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STEP 1: STATE THE PROPOSAL.  State if this is a proposed new guideline; revision to current guideline; or deletion of current guideline.

Existing guideline, practice or training activity: 
This is a revision to a current guideline.

Current guideline states that the most important determinant of survival in adult ventricular fibrillation is rapid defibrillation and recommends to "give shocks as soon as a defibrillator is available".  If the first 3 shocks fail to achieve defibrillation immediately, continue CPR and follow the ACLS guidelines for sudden VF/VT (Part 6: Advanced Cardiovascular Life Support. Section 2: Defibrillation. Circulation 2000;102[Suppl I]:I-90 - I-94).

Step 1A: Refine the question; state the question as a positive (or negative) hypothesis.  State proposed guideline recommendation as a specific, positive hypothesis. Use single sentence if possible.  Include type of patients; setting (in- /out-of-hospital); specific interventions (dose, route); specific outcomes (ROSC vs. hospital discharge).
In adult victims of ventricular fibrillation with long response times, a period of CPR before attempting defibrillation may improve ROSC and survival to hospital discharge.

Step 1B: Gather the Evidence; define your search strategy. Describe search results; describe best sources for evidence.

1.  Medline (PubMed) was initially searched on December 31, 2003 using four strategies:  a) "Cardiopulmonary Resuscitation"[MeSH] OR "Electric Countershock"[MeSH] OR "Heart Arrest"[MeSH] yielding 25,569 citations, which were then limited to "5 Years" and "Clinical Trial" yielding 421 citations; b) Chain of survival AND "Cardiopulmonary Resuscitation"[MeSH] yielding 72 citations (no limits); c) "Electric Countershock"[MeSH] NOT "Atrial Fibrillation"[MeSH] yielding 5873 citations, which were limited to "5 Years" and "Clinical Trial" yielding 76 citations; and d) "Cardiopulmonary Resuscitation"[MeSH] OR "Ventricular Fibrillation"[MeSH] OR "Electric Countershock"[MeSH] NOT "Atrial Fibrillation"[MeSH], limited to "180 Days" (this included laboratory studies).  On December 11, 2004, Medline (PubMed) was again searched using the search terms "Cardiopulmonary Resuscitation"[MeSH] OR "Electric Countershock"[MeSH] OR "Heart Arrest"[MeSH].  The search was limited to articles published in 2004 and yielded 986 publications.

2.  Cochrane Database of Systematic Reviews was searched on May 12, 2004.  The following terms were searched (# articles found):  "Resuscitation (23)", "Cardiopulmonary Resuscitation (2)", "Heart Arrest (1)", "Ventricular Fibrillation (1)", "defibrillation (0)", "Electrical Countershock (0)", and "Chain of Survival (0)."

3.  Cochrane Controlled Trials Register was searched on May 12, 2004.  The strategy ("Cardiopulmonary Resuscitation" Or "Resuscitation") And ("Defibrillation" Or "Electrical Countershock" Or "Ventricular Fibrillation") yielded 4 articles.

4.  Embase was searched on May 13, 2004 using the following terms ('resuscitation'/exp OR cpr) AND ('electric countershock'/exp OR 'defibrillation'/exp) AND 'heart arrest'/exp AND (survival OR 'treatment outcome'/exp) AND [embase]/lim yielding 314 references.

5.  AHA/Endnote (06/07/2004) was searched on August 6, 2004 for the terms “cardiopulmonary resuscitation” and “electric countershock.”  This search yielded 214 references.

Each of these searches was manually reviewed (title and abstract first and full article if necessary) to identify articles in which the sequence of CPR and defibrillation was investigated.  Articles published before 5 years were searched using the Cochrane Database of Systematic Reviews, the Cochrane Controlled Trials Register, and Embase.  Animal studies were searched in Embase without time limit and in Medline (PubMed) for the last year.  In addition, all the citations listed in key articles were reviewed.  In addition, the reviewers of this worksheet became aware of one clinical study not yet listed in Medline, but accepted for peer-review publication and was included in this worksheet.  The final yield was 14 articles published between 1980 and December 11, 2004; 4 were clinical studies and 11 were animal studies.

List electronic databases searched (at least MEDLINE (http://igm.nlm.nih.gov/) and hand searches of journals, review articles, and books.

Medline (PubMed), Cochrane Database of Systematic Reviews, Cochrane Controlled Trials Register, Embase, and hand search using key articles retrieved through the electronic searches.

Medline, Embase,  Cochrane Database of Systematic Reviews, Cochrane Controlled Trials Register.

•  State major criteria you used to limit your search; state inclusion or exclusion criteria (e.g., only human studies with control group?  no animal studies? N subjects > minimal number?  type of methodology? peer-reviewed manuscripts only?  no abstract-only studies?)
Clinical and animal studies that were controlled and published in peer-reviewed journals.  Abstract-only studies and reviews were excluded.

•  Number of articles/sources meeting criteria for further review: Create a citation marker for each study (use the author initials and date or Arabic numeral, e.g., “Cummins-1”). .  If possible, please supply file of best references.

Twelve articles.
STEP 2:  ASSESS THE QUALITY OF EACH STUDY

Step 2A:  Determine the Level of Evidence. For each article/source from step 1, assign a level of evidence—based on study design and methodology.
	Level of Evidence
	Definitions

(See manuscript for full details)

	Level 1
	Randomized clinical trials or meta-analyses of multiple clinical trials with substantial treatment effects

	Level 2
	Randomized clinical trials with smaller or less significant treatment effects

	Level 3
	Prospective, controlled, non-randomized, cohort studies

	Level 4
	Historic, non-randomized, cohort or case-control studies

	Level 5
	Case series: patients compiled in serial fashion, lacking a control group

	Level 6
	Animal studies or mechanical model studies

	Level 7
	Extrapolations from existing data collected for other purposes, theoretical analyses

	Level 8
	Rational conjecture (common sense); common practices accepted before evidence-based guidelines 


Step 2B: Critically assess each article/source in terms of research design and methods. 

Was the study well executed? Suggested criteria appear in the table below.  Assess design and methods and provide an overall rating. Ratings apply within each Level; a Level 1 study can be excellent or poor as a clinical trial, just as a Level 6 study could be excellent or poor as an animal study. Where applicable, please use a superscripted code (shown below) to categorize the primary endpoint of each study.  For more detailed explanations please see attached assessment form.

	Component of Study and Rating
	Excellent
	Good
	Fair
	Poor
	Unsatisfactory

	Design
	Highly appropriate sample or model, randomized, proper controls
	More than

adequate design; minimally biased 
	Adequate, design, but possibly biased 
	Small or clearly biased population or model
	Anecdotal, no controls, off target end-points

	Methods
	Outstanding accuracy, precision, and data collection in its class
	More than adequate in its class
	Adequate under the circumstances
	Weakly defensible in its class, limited data or measures
	Not defensible in its class, insufficient data or measures


A = Return of spontaneous circulation
C = Survival to hospital discharge

E = Other endpoint

B = Survival of event


D = Intact neurological survival

Step 2C: Determine the direction of the results and the statistics: supportive? neutral? opposed?

	DIRECTION of study by results & statistics: 
	SUPPORT the proposal
	NEUTRAL
	OPPOSE the proposal

	Results
	Outcome of proposed guideline superior, to a clinically important degree, to current approaches
	Outcome of proposed guideline no different from current approach
	Outcome of proposed guideline inferior to current approach


Step 2D: Cross-tabulate assessed studies by a) level, b) quality and c) direction (ie, supporting or neutral/ opposing); combine and summarize. Exclude the Poor and Unsatisfactory studies.  Sort the Excellent, Good, and Fair quality studies by both Level and Quality of evidence, and Direction of support in the summary grids below. Use citation marker (e.g. author/ date/source).  In the Neutral or Opposing grid use bold font for Opposing studies to distinguish them from merely neutral studies. Where applicable, please use a superscripted code (shown below) to categorize the primary endpoint of each study.
Supporting Evidence

In adult victims of ventricular fibrillation with long response times, a period of CPR before attempting defibrillation may improve ROSC and survival to hospital discharge.

	Quality of Evidence
	Excellent


	     
	     
	     
	     
	     
	     
	     
	     

	
	Good


	     
	Wik 2003

(A, C, D)
	Cobb 1999

(A, C, D)
	Stotz 2003

(A, C, D)
	     
	Yakaitis 1980 (A)

Niemann 1992 (A)

Menegazzi 1993(A)

Menegazzi 2000 (A)

Berg 2002 (A, B)

Kolarova 2003 (A)

Berg 2004
(A, B, E, D)
	     
	     

	
	Fair


	     
	     
	     
	     
	     
	Niemann 2000 (A)

Seaberg 2001 (A)

Menegazzi 2003(A) 
	     
	     

	
	
	1
	2
	3
	4
	5
	6
	7
	8

	
	
	Level of Evidence


A = Return of spontaneous circulation
C = Survival to hospital discharge

E = Other endpoint

B = Survival of event


D = Intact neurological survival

Neutral or Opposing Evidence

In adult victims of ventricular fibrillation with long response times, a period of CPR before attempting defibrillation may improve ROSC and survival to hospital discharge.

