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Objective—The primary objective of the trial is to compare survival to hospital discharge with
Modified Rankin Score (MRS) ≤3 between a strategy that prioritizes a specified period of CPR before
rhythm analysis (Analyze Later) versus a strategy of minimal CPR followed by early rhythm analysis
(Analyze Early) in patients with out-of-hospital cardiac arrest.

Methods— 

Design: Cluster randomized trial with cluster units defined by geographic region, or monitor/
defibrillator machine.

Population: Adults treated by Emergency Medical Service (EMS) providers for non-traumatic out-
of-hospital cardiac arrest not witnessed by EMS.

Setting: EMS systems participating in the Resuscitation Outcomes Consortium and agreeing to
cluster randomization to the Analyze Later versus Analyze Early intervention in a crossover fashion.

Sample Size: Based on a two-sided significance level of 0.05, a maximum of 13,239 evaluable
patients will allow statistical power of 0.996 to detect a hypothesized improvement in the probability
of survival to discharge with MRS ≤ 3 rate from 5.41% after Analyze Early to 7.45% after Analyze
Later (2.04% absolute increase in primary outcome).

Conclusion—If this trial demonstrates a significant improvement in survival with a strategy of
Analyze Later, it is estimated that 4,000 premature deaths from cardiac arrest would be averted
annually in North America alone.
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1.0 Introduction
A presenting rhythm of ventricular fibrillation (VF) or pulseless ventricular tachycardia (PVT)
provides the best chance for survival after a resuscitation attempt for victims of out-of-hospital
cardiac arrest. The traditional approach to these patients has been to prioritize the analysis of
cardiac rhythm and delivery of defibrillatory shocks, if indicated, as quickly as possible. As a
result, administration of external chest compressions with ventilation (CPR) is often delayed
until after the initial rhythm evaluation. Some now advocate the opposite strategy of delaying
rhythm analysis and electrical shocks until after the provision of a period of CPR. Three clinical
studies have each attempted to evaluate the strategy of sustained CPR with deferred rhythm
analysis versus early rhythm analysis (CPR only until the defibrillator electrodes can be placed)
1–3. While the findings from two studies supported the strategy of CPR before initial rhythm
analysis1;2, one did not.3 Furthermore, none were definitive and all had important limitations.

The Resuscitation Outcomes Consortium (ROC) Investigators have proposed a large clinical
trial, using a partial factorial design, entitled ROC PRIMED (Prehospital Resuscitation using
an Impedance valve and Early vs Delayed analysis) that will test two strategies. One strategy
(Part 1) involves the impedance threshold device (ITD), which enhances venous return and
cardiac output by increasing the degree of negative intrathoracic pressure during
decompression. The second strategy (Part 2) involves initiating resuscitation with a sustained
period of manual compressions and ventilations (Analyze Later), rather than attempting
analysis and, if indicated, defibrillation immediately (Analyze Early). The purpose of this paper
is to describe the rationale and methodology for Part 2, a comparison of a strategy of Analyze
Later versus a strategy of Analyze Early in patients with out-of-hospital cardiac arrest. The
rationale and methodology for the use of the ITD (Part 1) is described in a companion paper.
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1.1 Background and Significance
1.1.1 Conceptual Framework for Analyze Later—Our current paradigm of cardiac
arrest defines VF as “shockable,” with the optimal therapeutic approach being immediate direct
countershock.4 Integral to this approach is the concept that defibrillation attempts should occur
without delay upon recognition of VF, either by prehospital personnel or the analysis software
contained within automated external defibrillators (AED), which can be applied by first
responders with limited training or even laypersons.5 This approach has defined current
Emergency Cardiac Care (ECC) algorithms, shaped the development of emergency medical
service (EMS) systems and has resulted in improved survival for cardiac arrest victims with
an initial rhythm of VF in some EMS systems.6–12 Others have questioned whether this current
standard of care has measurably improved outcome from out-of-hospital cardiac arrests on a
community level.1

