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Abstract
Introduction—We examined the effect of the 2005 American Heart Association guidelines on
survival in the Resuscitation Outcomes Consortium (ROC) Cardiac Arrest Epistry.

Methods—We surveyed 174 EMS agencies from 8 of 10 ROC sites to determine 2005 AHA
guideline implementation, or crossover, date. Two sites with 2005 compatible treatment
algorithms prior to guideline release, and agencies that did not adopt the new guidelines during the
study period were excluded. Non-traumatic adult cardiac arrests that were not witnessed by EMS,
and did not have do not resuscitate orders were included. A linear mixed effects model was
applied for survival controlling for time and agency. The “crossover” date was added to the model
to determine the effect of the 2005 guidelines.

Results—Of 174 agencies, 85 contributed cases to both cohorts during the 18 month period
between 2005/12/01 and 2007/05/31. Of 7779 cases, 5054 occurred during the 13 month (median)
interval before crossover and 2725 occurred in the five month (median) interval after crossover.
The overall survival rate was 6.1%; 5.8% in the old cohort vs 6.5%, p=0.23. For VF/VT patients,
survival was 14.6% vs 18.0%, p=0.063. Our model estimated no increase in survival over time
(monthly OR 1.014, 95% CI 0.988, 1.041, p=0.28).

Conclusion—This study found no significant change in survival rate over time in the early
months after implementation. Further longitudinal study is needed to determine the full impact of
the guidelines on survival and methods to translate knowledge quickly and effectively in EMS.
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Introduction
Cardiac arrest is a leading cause of death around the world1. To improve survival following
cardiac arrest, the International Liaison Committee on Resuscitation (ILCOR) systematically
reviews the evidence involving resuscitation and publishes consensus recommendations
every five years2. In 2005, the American Heart Association and Heart and Stroke
Foundation of Canada released updated cardiac arrest guidelines based on these
recomendations3. These updated guidelines replaced stacked defibrillator shocks with single
shocks, increased CPR intervals from 1 to 2 minutes, and removed post-shock pulse checks,
all in an effort to increase the proportion of time spent performing CPR. Whether these
evidence-based guidelines result in improved patient care and outcomes is largely
unmeasured.

It is well known that only about half of all patients are treated with evidence-based
medicine4. This disconnect between published science and pragmatic adoption into clinical
practice is the nemesis that has sparked knowledge translation research5. Knowledge
translation in EMS systems has been identified to be particularly challenging6, 7, yet is
critical to address as EMS providers are the first to encounter most cardiac arrest patients.
We have previously evaluated knowledge translation of the 2005 guidelines among EMS
agencies participating in the Resuscitation Outcomes Consortium (ROC)8, a clinical trials
network that studies prehospital interventions for cardiac arrest care9. Surveyed EMS
agencies implemented 2005 guidelines into field practice an average 14 months after the
guidelines were published, though the time required to implement was highly variable across
agencies (range of 49-750 days, mean of 416 days and SD 174 days).

We sought to evaluate if survival to hospital discharge improved in the months following
2005 guideline implementation in ROC EMS agencies.

Methods
Study Design, Setting, and Subjects

We conducted a prospective cohort study of persons suffering out-of-hospital cardiac arrest
between December 1, 2005 and May 31, 2007 who were treated by EMS agencies
participating in ROC. ROC consists of 10 coordinating centers covering 11 regions across
North America and was created to study out-of-hospital cardiac arrest and life threatening
trauma9. Three of the regions are Canadian while 8 are American. These 10 coordinating
centers have 264 separate EMS agencies participating in a population based registry and
clinical trials9. We excluded two centres because their EMS agencies were employing
cardiac arrest protocols similar to the 2005 guidelines prior to the release of the guidelines.
We excluded air transport agencies and agencies that did not contribute cases to both
cohorts.

We excluded traumatic cardiac arrest, EMS witnessed cardiac arrests, patients <18 years of
age, and patients with do-not-resuscitate orders. We excluded cases occurring after May 31,
2007 because of the roll-out of a ROC randomized controlled trial10, 11. This study was
approved by the appropriate institutional review boards.