	Quality of Evidence
	Excellent


	     
	     
	     
	     
	     
	     
	     
	     

	
	Good


	     
	Jacobs 2004

(A, C, E)   
	     
	     
	     
	     
	     
	     

	
	Fair


	     
	     
	     
	     
	     
	     
	     
	     

	
	
	1
	2
	3
	4
	5
	6
	7
	8

	
	
	Level of Evidence


A = Return of spontaneous circulation
C = Survival to hospital discharge

E = Other endpoint

B = Survival of event


D = Intact neurological survival

STEP 3.  DETERMINE THE CLASS OF RECOMMENDATION.  Select from these summary definitions.
	CLASS
	CLINICAL DEFINITION
	REQUIRED LEVEL OF EVIDENCE

	Class I

Definitely recommended. Definitive, 

excellent evidence provides support. 
	• Always acceptable, safe

• Definitely useful 

• Proven in both efficacy & effectiveness

• Must be used in the intended manner for
  proper clinical indications. 
	• One or more Level 1 studies are present (with rare 

   exceptions) 

• Study results consistently positive and compelling



	Class II:
Acceptable and useful
	• Safe, acceptable

• Clinically useful

• Not yet confirmed definitively
	• Most evidence is positive

• Level 1 studies are absent, or inconsistent, or lack 

  power 

• No evidence of harm

	  • Class IIa: Acceptable and useful

Good evidence provides support 
	• Safe, acceptable

• Clinically useful 

• Considered treatments of choice
	• Generally higher levels of evidence

• Results are consistently positive 

	  • Class IIb: Acceptable and useful

Fair evidence provides support  
	• Safe, acceptable 

• Clinically useful

• Considered optional or alternative 

   treatments
	• Generally lower or intermediate levels of evidence

• Generally, but not consistently, positive results



	Class III: 

Not acceptable, not useful, may be 

harmful 
	• Unacceptable

• Not useful clinically

• May be harmful.      
	• No positive high level data

• Some studies suggest or confirm harm. 

	Indeterminate
	• Research just getting started.

• Continuing area of research

• No recommendations until

   further research
	• Minimal evidence is available

• Higher studies in progress 

• Results inconsistent, contradictory

• Results not compelling


STEP 3:  DETERMINE THE CLASS OF RECOMMENDATION.  State a Class of Recommendation for the Guideline Proposal.  State either  a) the intervention, and then the conditions under which the intervention is either Class I, Class IIA, IIB, etc.; or b) the condition, and then whether the intervention is Class I, Class IIA, IIB, etc.
In adult victims of ventricular fibrillation with long response times, a period of CPR before attempting defibrillation may improve ROSC and survival to hospital discharge (level of evidence 2, 3, 4, and 6).
Final Class of recommendation: Class IIb.
REVIEWER’S PERSPECTIVE AND POTENTIAL CONFLICTS OF INTEREST: Briefly summarize your professional background, clinical specialty, research training, AHA experience, or other relevant personal background that define your perspective on the guideline proposal.  List any potential conflicts of interest involving consulting, compensation, or equity positions related to drugs, devices, or entities impacted by the guideline proposal.  Disclose any research funding from involved companies or interest groups.  State any relevant philosophical, religious, or cultural beliefs or longstanding disagreements with an individual.

Raúl J. Gazmuri: Medical degree (1980) and residency in Internal Medicine (1984) from de University of Chile.  Critical Care training (1991) and PhD in Physiology (1994) from the University of Health Sciences/The Chicago Medicine School (renamed Rosalind Franklin University of Medicine and Science in 2004).  Section chief of Critical Care at the North Chicago VA Medical Center and Director of federally-funded, university-based, animal laboratory for CPR research.  No conflicts of interest.  Limited AHA experience without past or present BLS or ACLS committee appointments.

Edison Paiva:

Medical graduation in 1982 at the University of São Paulo School of Medicine. Specialization in Internal Medicine and Emergency Medicine. PhD in Emergency Medicine – Resuscitation. Has worked at several Emergency Departments since graduation. ACLS instructor since 1996. President of Brazilian Resuscitation Council since 2003. Publications related to resuscitation in the last 4 years. No conflict of interests, no funding, no philosophical, religious or cultural beliefs, and no disagreements that may interfere on the evaluated topic.

Vince Mosesso: 

Completed emergency medicine residency and has been on U of Pittsburgh emergency medical faculty since 1991.  Research focus on emergency medical services and sudden cardiac arrest, especially early defibrillation.  Served as ACLS national faculty and currently on AHA national BLS subcommittee.  Medical director of National Center for Early Defibrillation, which receives financial support from many AED and ICD manufacturers.  Research support has been received from Medtronic Physio-Control, and through U of Washington for the Public Access Defibrillation trial and ASPIRE trial (latter funded by Revivant Inc).

Leo Bossaert:

Graduated in cardiology at University of Ghent in 1973. Has been on Medical Faculty of University of Antwerp since 1973. Director department of Intensive Care of University Hospital Antwerp since 1979. Served on ERC since 1988 and is currently Executive Director. Clinical research in acute cardiac care and CPR and education supported by U of Antwerp, Laerdal foundation, Medtronic foundation, Heartstream, Belgian government, EU. No financial nor intellectual conflict of interest that may interfere with the review of the evaluated topic.
REVIEWER’S FINAL COMMENTS AND ASSESSMENT OF BENEFIT / RISK: Summarize your final evidence integration and the rationale for the class of recommendation.  Describe any mismatches between the evidence and your final Class of Recommendation. “Mismatches” refer to selection of a class of recommendation that is heavily influenced by other factors than just the evidence. For example, the evidence is strong, but implementation is difficult or expensive; evidence weak, but future definitive evidence is unlikely to be obtained. Comment on contribution of animal or mechanical model studies to your final recommendation. Are results within animal studies homogeneous?  Are animal results consistent with results from human studies?  What is the frequency of adverse events?  What is the possibility of harm? Describe any value or utility judgments you may have made, separate from the evidence.  For example, you believe evidence-supported interventions should be limited to in-hospital use because you think proper use is too difficult for pre-hospital providers. 

In adult victims of out-of-hospital ventricular fibrillation, in which electrical defibrillation is not immediately available (i.e., AED at the scene) and defibrillation is delayed pending arrival of emergency personnel in which the response time (ambulance dispatch to arrival) exceeds 4 or 5 minutes (estimated arrest times of 6 to 8 minutes), a period of CPR of 1.5 to 3 minutes duration before delivering electrical shocks may improve initial resuscitability and survival.

Two prospective clinical studies; one non-randomized using historical controls [Cobb 1999, level-3 evidence] and one randomized [Wik 2003, level-2 evidence], demonstrated that CPR before defibrillation increased the rate of initial resuscitation, survival to hospital discharge [Cobb 1999, Wik 2003], and increased 1-year survival [Wik 2003] when compared to the current recommendation of immediate defibrillation.  A retrospective clinical study [Stotz 2003. level-4 evidence] reported numerical differences favoring a protocol in which paramedics provided basic life support (starting at ( 5 minutes after collapse) and physicians attempted defibrillation ( 10 minutes later over a newer protocol in which paramedics attempted defibrillation using AEDs (at ( 5 minutes after collapse).  However, one recent randomized clinical study [Jacobs 2004] found that a 90-second interval of CPR before defibrillation offered no benefits over immediate defibrillation in victims of out-of-hospital ventricular fibrillation/ventricular tachycardia.

From a numerical perspective the study by Wik and colleagues [Wik 2003] demonstrated a 53% increase in initial resuscitation rates ( from 38% [21/55] to 58% [37/64] (OR, 2.22; 95% CI, 1.06 - 4.63; p = 0.04) ( by CPR before defibrillation in victims with ambulance response times of 5 minutes or longer.  The benefit persisted at hospital discharge ( 22% [14/64] vs 4% [2/55] (OR, 7.42; 95% CI, 1.61-34.3; P =.006) ( and one year after the event ( 20% [13/64] vs 4% [2/55]; OR, 6.76; 95% CI, 1.42-31.4; p =.01).  Close to 90% of the victims discharged from the hospital had minimal or no reductions in neurological function.  The study by Cobb and colleagues [Cobb 1999] showed a 19% improvement in initial resuscitation and a 59% increase in survival to hospital discharge ( from 17% [56/321] to 27% [60/220], p = < 0.007 ( in victims with response intervals of 4 minutes or longer.  

In the study by Jacobs [Jacobs 2004], 256 patients presenting with non-paramedic witnessed ventricular fibrillation/ventricular tachycardia cardiac arrest were attended by a paramedic crew and randomized to immediate defibrillation or 90 seconds of CPR before defibrillation.  Survival to discharge was not different between both groups (4.2% in CPR first and 5.1% in shock first).

There was also no difference in ROSC between both groups (OR 1.16, 95% CI 0.49-2.8).  Mean response intervals were 9.3 (CPR first) and 9.0 minutes (defibrillate first).  In this study, however, resuscitation and survival rates were much lower than those reported by Cobb, Wik, and Stotz in their control groups and lower than their own historical data.  Moreover, patients did not receive pharmacological agents and endotracheal intubation was added to the resuscitation skills during the course of the study.

Notwithstanding the fact that these clinical studies are somewhat constrained by the relatively small number of patients in Wik's study [Wik 2003], the lack of contemporaneous controls in Cobb's study [Cobb 1999], the retrospective nature of Stotz’s study [Stotz 2003] and the absence of an effect in Jacobs’ study [Jacobs 2004], the underlying rationale is robust and the preclinical animal data supportive [Yakaitis 1980, Berg 2002, Kolarova 2003].