One of the major limitations to this cardiac arrest paradigm is its consideration of VF as
homogenous, without regard for variability in VF morphology or elapsed time since the arrest.
In contrast, experimental models of VF arrest support three distinct phases, each with a different
optimal therapeutic approach.13 The early moments following arrest define an “electrical
phase” during which little ischemic injury has occurred and rapid defibrillation attempts appear
to be most effective. After some time period, probably around 3–4 minutes, the optimal
therapeutic approach no longer appears to be immediate countershock but instead includes a
period of chest compressions prior to defibrillation attempts. Effective chest compressions,
traditionally held to provide approximately 30% of normal cardiac output during the first
several minutes, may be sufficient to modify favorably the status of the myocardium during
ventricular fibrillation. Immediate defibrillation attempts during the circulatory phase may be
unsuccessful due to persistent or recurrent VF or may result in terminal pulseless electrical
activity (PEA) or asystole. Interestingly, outcomes in patients “shocked” into PEA or asystole
are significantly worse than when these (rather than VF) are the presenting rhythms.14 After
some additional elapsed time, even chest compressions prior to defibrillation attempts do not
appear to change outcome. This may be due to the initiation of irreversible ischemic changes
that ultimately lead to substantial myocyte and neuronal cell death. This “metabolic phase” is
thought to start after about 10 minutes of total arrest duration, with no currently available
therapies demonstrating efficacy once this phase is reached.

Another consideration relates to the significant proportion of patients who present with asystole
or PEA as their initial cardiac arrest rhythm. Early provision of CPR in such patients may be
of benefit in promoting the spontaneous return of circulation, or perhaps, fostering the
development of a subsequent shockable rhythm.

1.1.2 Preliminary Studies—The effect of early rhythm analysis versus later rhythm
analysis has been evaluated in animal and human studies. Animal models demonstrate
improved ROSC and neurological outcomes with delayed countershock following a period of
chest compressions in VF of moderate duration.15–18 Other animal studies have identified
various VF morphologic features as potentially useful in predicting successful defibrillation
in animal models of VF.19–21 Limited human data exist to support morphological analysis of
VF/PVT as a predictor of successful ROSC.21–23 In addition, animal and human data suggest
that chest compressions alone can modulate these morphological features to a more favorable
configuration for successful ROSC. 20–22 None of these morphological features have been
implemented prospectively into devices in a manner that is adequate to justify their clinical
use; however, these data further support the therapeutic value of chest compressions prior to
defibrillation in VF of moderate duration. Finally, the duration of time between cessation of
chest compressions and direct countershock appears to influence success of ROSC and ultimate
survival. 24;25 This suggests that prehospital providers should attempt to minimize delays
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after pausing chest compressions for rhythm analysis or ventilation prior to defibrillation
attempts. These recommendations were incorporated into the 2005 AHA ECC guidelines.26

1.1.3 Clinical Studies—Three clinical studies have compared outcomes from out-of-
hospital cardiac arrest due to VF when a period of CPR has or has not been prescribed prior to
the first attempts at defibrillation.1–3

Cobb et al.’s prospective observational, population-based study revealed that survival to
hospital discharge significantly improved during the intervention period (n=478) when out-of-
hospital cardiac arrest patients were treated with 90 seconds of CPR prior to shock compared
to the pre-intervention period (n=639) when out-of-hospital cardiac arrest patients were treated
immediately with an AED (30% vs. 21%; p=0.04).1 There was a non-significant trend (71%
vs. 79%, p = 0.11) toward a more favorable neurological outcome observed during the
intervention period. A significant interaction also described a relatively greater survival benefit
for CPR before defibrillation as the response interval of the first arriving unit increased,
particularly in cases in which the response interval of the first arriving unit was 4 minutes or
longer (p=0.04). These findings, although encouraging, could not be considered definitive and
confirmative randomized clinical trials were recommended.

Wik et al. conducted a prospective randomized trial of 200 patients with out-of-hospital cardiac
arrest due to VF to compare standard care with immediate defibrillation (n=96) or 3 minutes
of CPR prior to defibrillation (n=104).2 The primary outcome of survival to hospital discharge
did not differ significantly between the two treatment arms nor were there significant
differences in ROSC, 1 year survival, and “good neurological recovery” at hospital discharge
or 1 year after cardiac arrest. Yet, among the 119 patients with EMS response times longer
than 5 minutes, posthoc subgroup analysis revealed that more patients in the CPR first strategy
compared to the standard group achieved ROSC (58% vs. 38%; p=0.04), survived to hospital
discharge (22% vs. 4%; p=0.006) and survived to 1 year (20% vs. 4%; p=0.01) but did not
adjust for multiple comparisons.

