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Cardiac arrest:  introduction



400,000 arrests / year

2 / 3 
Out-of-hospital

1 / 3 
In-hospital

survival to
hospital 

discharge1-5%                           10-20%

Seattle: 10-20%!

Cardiac arrest epidemiology in the US
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Approaching 50 years of modern CPR

A. Peter Safar, 1950s

B. Early symposium on CPR 
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Cardiac arrest: fundamentals of therapy

http://www.cobbfire.org/CPR2.jpg


Hallstrom et al, 2000

Bystander contacted 9-1-1

standard CPR (n=279)          chest compression alone (n=241)

29/279 (10.4%)                       35/241 (14.6%)

Improvement due to:
? less time to train
? better CPR strategy

Chest compression alone CPR 

p=0.18



Bystander contacted 9-1-1

standard CPR (n=960)          chest compression alone (n=981)

Chest compression alone CPR: revisited

2010

Survival to DC
11.5% 14.4%          (OR 2.9)



Chest compression alone CPR: revisited

CPR has very little risk to patients:

247 patients given CPR erroneously

12% reported discomfort
2%  had fracture – none with

visceral organ damage

2010



Berg et al, 2001
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Standard CPR vs CC alone



Berg et al, 2001
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“No flow” / compression fraction
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Christenson J et al, Circ 2009
poor survival with lowest 
compression fraction in OHCA
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Influence of cardiopulmonary resuscitation prior 
to defibrillation in patients with out-of-hospital 
ventricular fibrillation

Defib first - AHA          CPR (90 sec) first, then defib
42 months                36 months

24% (155/639) 30% (142/478)         p=0.04

Cobb et al, 1999

CPR first may improve survival
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p=0.006



CPR sensing and recording defibrillator

Similar defibrillators now made by both Philips and Zoll



Using CPR feedback to improve quality

Kramer Johansen, 2006

Abella, 2007



ventilations

ECG

compressions

rhythm check ECG: v fib

shock given

Arrest transcript

ECG: v tach

Actual arrest transcript: U of C, 2004
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No ROSC
ROSC
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p=0.003



CPR renaissance:  measuring CPR

Valenzuela et al, Circ 2005      
Wik et al, JAMA 2005
Abella et al, JAMA 2005
Aufderheide et al,Circ 2004



Aufderheide et al, 2004

mean ventilation rate: 30 ±
 

3.2

first group:  37 ± 4               after retraining:  22 ± 3

16 seconds

v      v      v      v      v      v      v     v      v      v

Hyperventilation during EMS resuscitation



Pause before shock
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Possible model underlying these data



Additional rescuer factor:  fatigue

May represent fatiguing



Mean CC rate over consecutive 30 sec segments
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Mean CC depth over consecutive 30 sec segments
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1. Slow compression rates
2. Frequent and lengthy pauses
3. Shallow compressions
4. Hyperventilation

Current CPR quality:  summary



The problem with cardiac arrest



The military solution





 

Code review investigation:

– All residents and students rotating through 
resuscitation team roles

– Debrief teams on their events

– Weekly 30-45 min resuscitation 
debriefing/teaching sessions

Debriefing intervention
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Training effect confirmed by Dine et al. 2008



Another approach: mock codes

Hunt et al, 2007

Simulation on steroids  sudden and unannounced

Little experience or literature for this in ED setting
or adult in-hospital environment



Manual CPR support devices

Mechanical CPR devices

Zoll AED, R series

Philips MRx

Zoll Autopulse

LUCAS

CPR quality technologies



Ong et al, 2006

ROSC 101/499 (20.2%) 96/278 (34.5%)
Admitted 54/485 (11.1%) 58/277 (20.9%)
D/C 14/486 (2.9%) 27/278 (9.7%)

Manual                   Autopulse

Out-of-hospital, Richmond, VA (one site)

Autopulse data



Hallstrom et al, 2006 (ASPIRE)

Out-of-hospital, multicenter RCT – US, Canada

ROSC 92/373 (24.7%) 104/394 (26.4%)