It is worth noticing that in the aforementioned clinical studies [Cobb 1999, Wik 2003, Stotz 2003, and Jacobs 2004], CPR before defibrillation was provided without the concomitant administration of pharmacological agents.  In two earlier animal studies [Niemann 1992, Menegazzi 1993], CPR before defibrillation was accompanied by pharmacological intervention in the form of high-dose epinephrine (0.08 mg/kg) alone [Nieman 1992] or high-dose epinephrine (0.2 mg/kg) as part of a “cocktail” that also included lidocaine, bretylium, and propranolol [Menegazzi 1993].  Yet, in one animal study [Berg 2002], CPR before defibrillation was effective irrespective of whether low-dose epinephrine (0.02 mg/kg) was concomitantly administered.  Furthermore, in an earlier study [Yakaitis 1980] in which CPR before defibrillation was found to be effective, the addition of epinephrine (approximately 0.6 mg/kg) further increased its efficacy.  In several other animal studies conducted by the same group of investigators [Menegazzi 2000, Seaberg 2001, Menegazzi 2003], CPR before defibrillation was effective in restoring spontaneous circulation only when accompanied by pharmacological interventions.  These pharmacological interventions encompassed high-dose epinephrine (0.1 mg/kg) alone [Menegazzi 2003] or high-dose epinephrine (0.2 mg/kg) as part of a "cocktail" which also included propranolol, lidocaine, bretylium, magnesium, and the antioxidant U-74389G [Menegazzi 2000, Seaberg 2001].  However, the effects of these pharmacological interventions on survival and neurological recovery were not investigated.  These animal studies thus suggest that the initial efficacy of CPR before defibrillation for prolonged untreated ventricular fibrillation could be further enhanced by concomitant administration of vasopressor agent(s), and perhaps other pharmacological interventions.  However, because the evidence originates exclusively from animal studies and is limited to initial resuscitability; such a recommendation ( at the present time ( should be considered as indeterminate.

The precise time during the continuum of ventricular fibrillation at which CPR before defibrillation becomes more effective than immediate defibrillation remains elusive and difficult to define.  It is likely that other factors influencing the severity of ischemia may play a role.  The interval measured in the clinical studies was the response time from ambulance dispatch to arrival at the scene, yielding a cutoff time between 4 and 5 minutes.  However, a longer interval of cardiac arrest should be presumed, possibly 6 to 8 minutes, considering delays between recognition and the emergency-call, and from arrival to defibrillation.  Moreover, approximately 60% of the victims received bystander CPR.  Thus, some level of myocardial perfusion was probably provided in a sizable fraction of patients while waiting for defibrillation.  The extent to which bystander CPR could affect myocardial "readiness" is not clear and needs further clarification.

The optimal duration of CPR before defibrillation also needs further definition.  This interval ranged from 1.5 minutes in Cobb's and Jacobs’ study [Cobb 1999, Jacobs 2004] to 3 minutes in Wik's study [Wik 2003].  However, in the Stotz’s study [Stotz 2003] this interval averaged 10 minutes.  In one animal study [Kolarova 2003] the optimal duration of CPR before defibrillation in rats was found to be 6 minutes after a ten minute interval of untreated ventricular fibrillation.

From a mechanistic point of view, ventricular fibrillation represents a state in which the myocardial oxygen demands are comparable to or exceed those of the normally beating heart.  With the onset of cardiac arrest and cessation of coronary blood flow, a severe and progressive energy deficit develops causing ( within minutes ( profound intramyocardial acidosis along with depletion of high-energy nucleotides, accumulation of metabolic end-products, cytosolic Na+ and Ca2+ overload, and the activation of a myriad of pathways of ischemic injury.  These conditions are not favorable for successful defibrillation and delivery of electrical shocks could in fact be detrimental.  A period of myocardial perfusion provided by CPR could partially offset these metabolic abnormalities rendering the myocardium in a metabolically more favorable condition for successful defibrillation.  In four of the animal studies [Berg 2002 and 2004, Kolarova 2003, Menegazzi 2003], the waveform characteristics of the ventricular fibrillation signal were measured demonstrating improved characteristics of ventricular fibrillation waveforms during CPR before defibrillation.  These changes most likely reflected improvement in myocardial metabolism.  Further technical development may provide capability for real time waveform analysis to determine myocardial “readiness” and guide the timing of defibrillation.

Besides the potentially damaging effects of untimely and repetitive electrical shocks on the myocardium, interruptions in CPR needed to deliver shocks could have also contributed to a worse outcome.  It is worth noticing that in Cobb’s study [Cobb 1999] and Stotz’s study [Stotz 2003], defibrillation first was accomplished by arming first responders with AEDs.  In both studies, survival declined from previous historical survival rates.  In Cobb’s study, CPR before defibrillation increased survival to levels similar to those present before AEDs were used.  AEDs require a variable hands-off interval, and such hands-off intervals have been shown in animal studies to compromise resuscitability.  

Another important factor for which direct evidence is lacking is the effect that the quality of CPR may have on the sequence.  In Berg [Berg 2002 and 2004] swine studies, using intervals of untreated ventricular fibrillation of 8 and 10 minutes, CPR was effective whether it was started before or after defibrillation.  Although more animals regained ROSC with first shock in the defibrillation first group, continuation of CPR and advance life support eventually restored spontaneous circulation in a comparable

number of animals in both groups.  The only clinical study that showed no effects in outcomes also had uncharacteristically low resuscitation and survival rates, which could have reflected suboptimal CPR (no drugs were used and a program for endotracheal intubation in the field was started during the course of the study).

Recommendations for the writer of this section:

Expose the clinical and experimental findings and the outcomes reported.

Discuss the time intervals that were measured in the clinical trials, and elaborate on how these intervals can be more generally applied.

Discuss whether the findings in victims of out-of-hospital ventricular fibrillation that are attended by a paramedic crew may be generalized to other cardiac arrest settings.

Indicate the potential but yet unproven value of concomitant pharmacological intervention (i.e., vasopressor agents) before defibrillation.

Examine the optimal duration of CPR before defibrillation.

Comment on the potential value of real-time monitoring of the ventricular fibrillation signal for identifying the optimal timing for attempting defibrillation.

Preliminary draft/outline/bullet points of Guidelines revision:  Include points you think are important for inclusion by the person assigned to write this section.  Use extra pages if necessary.

Publication:      _    Chapter:            Pages:      
Topic and subheading:      

Animal research has shown that attempting defibrillation upon initiation of resuscitation is more efficacious than CPR first if the duration of untreated ventricular fibrillation is 5 minutes or less. Human studies have reported high survival rates if defibrillation is administered soon after collapse, generally within 3-5 minutes, and that survival decreases as time to defibrillation increases. Thus, for patients in ventricular fibrillation for 5 minutes or less, defibrillation should be performed as soon as possible.

Animal research demonstrated that provision of CPR before defibrillation is more effective than immediate defibrillation after untreated ventricular fibrillation of greater than 5-7.5 minutes. Research on animals and humans has shown deterioration in the ventricular fibrillation waveform over time, which is associated with decreased success of defibrillation. Two human studies have found improved outcomes if CPR is provided for 90-180 seconds if the emergency responder time interval from call to EMS arrival is greater than 4 or 5 minutes. One human study did not demonstrate any difference in outcome if CPR was provided for 90 seconds before defibrillation.

There is insufficient evidence in humans to either support or refute performance of CPR before defibrillation. Thus, in this situation trained emergency responders may perform 90 to 180 seconds of CPR prior to defibrillation in patients found in ventricular fibrillation prior to arrival.

Conclusion:

Immediate defibrillation is the treatment of choice for ventricular fibrillation/ventricular tachycardia cardiac arrest where the duration of the ventricular fibrillation/ventricular tachycardia is likely to be shorter than 5 minutes.

In adult out-of-hospital cardiac arrest victims of ventricular fibrillation with long response time intervals, a period of CPR before attempting defibrillation may improve ROSC and survival to hospital discharge.
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[Yakaitis 1980]

	Berg, R. A., R. W. Hilwig, et al. (2002). "Precountershock cardiopulmonary resuscitation improves ventricular fibrillation median frequency and myocardial readiness for successful defibrillation from prolonged ventricular fibrillation: a randomized, controlled swine study." Ann Emerg Med 40(6): 563-70.

ABSTRACT:
STUDY OBJECTIVE: After prolonged ventricular fibrillation (VF), precountershock cardiopulmonary resuscitation (CPR) will improve myocardial "readiness" for defibrillation compared with immediate defibrillation. METHODS: After 10 minutes of untreated VF, 32 swine (27+/-1 kg) were randomly assigned to receive immediate countershocks (DEFIB), CPR for 3 minutes followed by countershocks (CPR), or CPR for 3 minutes plus intravenous epinephrine followed by countershocks (CPR+EPI). VF waveform was evaluated by fast Fourier transformation. RESULTS: VF amplitude and median frequency by fast Fourier transformation decreased during the untreated VF interval in all groups, and the median frequency subsequently increased during each minute of precountershock CPR. Although the VF median frequency in the 3 groups did not differ after 10 minutes of untreated VF (8.9+/-0.8 Hz versus 8.4+/-0.5 Hz versus 7.3+/-0.5 Hz, respectively), immediately before the first shock the VF median frequency was much lower in the DEFIB group than in either the CPR or CPR+EPI groups (8.9+/-0.8 Hz versus 13.1+/-0.8 Hz versus 13.8+/-0.9 Hz, respectively; P <.01). None of the 10 animals in the DEFIB group attained return of spontaneous circulation after the first set of shocks versus 5 of 10 animals in the CPR group and 6 of 12 animals in the CPR+EPI group (DEFIB versus each CPR group; P <.05). Cardiac output 1 hour after resuscitation was substantially worse in the DEFIB group than in the CPR or CPR+EPI groups (74+/-7 mL/kg per minute versus 119+/-7 mL/kg per minute versus 104+/-15 mL/kg per minute; P <.05). CONCLUSION: Precountershock CPR can result in substantial physiologic benefits compared with immediate defibrillation in the setting of prolonged VF. Moreover, these benefits can be attained with or without the addition of intravenous epinephrine.

Level 6.  Good

REVIEWER COMMENTS:
Experiments in a swine model of prolonged untreated ventricular fibrillation of 10 minute duration.  The studies compared, in three randomized groups of 10 pigs each, the effects of defibrillation first, CPR first (3 minutes followed by defibrillation attempts), and CPR first with epinephrine (0.02 mg/kg).  The strategy of CPR first was associated with fewer shocks required to reestablish spontaneous circulation and better post-resuscitation myocardial function.  The authors also measured ventricular fibrillation waveform amplitude and median frequency and demonstrated progressive improvement during the interval of CPR.  Epinephrine appeared not to have additional benefit on the measured variables.  At 24 hours 2/10 defibrillation first, 4/10 CPR first, and 2/12 CPR + epinephrine first pigs were alive.  The study was underpowered to detect statistically significant differences in survival.