Jacobs et al. conducted a prospective prehospital randomized trial in Western Australia which
randomized 256 patients to a strategy of 90 seconds of CPR before defibrillation versus
immediate defibrillation.3 Results revealed no significant difference in survival to hospital
discharge between the two groups or between patients with a response interval of ≤5 minutes
versus > 5 minutes.

1.1.4 Summary of Rationale—While it has been recognized for many years that out-of-
hospital cardiac arrest patients who received “bystander CPR” have positive outcomes,27 this
impact has been relegated to a secondary or even tertiary role in resuscitation sequencing. Small
randomized or observational studies suggest that CPR before defibrillation may increase
survival but the results to date are inconclusive. Although there is some evidence favoring
immediate defibrillation in cases where the response time is < 2 minutes, such response times
are rare and the frequent delay in recognition of the out-of-hospital cardiac arrest and calling
911, as well as the complexity of the resuscitation protocol, convince us that response time
should not be used as an intervention modifier. Thus, for those who sustain a cardiac arrest
before EMS arrival, there is clinical equipoise with regard to the competing strategies of
Analyze Later versus Analyze Early. In contrast, patients who sustain a cardiac arrest after
EMS arrival will be ineligible for inclusion in this study, in recognition that such a known brief
period of arrest is best treated with early defibrillation.

1.2 Aim
The primary aim of the trial is to compare survival to hospital discharge with Modified Rankin
Score (MRS) ≤ 3 between a strategy of Analyze Later consisting of a sustained period of CPR
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first followed by rhythm analysis versus a strategy of Analyze Early consisting of minimal
CPR while defibrillator electrodes are attached with early rhythm analysis in patients with out-
of-hospital cardiac arrest. The secondary aims of the trial are to compare survival to discharge,
functional status at discharge and at 1, 3 and 6 months follow-up as well as Geriatric Depression
Scale scores at 3 and 6 months.

2. Methods
2.1 Study Design

The ROC PRIMED Part 2 study will be a single-blinded cluster randomized crossover
controlled trial with two intervention groups: a) an Analyze Early group, and b) Analyze Later
group. Subjects in the Analyze Early group will be assigned to receive 30 – 60 seconds of chest
compressions (that is, a brief period of standard CPR sufficient to allow time for placement of
defibrillation electrodes and assure readiness of the defibrillator for rhythm analysis) prior to
ECG analysis and defibrillation shocks if indicated. The Analyze Later group will receive
approximately 3 minutes of standard compression – ventilation CPR prior to ECG analysis and
rescue defibrillation. The intervention will be implemented by the first qualified provider to
arrive at the scene of cardiac arrest. Qualified providers are defined as defibrillation-capable
first responders, emergency medical technicians (EMTs), and paramedics. We will include all
out-of-hospital locations within the participating ROC study communities. The ITD strategy
(Part 1) and the Analyze Later versus Analyze Early strategy (Part 2) will be implemented
simultaneously, capitalizing on the common infrastructure necessary to accomplish the study.
We do not anticipate a substantial interactive effect between the two strategies. This is a partial
factorial design study since the eligibility criteria for the two interventions are not identical.

2.2 Study Population & Primary Comparison Populations
Efficacy Population—Analysis of primary and secondary efficacy outcomes will be
conducted on a modified intent-to-treat basis. In order to be included in the efficacy analyses,
patients must meet the inclusion/exclusion criteria for the Analyze Later versus Analyze Early
intervention, as described in Figure 1. Furthermore, in order to be evaluable, they must also
not have experienced cardiac arrest secondary to drowning, electrocution, or strangulation. All
eligible patients are considered enrolled into the Analyze Later versus Analyze Early protocol
by intention to treat regardless of how much CPR they actually received and will be included
in the primary efficacy analysis.

Safety Population—Evaluation of the safety of the Analyze Later versus Analyze Early
strategies will be made using all data from patients who were treated, regardless of whether
they are a member of the efficacy population.

