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ABSTRACT
Introduction Out- of- hospital cardiac arrest (OHCA) 
is a common, life- threatening event encountered 
routinely by first responders, including police, fire and 
emergency medical services (EMS). Current literature 
suggests that there is significant regional variation in 
outcomes, some of which may be related to modifiable 
factors. Yet, there is a persistent knowledge gap 
regarding strategies to guide quality improvement 
efforts in OHCA care and, by extension, survival. The 
Enhancing Prehospital Outcomes for Cardiac Arrest 
(EPOC) study aims to fill these gaps and to improve 
outcomes.
Methods and analysis This mixed- methods study 
includes three aims. In aim I, we will define variation 
in OHCA survival to the emergency department (ED) 
among EMS agencies that participate in the Michigan 
Cardiac Arrest Registry to Enhance Survival (CARES) 
in order to sample EMS agencies with high- survival 
and low- survival outcomes. In aim II, we will conduct 
site visits to emergency medical systems—including 
911/dispatch, police, non- transport fire, and EMS 
agencies—in approximately eight high- survival and 
low- survival communities identified in aim I. At each 
site, key informant interviews and a multidisciplinary 
focus group will identify themes associated with 
high OHCA survival. Transcripts will be coded using a 
structured codebook and analysed through thematic 
analysis. Results from aims I and II will inform 
the development of a survey instrument in aim III 
that will be administered to all EMS agencies in 
Michigan. This survey will test the generalisability 
of factors associated with increased OHCA survival 
in the qualitative work to ultimately build an EPOC 
Toolkit which will be distributed to a broad range of 
stakeholders as a practical ‘how- to’ guide to improve 
outcomes.
Ethics and dissemination The EPOC study was 
deemed exempt by the University of Michigan 
Institutional Review Board. Findings will be compiled 
in an ‘EPOC Toolkit’ and disseminated in the USA 
through partnerships including, but not limited 

to, policymakers, EMS leadership and health 
departments.

INTRODUCTION
Out- of- hospital cardiac arrest (OHCA) is a 
common, life- threatening event that is asso-
ciated with poor patient outcomes. Among 
those experiencing OHCA, approximately 
30% of patients survive to hospital admission, 
and roughly 10% are ultimately discharged 
alive.1 2 In addition to the low survival rates, 
it is estimated that the total aggregate cost of 
OHCA care in the USA is $33 billion annu-
ally.3 Despite generally poor outcomes, some 
communities have been consistently more 

Strengths and limitations of this study

 ► The Enhancing Prehospital Outcomes for Cardiac 
Arrest (EPOC) study is a multiphase mixed- methods 
approach combining quantitative and qualitative 
data to identify challenges and effective strategies 
for prehospital out- of- hospital cardiac arrest (OHCA) 
care along the care continuum.

 ► The mixed- methods study design provides a com-
prehensive approach to understanding complex 
systems of care and elucidating best practices for 
OHCA survival.

 ► At completion of the study, we will be able to provide 
an ‘EPOC Toolkit’ that would provide strategies for 
OHCA best practices with the goal of improved sur-
vival outcomes.

 ► Use of administrative data to complete a secondary 
data analysis; study limitations include quality of 
coding, missingness and residual confounding.

 ► The qualitative analysis component of our study is 
exploratory and may be limited by the single time 
point of data collection, as well as possible social 
desirability response bias.
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successful in responding to and treating OHCA than 
others.4–6 By some estimates, a remarkable fivefold differ-
ence in survival exists across US communities.4

