (95% CI)
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Sustained ROSC

First Respander***

1.08 (100, 1.18)"

1.08 (0.98, 1.19)

Lay Person and Lay Family Member

174 (1.35,2.23)"

1.52 (1.10, 2.09)

Lay Medical Provider

1.40 (103, .90)*

1.75 (1.19, 2.57)

Police

0.99 (0.87, 1.13)

1.06 (0.90, 1.24)

Survival to Discharge

First Responder

1.13(1.00, 1.28)

1.17 (1.00, 1.36)

Lay Person and Lay Family Member

1.95 (147, 2.59)”

1.59 (1.10, 2.30)

Lay Medical Provider

191 (131, 2.78)"

2.21(1.38,3.53)

Police

140 (1-17, 1.69)”

1.50 (1.19, 1.88)

Discharged with Good Neurological Outcome

First Responder

117 (102, 1.38)7

1.18 (1.00, 1.40)

Lay Person and Lay Family Member

2.06 (154, 2.77)"

1.75 (1.20, 2.57)

Lay Medical Provider

223 (151,3.30)"

2.48 (1.52, 4.04)

Police

147 (121, 1.79)"

1.58 (1.24, 2.01)

*
Estimates derived using multilevel logistic regression models adjusted for: age, gender, race/ethnicity, location, first documented rhythm, calendar

year, and community level variables as defined in the methods

*:

*:

*
Odds ratio reference category: No AED applied

Aok

As collected in the registry, “First Responder” here refers to (EMS or firefighters)

11‘P-val ue<0.05;

fP-vaIue<0.0l
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