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Introduction
Approximately 350,000 people in the United States experience 

an Out-of-Hospital Cardiac Arrest (OHCA) each year [1,2] and 
most of these are sudden, unexpected, and result in death [1,3]. 
Average survival rates are reported between 8% [4,5] and 10% 
[2] with considerable variance across geographic settings [3,5-8]. 
Survival is determined, in large part by a community’s ability to 
respond promptly to a cardiac crisis. 

The “chain of survival” is a metaphor for the sequence of 
interventions that are required in a successful resuscitation [3,9] 
(Table 1). After a patient collapses, loses consciousness, and ceases 
to breathe. timely delivery of interventions is critical [3,10-12] and 
begins with early access to the emergency calling (9-1-1) system. 
Use of rapid dispatch protocols (to reduce the time it takes to get 
medical personnel to the scene), the practice of sending the proper 
medical personnel before all the information has been obtained by 
the dispatcher from the caller, can save up to a minute, sometimes 
more in the delivery of vital care [3].
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Rapid provision of Cardiopulmonary Resuscitation (CPR)
(within four minutes) improves the potential for survival by 
slowing the dying process during the time that defibrillation and 
advanced care is not yet present [3,4,10-13]. In some communities 
911 telecommunicators provide bystanders with “just-in-time” 
telephone-assisted CPR instructions (T-CPR) over the phone, which 
is credited with substantially improving survival from cardiac 
arrest [4,14,16-20]. As such, the presence of a high quality T-CPR 
program that includes prompt identification of the need for T-CPR 
and provision of instructions to the caller is an essential component 
of the chain of survival [21-23]. Quality of prehospital activities 
has been related to improved outcomes of cardiac arrest [3,24-30]. 
As such Quality Assurance (QA) activities are an integral part of 
success in optimizing the chain of survival in communities [3,28-
31]. Several prospective single community case studies report 
that simultaneous improvements in multiple links of the chain of 
survival, as well as implementation of continuous QA activities, are 
associated with increased survival rates [5,32-38].
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In response to these studies, emergency medical services leaders 
from King County WA developed a 2-day conference/workshop to 
help other communities implement the evidence and practice of 
OHCA to communities outside of King County, WA starting in 
2009.This effort was named “the Resuscitation Academy” (RA, 
www.resuscitationacademy.org). This 2-day workshop brings 
together community EMS leaders to learn about the actions 
necessary to reduce death from cardiac arrest, delivered in training 
programs that are developed based on the strongest evidence on 
different pre-hospital resuscitation protocols as well as guidelines 
by the American Heart Association [24,25]. Since its inception, 
RAs have been developed and implemented in other U.S. states and 
several other countries, including European, and there are currently 
efforts underway to expand this effort globally [37-39]. In addition, 
79-page Resuscitation ebook was developed targeted at emergency 
medical personnel, particularly medical directors and managers 
and administrators that include resources needed to develop an RA 
at the local level or implement RA activities in a community [40].

However, there are no data reporting the process of evaluating the 
implementation of the RA activities. Indeed, there are no measures 
to track implementation across time and across communities, to 
better understand the variations in success and to help communities 
consider and act on their successes and challenges. The purpose of 
this paper is to present data on the development of an implementation 
index to measure community progress in achieving its survival 
improvement goals.
Methods
Study design and population

Data for this project come, in part, from The Heart Rescue 
Project, a large US initiative which aims to develop regional 
cardiac resuscitation systems of care that implement guideline-
based best practice bystander, pre-hospital and hospital care [41-
45]. As a way to achieve this goal, the Resuscitation Academy 

Intervention Impact on survival Agency or system
Rapid dispatch protocols To reduce time to emergency response 9-1-1 dispatch centers

Training 9-1-1 dispatchers in Tele-
phone-assisted CPR (T-CPR) and in start-
ing T-CPR instructions within 4 minutes 

of start of 9-1-1 call

To increase bystander CPR rates 9-1-1 dispatch centers

Community CPR training programs To increase bystander CPR rates Community organizations
Training EMS providers in High perfor-

mance CPR (HP-CPR)
To increase quality of resuscitation efforts 

by first responders
EMS agencies (fire departments; paramed-

ics)
First responder Automated External De-

fibrillation (AED) programs
To reduce the time to delivery of an elec-

trical shock by AED
EMS agencies

Police AED program To reduce the time to delivery of an elec-
trical shock by AED