Emergency medical services (EMS) have been 
recognised as a critical component for improving OHCA 
survival; current recommendations for improving prehos-
pital OHCA care are focused on specific care processes, 
such as high- quality resuscitation and postarrest care.6 
The 2015 Institute of Medicine (IOM) report6 recog-
nises the ‘chain of survival’—which includes five inter-
dependent links—as an operational framework for 
assessing EMS response to OHCA: (1) early recognition 
of cardiac arrest and activation of emergency response, 
(2) early cardiopulmonary resuscitation (CPR), (3) 
rapid defibrillation, (4) effective advanced cardiac life 
support and (5) integrated postresuscitative care.7 Given 
that first responders (including EMS, fire and police) 
are the first on the scene of a cardiac arrest, the impor-
tance of initiating CPR, applying an automated external 
defibrillator (AED), and effective communication among 
first- responder entities and 911 dispatchers is clear.8–12 
Proposed care delivery models and processes that are asso-
ciated with improved OHCA care include 911 dispatcher- 
assisted bystander CPR,12 13 use of computer- assisted 
dispatching,14 15 improved coordination among ambu-
lance crews,6 16 delivering high- performance CPR,7 17 
use of technology shown to improve prehospital care for 
OHCA,18 improved provision of elements of postarrest 
care before or during transport,19 improved transitions of 
care between first responders and hospitals,6 11 20 contin-
uous quality improvement efforts,21 22 and promoting a 
culture of excellence through exemplary leadership and 
accountability.23

Although these measures are associated with improved 
outcomes in isolated reports, it is still unclear how best to 
design strategies that can be uniformly implemented in 
emergency medical systems across different communities. 
Additionally, each community may deal with different 
challenges in the implementation of these strategies due 
to its specific needs and resources. For example, existing 
data indicate that EMS systems’ effectiveness may vary 
based on resource availability and transport times (eg, 
long distance in rural areas and traffic in urban areas 
may delay response),6 24 EMS staffing models,25–27 inter-
stakeholder coordination (or fragmentation) and EMS 
oversight.6 21 22 25 26 Furthermore, some communities 
may be reluctant to call 911 (e.g., undocumented immi-
grants and those in high- crime neighbourhoods), which 
can delay response and raise access issues for vulnerable 
populations.28–31

In 2013, the IOM and the National Academy of Engi-
neering published the discussion paper ‘Bringing a 
Systems Approach to Health’, which recommends consid-
ering the relationships between the various parts of 
healthcare delivery to better understand the elements that 
influence health outcomes and produce better health at 
lower costs.16 An integrative systems approach has been 
recognised as critical to cardiac resuscitation.32 Similarly, 

the importance of an iterative approach is highlighted 
by the integration of continuous quality improvement 
programmes in EMS agencies in the USA. Despite this, 
there remains a paucity of systems- based rigorous mixed- 
methodology approaches as a lens through which to eval-
uate the complexities of prehospital cardiac arrest care. 
This is a relatively novel approach to investigating the 
interaction of EMS agencies with the other responding 
entities that provide care before and after EMS response, 
including community bystanders, dispatch, other first 
responders and hospitals. Accordingly, the Enhancing 
Prehospital Outcomes for Cardiac Arrest (EPOC) study 
will lay the foundation for future quality improvement 
efforts in OHCA by identifying, understanding and vali-
dating best practices adopted by high- survival emergency 
medical systems. Similarly, describing such strategies 
across the continuum of care will elucidate potential 
barriers to implementation of best practices. In this paper, 
we describe the content and conceptual framework of the 
multiphase, mixed- methods study we employed to accom-
plish this goal.

Aims and objectives
In this project, we use a multiphase mixed- methods 
approach (figure 1) combining quantitative data analyses 
with qualitative data from key informant interviews and 
focus groups to identify challenges and effective strategies 
for prehospital OHCA care along the care continuum. 
We chose a mixed- methods approach because prehos-
pital care is multifaceted and complex. Findings could 
be affected by many stakeholders—such as state and local 
governments, hospitals, 911/dispatch, first responders 
(including police and fire), EMS and others—and OHCA 
outcomes often depend on multiple care processes, as 
well as organisational cultures around care delivery that 
shape group interactions. These aspects of prehospital 
care are difficult to measure in purely quantitative studies 
and can benefit from qualitative approaches that are 
suited to understanding complex systems and elucidating 
what happens, how it happens and why.33–35

Accordingly, the aims of this study were
 ► To identify EMS agencies with high- OHCA and low- 

OHCA survival rates (aim I).
 ► To define best practices and barriers within emer-

gency medical systems associated with OHCA survival 
(aim II).