Berg, R. A., R. W. Hilwig, et al. (2004). "Precountershock cardiopulmonary resuscitation improves initial response to defibrillation from prolonged ventricular fibrillation: a randomized, controlled swine study." Crit Care Medicine 32(6): 1352-1357.

ABSTRACT
OBJECTIVES: To compare immediate countershocks (defibrillation 1st) with precountershock cardiopulmonary resuscitation (CPR 1st) for prolonged ventricular fibrillation (VF). DESIGN: Randomized, controlled trial. SETTING: University animal laboratory. SUBJECTS: Thirty swine (27 +/- 1 kg). INTERVENTIONS: After 8 mins of untreated ventricular fibrillation, swine were randomly assigned to receive either immediate countershocks or CPR for 90 secs followed by countershocks. MEASUREMENTS AND MAIN RESULTS: After the first set of shocks, nine of 15 CPR 1st animals attained return of spontaneous circulation vs. 0 of 15 defibrillation 1st animals (p <.001), and pulseless electrical activity occurred in only one of 15 CPR 1st animals vs. ten of 15 defibrillation 1st animals (p <.01). The ultimate outcomes in the two groups were not different: Return of spontaneous circulation and 24-hr survival occurred in 15 of 15 CPR 1st and 13 of 15 defibrillation 1st animals. Good neurologic outcome at 24 hrs occurred in 12 of 15 CPR 1st and nine of 15 defibrillation 1st animals. None of the animals was successfully resuscitated with defibrillation alone; all successfully resuscitated animals were provided with chest compressions during the resuscitation.The ventricular fibrillation median frequency by fast Fourier transformation decreased during the untreated ventricular fibrillation interval in both groups (9.7 +/- 0.3 Hz and 10.1 +/- 0.2 Hz after 1 min vs. 8.8 +/- 0.3 Hz and 8.9 +/- 0.5 Hz at 8 mins, respectively). Because the ventricular fibrillation median frequency substantially increased after CPR 1st, it was much higher in the CPR 1st group before the first shock (15.1 +/- 0.9 Hz vs. 8.9 +/- 0.5 Hz, p <.001). The ventricular fibrillation median frequency before the first countershock was much higher in the animals that attained return of spontaneous circulation after the first set of shocks vs. those that did not (16.1 +/- 1.3 Hz vs. 10.0 +/- 0.6 Hz, p <.0001) CONCLUSIONS: Precountershock CPR can result in substantial physiologic benefits and superior response to initial defibrillation attempts compared with immediate defibrillation in the setting of prolonged ventricular fibrillation.

Level 6.  Good.

REVIEWER COMMENTS:
Studies in a swine model of ventricular fibrillation and closed-chest resuscitation in which pigs were randomized after an 8 minute interval of untreated ventricular fibrillation to defibrillation first (n = 15) or defibrillation after 90 seconds of manual CPR (CPR first, n = 15).  Pigs that failed the initial resuscitation attempt underwent up to 10 minutes of ACLS.  Ventricular fibrillation morphology was measured and the animals observed for 24 hours.  CPR first prompted increases in median frequency of the ventricular fibrillation waveform and the rate of 1st shock ROSC (9/15 vs 0/15).  However, final ROSC (15/15 and 13/15), 24-hour survival (15/15 and 13/15), and good neurological recovery (12/15 and 12/15) were similar.  Like in many animals studies, the high resuscitability and survival limit their extrapolation to clinical settings. 
Cobb, L. A., C. E. Fahrenbruch, et al. (1999). "Influence of cardiopulmonary resuscitation prior to defibrillation in patients with out-of-hospital ventricular fibrillation." Journal of the American Medical Association 281(13): 1182-1188.

ABSTRACT
CONTEXT: Use of automated external defibrillators (AEDs) by first arriving emergency medical technicians (EMTs) is advocated to improve the outcome for out-of-hospital ventricular fibrillation (VF). However, adding AEDs to the emergency medical system in Seattle, Wash, did not improve survival. Studies in animals have shown improved outcomes when cardiopulmonary resuscitation (CPR) was administered prior to an initial shock for VF of several minutes' duration. OBJECTIVE: To evaluate the effects of providing 90 seconds of CPR to persons with out-of-hospital VF prior to delivery of a shock by first-arriving EMTs. DESIGN: Observational, prospectively defined, population-based study with 42 months of preintervention analysis (July 1, 1990-December 31, 1993) and 36 months of post-intervention analysis (January 1, 1994-December 31, 1996). SETTING: Seattle fire department-based, 2-tiered emergency medical system. PARTICIPANTS: A total of 639 patients treated for out-of-hospital VF before the intervention and 478 after the intervention. INTERVENTION: Modification of the protocol for use of AEDs, emphasizing approximately 90 seconds of CPR prior to delivery of a shock. MAIN OUTCOME MEASURES: Survival and neurologic status at hospital discharge determined by retrospective chart review as a function of early (<4 minutes) and later (> or =4 minutes) response intervals. RESULTS: Survival improved from 24% (155/639) to 30% (142/478) (P=.04). That benefit was predominantly in patients for whom the initial response interval was 4 minutes or longer (survival, 17% [56/321] before vs 27% [60/220] after; P = .01). In a multivariate logistic model, adjusting for differences in patient and resuscitation factors between the periods, the protocol intervention was estimated to improve survival significantly (odds ratio, 1.42; 95% confidence interval, 1.07-1.90; P = .02). Overall, the proportion of victims who survived with favorable neurologic recovery increased from 17% (106/634) to 23% (109/474) (P = .01). Among survivors, the proportion having favorable neurologic function at hospital discharge increased from 71% (106/150) to 79% (109/138) (P<.11). CONCLUSION: The routine provision of approximately 90 seconds of CPR prior to use of AED was associated with increased survival when response intervals were 4 minutes or longer.

Level 3.  Good.

REVIEWER COMMENTS:
Observational study.  Two consecutive periods of approximately 3 years each.  The first period, from July 1, 1990 until December 31, 1993 represented defibrillation first; the second period from January 1, 1994 until December 31, 1996 represented defibrillation after a period of 90 seconds of chest compression (intervention group).  The study was prompted by failure of survival from out-of-hospital ventricular fibrillation to improve as first ambulance responders were provided with AEDs (from 1984 on).  In fact, there was a decline in survival toward 1993 when 100% of the first responders had AEDs (Figure 1, original article).  This prompted a change in the out-of-hospital resuscitation protocol by interposing a 90-second period of chest compression before attempting defibrillation.  The intervention increased survival from 24% to 30%; which corresponded to the survival rate before implementation of the program for defibrillation by first responders.  The intervention benefited mostly victims with response times equal or greater than 4 minutes [from 17 to 27%, p = 0.01].  The magnitude of this effect was clinically relevant.  The study also showed that survivors who had been treated with 90 seconds of CPR before defibrillation had better neurological outcomes. However, this benefit was statistically significant only for the subset of victims who had response times less than 4 minutes.  The findings are credible despite the methodological constraints of not been controlled.  The possibility of other factors influencing outcome can not be excluded.  The intervention group also participated in a randomized trial investigating amiodarone vs placebo.  However, only 16% of the patients in the intervention group received amiodarone.
Jacobs, I., J. Finn, et al. (In Press). "CPR before defibrillation in out-of-hospital cardiac arrest. A randomized trial. "  Emerg Med Australasia. Accepted for publication.

ABSTRACT:

STUDY OBJECTIVE: Current resuscitation guidelines recommend that defibrillation be undertaken as soon as possible in patients suffering a cardiac arrest where the cardiac rhythm is either ventricular fibrillation (VF) or ventricular tachycardia (VT). Evidence from animal and clinical studies suggests that outcomes may be improved if a period of cardiopulmonary resuscitation (CPR) is given prior to defibrillation. The objective of this study was to determine if 90 seconds of CPR before defibrillation improved survival. METHODS: Patients suffering non paramedic witnessed VF/VT cardiac arrest were randomized to receive either 90 seconds of CPR before defibrillation (treatment) or immediate defibrillation (control). The study was carried out in Perth, Western Australia between June 2000 and June 2002. The primary endpoint was survival to hospital discharge with secondary endpoints of return of spontaneous circulation (ROSC) and survival at one year. RESULTS: A total of 256 patients underwent randomization. Baseline characteristics including response intervals were similar in both groups. Survival to hospital discharge in the CPR first group was 4.2% (5/119) compared to 5.1% (7/137) for the immediate defibrillation group (ORE 0.81; 95%CI 0.49 to 2.80). CONCLUSION: Ninety seconds of CPR before defibrillation does not improve overall survival in patients suffering VF/VT cardiac arrest. Further studies to evaluate various aspects of this treatment strategy are required as published outcomes to date are inconclusive.