Police agency

Public Access Defibrillation programs To reduce the time to delivery of an elec-
trical shock by AED

Community

Cardiac Arrest Surveillance (CARES) To measure and improve 9-1-1 dispatch, EMS agencies, hospitals
Quality Assurance programs for T-CPR, 

HP-CPR and CA review
To measure and improve 9-1-1 dispatch, EMS agencies,

Table 1. Evidence-based interventions related to the chain of survival

was established by Emergency Medicine faculty and staff at the 
University of Washington and facilitated by experts in each of the 
areas of improvement. Community leaders such as EMS medical 
directors and trainers, from different communities around the 
region are invited to attend. By design, the attendance of each RA 
is capped at 40 persons. This allows a forum for the whole group 
to participate in discussion on various topics. Breakout sessions 
typically range from 5-10 persons, allowing for in-depth mentoring 
and support during road blocks. The content of the 2-day event held 
in Seattle includes Telecommunicator-assisted CPR (T-CPR), high 
performance CPR by first responders (HP-CPR), and community 
programs related to public access defibrillation and community 
CPR training. Each RA includes hands-on sessions with topics on 
data collection, HP-CPR and T-CPR, QA review of cardiac arrest 
events, and strategies for raising funds to support improvement 
efforts. These sessions are designed to give attendees a chance to 
practice skills, learn in-depth strategies for implementation, and 
discuss details of programs with the experts.

Survey Design and Administration
We realized that in order to track progress in implementing 

the activities of the RA, we would need to provide communities 
with an easy-to-use quantifiable measure of implementation for 
the key activities learned in the RA. Therefore, we used existing 
resources and personnel to define the key activities of the chain 
of survival, and drafted questions about each one. The survey 
included 15 questions, each targeting one of the activities in table 
1. We selected a dichotomous scale (yes/no) for each item to keep 
the survey simple and quick to complete. We piloted the survey 
with colleagues in communities who had participated in the RA and 
in community change previously. 

We administered this on-line survey with RA alumni to assess 
self-reported changes in the links of the chain of survival from 
pre- to post- RA attendance (See supplemental materials for a 
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copy of the survey). We sent the survey link to emails recorded 
from those who attended RA from July 1, 2008 to July 1, 2014, 
a total of 543 email attendees from 274agencies.We selected 
this period because it encompasses the beginning of the RA and 
the time that another group at the University of Maryland began 
offering an RA. We received 258 nonfunctioning email returns (eg, 
no longer employed here, nonfunctioning address), leaving us with 
285 functional emails. From these we received 168 responses for 
a response rate of 59%. Responses from agencies outside of North 
America or agencies not involved directly in EMS activities were 
excluded from analysis (n=17). This study was judged as exempt by 
the Human Subjects Committee of the University of Washington. 
All participants (including multiple respondents from a single site) 
provided verbal consent to collect the survey data and to publish 
without identifiers.

In this survey we inquired about implementation of a series of 
activities that comprise the chain of survival, as shown in table 1. 
For each item, we asked about presence or absence of the individual 
chain-of-survival components before the RA, and also about 
present day, post RA attendance. In addition to implementation 
of key activities, we asked about the most helpful resources for 
assistance in implementing these components using a four- point 
scale. Finally, we asked each respondent what type of agency they 
were employed by and what their job title was. We reminded the 
potential respondents up to three times, by email, to complete the 
survey.

At time of survey
N agencies proportion 

present
Rapid Dispatch 93 0.78
T-CPR 96 0.97
Public education CPR 96 0.91
Training first responders in HP-
CPR in cpr

96 0.95

First responders AED 95 0.93
Police AED program 92 0.49
Public access AED program 93 0.76
CARES enrollment 93 0.84
QA for T-CPR 92 0.7
T-CPR within Four Minutes 82 0.85
QA for high performance CPR 91 0.77
QA for Cardiac arrests 94 0.86

Table 2. Self-reported implementation rates of chain of survival program 
component among RA alumni

Time since attending RA < 1 year 1 year 2 years >2 years
N agencies 23 17 19 37
% 0.24 0.18 0.2 0.39