 ► To validate factors associated with high survival 
through developing and administering a novel survey 
to EMS agencies statewide (aim III).

Patient and public involvement
Cardiac arrest survivors and their family members were 
involved at the inception of the study and provided 
insights to the study team regarding their experiences. 
In addition, study team members were also involved in an 
ongoing OHCA learning community involving commu-
nity members, survivors, first responders and other 
healthcare providers. The public, through interviews and 
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focus groups involving police departments, fire depart-
ments and EMS, were central throughout aims II and III.

METHODS/DESIGN
This study was designed to examine OHCA across the 
continuum of care by examining the structures, processes 
and interdependencies in prehospital care delivery using 
a multiphase mixed- methods approach. Specifically, we 
initiate our study in aim I with a quantitative component 
to elucidate trends in overall survival between EMS agen-
cies. Using these identified EMS agencies then allows us 
to intentionally sample those EMS agencies for in- depth 
qualitative assessments in aim II. As such, in aim I, we will 
elucidate EMS agencies with high- OHCA and low- OHCA 
survival rates and identify a sample for more focused 
study. In aim II, we will elucidate best practices and 
barriers to implementation by examining EMS agencies 
with high- OHCA and low- OHCA survival rates using a 
qualitative case study approach to link specific site charac-
teristics and performance, with the perspectives of front-
line operations through key informant interviews and 
focus groups. Based on the factors identified as important 
by multiple key stakeholders, we will gain new insights 
about achieving a successful prehospital OHCA response. 
In aim III, we propose to validate and refine the quan-
titatively and qualitatively derived model for maximising 
survival by distributing a state- wide survey to assess the 

importance of the identified factors and their predictivity 
for improved survival.

Conceptual model
The study’s overall conceptual framework is displayed in 
figure 2. As illustrated in the model, advancing OHCA 
outcomes must account for patient and community char-
acteristics, EMS agency organisational characteristics 
and interorganisational characteristics. Additionally, the 
model informs the primary outcome of interest for the 
EPOC study, namely, the return of spontaneous circu-
lation (ROSC) with pulse on ED arrival. This outcome 
measure best encompasses the totality of prehospital care 
provided to patients who have OHCA. The model further 
delineates secondary outcomes, namely, any ROSC in the 
prehospital setting, survival to hospital admission, survival 
to hospital discharge and survival with good neurological 
function.

Setting
The state of Michigan will serve as the setting for this 
research, with study dates spanning August 2017 to a 
projected end date of July 2021. The state of Michigan 
provides an ideal location to conduct this research as 
there are significant variations in the OHCA survival 
rates, which suggests the practices of agencies with high 
OHCA survival could inform improvements among those 
with lower survival.36 As a Midwest US state, Michigan 
has urban, suburban and rural locations that allow for 

Figure 1 Multiphase mixed- methods approach to identifying high OHCA survival best practices. CARES, Cardiac Arrest 
Registry to Enhance Survival; CPR, cardiopulmonary resuscitation; ED, emergency department; EMS, emergency medical 
services; OHCA, out- of- hospital cardiac arrest; ROSC; return of spontaneous circulation.
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examination of population density on OHCA outcomes. 
Further, there are a variety of EMS structures that reflect 
the service models seen in the USA, allowing for explo-
ration of a range of implementation strategies. Finally, 
Michigan operates a large OHCA registry—Michigan 
Cardiac Arrest Registry to Enhance Survival (MI- CARES).