Defining pre- and post-2005 guideline implementation
We invited 178 EMS agencies in the remaining eight centers to participate in a brief
telephone survey, described previously, regarding cardiac arrest guideline implementation to
determine the month and year field providers began treating patients with algorithms
consistent with the 2005 guidelines8. We defined the implementation date as the date an
agency reported comprehensive implementation of the 2005 AHA guidelines for CPR and
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Emergency Cardiovascular Care had occurred (either the “go-live” date or the end of a
“rolling start” after sequential training of providers). We chose the first day of the month
when only a month was given by the respondent. Each patient was placed into the “old”
guidelines cohort (treated with the previously published guidelines from 2000) or the 2005
guidelines cohort based on the date of their cardiac arrest and the implementation date of the
agency that treated them.

Outcome and covariates
The primary outcome was survival to hospital discharge regardless of neurologic status. We
used the ROC Epistry – Cardiac Arrest to determine survival status as well as information
regarding core Utstein data elements 12. Information was collected about patient
demographics, arrest circumstances, and prehospital care using a standard set of data
definitions and collection forms.

Statistical Analysis
Characteristics and outcome were summarized overall and according to guideline cohort
using descriptive statistics. Differences in proportions of death were compared using
likelihood ratio chi-square tests. For the primary analysis, a generalized linear mixed model
was fit with survival to hospital discharge as the outcome. This model was chosen a priori,
as the most straightforward and appropriate model that could capture changes in survival
associated with calendar time and associated with the implementation of the 2005
guidelines, while accounting for potential confounding due to EMS agency. Fixed effects
included time, guideline use, and an interaction between these two. Random effects included
an intercept term for the agency. This model fits the log-odds of survival as a function of the
main effects of time and guideline implementation while accounting for multiple agencies.
An alpha of 0.05 was considered statistically significant; no adjustments were made for
multiple comparisons. The data analysis for this paper was generated using SAS software,
Version 9.1 of the SAS System for Windows (SAS Institute Inc., Cary, NC, USA.).

Results
We contacted 178 EMS agencies and received responses from 176 agencies (99%). Two
agencies had not implemented the AHA guidelines (1%) and were excluded. Of the
remaining174 agencies, 83 contributed cases to both cohorts during the 18 month period
between 2005/12/01, when ROC data collection began, and 2007/05/31, when clinical trials
were rolled out. Characteristics of these agencies are reported in Table 1. Of 7779 cases
occurring in these 85 agencies, 5054 occurred during the 13 month (median) interval before
guideline implementation and 2725 occurred in the five month (median) interval after
implementation.

Summary statistics of subjects are presented in Table 2. The overall survival rate was 6.1%.
Survival in the “old” guideline cohort was 5.8% (294/5054) and 6.5% (177/2725) in the
2005 guideline cohort (p=0.23). Our regression model estimated no change in survival over
time (monthly OR 1.014, 95% CI 0.988, 1.041, p=0.28). Results did not differ for the
subgroup of VF/VT patients (14.6%, 165/1129 in the old cohort and 18.0%, 116/645, in the
2005 cohort, p=0.063).

Discussion
In this cohort investigation of out-of-hospital cardiac arrest, we did not observe statistically
significant survival improvement during the first 5 months following implementation of the
2005 guidelines among ROC EMS systems. While the VF/VT cohort did have an absolute
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survival increase of 3.4%, an increase we consider clinically significant, statistical
significance was not reached.

Two stages to knowledge transfer in EMS: System and Individual
While ILCOR and the Resuscitation Councils have developed evidence based guidelines,
the process of translating the guidelines into practice is challenging. The 2005 guidelines
were published on December 13, 2005. ROC EMS organizations reported implementing the
guidelines an average of 416 days later8. Further, there was no statistically significant
change in survival for five months following system implementation, suggesting that clinical
practice may not have changed in accordance to the guidelines within this short timeframe.

Barriers to system implementation have been identified by our previous qualitative research;
training barriers and delays to upgrade defibrillators were experienced in more than one
third of EMS services and nearly half reported decision-making delays from regulators, base
hospitals, ROC research efforts or allied response agencies7. Delays associated with
coordinating implementation across allied resources (i.e. fire and police agencies) and
regulator decision-making have been identified in Europe as well13. Also in Europe,
language translation of the guidelines delayed the initiation of provider training13. Sasson
has further identified several operational barriers that hamper implementation of research in
the EMS setting including a lack of communication between medical directors, online patch
physicians and field providers36.