Level 2. Good

REVIEWER COMMENTS:
Prospective study conducted in Perth, capital city of Western Australia, in 256 victims of witnessed out-of-hospital ventricular fibrillation or ventricular tachycardia from June 2000 to June 2002.  Of these victims, 119 were randomized to defibrillation after a 90-second interval of CPR and 137 to defibrillation first.  Bystander CPR was provided in 54% of CPR first victims and in 64% of defibrillation first victims.  The strategy of CPR first had no beneficial effects on initial resuscitability (9.2% [11/119] vs 8.0% [11/137]), hospital discharge (4.2% [5/119] vs 5.1% [7/137]), and 1-year survival (4.2% [5/119] vs 5.1% [7/137]).  Post-hoc analysis of the subset of victims with ambulance response intervals > 5 minutes demonstrated similar hospital survival rates for CPR first and defibrillation first groups (3.5% [4/113] vs 4.9% [5/101]).  In this study the overall resuscitation and survival rates were substantially lower that those reported previously in similar clinical settings and lower than their own historical experience.  Although the explanation for the low outcome data is not immediately evident, it is worth noting that vasopressor agents (which had been given according to ACLS protocols in previous clinical studies) were not given in the present one.  Moreover, endotracheal intubation was progressively introduced starting 10 months into the study.  Although ( 10% of the victims were intubated, it is not clear in how many intubations were attempted.  The potential adverse effects of intubation are now apparent stemming from interruptions of chest compression and from adverse increases in intrathoracic pressure.

Kolarova, J., I. M. Ayoub, et al. (2003). "Optimal timing for electrical defibrillation after prolonged untreated ventricular fibrillation." Crit Care Med 31(7): 2022-2028.

ABSTRACT:
OBJECTIVE: It currently is recommended that electrical shocks be delivered immediately on recognition of ventricular fibrillation. However, decreased effectiveness of this approach has been reported after prolonged intervals of untreated ventricular fibrillation. We investigated the optimal strategy for successful defibrillation after prolonged untreated ventricular fibrillation by using a rat model of ventricular fibrillation and closed-chest resuscitation. DESIGN: Controlled, randomized, laboratory study. SETTING: Research laboratory at a VA hospital. SUBJECTS: Seventy pentobarbital anesthetized Sprague-Dawley rats. INTERVENTIONS: After 10 mins of untreated ventricular fibrillation, four groups of rats were randomized to receive electrical shocks (which we designated as "experimental shocks") immediately before or at 2, 4, or 6 mins of chest compression. Unsuccessfully defibrillated rats received additional shocks (which we designated as "rescue shocks") after 8 mins of chest compression. MEASUREMENTS AND MAIN RESULTS: The number of rats that restored spontaneous circulation after the experimental shocks increased with increasing duration of the predefibrillatory interval of chest compression (0 of 8, 0 of 8, 2 of 8, and 7 of 8, respectively, p <.005). Two additional groups then were randomized to receive repetitive experimental shocks at 2, 4, and 6 mins or a single attempt at 6 mins of chest compression. Although a comparable number of rats restored spontaneous circulation in each group, rats subjected to repetitive defibrillation attempts had more intense postresuscitation ectopic activity and worse survival. Two final groups were used to investigate whether inhibition of the sarcolemmal sodium-hydrogen exchanger isoform-1 (NHE-1) could facilitate return of spontaneous circulation during repetitive defibrillation attempts. Although spontaneous circulation was restored earlier in more rats subjected to NHE-1 inhibition, the differences were statistically insignificant. NHE-1 inhibition, however, replicated previously reported resuscitation and postresuscitation benefits. The optimal predefibrillation interval of chest compression was approximately 6 mins, and this coincided with partial return of the amplitude and frequency characteristics of the ventricular fibrillation waveform to those present immediately after induction of ventricular fibrillation. CONCLUSIONS: Improved outcome after prolonged untreated ventricular fibrillation may result from strategies that provide chest compression before attempting defibrillation and avoid early and repetitive defibrillation attempts. The amplitude and frequency characteristics of the ventricular fibrillation waveform could help identify the optimal timing for attempting electrical defibrillation.

Level 6.  Good.

REVIEWER COMMENTS:
The authors used a rat model of prolonged untreated ventricular fibrillation of 10-minute duration followed by closed-chest resuscitation (chest compression and positive pressure ventilation with 100% oxygen).  They first randomized four groups of 8 rats each to defibrillation attempts at various times during closed-chest resuscitation (0, 2, 4, and 6 minutes), and found that the likelihood of electrical shocks terminating ventricular fibrillation and reestablishing spontaneous circulation was maximal after an interval of 6 minutes of chest compression.  In a separate series of experiments, two groups of rats were randomized to receive, in one group, repetitive defibrillation attempts at 2, 4, and 6 minutes of chest compression and, in another group, a single attempt at 6 minutes of chest compression.  They found that although initial resuscitation rates were comparable, the group subjected to repetitive shocks received significantly more shocks and had worse post-resuscitation outcome (decreases in a survival score developed by the authors).  In this series, the authors controlled for the time during which chest compression was interrupted for defibrillation (15 seconds) by providing similar interruptions in the group randomized to a single defibrillation attempt.  They also measured ventricular fibrillation waveform characteristics in the time and frequency domain and found partial restoration of the initial ventricular fibrillation waveform characteristics by minute 6 of chest compression.
Menegazzi, J. J., E. A. Davis, et al. (1993). "An experimental algorithm versus standard advanced cardiac life support in a swine model of out-of-hospital cardiac arrest." Ann Emerg Med 22(2): 235-9.

ABSTRACT:
STUDY OBJECTIVE: To compare an experimental algorithm with standard advanced cardiac life support in a swine model of out-of-hospital cardiac arrest. DESIGN: Randomized, controlled experimental trial. SETTING/TYPE OF PARTICIPANT: Animal laboratory using swine. INTERVENTIONS: Eighteen swine (17.8 to 23.7 kg) were sedated, intubated, anesthetized, and instrumented for monitoring of arterial and central venous pressures and ECG. Ventricular fibrillation was induced using a bipolar pacing catheter. Animals were randomized to treatment with the experimental algorithm or standard advanced cardiac life support therapy after eight minutes of untreated ventricular fibrillation. The experimental algorithm consisted of starting CPR; giving high-dose epinephrine (0.20 mg/kg), lidocaine (1.0 mg/kg), bretylium (5.0 mg/kg), and propranolol (0.5 to 1.0 mg) by peripheral IV; hyperventilating (20 to 25 breaths per minute); and delaying countershock (5 J/kg) 60 seconds after completion of drug delivery. Data were analyzed with the Student's t-test and Fisher's exact test. MEASUREMENTS AND MAIN RESULTS: Outcome variables were arterial and central venous pressures, return of spontaneous circulation, and one-hour survival. Hemodynamics were not different between groups during CPR. Return of spontaneous circulation occurred in seven of nine swine (77%) in the experimental algorithm group versus two of nine swine (22%) in the advanced cardiac life support group (P = .057). Four of nine swine (44%) in the experimental algorithm group survived to one hour versus none of the animals in the advanced cardiac life support group (P = .041). CONCLUSION: In this swine model of out-of-hospital cardiac arrest, animals treated with an experimental algorithm had a significant improvement in one-hour survival compared with those treated with advanced cardiac life support.

Level 6.  Fair

REVIEWER COMMENTS:
The authors compared a conventional ACLS protocol of defibrillation first to an alternative strategy in which defibrillation was preceded by CPR in combination with administration of a pharmacologic “cocktail” that included high-dose epinephrine (0.2 mg/kg) along with lidocaine, bretylium, and propranolol after 8 minutes of untreated ventricular fibrillation.  The study was conducted in mechanically ventilated healthy immature healthy pigs (approximately 20 kg).  Restoration of spontaneous circulation was attained in each of 7 of 9 pigs subject to CPR and pharmacological intervention before defibrillation and in 2 of 9 control subject to defibrillation first followed by ACLS protocol.  The differences was not statistically significant (p = 0.057).  The authors observed the pigs for one hour post-resuscitation reporting that 4 of 9 experimental pigs were still alive but none of the controls.  This study is similar to that by Nieman et al [Nieman 1992] in which CPR plus drug intervention (including high-dose epinephrine) was served to attain higher initial resuscitation rates.  However, the effects on survival were not investigated.  The study does not allow the reader to determine which one of the interventions or a combination thereof explain(s) the effects.
Menegazzi, J. J., D. C. Seaberg, et al. (2000). "Combination pharmacotherapy with delayed countershock vs standard advanced cardiac life support after prolonged ventricular fibrillation." Prehosp Emerg Care 4(1): 31-7.

ABSTRACT:
OBJECTIVE: To test the hypothesis that combination pharmacotherapy with delayed countershock would produce higher rates of return of spontaneous circulation (ROSC) and one-hour survival when compared with standard Advanced Cardiac Life Support (ACLS) therapy. METHODS: A prospective, block-randomized, blinded, laboratory experiment was conducted in an established swine model of prolonged ventricular fibrillation (VF). Fifty-six female domestic swine were anesthetized, instrumented, and shocked into VF with a bipolar pacing catheter. The VF was untreated for 8 minutes, then basic CPR was done mechanically for 1 minute. At 9 minutes of VF, the animals were randomized to treatment with one of seven therapies: group 1, combination pharmacotherapy with epinephrine (0.20 mg/kg), lidocaine (1.0 mg/kg), bretylium (5.0 mg/kg), propranolol (1.0 mg), and U-74389G (3.0 mg/kg); group 2, epinephrine (0.20 mg/kg); group 3, lidocaine (1.0 mg/kg) and bretylium (5.0 mg/kg); group 4, propranolol (1.0 mg); group 5, U-74389G (3.0 mg/kg); group 6, normal saline solution (volume equal to that for group 1); and group 7, standard ACLS (first countershock at 9 minutes of VF). Initial countershocks for groups 1-6 were given after 11 minutes of VF. Data were analyzed with two-tailed Fisher's exact test, with alpha set at 0.05. RESULTS: Return of spontaneous circulation occurred in group 1 = 8/8 (100%); group 2 = 7/8 (88%); group 3 = 3/8 (38%); group 4 = 3/8 (38%); group 5 = 5/8 (63%); group 6 = 4/8 (50%); and group 7 = 3/8 (38%). One-hour survival occurred in group 1 = 8/8 (100%); group 2 = 5/8 (63%); group 3 = 2/8 (25%); group 4 = 2/8 (25%); group 5 = 3/8 (38%); group 6 = 2/8 (25%); and group 7 = 1/8 (13%). CONCLUSIONS: Combination pharmacotherapy with delayed countershock (group 1) produced significantly higher rates of ROSC (p = 0.03) and one-hour survival (p = 0.001) when compared with standard ACLS in this porcine model of prolonged VF.