Michigan is one of 26 state registries contributing 
to CARES nationally. Through 2017, there were 136 
EMS agencies and 110 hospitals contributing data to 
MI- CARES, which equates to coverage of approximately 
80% of the state’s population.37 Michigan also has a full- 
time state coordinator who is responsible for record 
auditing, overseeing data collection, and training EMS 
agencies and hospitals on CARES data entry. In the 
context of prehospital resuscitation care, MI- CARES 
contains a broad- based sample of EMS agencies in urban, 
suburban and rural areas in MI with representation from 
various regions of the state.38 Using this information in 
conjunction with primarily collected qualitative data, we 
seek to elucidate each of the previously described aims as 
outlined further.

Aim I: identification (ID) of EMS agencies with high-OHCA and 
low-OHCA survival rates
Data source
The CARES dataset is the largest OHCA registry in the 
USA. The programme has expanded nationally to include 
26 statewide registries with more than 50 community sites 
in 16 additional states. CARES represents a catchment 
area of approximately 135 million people or 40% of the 
US population. The secure web database has software 
that collects and links data sources from EMS providers, 
dispatch centres and hospitals to create a single deiden-
tified record for each OHCA event. CARES was devel-
oped to help communities determine standard outcome 
measures for OHCA to allow for quality improvement 
and benchmarking, as well as compare their EMS system 
performance to deidentified aggregate statistics at the 
local, state or national level.37 39

Given the significant role of community- level variables 
in cardiac arrest outcomes, individual- level data will be 

augmented with community- level data. For the years 
under study, we will obtain data from the American 
Community Survey to adjust for median age, racial demo-
graphic makeup (proportion white, black, Asian, mixed 
race and other race), proportion of male residents, 
average household size, unemployment, per cent popula-
tion with general equivalency diploma (GED) or higher, 
per cent population greater than 25 years old, median 
household income, population density per square mile 
and land area. For each county, we will also calculate 
aggregate proportions of bystander CPR and AED use. A 
calendar year covariate will also be included to adjust for 
temporal trends.

Study cohort/variables
Our first goal was to identify EMS agencies with high and 
low survival rates, to provide descriptive information and 
to inform sampling strategies in the subsequent substudies. 
We will use previously collected data on all EMS- treated 
OHCA from agencies with five or more of such incidents 
annually in MI- CARES for years 2014–2017. A total of 104 
agencies covering more than 7.4 million lives and 21 100 
patients who had OHCA met the inclusion criteria. EMS 
agencies with fewer than 5 OHCA incidents over the 
3- year study period will be excluded from the analysis. 
This cut- off will still allow for the inclusion of agencies in 
rural and suburban areas—with few OHCA incidents—
and will also permit evaluation of high and low census 
agencies in aim II, which may face unique challenges in 
treating OHCA. Using these data, we will identify EMS 
agencies with high and low survival rates participating in 
MI- CARES.

Outcome variables
The primary outcome of interest in the EPOC study 
is ROSC with pulse on ED arrival, analysed as a binary 
outcome. This was chosen as the primary outcome as we 
believe it represents the final results of the complex strat-
egies required to achieve high performance in OHCA 
care by the prehospital system. Additional cardiac arrest 
outcomes considered in this study included any ROSC 

Figure 2 Conceptual model of factors influencing out- of- hospital cardiac arrest outcomes across the chain of survival. AED, 
automated external defibrillator; CPR, cardiopulmonary resuscitation; EMS, emergency medical services.
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in the prehospital setting, survival to hospital admis-
sion, survival to hospital discharge, in- hospital mortality 
and survival with good neurological outcomes. While 
all represent important clinical and patient- centred 
outcomes, they additionally are limited when considering 
them as a primary prehospital outcome. Any ROSC in the 
prehospital setting provides us with a prehospital- specific 
outcome but fails to capture the entire prehospital time-
line. Alternatively, survival to hospital admission, hospital 
discharge and good neurological outcomes are heavily 
influenced by ED and hospital- based interventions, 
potentially limiting our ability to narrow the focus specifi-
cally to the prehospital providers’ role in OHCA. As such, 
ROSC with pulse on ED arrival was chosen as the primary 
outcome.