Our data suggest that the second stage of implementation, at the level of the individual
clinician, may contribute to similar survival rates in both time intervals. Despite system-
level implementation of the guidelines by training prehospital care providers to follow
protocols, we did not observe a statistically significant survival increase in the 5 month
period post-implementation. One explanation that should not be discounted is that the
guidelines have no effect on survival. Few studies cited by the Guidelines are randomized
controlled trials, and many of the recommendations made in the Guidelines are based on
retrospective reviews, animal data and expert consensus. Second, we did find a clinically
significant difference of 10% in all rhythms, and 23% in VF/VT rhythms, but failed to reach
statistical significance in our underpowered sample. Further multicentre surveillance has the
potential to allow for adequately powered studies in the future.

However, several studies have observed an increase in survival after implementation of
EMS resuscitation protocols compatible with the 2005 Guidelines. Sayre identified
improved CPR quality during a two year period after implementation of the 2005 guidelines,
which was associated with improved survival compared to the pre-2005 guideline era (6.1%
vs 9.4%, OR 1.6, CI 1.1-2.4)37. Rea's observational study found that survival rates among
bystander witnessed VF cardiac arrests increased from 33% to 46% (p=0.008)14. A
retrospective review by Garza found that survival after EMS treated cardiac arrest increased
from 7.5% to 13.9% (CI 1.2-2.7)15. Bobrow conducted a before-after study and observed an
increase in EMS treated cardiac arrest survival from 1.8% to 5.4% (CI 1.1-8.6) and an
increase in witnessed VF cardiac arrest survival from 4.7% to 17.6% (CI 1.0-19.1)16.

Another explanation for the current null finding is that the effectiveness of the new
guidelines may require time for providers to become practiced and proficient so that the
guideline changes can produce robust changes in field care and in turn translate to better
survival. Berdowski et al used CPR process data to analyze out-of-hospital cardiac arrests
occurring peri-implementation and reported that 80% of cardiac arrests were compliant with
the new guidelines five months after the start of new guideline training13. This training did
not begin until twelve months after release of the guidelines, similar to our findings in North
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America. This means that seventeen months elapsed between guideline publication and
achieving a guideline compliance rate of 80%.

Berdowski found that one year after training, guideline compliance rates were still below
90%. Unfortunately, not all ROC sites were capable of routinely collecting CPR process
data during our study period and we cannot assess if non-compliance at this level of
measurement contributed to the lack of observed difference in the survival rate of our study
population. However, we hypothesize that the 2005 guidelines required a rechoreography of
cardiac arrest care and this may have initially confused providers and contributed to a
reduction in the quality of their resuscitation efforts shortly after retraining. Most providers
see few cardiac arrests each year. Perhaps over time, once they achieved efficiency in
motion, kinetic synchrony and high quality compressions, increase in survival may surpass
the rate observed in the years served by the 2000 guidelines as it seems to have in other
studies examining survival over longer periods of time. Improved training or simulation
exercises (“mock codes”) could improve provider competency in this context. Consequently,
strategies that enhance provider performance of CPR and cardiac arrest care should continue
to be an important area of investigation.

The Impact of Delayed Implementation
Nichol has previously calculated that as many as 294,851 EMS-assessed cardiac arrest cases
occur each year in the United States, and a further 32,160 cases occur in Canada17. Using
these data, during the 18 month period after the release of the AHA guidelines, 490,517
North Americans suffered an EMS-assessed cardiac arrest (294,851 + 32,160 × (18 / 12)). If
we extrapolate using the survival rate of Bobrow's pre-implementation period, 8829 patients
would have survived during these 18 months (490,517 × 0.018). Applying the survival rate
from Bobrow's 2 year post-implementation period, 27,959 (463,266 × 0.057) patients would
have lived, representing 19,000 additional lives saved. While this extrapolation is limited, it
highlights the importance of quickly translating scientific knowledge into clinical practice to
achieve better health outcomes.