Level 6.  Good

REVIEWER COMMENTS:
The authors compared a conventional close-chest resuscitation protocol of defibrillation first followed by ACLS interventions after an 8 minute interval of untreated ventricular fibrillation, to alternative resuscitation protocols in anesthetized and mechanically ventilated pigs (approximately 22 kg).  The alternative protocols encompassed a three-minute interval of chest compression before defibrillation and the administration of various drugs or their combination at one minute of chest compression.  The following pharmacological strategies were studies:  a pharmacologic “cocktail” that included high-dose epinephrine (0.2 mg/kg) along with lidocaine, bretylium, propranolol, and the antioxidant U-74389G; high-dose epinephrine alone; lidocaine plus bretylium; propranolol alone, U-74389G alone, and saline as control for the pharmacological intervention.  The ACLS control group received the first shock at 1 minute of chest compression.  ROSC was attained in 8 of 8 pigs treated with the pharmacological “cocktail” and in 7/8 treated with high-dose epinephrine.  Lower ROSC rates were observed in the groups that received lidocaine and bretylium (3/8), propranolol alone (3/8), U-74389G (5/8), saline (4/8), and the ACLS protocol (3/8).  The corresponding rates of survival at one hour were 8/8, 5/8, 2/8, 2/8, 3/8, 2/8, and 1/8.  The overall differences in ROSC and one-hour survival were statistically significant (p = 0.03 and 0.001).  Thus the study shows that CPR before defibrillation works only when accompanied by pharmacological interventions, and especially when epinephrine is included.  However, the effects on survival were not investigated.  There was no persuasive data to suggest an effect from agents other than epinephrine.  Though the study was underpowered to detect smaller treatment effects.  The findings apply only to immediate resuscitation, and one hour survival.
Menegazzi, J. J., H. E. Wang, et al. (2003). "Immediate defibrillation versus interventions first in a swine model of prolonged ventricular fibrillation." Resuscitation 59(2): 261-70.

ABSTRACT:
OBJECTIVES: we compared time-dependent rescue shock success when delivered immediately, to defibrillation preceded by 3 min of CPR, with and without high dose epinephrine (HDE) in a swine model of prolonged ventricular fibrillation (VF). Our hypotheses were that pretreatment with CPR and HDE would produce higher rates of successful first-shock defibrillation and would prevent decay of the VF waveform, as measured by the scaling exponent (ScE), when compared to immediate defibrillation. We also sought to determine the predictive value of the ScE in determining post-shock outcomes. METHODS: we anesthetized and instrumented 60 domestic swine (19.6-26.4 kg). VF was induced electrically and was untreated for 8, 11 or 14 min. ECG was recorded digitally at a rate of 1000 samples/s with 5-s epochs used to calculate the ScE. We assigned randomly swine to seven groups (number denotes timing of first rescue shock). Three groups had rescue shocks as the first intervention (RSF) after 8 min of VF (RSF-8), 11 min of VF (RSF-11), or 14 min of VF (RSF-14): two groups had CPR for 3 min (then rescue shock) beginning at 8 min (CPR-11) or 11 min of VF (CPR-14); and two groups got CPR for 3 min with 0.1 mg/kg epinephrine (adrenaline) (then rescue shock) beginning at 8 min of VF (HDE-11) or 11 min of VF (HDE-14). Fixed-dose 70 J BDW rescue shocks were used for all shocks. Defibrillation outcome was classified immediately and 30 s post-shock as successful (either restoration of spontaneous circulation [ROSC] or restoration of organized electrical activity [ROEA]), or failed (remained in VF, or asystole). Data were analyzed with RMANOVA, multiple logistic regression, Fisher's exact tests, and ROC curves. RESULTS: successful first-shock defibrillation occurred in 3/8 (38%) RSF-8; 1/9 (11%) RSF-11; 2/9 (22%) CPR-11; 7/9 (77%) HDE-11; 0/9 (0%) RSF-14; 0/7 (0%) CPR-14; and 1/8 (13%) HDE-14, (p=0.059 IRS-8 vs. HDE-11). First-shock ROSC occurred in 5/9 (56%) HDE-11 animals, 1/8 (13%) HDE-14 and zero in all other groups (p=0.03). Mean ScE values at 11 min VF for the RSF-11 (1.46) was higher than both CPR-11 (1.26), and HDE-11 (1.27); and RSF-14 (1.60) was higher than CPR-14 (1.47) and HDE-14 (1.46); group by time p=0.002. ROC areas under the curves using the ScE as a predictor of shock outcome were 0.84 for immediate success, 0.85 for sustained success, and 0.81 for ROSC. CONCLUSIONS: HDE-11 showed a tendency for producing a higher rate of first-shock success and ROSC. Interventions prior to rescue shock prevented deterioration of the VF waveform and improved rescue shock outcomes. The ScE accurately predicted 81-85% of post-rescue shock outcomes.

Level 6.  Fair

REVIEWER COMMENTS:
The authors compared various close-chest resuscitation strategies after prolonged untreated ventricular fibrillation in 7 groups of anesthetized and mechanically ventilated healthy immature healthy pigs (approximately 23 kg).  Three groups of pigs were subject to defibrillation first after 8, 11, or 14 minutes of untreated ventricular fibrillation followed by ACLS protocol.  None of these pigs had return of spontaneous circulation after the initial shock; yet after ACLS, 2 pigs subject to 8 minutes of untreated ventricular fibrillation group (22%) restored spontaneous circulation.  In two additional groups defibrillation was attempted after 3 minutes chest compression starting at 8 and at 11 minutes of untreated ventricular fibrillation (so that the first shock was given at 11 and 14 minutes of ventricular fibrillation).  Similar to the groups described above, the first shock failed to reestablished spontaneous circulation but ACLS succeeded in two pigs in the group with 8 minutes of untreated ventricular fibrillation (22%).  In two additional series of CPR before defibrillation, high-dose epinephrine (0.1 mg/kg) was given coincident with the start of chest compression.  The first shock was effective in reestablishing spontaneous circulation in 5 pigs subject to 8 minutes of untreated ventricular fibrillation (55%) and in 1 pig subject to 11 minutes of untreated ventricular fibrillation (13%).  There was a statistically significant difference between defibrillation first vs CPR + epinephrine before defibrillation (after 8 minutes of untreated ventricular fibrillation).  
The data would support a resuscitation benefit from providing CPR before defibrillation only when CPR is combined with epinephrine.  In the absence of epinephrine, CPR before defibrillation was not better than defibrillation first after the same interval of untreated ventricular fibrillation.  The effects of epinephrine can not be fully ascertained because hemodynamic data were not included in the article.  The study was also limited to the effects on immediate resuscitation.  The impact on reestablishment of stable circulation can not be ascertained because resuscitated animals were euthanized after 20 minutes.
The authors also analyzed the scaling exponent of the electrocardiogram and demonstrated electrocardiographic benefits derived from CPR and from CPR + epinephrine.
Niemann, J. T., C. B. Cairns, et al. (1992). "Treatment of prolonged ventricular fibrillation. Immediate countershock versus high-dose epinephrine and CPR preceding countershock." Circulation 85: 281-287.

ABSTRACT:
BACKGROUND. Early countershock of ventricular fibrillation has been shown to improve immediate and long-term outcome of cardiac arrest. However, a number of investigations in the laboratory and in the clinical population indicate that immediate countershock of prolonged ventricular fibrillation most commonly is followed by asystole or a nonperfusing spontaneous cardiac rhythm, neither of which rarely respond to current therapy. The use of epinephrine in doses greater than those currently recommended has recently been shown to improve both cerebral and myocardial perfusion during cardiopulmonary resuscitation (CPR). The purpose of this study was to compare cardiac resuscitation outcome between immediate countershock of prolonged ventricular fibrillation with high-dose epinephrine therapy and conventional CPR before countershock of prolonged ventricular fibrillation in a canine model. METHODS AND RESULTS. After sedation, intubation, induction of anesthesia, and instrumentation, ventricular fibrillation was electrically induced in 28 dogs. After 7.5 minutes of ventricular fibrillation, animals were randomly allocated to two treatment groups: group 1, immediate countershock followed by recommended advanced cardiac life support (ACLS) interventions, or group 2, 0.08 mg/kg epinephrine and manual closed-chest CPR before countershock and ACLS. In both groups, ACLS was continued until a spontaneous perfusing rhythm was restored or for 20 minutes (total arrest time, 27.5 minutes). A spontaneous perfusing rhythm was restored in three of 14 group 1 animals and in nine of 14 group 2 animals (p = 0.014 by sequential analysis method of Whitehead). Coronary perfusion pressure (aortic minus right atrial pressure during CPR diastole) before countershock was significantly greater in group 2 (21 +/- 7 mm Hg) when compared with mean circulatory pressure in group 1 (9 +/- 8, p less than 0.01). CONCLUSIONS. The findings of this study suggest that a brief period of myocardial perfusion before countershock improves cardiac resuscitation outcome from prolonged ventricular fibrillation.