Given the continued importance of the consideration 
of the additional outcomes, they will be analysed as 
secondary outcome measures. Secondary outcomes will 
include binary indicators of (1) any ROSC in the prehos-
pital setting; (2) survival to hospital admission (defined 
as survival to admission to the intensive care unit, cardiac 
care unit or the medical floor); (3) survival to hospital 
discharge (defined as survival to discharge to home, a 
rehabilitation facility, a long- term care facility or a nursing 
home); (4) survival with good neurological outcome 
(defined as a cerebral performance category score of 1 or 
2 at the time of discharge); and (5) in- hospital mortality. 
These secondary outcomes represent more immediate 
outcomes (e.g., ROSC), as well as longer- term outcomes 
(e.g., in- hospital mortality).

Analysis
Using data from MI- CARES, we will evaluate variation 
in OHCA survival among MI- CARES- participating EMS 
agencies. A priori power calculations were completed 
using MI- CARES data from 2015. Based on these data, we 
anticipated approximately 15 000 OHCA cases across 63 
agencies. Given the large number of cases, the primary 
limitation here for estimating the model parameters is 
the number of clusters. Prior work indicates that having 
more than 50 clusters, even with only 100 or fewer indi-
viduals per cluster, will result in accurate fixed- effects 
estimates and variance components. We augmented this 
with a simulation study using 63 clusters and estimated 
the random- effects variance. This demonstrated excellent 
ability to recover the estimated random- effects variance, 
confirming that our sample size is sufficient to charac-
terise between- agency variation.

For our primary analysis, we will calculate patient- 
standardised ROSC rates for OHCA across EMS agencies 
from 2014 to 2017, adjusting for variables, including age, 
gender, race, location of arrest, witnessed arrest, shockable 
rhythm, bystander CPR, AED use, and community- level 
demographics. Included in our model will be previously 
identified community- level variables as described previ-
ously. Using a mixed- effects logistic regression model, we 
will then identify EMS agencies with a greater than 90% 
predicted probability of having been in the upper and 

lower quartiles in Michigan for the primary outcome of 
ROSC with pulse on arrival to ED. Among the identified 
agencies, we will invite up to four EMS agencies with high 
survival and four EMS agencies low survival to participate 
in aim II site visits.

Aim II: defining best practices and barriers within emergency 
medical systems associated with OHCA survival
Study population sampling
To develop a deeper understanding of the systems- level 
and organisational factors contributing to the expected 
differences in OHCA outcomes between EMS agencies 
from aim I, we will qualitatively explore variation in char-
acteristics, practices and strategies across the emergency 
medical systems in the sampled communities. To accom-
plish this, we will conduct site visits to conduct key infor-
mant interviews and interdisciplinary focus groups at the 
sampled MI- CARES- participating EMS agencies and their 
associated emergency medical system stakeholder groups 
(i.e., 911/dispatch, fire and police).

Agencies identified as being in the upper or lower end 
of the residual OHCA survival distribution will be invited 
to participate in site visits by the MI- CARES state coor-
dinator. The performance category of agencies will not 
be disclosed to key informant interview and focus group 
participants. In addition to OHCA survival, EMS agencies 
will be sampled based on geography (based on the eight 
state trauma regions), rurality and population density.

Data collection
Prior to each site visit, we will conduct a baseline survey of 
the EMS agencies. The content of these brief electronic 
surveys, administered by email, will include the preva-
lence and categorisation of strategies used by agencies 
for treating OHCA. The survey will also examine an agen-
cy’s existing infrastructure to review OHCA cases, certifi-
cation of EMS staff for basic and advanced life support, 
system of dispatching and monitoring patients who have 
OHCA and cardiac arrest processes of care. This survey 
has been included in online Appendix A.