2.3 Random Allocation
The intervention will be randomly allocated according to the cluster assignment.
Randomization by event or by individual patient was deemed unfeasible because of the
potential risk for carry-over from event to event, and because it would add unacceptable
complexity for EMS providers. Rather, each ROC site will be subdivided into a goal of at least
20 clusters by the following means: a) according to EMS agency or geographical boundaries,
or b) according to individual defibrillator device, rig, or station. All clusters will crossover
between intervention assignments at least once (i.e. have at least two distinct treatment periods).

2.4 Intervention
For those clusters allocated to Analyze Later, defibrillator analysis will not be initiated until
after delivery of compressions equivalent to approximately 3 minutes of CPR, after which a
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rescue shock will be administered, if indicated. For those clusters allocated to Analyze Early,
defibrillator analysis will not be initiated until after the delivery of 30 – 60 seconds of chest
compressions while defibrillator electrodes are attached after which a rescue shock will be
administered if indicated. (Fig. 2)

Chest Compressions—Initiation of chest compressions will not be delayed. Recognition
that a patient is in cardiac arrest will immediately prompt activation (“power on”) of the
defibrillator and the start of CPR and ventilation with the ITD. This power-on event will initiate
the time recording by the device, and serve as a surrogate marker for “time zero” of initiating
CPR.

Minimum Interruptions—Training will emphasize uninterrupted chest compressions,
except for required ventilations. If endotracheal intubation or other advanced airway
procedures are deemed medically necessary, the providers will be encouraged to proceed while
ensuring that chest compressions are continued with minimal interruption.

2.5 Adherence to Protocol
As intention-to-treat principles apply, any breach of protocol will not alter the study group to
which a patient has been assigned. The time interval from power-on of the defibrillator at the
first recognition of a cardiac arrest to the first ECG analysis (i.e. the power-on to analysis
interval) and to first rescue shock (i.e. power-on to shock interval) will be calculated from the
time annotated from the defibrillator clock on the electronic record. A study monitoring
committee will evaluate protocol compliance during the run-in (section 2.12) and active phases
of the trial. Feedback from this committee will be provided to sites in order to encourage
continuous quality improvement. Explicit criteria will define the successful delivery of the
intended therapy and this information will be provided back to the EMS providers (Table 1).

2.6 Outcome Measures
The primary outcome is survival to hospital discharge with a MRS ≤ 3.28;29 Patients who are
transferred to another acute care facility will be considered to be still hospitalized. Patients
transferred to a non-acute ward or facility will be considered discharged. The secondary 30–
33 and exploratory 34;35 outcomes are listed in Table 2. In addition, the number of hospital
days and time interval from 911 call to patient death will be described for all hospitalized
patients as measures of in-hospital morbidity after resuscitation. Additional background
information, rationale for selection, and details about specific functional status measures are
given in Appendix 1.

2.7 Sample Size and Analysis
The sample size calculation was based on having 90% power for the ITD (Part 1) portion of
the trial yielding 14,154 evaluable patients. Due to the entry criteria differences between the
Part 1 and Part 2 (Analyze Later versus Analyze Early) studies, we expect to enrol 13,239
evaluable patients for Part 2. Given 13,239 maximum evaluable patients, we have 99.6%
statistical power to detect an improvement in the probability of survival to discharge with MRS
≤3 rate from 5.41% after Analyze Early to 7.45% after Analyze Later. This assumes a two-
sided p<0.05 group sequential stopping rule with up to three analyses (two interim and the final
analysis) after accruing approximately one-third, two-thirds, and all of the maximum sample
size (O’Brien-Fleming Boundaries, Pd = 1.0, Pa =1.0). 36

Further, we did not assume the statistical information at a given analysis was proportionate to
the sample size, but instead we assumed that only one-sixth of the statistical information will
be available at the first interim look, one-half will be available at the second interim look, and
all (assuming a 5% loss of efficiency due to cluster randomization) at the final analysis. The
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lower amount of statistical information corresponds to the estimated proportion of time a cluster
has spent in both crossover periods at the given analysis. A cluster with equal time in each
intervention arm corresponds to maximum statistical information.

Data analysis will be conducted in the framework of general linear mixed models which
includes a fixed effect for each treatment arm and random effects for each randomization
cluster.37 Adjustments for site and other baseline confounders will be incorporated, if
necessary.