Level 6.  Good

REVIEWER COMMENTS:
A dog model of prolonged untreated ventricular fibrillation of 7.5-minute duration was used to compare the effects of a 3 to 5-minute of CPR along with high-dose epinephrine before attempting electrical defibrillation (100 J, 100 J, and 200 J in 20 to 30 kg dogs) with the conventional strategy of defibrillation first.  If animals failed to regain spontaneous circulation after the initial series shocks, the resuscitation effort was continued using ACLS protocols to a maximum of 20 minutes of CPR.  The study was well-powered and used a sequential design with interim statistical analyses.  The animals were randomized.  The strategy of CPR first prompted higher resuscitation rates with statistically differences reached after 28 dogs had been studied (3/14 vs 9/14, p = 0.014).  In the group assigned to defibrillation first, there was a high incidence of asystole (n=10) and persistent ventricular fibrillation (n=4) after the initial shocks.  In the group assigned to CPR first, the predominant rhythm after the initial set of shocks was ventricular fibrillation (n=8) with asystole occurring in only 3 animals.
There was one important limitation, the bolus doses of epinephrine used in the experimental group were double the doses used in the control group (0.08 mg/kg vs 0.04 mg/kg).  The extent to which this affected the outcome is difficult to determine from the data.
Niemann, J. T., B. Cruz, et al. (2000). "Immediate countershock versus cardiopulmonary resuscitation before countershock in a 5-minute swine model of ventricular fibrillation arrest." Ann Emerg Med 36(6): 543-546.

ABSTRACT:
STUDY OBJECTIVE: Prior laboratory and clinical studies demonstrate that cardiopulmonary resuscitation (CPR) preceding countershock of prolonged ventricular fibrillation (VF) increases the likelihood of successful cardiac resuscitation. The lower limit of VF duration at which time preshock CPR provides no benefit has not been specifically studied. The purpose of this study was to compare countershock and cardiac resuscitation outcome between immediate countershock of VF of 5-minute duration and CPR without drug therapy before countershock in a swine model. METHODS: VF was induced in anesthetized and instrumented swine. After 5 minutes of VF, animals received 1 of 2 treatments. Animals in group 1, a "historical" control group (n=20), received immediate countershock followed by CPR and repeated shocks if needed. Group 2 animals (n=11) received CPR for 90 seconds preceding countershock, then continued CPR and repeated countershock if necessary. Drugs were not administered to either group, and resuscitation efforts were discontinued if a perfusing rhythm was not restored within 10 minutes of the first countershock. First shock success rate (defined as termination of VF), the number of shocks required to terminate VF, and the cardiac resuscitation rate were compared between groups. RESULTS: The first shock terminated VF in 13 of 20 group 1 animals and 2 of 11 group 2 animals (P =.023). All but 1 animal in group 1 developed pulseless electrical activity after countershock. All but 1 animal in group 1 were eventually successfully resuscitated with CPR and repeated shocks if necessary. Four group 2 animals could not be resuscitated (P =.042). CONCLUSION: Although effective in improving outcome of prolonged VF, CPR preceding countershock of VF of 5-minute duration does not improve the response to the first shock, decrease the incidence of postshock pulseless electrical activity, or the rate of return of circulation. In this study, CPR preceding countershock resulted in a significantly lower cardiac resuscitation rate.

Level 6.  Fair

REVIEWER COMMENTS:
Non randomized study using a swine model of ventricular fibrillation and closed-chest resuscitation.  The purpose was to assess whether defibrillation first favors increased resuscitability under conditions of relative short duration of untreated ventricular fibrillation (5 minutes).  The experimental group (n = 11) underwent defibrillation attempts after a 90-second interval of CPR.  The control group (n = 20, animals from another series subjected to the same protocol) had defibrillation attempted before starting CPR.  With defibrillation first, 19/20 animals developed PEA but were eventually successfully resuscitated (95% resuscitability).  In the experimental group, the number of animals that developed PEA was not reported, but only 7/11 animals were eventually resuscitated (64%, p = 0.042).  In these series, animals did not receive drugs.  Resuscitation was attempted by chest compression, ventilation, and electrical shocks.  The main limitation is the lack of concurrent controls.
Seaberg, D. C., J. J. Menegazzi, et al. (2001). "Use of a cardiocerebral-protective drug cocktail prior to countershock in a porcine model of prolonged ventricular fibrillation." Resuscitation 51(3): 301-8.

ABSTRACT:
OBJECTIVES: This was the third study in a series exploring whether the use of combination pharmacotherapy with delayed countershock would produce higher rates of return of spontaneous circulation (ROSC) and one-hour survival when compared with standard advanced cardiac life support (ACLS) therapy in prolonged ventricular fibrillation (VF). METHODS: Twenty-four female, mixed-breed, domestic swine (ranging in mass from 22 to 25 kg) were used in this prospective, blinded, randomized, experimental trial. Animals were sedated (ketamine/xylazine), anesthetized (alpha-chloralose), paralyzed (pancuronium), mechanically ventilated with room air, and monitored with electrocardiography, arterial pressure, and Swan-Ganz catheters. VF was induced with a 3 s, 60 Hz, 100 mA transthoracic shock, and remained untreated for 8 min. One minute of basic life support followed (standardized by use of a mechanical device). At 9 min, animals were treated with one of three regimes: Group 1, cardiocerebral-protective cocktail (antioxidant U-74389G (3.0 mg/kg), epinephrine (0.2 mg/kg), lidocaine (1.0 mg/kg), bretylium (5.0 mg/kg), magnesium (2.0 g), and propranolol (1.0 mg)); Group 2, magnesium (2.0 g); and Group 3, standard ACLS. Groups 1 and 2 received drugs at minute nine (first countershock at minute 11), while Group 3 received first countershock at minute nine. Data were analyzed with two-tailed Fisher's exact tests. RESULTS: ROSC was achieved in Group 1, 7/7 (100%); Group 2, 3/9 (33%, P versus Group 1=0.01); and Group 3, 3/8 (38%; P versus Group 1=0.02). One-hour survival was attained in Group 1, 7/7 (100%); Group 2, 3/9 (33%; P versus Group 1=0.01), and Group 3, 1/8 (13%; P versus Group 1=0.001). CONCLUSIONS: Combination pharmacotherapy with a cardiocerebral-protective drug cocktail prior to countershock produced superior rates of ROSC and one-hour survival when compared with singular drug therapy (Group 2) and standard ACLS (Group 3) in this porcine model of prolonged VF.

Level 6.  Fair

REVIEWERS COMMENTS:
The authors compared two alternative closed-chest resuscitation strategies after 8 minutes of untreated ventricular fibrillation in anesthetized, paralyzed, and mechanically ventilated healthy immature healthy pigs (approximately 22 kg).  These two alternative strategies involved 3 minutes of chest compression before attempting defibrillation.  In one group a pharmacological “cocktail” that included epinephrine, lidocaine, bretylium, propranolol, magnesium, and an antioxidant (U-74389G) was given at 1 minute of chest compression.  In the other group, only magnesium was given.  A third group that served as control received an ACLS protocol after one minute of chest compression.
Restoration of spontaneous circulation was attained in each of 7 pigs treated with the pharmacological cocktail (100%), in 3 of 9 pigs treated with magnesium (33%), and in 3 of 8 treated with the ACLS protocol (38%).  The difference between the two experimental groups was statistically significant (p = 0.02).
The study was limited to effects on immediate resuscitation.  Pigs that regained spontaneous circulation were observed for only 1 hour before euthanasia.  It interesting to note that three minutes of chest compression before attempting defibrillation (in the group treated with magnesium) was not superior to defibrillation after one minute using the ACLS protocol.  The benefit was attained when chest compression was combined with the pharmacological cocktail, yet the study precludes identification of the agent (or agents) responsible for the effect.  Interestingly, the coronary perfusion pressure attained during chest compression was similar among the three experimental groups not withstanding the use of epinephrine in one of the experimental groups.

Stotz, M., R. Albrecht, et al. (2003). "EMS defibrillation-first policy may not improve outcome in out-of-hospital cardiac arrest." Resuscitation 58(3): 277-282.

OBJECTIVE: Early defibrillation using automated external defibrillators (AEDs) has been advocated to improve survival in witnessed out-of-hospital cardiac arrest (OHCA) due to pulseless ventricular tachycardia (VT) and ventricular fibrillation (VF). However, when VT/VF is untreated and prolonged for more than a few minutes, defibrillation using AEDs may fail. METHODS: This retrospective study reviewed the charts from local emergency medical service (EMS) between the years 1993 to 2001 to evaluate the value of the AED after its introduction into our EMS. All witnessed OHCA due to VT/VF were analysed; cases of collapse witnessed by EMS were excluded. The primary endpoint was defined as survival to hospital discharge and at 1-year follow-up, and the secondary endpoint as survival without major neurological deficit. A total of 76 patients were treated for witnessed VT/VF before the implementation of the AED and 92 patients after its implementation. RESULTS: Before the introduction of paramedic AED defibrillation, physician defibrillation was performed at 15.6 min (+/-5.5, S.D.). After the introduction of AED defibrillation, paramedic defibrillation was performed at 5.7 min (+/-2.4, S.D.); the mean response interval from the call to defibrillation was shortened significantly (P<0.001). At the same time, survival to hospital discharge decreased from 23.7% (18/76 patients) to 14.1% (13/92) (P=0.112) and at 1-year follow-up from 17.1% (13/76) to 9.8% (9/92) (P=0.161). Favourable neurological outcome at 1-year follow-up also decreased from 14.5% (11/76) to 8.7% (8/92) (P=0.239). CONCLUSION: Implementation of the AED did not improve survival or a favourable neurological outcome in patients with OHCA due to VF/VT. However, with 5.7 min time to defibrillation, our EMS did not meet the criteria for early defibrillation. For prolonged periods of VT/VF, initial basic life support (BLS) may be superior to immediate AED. If response times of <4 min cannot be attained by the emergency systems, reconsidering of resuscitation algorithms seems to be advisable.