During each two- day site visit, we will conduct key 
informant interviews with field staff, mid- level managers 
and leadership from each stakeholder group (ie, 911/
dispatch, police, non- transport fire and EMS agencies), 
as well as a multidisciplinary focus group to identify facil-
itators and barriers to achieving high OHCA survival in 
the prehospital setting. The key informant interviews will 
explore in depth stakeholder- specific factors relevant to 
OHCA care delivery. Information from these interviews 
will be used to guide multistakeholder focus group discus-
sions at the end of day two. Each focus group will include 
10-12 participants representing various parts of the emer-
gency medical system, including EMTs, paramedics, 
fire and police personnel, dispatchers/call takers and 
ED nurses. These multidisciplinary focus groups will be 
conducted at each EMS agency to promote interactions 
that facilitate understanding of the care system, which 
involves overlap of EMS operations and care delivery 
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across prehospital care organisations. We will conduct 
follow- up key informant interviews for each site with indi-
viduals identified as OHCA or EMS system ‘champions’.

The same interview guide will be used for key infor-
mant interviews and focus groups. The interview guide 
will begin with general, open- ended questions followed 
by questions focused on OCHA- related strategies and 
processes. Issues related to transitions of care/hand- offs 
among responding entities will be explored. Specific 
probes concerning initiatives targeted at treating OHCA 
will follow. For each initiative, respondents will be asked 
to describe specific challenges, surprises, and successes 
in implementing change in their organisation’s practices 
and procedures regarding OHCA. In addition, respon-
dents will be asked about their experiences with quality 
improvement efforts (e.g., organisational goals and use 
of data feedback). Finally, respondents will be asked ques-
tions about communication and organisational culture to 
understand the working environment and interorganisa-
tional relationships (see online Appendix B for interview 
guide). Interviews will be audio- recorded and transcribed 
by independent professional transcriptionists to enhance 
accuracy.

Analysis
Transcripts will be coded using a structured codebook 
and will be analysed through thematic analysis. Analysis 
of preliminary data from 4 focus groups and 10 key infor-
mant interviews with medical control authorities (MCAs) 
and stakeholders in Michigan showed that themes were 
not saturated. As such, we will aim to conduct up to 10 
site visits until we achieve saturation of themes. We will 
conduct within- site (i.e., emergency medical system) 
then cross- site analyses to identify themes that will inform 
survey development (aim III) and describe best practices, 
barriers and facilitators to implementing those practices. 

For each site, researchers from the study team will review 
the key informant interviews and focus group transcripts 
to identify themes. We will use our preliminary taxonomy 
of factors (table 1) as a priori codes and conduct an induc-
tive analysis to refine our coding scheme and to identify 
emergent codes.

Initially, a sample of transcripts will be coded by three 
coders. The coders will meet periodically to share coded 
transcripts, and the codebook will be developed through 
an iterative process. Remaining transcripts will be coded 
by one coder. MAXQDA,40 a qualitative analysis soft-
ware, will be used to facilitate data coding. After all data 
have been coded, we will run reports for each code in 
MAXQDA, which will be reviewed by the team to discuss 
potential themes and interpretations. We will then create 
summaries for each site by code, and, to facilitate cross- 
site analysis, will use ordered matrices to account for all 
relevant data, identify patterns (eg, relationships between 
factors and outcomes) and develop cross- site themes.41

Aim III: validation of factors associated with high survival 
through developing and administering a novel survey to EMS 
agencies statewide
Instrument development
The survey development will be informed by the study 
conceptual model (figure 2) and prior phases of the study 
with inclusion of emerging themes from the qualitative 
analysis. We will use a mixed- methods approach to survey 
instrument development, which will include pilot testing 
and cognitive testing of the instrument. This survey will 
consist of a combination of Likert scale and open- ended 
questions to assess the prevalence and importance of 
previously identified factors. Whenever possible, we will 
develop elements of this survey from any related, previ-
ously validated surveys from the fields of resuscitation 
science, EMS and organisational science. A number of 

Table 1 Preliminary taxonomy for codebook factors and dimensions

Factor Dimensions

Organisational characteristics  ► Community, first responder, EMS, hospital structure or culture.