2.8 Monitoring of CPR Process
Several recent studies have evaluated the quality of CPR 38;39 and the importance of
monitoring and improving CPR performance 40;41 in out-of-hospital and in-hospital settings.
For this trial, all ROC clinical trial sites will have implemented a high-quality system for
monitoring individual components of CPR. The CPR process will be monitored for a minimum
of the first analyzable five minutes in all resuscitations. In addition, CPR process will be
monitored for a minimum of five minutes after placement of an advanced airway.
Determination of whether a resuscitation effort meets minimally acceptable CPR performance
standards will be based on chest compression rate and CPR fraction criteria as defined in Table
3. Further rationale for monitoring CPR and additional information regarding the method of
monitoring the CPR process is provided in Appendix 2.

2.9 Data Collection and Data Entry
Data will be abstracted from collated source documents; the EMS patient care report(s), EMS
dispatch times, EMS/fire/first responder electronic ECGs, emergency and hospital records and
entered using customized web entry forms with standard data encryption and authentication
methods

2.10 Recruitment and Informed Consent
This study qualifies for exception from informed consent for emergency research as outlined
in US FDA regulation 21CFR50.24 and the Canadian Tri-Council Agreement for research in
emergency health situations (Article 2.8).

2.11 Training
The training objectives for this study include: review of optimal CPR performance, scientific
basis for and review of study protocols, practical (hands-on) session, and knowledge
assessment test. Some retraining will occur at least every 6 months, including the use of written
reminders, web based training modules, etc. Initial and retraining performance criteria will
emphasize: optimal chest compression rate and depth, complete chest wall recoil with each
compression, minimizing “hands-off” intervals, three minutes of compressions in Analyze
Later arm, 30–60 seconds of compressions in Analyze Early arm, rapid placement of
defibrillator pads and monitor/defibrillator activation (“power-on”) immediately upon
recognition of pulseless arrest.

2.12 Run-in Phase
Compliance with the protocol and timely submission of the data will be required during the
run-in phase before the Study Monitoring Committee determines the agency is now in the
active phase of the trial. Compliance monitoring includes: correct inclusion/exclusion criteria,
adherence to intervention arm, CPR process measures reported, and correct completion of data
elements including reporting of adverse events.
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3. Conclusion
A large, randomized clinical trial is underway to examine the impact of delayed defibrillation
on survival to hospital discharge in patients who are presumed to be without circulation for
several minutes. If this trial demonstrates a significant improvement in survival with a strategy
of Analyze Later, we estimate the premature demise of 4,000 victims of out-of-hospital cardiac
arrests would be averted annually in North America alone.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study Population Inclusion and Exclusion Criteria
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Figure 2.
Intervention Strategies

Stiell et al. Page 12

Resuscitation. Author manuscript; available in PMC 2009 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Stiell et al. Page 13

Table 1
Intervention Compliance Time Interval Targets

Power-on to analysis interval Power-on to shock interval CPR to 1st rhythm analysis interval
Analyze Early 30 – 60 seconds < 90 seconds < 60 seconds
Analyze Later 180 – 200 seconds 180 – 220 seconds 150 – 210 seconds
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Table 2
Timing and Content of Secondary and Exploratory Outcome Measures

Discharge 1 Month 3 Months 6 Months
MRS X* X X
CPC X* X X

ALFI-MMSE X X X
HUI X X
GDC X X

Abbreviations: MRS (Modified Rankin Score), CPC (Cerebral Performance Category), ALFI-MMSE (Adult Lifestyle and Function (ALFI) version of
the Mini-Mental Status Exam (MMSE), HUI (Health Utilities Index), GDC (Geriatric Depression Score)

*
by chart review for hospital discharge and by phone after hospital discharge.
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Table 3
CPR Performance Standards

Parameter Target Minimum
Acceptable

(per minute)

Maximum
Acceptable

(per minute)

Criterion for Remediation/Retraining

Chest compression 100/minute* 80 120 Above maximum or below minimum parameters in >
20% of resuscitations

CPR fraction∞ 0.85 0.5 - Below minimum parameter in >20% of resuscitations
*
refers to speed of compressions rather than actual number of compressions per minute

∞
CPR fraction will be defined as = (Total seconds with chest compressions) ÷ (Total seconds with interpretable signal and no evidence of spontaneous

circulation).
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