Level 4.  Good

REVIEWERS COMMENTS:
Retrospective study in which the authors compared outcomes after out-of-hospital resuscitation for ventricular tachycardia or ventricular fibrillation in Basel, Switzerland before and after implementation of a program for early defibrillation using monophasic AEDs by EMS personnel.  Before implementation of AEDs (76 victims studied from January 1993 to June 1997), EMS personnel (ambulance with two paramedics) would arrive at the scene after 5.2 ± 2.3 minutes and initiate BLS waiting for a special vehicle to arrive with a physician armed with a manual defibrillator at 15.6  ± 5.5 minutes.  After implementation of AEDs (92 victims studied from July 1997 to December 2001), EMS personnel equipped with AEDs would arrive after 5.7 ± 2.4 minutes and physicians at 13.9 ± 5.8 minutes.  The main difference was that defibrillation before implementation of the AED program was attempted after approximately 10 minutes of BLS started after approximately 5 minutes.  This strategy of “extended CPR” before defibrillation was associated with numerically (statistically insignificant) higher initial resuscitation (48.7% [37/76] vs 37.0% [34/92]), hospital survival (23.7% [18/76] vs 14.1% [13/92], 1-year survival (17.1% [13/76] vs 9.8% [9/34], and neurologically intact survival (14.5% [11/76] vs 8.7% [8/34]).  Although the interpretation of the findings is constrained by the retrospective nature of the study, AEDs did not provide for early defibrillation.  Defibrillation was in fact attempted after prolonged ventricular tachycardia /ventricular fibrillation, case in which it did not improve outcome.  Survival outcome was relatively good in the CPR first group despite an approximately 15 minute delay in defibrillation, stressing the importance of BLS for preservation of organ viability.
Wik, L., T. B. Hansen, et al. (2003). "Delaying defibrillation to give basic cardiopulmonary resuscitation to patients with out-of-hospital ventricular fibrillation: a randomized trial." Journal of the American Medical Association 289(11): 1389-1395.

ABSTRACT:
CONTEXT: Defibrillation as soon as possible is standard treatment for patients with ventricular fibrillation. A nonrandomized study indicates that after a few minutes of ventricular fibrillation, delaying defibrillation to give cardiopulmonary resuscitation (CPR) first might improve the outcome. OBJECTIVE: To determine the effects of CPR before defibrillation on outcome in patients with ventricular fibrillation and with response times either up to or longer than 5 minutes. DESIGN, SETTING, AND PATIENTS: Randomized trial of 200 patients with out-of-hospital ventricular fibrillation in Oslo, Norway, between June 1998 and May 2001. Patients received either standard care with immediate defibrillation (n = 96) or CPR first with 3 minutes of basic CPR by ambulance personnel prior to defibrillation (n = 104). If initial defibrillation was unsuccessful, the standard group received 1 minute of CPR before additional defibrillation attempts compared with 3 minutes in the CPR first group. MAIN OUTCOME MEASURE: Primary end point was survival to hospital discharge. Secondary end points were hospital admission with return of spontaneous circulation (ROSC), 1-year survival, and neurological outcome. A prespecified analysis examined subgroups with response times either up to or longer than 5 minutes. RESULTS: In the standard group, 14 (15%) of 96 patients survived to hospital discharge vs 23 (22%) of 104 in the CPR first group (P =.17). There were no differences in ROSC rates between the standard group (56% [58/104]) and the CPR first group (46% [44/96]; P =.16); or in 1-year survival (20% [21/104] and 15% [14/96], respectively; P =.30). In subgroup analysis for patients with ambulance response times of either up to 5 minutes or shorter, there were no differences in any outcome variables between the CPR first group (n = 40) and the standard group (n = 41). For patients with response intervals of longer than 5 minutes, more patients achieved ROSC in the CPR first group (58% [37/64]) compared with the standard group (38% [21/55]; odds ratio [OR], 2.22; 95% confidence interval [CI], 1.06-4.63; P =.04); survival to hospital discharge (22% [14/64] vs 4% [2/55]; OR, 7.42; 95% CI, 1.61-34.3; P =.006); and 1-year survival (20% [13/64] vs 4% [2/55]; OR, 6.76; 95% CI, 1.42-31.4; P =.01). Thirty-three (89%) of 37 patients who survived to hospital discharge had no or minor reductions in neurological status with no difference between the groups. CONCLUSIONS: Compared with standard care for ventricular fibrillation, CPR first prior to defibrillation offered no advantage in improving outcomes for this entire study population or for patients with ambulance response times shorter than 5 minutes. However, the patients with ventricular fibrillation and ambulance response intervals longer than 5 minutes had better outcomes with CPR first before defibrillation was attempted. These results require confirmation in additional randomized trials.

Level 2.  Good.

REVIEWER COMMENTS:
Study conducted by the Oslo EMS system, covering a population of approximately 500,000.  The study was randomized but not blinded (rescuers had to provide alternative CPR sequence).  The intended sample size was 250 patients in each group to detect a significant increase in survival from 15% in the control group (standard CPR) to 25% in the CPR first group with a power of 80 for an alpha level of 0.05.  However, enrollment was less than half of this figure (94 and 104, respectively).  Baseline characteristics of key variables (age, sex, witnessed arrest, bystander CPR, location of arrest, dose of epinephrine, dose of lidocaine, and times from collapse to ambulance arrival [11.7 (CI 10.7 - 12.7 minutes for standard group and 12.0 (CI 10.7 - 13.4) minutes for CPR first], and from collapse to ROSC [26.7 (23.6 - 29.8) and 26.9 (23.4 - 30.4) minutes] were comparable in both groups.
For the entire group there were numerically higher, but statistically insignificant, increase in ROSC, discharge from hospital, and 1-year survival.  Statistically significant differences were documented in the subset of patients with response times greater than 5 minutes.  Interestingly, the numerical outcome (NS) was slightly better in the standard group when the response time was less than 5 minutes.  Importantly, the response time referred to the time from dispatch of the first ambulance to its arrival to the scene.  The arrests were witnessed in 94% of the standard group and 91% of the CPR first group and about 60% of the patients in each group received bystander CPR.  Thus, the actual time without CPR before study intervention is unknown.  A logistic regression analysis demonstrated that age, bystander CPR, and response time had predictive value.  The same model predicted that with CPR first, there was a higher chance of survival to hospital discharge when the response time was greater than four minutes.  The magnitude of the effect in the subset of patient with > 5 minute response time was considerable (ROSC 58 vs 38 %, p = 0.04; hospital discharge 22 vs 4 %, p = 0.006; and 1-year survival 20 vs 4 %, p = 0.01).  The statistical validation of the findings is constrained by the lack of p value adjustment for interim analyses.  
In addition, patients assigned to the standard treatment who failed the initial defibrillation attempt had subsequent defibrillation attempts at 1 minute intervals (for ventricular fibrillation and pulseless ventricular tachycardia), whereas patient assigned to CPR first had subsequent defibrillation attempts at 3 minute intervals.  Given that repetitive delivery of shock could be detrimental, the possibility that adverse outcome was in part caused by the adverse consequences of repetitive futile defibrillation attempts (electrical injury and interruption of chest compression) can not be excluded. 
Yakaitis, R. W., G. A. Ewy, et al. (1980). "Influence of time and therapy on ventricular defibrillation in dogs." Crit Care Med 8(3): 157-163.

ABSTRACT:
Factors that may influence energy requirements for ventricular defibrillation include the duration of fibrillation and the mode of resuscitation. The present study assesses the effect of these influences on the energy needed for defibrillation. Dogs were anesthetized, and arterial blood pressure and Lead II of the ECG were continuously recorded. Ventricular fibrillation was electrically induced in each dog for a period of 1, 3, 5, or 9 min. Three resuscitation techniques were evaluated: precountershock artificial ventilation (AV) and closed-chest cardiac massage (CCCM); precountershock AV/CCCM and epinephrine, 1 mg IV; and countershock without preliminary AV/CCCM or epinephrine. Each animal was shocked with successive doses of 1, 2, 4, and 8 J/kg, ceasing when either electrical conversion occurred or after the maximum dose had been delivered. If defibrillation was unaccompanied by resumption of spontaneous circulation (systolic pressure greater than 60 mm Hg greater than 2 min), AV/CCCM was administered for 1 min. In general, the incidence of defibrillation was inversely proportional to the duration of fibrillation. Epinephrine had no significant effect on the energy dose needed for conversion. After 2 min of fibrillation, however, epinephrine became increasingly important for restoration of circulation. The technique of immediate countershock was effective for episodes of fibrillation limited to approximately 3 min. Regardless of therapy, for intervals of fibrillation of up to 6 min, Gompertz data curves indicated that a delivered energy of 4--5 J/kg is the approximate energy dose associated with the maximum achievable incidence of defibrillation within the limits of this experimental protocol.

Level 6.  Good

REVIEWER COMMENTS:
Studies in a dog model of electrically induced ventricular fibrillation and closed-chest resuscitation.  The groups had an adequate sample size and were properly controlled.  They authors demonstrated that (a) the energy required for termination of ventricular fibrillation, (b) the rate of successful termination of ventricular fibrillation, and (c) the rate of return of spontaneous circulation using DC shocks (with an escalating energy protocol) were all inversely related to the duration of untreated ventricular fibrillation.
A one-minute period of closed-chest resuscitation (manual chest compression at 80 – 90 compressions/minute and positive pressure ventilation with 100% oxygen) provided before delivery of shocks secured better resuscitation outcomes than when shocks were given first (followed by closed-chest resuscitation if required).  Shocks first were effective only for instances of untreated ventricular fibrillation of one-minute duration.
The addition of 1 mg of epinephrine in the “CPR first” groups, increased the likelihood of restoring spontaneous circulation.  The “defibrillation first” groups had subsequent CPR, but apparently without the use of epinephrine.
The studies support a role for a brief period of CPR and epinephrine before delivery of electrical shocks for untreated ventricular fibrillation lasting 5 minutes or longer.     