Leadership  ► Commitment of clinical or public safety leadership.
 ► Professional credibility of leaders.
 ► Specific behaviours of leaders in QI or care delivery.
 ► Leader–organisation relationships (position and tenure).

Administrative support  ► Provision of necessary financial and physical resources.
 ► Engagement of leadership in QI and staff relationships.
 ► Fostering QI culture.

Care delivery strategies  ► Types of interventions across OHCA spectrum.
 ► Number and duration of strategies.

QI practices  ► Timeliness and perceived accuracy of data.
 ► Use of benchmarks in data feedback.
 ► Resources for implementing and sustaining QI programmes.
 ► Dissemination strategies.

Stakeholder relationships  ► Relationships between hospitals and EMS, EMS and first responders, first 
responders and the community.

EMS, emergency medical services; OHCA, out- of- hospital cardiac arrest; QI, quality improvement.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-041277 on 27 N

ovem
ber 2020. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2020-041277
http://bmjopen.bmj.com/


7Salhi RA, et al. BMJ Open 2020;10:e041277. doi:10.1136/bmjopen-2020-041277

Open access

questions will be directed at understanding the character-
istics of each agency (e.g., ownership, number of basic life 
support and advanced life support units, number of field 
staff and profit status) to include as covariates in analyt-
ical models.

We will conduct cognitive interviews and field testing of 
the developed survey with a small sample of agencies that 
did not participate in its development to receive feed-
back on content and design. Using that information, the 
study team will refine the final survey instrument through 
an iterative process in collaboration with content and 
methodological experts. Through cognitive testing—
one- on- one interviews with EMS agency directors—the 
draft survey will be finalised. We will conduct a total of 20 
cognitive interviews using the final survey via telephone 
call with EMS agency representatives across Michigan, 
including administrators, EMTs and paramedics, and 
quality improvement coordinators among other roles. 
Participants will receive $20 as compensation for their 
time.

The final survey will be developed in Qualtrics XM 
and will be distributed to all transporting EMS agency 
directors via email. We anticipate that survey completion 
will take 30 min. Respondents will be compensated $20 
for their time. To increase the survey response rate, we 
will leverage previous relationships with the Michigan 
Department of Health and Human Services (MDHHS) to 
encourage survey response by EMS agencies through the 
states MCAs—entities tasked with EMS oversight. Surveys 
completed by participating EMS agencies will be tracked 
with uniquely identified provider- level CARES registry 
site IDs. Electronic reminders will be sent to EMS admin-
istrators with financial incentives for participation.

Analysis
Our primary analytical tool will be a logistic random- effects 
model similar to the one proposed in aim I, augmented 
with the addition of the agency- level variables developed. 
Diagnostic analyses will be performed to identify prob-
lems, including collinearity, contaminated inference, 
non- linear main effects and interactions between predic-
tors. We will use the results to examine the overall preva-
lence of key factors (identified in aim II) in EMS agencies 
across the state and determine to what extent the newly 
developed measure explained between- agency variation 
observed in aim I. Then for MI- CARES- participating EMS 
agencies, survey responses will be linked to the agency’s 
MI- CARES data to assess the association of each factor 
with improved OHCA outcomes in cross- sectional anal-
yses. This will serve to validate strategies identified in 
aim II most strongly associated with improved outcomes 
among a broader group of EMS agencies in Michigan. 
Identified best practices will be added into the EPOC 
Toolkit for dissemination.