Proportion implemented
1. Rapid Dispatch 0.55 0.84 0.81 0.87
2. T-CPR 0.91 0.95 1 1
3. Public education CPR 0.8 0.89 0.95 0.96
4. Training first responders in HP-CPR 0.85 0.94 0.97 1
5. First responders AED 0.83 0.97 0.9 1
6. Police AED program 0.36 0.67 0.4 0.52
7. Public access AED program 0.55 0.67 0.9 0.85
8. CARES 0.76 0.79 0.88 0.89
9. QA for T-CPR 0.34 0.79 0.86 0.79
10. T-CPR within Four Minutes 0.73 0.9 0.79 0.96
11. QA for high performance CPR 0.5 0.8 0.95 0.8
12. QA for Cardiac arrests 0.59 0.86 0.95 0.99

Table 3. Association betweenimplementation rates and time since attendance at the Resuscitation Academy
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Data analyses
Analysis of the survey measure was conducted on responses 

from all North American agencies involved in EMS activities. We 
calculated an implementation index by summing the responses 
from all 12 items into a single score, where for each element 
1=performing that activity and 0=not performing that activity. 
We reviewed the integrity of the scale by calculating internal 
consistency (Cronbach’s alpha) of the scores, and overall mean 
percentage agreement between item responses between all unique 
pairs of participants who attended from the same agency. We then 
calculated the proportion of program activities implemented for 
each agency, averaging responses over participants from the same 
agency. Validity was assessed in two ways. First, we calculated 
the length of time since attending the RA and number of activities 
performed, reasoning that a measure taken after varied time since 
exposure to the RA would allow for more time to implement. 
Second, we related the relationship between implementation of 
activities post attendance and cardiac arrest survival to hospital 
discharge was analyzed in the subset of agencies whom had joined 
CARES and provided data into CARES, for the years 2012-2014 
using logistic regression with quasi-binomial family with survival 
to hospital discharge as the outcome variable. Outcomes (survival/
no survival) were linked to agency by the community served by 
each agency. All statistical analyses were conducted in R3.3.1. Data 
are available through a publically available database management 
system.

We were able to assess validity of the measure in two ways, by 
first relating each item in the new measure to overall survival rates 
in the CARES database, and two, by independently verifying the 
validity of each item in the measure through a separate telephone 
call to a subsample of five communities. We report data on both 
methods of estimating validity.

Overall Survival
Odds ratio log odds se p

All elements combined 2.48 0.91 0.3 0.005
Program elements combined 2.89 1.06 0.34 0.004
QA elements combined 1.73 0.55 0.29 0.07
Program Elements
Rapid Dispatch 1.42 0.35 0.3 0.005
T-CPR 1.8 0.59 0.39 0.145
High Performance CPR 0.38 -0.98 0.86 0.266
T-CPR within Four Minutes 1 0 0.33 0.991
First responders AED 2.05 0.72 0.42 0.1
Police AED program 1.21 0.19 0.11 0.084
Public access AED program 1.43 0.36 0.14 0.014
Public education/training CPR 1.55 0.44 0.28 0.122
Quality Assurance Programs
QA for T-CPR 1.35 0.3 0.18 0.098
QA for high performance CPR 1.28 0.25 0.18 0.178
QA for Cardiac arrests 1.74 0.55 0.33 0.101

Results
A total of 53.1% of respondents (n=153) worked for an EMS 

agency, while 46.2% worked at a fire agency and less than 1% 
worked at a police agency. Job titles of the respondents varied, with 
30% reporting as medical directors or equivalent, 59% reporting 
another leadership role, and 11% reporting other job positions. The 
survey took an average of 12 minutes to complete. Median time 
to complete the online survey was 12 minutes. No participants 
skipped any items, but some (10%) referred the interviewer to other 
people in the community in order to obtain an accurate answer. The 
implementation index had high internal consistency, as evidenced 
by an alpha coefficient of 0.78 for the entire scale.

The implementation rates for key elements (Rapid dispatch, 
enrollment in CARES, implementation of T-CPR, meeting four 
minute target for starting T-CPR, high performance CPR, and 
cardiac arrest review, Automatic External Defibrillator (AED) 
programs for First responders and police, public access AED 
programs, and public education and training in CPR) are presented 
in table 2.The results show that implementation of a police AED 
program was least likely to be reported whereas implementation of 
a Telephone-assisted CPR dispatch program was most frequently 
implemented, reflecting the emphasis given to T-CPR during the 
2-day training program. 

