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ABSTRACT

Background: Cardiac arrest physiology has been proposed to occur in three distinct phases: electrical,
circulatory and metabolic. There is limited research evaluating the relationship of the 3-phase model of
cardiac arrest to functional survival at hospital discharge. Furthermore, the effect of post-cardiac arrest
targeted temperature management (TTM) on functional survival during each phase is unknown.
Objective: To determine the effect of TTM on the relationship between the time of initial defibrillation
during each phase of cardiac arrest and functional survival at hospital discharge.
Methods: This was a retrospective observational study of consecutive adult (>18 years) out-of-hospital
cardiac arrest (OHCA) patients with initial shockable rhythms. Included patients obtained a return of
spontaneous circulation (ROSC) and were eligible for TTM. Multivariable logistic regression was used to
determine predictors of functional survival at hospital discharge.
Results: There were 20,165 OHCA treated by EMS and 871 patients were eligible for TTM. Of these patients,
622 (71.4%) survived to hospital discharge and 487 (55.9%) had good functional survival. Good functional
survival was associated with younger age (OR 0.94; 95% CI 0.93-0.95), shorter times from collapse to
initial defibrillation (OR 0.73; 95% CI 0.65-0.82), and use of post-cardiac arrest TTM (OR 1.49; 95% CI
1.07-2.30). Functional survival decreased during each phase of the model (65.3% vs. 61.7% vs. 50.2%,
P<0.001).
Conclusion: Functional survival at hospital discharge was associated with shorter times to initial defibril-
lation and was decreased during each successive phase of the 3-phase model. Post-cardiac arrest TTM
was associated with improved functional survival.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Background/introduction

It has been proposed that cardiac arrests transition through three
distinct phases of pathophysiology: electrical phase (<4 min), cir-

Every year in North America, there are over 400,000 out-of-
hospital cardiac arrests (OHCA) with a survival rate of 5-10%."-2 The
probability of survival from OHCA decreases from the time of col-
lapse to emergency medical service (EMS) intervention, however,
the exact relationship between time and survival is not known.

¥ A Spanish translated version of the summary of this article appears as Appendix
in the final online version at http://dx.doi.org/10.1016/j.resuscitation.2014.04.017.
* Corresponding author at: Rescu, Li Ka Shing Knowledge Institute St. Michael’s
Hospital, 30 Bond St., Toronto, ON, Canada M5B 1W8.
E-mail addresses: Drennanl@smh.ca (L.R. Drennan), LinS@smh.ca (S. Lin),
Kevin.Thorpe@utoronto.ca (K.E. Thorpe), MorrisonL@smbh.ca (L.J. Morrison).

http://dx.doi.org/10.1016/j.resuscitation.2014.07.010
0300-9572/© 2014 Elsevier Ireland Ltd. All rights reserved.

culatory phase (4-10min) and metabolic phase (>10min).> Each
phase requires specific interventions in order to optimize patient
survival.? Survival from cardiac arrests in the electrical phase are
dependent upon rapid defibrillation, whereas cardiac arrests in the
circulatory phase may benefit from an initial method of oxygen
delivery (chest compressions and ventilations) prior to defibrilla-
tion. Cardiac arrests that enter the metabolic phase generally have
poor survival. It is proposed that more advanced techniques, such
as targeted temperature management (TTM), may improve patient
outcome in this time frame.

Recent studies have examined the 3-phase model in relation-
ship to the timing of initial treatment by EMS providers.*7 These
studies found that the probability of patient survival decreased over
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Fig. 1. Consort diagram.

time to initial defibrillation and the decrease in survival was asso-
ciated with the three phases described by the model. There were,
however, inconsistencies in the exact timing of each phase when
compared to the original model.*>” Furthermore, only two stud-
ies have reported functional outcome as it relates to the 3-phase
model;®8 one looking at the effect of bystander CPR and the other
the duration of cardiac arrest.

It is unknown how the time to initial defibrillation relates to
functional outcome at hospital discharge. None of these studies
used data post-implementation of the 2005 American Heart Associ-
ation (AHA) guidelines and it is unknown how survival from OHCA
relates to the 3-phase model of cardiac arrest with current resusci-
tation strategies. Furthermore, the effect of TTM on the relationship
between the time to EMS treatment and functional survival has not
been sufficiently studied.

This study will evaluate the association between the time from
collapse to initial defibrillation and functional survival at hospital
discharge in relation to the 3-phase model of cardiac arrest using
cases that occurred post-implementation of the 2005 AHA guide-
lines. Furthermore, it will evaluate how the relationship is affected
by the use of TTM.

2. Materials and methods

2.1. Study design

This was a retrospective, observational study using data from
the Toronto Regional RescuNet Epistry database, based upon the

Resuscitation Outcomes Consortium (ROC) Epistry-Cardiac Arrest
database, whose methods have been described previously.? ROC
Epistry-Cardiac Arrest is a prospective population based registry
of consecutive EMS attended out-of-hospital cardiac arrests.” The
Toronto Regional RescuNet site contains OHCA from rural and
urban regions in southern Ontario, a population of over 6.6 million
residents.!? It is comprised of 7 land EMS agencies (Toronto, York,
Peel, Durham, Halton, Simcoe, Muskoka), the provincial air ambu-
lance service (Ornge) and 32 participating destination hospitals.
Trained data guardians collect epidemiologic data from participat-
ing EMS agencies and destination hospitals, which is then entered
into a secured database.

All 32 hospitals were all involved in the Strategies for Post-Arrest
Care (SPARC) Network trial (NCT00683683), which implemented a
knowledge translation program to improve the delivery of care to
post-cardiac arrest patients.!!'2 The use of TTM for all patients was
recommended and encouraged as well compliance was reported by
each institution.

2.2. Study population

Consecutive adult (>18 years) witnessed, ventricular fibrilla-
tion/tachycardia OHCA of presumed cardiac etiology that remained
unconscious (Glasgow Coma Scale < 10) after return of spontaneous
circulation (ROSC) were eligible for inclusion in the study. Car-
diac arrests occurred between January 1, 2007 and April 30, 2013.
Cases were excluded if they were unwitnessed by bystanders or
EMS personnel, of obvious non-cardiac etiology, or occurred prior
to implementation of the 2005 American Heart Association CPR
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