Power calculations were conducted using the rate of 
non- traumatic OHCA survival of 10.5% based on CARES 
data.1 Using 2015 CARES data, we prospectively estimated 
a nominal sample size of 210 cases per agency over the 

anticipated study period. We conducted a power calcu-
lation that conservatively assumes an effective sample 
size of 40 (less than 20%) of the nominal sample size, 
making this calculation conservative. Using mixed- effects 
logistic regression clustering at the county level, we esti-
mated (after adjusting for covariates) a within- county 
random- effects variance of only a=0.06. Simulation- based 
estimates of minimum detectable ORs (80% power) for 
OHCA incidence and survival for a dichotomous quality 
performance metric endorsed by 10%, 25% and 50% of 
agencies were 1.23, 1.16 and 1.13, respectively. These esti-
mates are within the limit of clinically relevant findings 
for OHCA care and, even given the conservativeness of 
this calculation, the detectable effect sizes are still rela-
tively small.

Ethics and dissemination
We obtained approval from the CARES national office 
to use data from Michigan. Study aims I, II and III were 
reviewed by the University of Michigan Institutional 
Review Board and were deemed exempt (HUM00142906 
and HUM00168850). A verbal informed consent to partic-
ipate in the study was obtained from all participants and is 
available in the interview guide in online Appendix B and 
was provided to all participants.

To disseminate our findings, we will develop the ‘EPOC 
Toolkit’ that includes strategies associated with high 
survival to the ED following OHCA. We will then use 
multiple approaches to share these findings in order to 
promote best practices for OHCA in communities across 
the USA. This toolkit will include possible facilitators and 
barriers to implementing such efforts and the evidence 
base for each.

Our primary approach will be to work with state and 
national partners to develop a national quality programme. 
Building on partnerships developed throughout the first 
several years of the project, we will work with state poli-
cymakers, EMS leadership and the MDHHS to dissemi-
nate the EPOC Toolkit through a conference for first 
responder practitioners in year four.

Beyond Michigan, we will work with the national CARES 
programme, as well as the American Heart Association 
and other stakeholders invested in improving cardiac 
arrest outcomes. Through EPOC and future studies, our 
dissemination plan will (1) highlight the evidence base 
and practical, actionable strategies for improving OHCA 
survival; (2) align OHCA care with quality improvement 
goals; (3) recruit local opinion leaders in prehospital care; 
(4) leverage key sponsors to construct provider networks 
to share learning opportunities; and (5) evaluate the end 
results of these efforts using CARES.

DISCUSSION
OHCA remains a common, life- threatening condi-
tion with persistent outcome gaps across communities. 
While many previous studies have adopted a piecemeal 
approach, focusing on evaluating one or two interventions 
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at a time, providing high- quality prehospital care for 
OHCA is multifaceted and complex, affecting several 
stakeholders and disciplines. It depends on multiple 
care processes, as well as organisational cultures that 
guide interactions across groups. These aspects of care 
are difficult to measure in quantitative studies but can be 
assessed and understood with qualitative methods which 
we incorporate as a core component of our study. The 
promise of the use of mixed- methods for advancing care 
can be illustrated by examples from previous research. 
For example, a sequential mixed- methods approach has 
previously been used successfully to identify key strategies 
to improve in- hospital cardiac arrest response, to reduce 
door- to- balloon times for primary percutaneous coronary 
intervention42–46 and to improve outcomes after acute 
myocardial infarction.47 48

Here we directly examine strategies adopted by EMS 
agencies and emergency medical systems to target care 
processes, and build on prior research that has previ-
ously relied on enumerating global processes of care 
(e.g., time to defibrillation) or structural variables (e.g., 
geographical location and urbanicity) and their asso-
ciation with OHCA outcomes. As these associations do 
not always provide actionable insights into how OHCA 
care can be improved in the prehospital setting,49 we 
attempt to identify here a broader range of modifiable 
elements to improve patient outcomes. Through our 
proposed approach, we will account for the multidisci-
plinary nature and community context of OHCA care 
in the prehospital setting and incorporate the role of 
all key stakeholders: the community, 911/dispatch, 
first responders (police and fire), EMS agencies and 
hospitals.50
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