In general, implementation rate varied by length of time since 
attending the RA, as shown in table 3. Statistically significant 
increases in implementation rate with time since attendance were 
observed for Rapid dispatch, T-CPR, Public access AED’s, Public 
Education, T-CPR within four minutes, QA-T-CPR, QA-High 
Performance and QA-CA. The rate of increase for QA-T-CPR and 
QA-high performance CPR leveled off after the 1 year mark, while 
for Rapid dispatch, T-CPR, Public access AED’s, Public Education, 
T-CPR within four minutes and QA-CA the rates continued to 
increase. The overall proportion of elements implemented was also 
positively associated with time since attending RA (p < 0.01).

Table 4. Odds of CA survival associated with the different interventions reported post RA related to successful out-of-hospital resuscitation for the 36 
agencies in the study participating in CARES. 
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Survey Question Validation Checklist and Interview Guide Agreement? 
#/5

Is your agency enrolled in the Cardiac Arrest Surveillance regis-
try (CARES)?

Check CARES database, is this agency enrolled? 5/5

Does your agency have a rapid dispatch system in place? Provision of a protocol for quickly identify a medical emergency 
and dispatch as quickly as possible?

2/5

Does your agency have a dispatcher-assisted CPR program in 
place?

Provision a protocol for review 4/5

Is regular quality assurance being performed to monitor dis-
patcher assisted CPR?

Independent verification by another person of QA activities 2/5

If yes: Is this performance being reported to the agency for 
improvement?

Provision of a report created for the agency 1/5

Does your agency meet the goal of having an average phone pick 
up time to onset of CPR instructions less than 4 minutes?

Identification of the average time is for how quickly dispatch will 
administer telephone CPR

2/5

Do first responders in your agency receive high performance 
CPR training?

Provision of the protocol and documentation of trainings that 
first responders receive for high performance CPR

4/5

Is regular quality assurance being performed to monitor the 
quality of high-performance CPR in EMTs?

Description and schedule for how/when high performance CPR 
is reviewed

5/5

If yes: is this performance being reported to the agency for im-
provement?

Provision and schedule of the report of the high-performance 
CPR review data

3/5

Is there regular reporting of overall cardiac arrest survival data in 
your community to a larger governing body (city council, mayor’s 
office, etc)?

Reports and presentations of agency to the mayor’s office or city 
council about cardiac arrest survival data?

3/5

Do first responders in your agency carry Automatic External 
Defibrillators (AEDs)?

Provision of a list, including location, of these automatic external 
defibrillators:

5/5

Is there a program in place to train police officers on AED usage? Schedule and list of trainings for police to use AEDs  5/5
Is there a public access defibrillation program in place
in your agency?

List and locations of AEDs located in your community Indepen-
dent verification of AED at location

3/5

Does your agency have a public CPR education/training program 
in place?

Protocol and list of public trainings for CPR use.  3/5

Is CPR training mandated in primary schools in your communi-
ty?

List and protocol for trainings in middle and high school.
Independent verification of traininings in schools

4/5

Table 5. Validity measures for each question on survey. 

Validity was assessed in two ways, one, by relating the frequency 
of performing each component in the index, as well as the overall 
score, to survival as measured by the CARES data set. Table 4 
shows the associations between program components and quality 
assurance programs, and cardiac arrest survival as measured in the 
CARES registry for the 36 agencies which participate in CARES. 
A total of 4958 cases were reported during the post-attendance 
period, with the number of per agency ranging from 3 to 991 
(median 68, IQR 25 - 131); overall survival rates varied from 0% 
to 30.4% (mean 14.6, sd 6.6).Moderate within agency clustering 
was observed, with quasi-binomial dispersion parameter ranging 
from 1.4 to 1.8. The overall proportion of items implemented was 
related to cardiac survival from the registry. Each of the elements 
from the links in the Chain of Survival were positively associated 
with cardiac arrest survival, although these associations were not 
statistically significant. Most of the QA activities were significantly 
and positively related to survival in this table as well.