D/C 37/373 (9.9%) 23/394 (5.8%)

Manual                 Autopulse

Autopulse data: RCT



CPR in the workplace

Friday, June 13, 2008

Tim Russert, TV correspondent

Known asymptomatic coronary dz

Suffered AMI  cardiac arrest

Attempted resuscitation (CPR and defibrillation) failed

Unknown CPR quality or pre-shock pause time



CPR in the home

Friday, June 25, 2009

Michael Jackson died at home

Respiratory arrest from drug OD

Attempted resuscitation (CPR and defibrillation) failed

CPR performed in the bed – questionable quality,
pauses in performance?



March 17, 2007

Detailed study by Ken Nagao et al (Japan)
Evaluated “standard” CPR vs cc alone

Important to note: - bystander CPR
- done in 2002-2003
- not randomized
- CPR unmeasured

Full circle: chest compressions alone?

http://en.wikipedia.org/wiki/Image:Japan_Kanto_Region_large.png
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Improving EMS care with “CC only”

Bobrow et al, 2008

Interventions:
1.  Significantly delay intubation
2.  200 compressions before first shock
3.  Minimize pre and post shock pauses

Tripled survival to hospital discharge (3.8%  9.1%)



Improving EMS care with “CC only”

2009

Confirmation of this finding:



The key importance of CPR

2009

Reflected in the poor impact of ACLS meds:

Randomized trial of epinephrine versus no epinephrine
For EMS treated cardiac arrest  NO SURVIVAL BENEFIT!

http://www.google.com/imgres?imgurl=http://www.goodmoney.com/norflag.gif&imgrefurl=http://www.goodmoney.com/norway.htm&h=288&w=475&sz=4&tbnid=MXESPrIWofUxrM:&tbnh=78&tbnw=129&prev=/images%3Fq%3Dnorway%2Bflag&hl=en&usg=__N13G4IS7k1SvgCqXnFjG_7iVgUc=&sa=X&ei=0m5hTIKQFoOClAfG2-H9CQ&ved=0CCkQ9QEwAw


Next guidelines update: 2010

What might change:

1. Increasing emphasis on compression-only
for both bystanders and dispatch-assisted

2. Improved techniques for dispatch assisted:
video-phone?   Simplified protocols?

3. Improved mechanical devices for EMS

Impact on CPR guidelines in future



Why this is so relevant

Critical Care Medicine, 2007

Solutions -- debriefing
simulation training
dedicated teams

Dine et al, 2008: similar survey in US, in progress



Key “take home” points

1.Cardiac arrest is not hopeless!

2.CPR quality has big impact

3.Minimize ventilations

4.Maximize chest compression rate and depth

5.Consider CPR feedback tools and code 
debriefing

6.Use hypothermia after cardiac arrest
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Modern era of hypothermia use

HACA,
2002

Bernard,
2002

Idrissi,
2001
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2006

Retrospective study at one hospital in Switzerland
Cooling intervention with historical controls
Survivors of out-of-hospital arrest (n=109)
Cooling initially via ice bags, then cooling mattress
Target temperature 33oC, maintained for 24 hrs
All post-arrest ST elevations received cardiac cath

Oddo M et al, 2006

Real world usage:  Switzerland



CPC5                               CPC3   CPC2     CPC1
56%                                 19% 12%        14%

CPC 5              .CPC3 CPC2 CPC1
40%                  5%     14%                    42%

Outcome at discharge for out-of-hospital VF arrest

baseline

cooling

Real world usage:  Switzerland



Real world usage: Switzerland

CPC5                  CPC3
89%                 11%

CPC5 CPC1
83%                                   17%

baseline

cooling

Outcome at discharge for out-of-hospital asystole arrest



Real world usage: Switzerland

baseline

cooling

CPC5                  CPC3
79%                 21%

CPC5 CPC2 CPC1
71%                                11% 18%

Outcome at discharge for all rhythms with post-arrest
hypotension and shock



www.med.upenn.edu/resuscitation/Hypothermia.htm

Hypothermia resource website
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