From Knowledge to Action in EMS: What can be done to improve care?
Knowledge translation research in the EMS field is lacking6 despite reports that evidence-
based guidelines are often not followed. For example, one study found that fewer than 30%
of EMS providers were aware of pediatric defibrillation guidelines and only one third had
access to pediatric defibrillation pads18. This challenge is not specific to EMS and perhaps
our survival rate related findings are generalizeable to other health care settings such as
hospitals and long term care facilities where poor adherence to resuscitation guidelines by
clinicians working in hospitals has already been observed19, 20. Nor is the challenge specific
to cardiac arrest resuscitation. In emergency departments, overall advanced trauma life
support protocol adherence was measured to be 42%21, and post arrest therapeutic
hypothermia is still underused in patients who achieve circulatory stability22, 23 and a large
retrospective study found that only half of all acutely ill patients are treated in accordance
with scientific evidence4. New evidence will not improve health outcomes unless EMS
systems, organizations and providers agree with the science and adopt it24.

Graham has identified that organizations that develop guidelines often neglect to evaluate
the dissemination or clinical effects of guidelines25. While our prior work has discussed
facilitating system-level implementation using classic theories of knowledge translation,
strategies to improve individual clinician behaviour are less clear and require further
study24, 26. In Graham's “knowledge to action” cycle, there is a stage to “monitor knowledge
use” prior to evaluating outcomes. Here, defined changes in behavior and practice that may
have a clinical effect are measured; once compliance is reached, outcomes can be
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assessed27. Both qualitative and quantitative methods may be employed to measure
attitudes, behaviour, agreement, adoption and knowledge use28 but research on strategies to
improve compliance and relevant clinical outcomes is sparse.

The amount of time required for providers to become proficient in applying cardiac arrest
guidelines is not clear and requires further research. It is likely that improved high fidelity
simulation training will improve competency. To accomplish further adherence to guidelines
in the hectic prehospital setting, real-time feedback of biometrics such as compression
depth, compression rate, ventilation rate and end-tidal carbon dioxide values may be
helpful29-32 in achieving guideline compliance. Further, the use of checklists has been
successful in other medical settings and may be applicable to EMS33, 34 to improving
adoption and adherence to guideline recommendations as routine practice.

Limitations
Our study has several limitations. We were unable to reach a sample size with adequate
power due to the start of randomized trials in the ROC network, and thus have a
convenience sample with an approximate power of 0.24 for our comparison of two
proportions (2 sided significance of 0.05, absolute difference of 0.07%). For VF/VT cases,
the power is approximately 0.47. Further longitudinal study over a greater period of time
may be required to determine the full impact of the guidelines on survival. We know that
there is significant site variation in resuscitation outcomes across ROC sites and EMS
agencies17. We suspect these confounders were not completely accounted for in our mixed-
effects regression model and would ideally be controlled for in a randomized trial design.
ROC EMS agencies may be systematically different from other agencies because of their
participation in the consortium and their association with academic hospitals, which may be
more proactive implementing evidence-based guidelines. The Hawthorne effect of
participating in a trial consortium may have affected performance in both the before and
after cohort35. Media reports of the 2005 guidelines, particularly the new 30:2
compression:ventilation ratio, may have affected patient care in the “before” cohort. Lastly,
we were not able to assess quality of the resuscitations to understand what was actually
done; the lack of consistent CPR process data throughout the time frame of comparison does
not allow us to assess this level of compliance to guidelines.

Conclusion
Survival from EMS treated cardiac arrest did not significantly improve in the five months
following implementation of the 2005 AHA guidelines in ROC EMS agencies.
Resuscitation science is a fast-paced field; the ability to rapidly and diligently implement
scientific guidelines into practice is needed. Knowledge translation strategies must be
creatively developed, rigorously tested, easy to implement and widely distributed to ensure
every patient is treated in line with the best available science and to evaluate the true impact
of new guidelines on health outcomes.
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Table 1

Summary statistics of included EMS agencies.

N Mean days to crossover1

Organizational structure2

 Fire Department 51 338

 Governmental, Non-Fire 20 338

 Private, Non-Hospital 7 327

 Other 4 215

Number of vehicles3

 1 - 5 11 244

 6 – 10 15 381

 11 - 50 49 338

 51+ 7 336

1
Mean days to crossover based on last day of month.

2
p-value = 0.28 for ANOVA test of equality of means.

3
p-value = 0..04 for ANOVA test of equality of means. Tukey's multiple comparison procedure gives a p-value <0.05 for comparing the means of

the first two categories.
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