Validity was also assessed by recalling a random sample of five 
communities, to ask about independent validation of each item on 
the checklist. Table 5 shows the measure of validity collected for 
each survey measure and the number of communities that matched 

exactly their responses to the validity measure. The average percent 
agreement score for the survey-validation procedure was calculated 
to be 0.795 (range 0.714-0.928). This represents a moderate level 
of agreement and the range indicates that previous RA attendees are 
able to self report these measures with a moderate to high degree 
of accuracy
Discussion 

This manuscript presents data on the development and initial 
properties of an early version of an implementation index, as 
a measure of implementation of the key activities necessary to 
improve poor cardiac arrest survival rates in communities. Having 
this index enables future evaluations to quickly and easily evaluate 
progress toward improving survival at regular intervals as the 
program activities are being implemented. The tool took less than 
15 minutes to collect over the Internet, and all participants found it 
easy to use and respond to. This means that it can be used repeatedly 
to track incremental progress, not just long-term change.

Measurement lags behind innovation in intervention in this field 
[46]; we need to pay attention to improving our implementation 
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measurement tools. The implementation index as used here had very 
high agreement among the items, as evidenced by the high alpha 
coefficient. It also showed reasonable validity with relationship to 
the key health outcome of the RA survival from out-of-hospital 
cardiac arrest. Given its easy administration plus high reliability and 
validity, this measure can serve as a short term outcome in studies to 
evaluate the RA as a public health tool for improving communities’ 
abilities to improve cardiac survival. RA and its spin-off events are 
spreading throughout the country and evaluation becomes very 
important for wide-spread implementation. This implementation 
index will help future investigators quickly evaluate their progress 
in this implementation process in future studies.

As seen in these data, simple agreement about public events 
is not guaranteed among observers, which could lead to loss of 
statistical power to determine associations between implementation 
of program elements and survival due to underestimating of 
the magnitude of the association and increases in the estimate 
variability [47]. Understanding the best ways to report specific acts 
of implementation could improve the variance in this index and 
make for a better process measure of success for future research 
and practice. This is an active area of our research efforts. In 
addition, we will expand the response format to a multipoint scale, 
rather than a simple dichotomous answer to each question in the 
next implementation, due to difficulty experienced by several 
respondents in fitting their community progress into a yes or no 
answer. 

Limitations in these data contribute to caution in interpreting the 
results. This is a new and untested field, without instruments that 
have been used in previous research on implementation processes. 
Any findings here must be confirmed in additional research with 
stronger designs and measurement properties. Recall bias might 
have influenced the reports of progress, and it will be essential to 
use and evaluate this index in a frequent and longitudinal fashion 
to reduce this bias.

These data are subject to all kinds of biases, and need 
replication and further validation to confirm these patterns. The 
sampling process lost individuals to follow-up through attrition, 
nonresponse, and other issues. The response rate was not high, 
and this limits our ability to generalize to all participating agencies 
about what might work or what communities might respond best to 
the RA intervention. As with other research, it is likely that some of 
these nonresponders were not performed at random, but represent 
potentially poor performers. However, people move among 
positions in this type of work, and so changing emails when work 
locations change is not unusual. This needs investigation as it is 
these poor performers that perhaps need more assistance and more 
rigorous follow-up. Other sources of unmeasured variation include 
other measurement issues, such as who best to assess progress at 
the community level and how to reconcile conflicting responses. 
These and other issues need further investigation.

Conclusions 
Our research showed the variance in program adoption after 

RA exposure. This may reflect differential levels of control 
community leaders have over program changes. Studying a number 
of communities’ implementation of the RA provides a valuable 
opportunity to better understand the implementation process at 

the community level. Performance of some of the elements of 
the chain of survival grew over the two year period, while other 
elements changed in the first year, but did not continue to change. 
The reasons for this are currently unknown but could speak to the 
need to give communities adequate time to develop resources and 
change long-standing practices for this project.

This measure could also be used as a guide for developing 
tailored interventions to assist communities in changing elements 
identified during the RA to achieve high cardiac arrest survival 
rates. Repeated administration of the index over time could be used 
to show communities what they have accomplished, but also what 
they have still to change. Tailored feedback based on organizational 
self-assessment has been successfully used in several health 
program implementation studies [48,49]. Informal requests from 
RA attendees for this type of feedback have occurred at every RA 
session, so it is likely that tailored feedback will be well received.
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