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CPR is important to successful 
defibrillation

• Potential benefits of good CPR
– Oxygenates blood

– Distributes blood more optimally
– Generates fuel the heart desperately needs

– Makes the heart more receptive to a defibrillation shock

• Interruptions to CPR should be minimized
– Heart condition improves with each compression
– Once compressions stop, the heart’s condition degrades fast, reducing 

its ability to recover following a shock
Wik L, et al.  JAMA, 2003, 289;1389-1395
Cobb LA, et al.  JAMA, 1999, 281;1182-1188
Weisfeldt & Becker JAMA, 2002, 288;3035-3038
Yu T, et al.  Circulation, 2002; 106;368-372
Eftestol T, et al. Circulation, 2002, 105;2270-2273

Goals

Describe technical innovations that may 
optimize the interaction between chest 
compressions and defibrillation.

• Determine whether to shock 
or do CPR,

• Determine the quality of 
CPR, and

• Allow rhythm analysis during 
ongoing CPR.

Shock predictive systems

• Issue:
• How long has a patent been in cardiac arrest
• Ischemic arrest is harder to convert
• When to stop doing CPR

• Potential Benefits:
• Manage first and subsequent shock sequence
• Delivier appropriate therapy whether arrest 

induction is ischemic or electrical
• Assess quality of delivered CPR

Shock first?

2000 Guideline: “Shock first / shock fast” 
–“The most important determinant of survival in adult ventricular fibrillation 
is rapid defibrillation: rescuer must "give shocks as soon as a defibrillator 
is available.”

14 Shock 
Responders

36 Shock 
Non-

responders

Net ROSC

14/50 = 29%

2 Mins*

*Time from arrival to first shock Part 6: Advanced Cardiovascular Life Support 
Section 2: Defibrillation Circulation
2000;102[Suppl I]:I-90 - I-94)

…or do CPR first

2005 Guideline: “CPR before a shock” 
• A 1- to 3-minute period of CPR before attempting defibrillation may 

be considered in adults with out-of-hospital VF or pulseless VT and 
EMS response (call to arrival) intervals >4 to 5 minutes

*Time from arrival to first shock

14 Shock 
Responders

36 Shock 
Non-

responders

Net ROSC

(10+11)/50 = 
42%

4 Mins*
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Or a combination?
Ideal Solution: Prompt the user to deliver a defibrillation shock 

first if the likelihood of success is high, or to perform CPR 
and then deliver a shock if the likelihood is low

14 Shock 
Responders

36 Shock 
Non-

responders

Net ROSC

25/50 = 50%

2 Mins*
Defib (ROSC)

14/14

Add’l ROSC

11/36 (30%)

4 Mins*

*Time from arrival to first shock

Ventricular Fibrillation

Coarse VF :  >0.2 mV peak to peak amplitude

Fine VF:  >0.08 AND <0.19 mV peak to peak amplitude

Early

Late

Evolution over time ECG Frequency and amplitude
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• Dr. Clif Callaway / Jim Menegazzi: Scaling Exp and Ang Vel 

• Dr. Max Weil: AMSA (Amplitude Spectrum Analysis) 

• Dr. Larry Sherman: LAC  (Autocorrelation)

• Dr. Peter Steen / T Eftestøl (Norway): Amplitude and Frequency

• Dr. Anton Amann (Austria):

Non-linear analysis

• Dr. Paul Addison (Scotland): 

Wavelets (Time / Frequency)

Analysis Alternatives
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June 10, 2009
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Blue “X”
Indicates  
minimum 
performance 
threshold 

Sensitivity 95 % 

Specificity 70 %

“ROC curve”,
Summarizes 
performance 
above the 
diagonal 
“chance” 
line.

Competitive Analysis Results
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Prospective trial design

Per 100 
SCD 
Cases

Test

Not VF – Do 
not enroll

Standard therapy

40 Pts.

60 Pts.
VF - Randomize

30 Pts.

30 Pts. (9 
shock 
success + 21 
shock fail)

VF?

ROSC-CControl

ROSC-T

ROSC-O

Algorithm

Defibrillate

Defibrillate

Other Therapy

9/30 Pts. 

20 Pts. 
(9 (95% of shock 
success) + 11 
(55% of shock 
fail))

10 Pts.
(0 (5% of 
shock success)  
+ 10 (45% of 
shock fail))

9/20 Pts.

4/10 Pts. 

Overall
13/30 Pts. = 
44% Success

Overall
9/30 Pts. = 
29% Success

Guidelines 2005

Retrospective analyses of the VF waveform in clinical and animal
studies and theoretical models suggest that it is possible to predict 
with varying reliability the success of defibrillation from the fibrillation 
waveform. No studies specifically evaluated whether treatment can 
be altered by the prediction of defibrillation success to improve 
survival from cardiac arrest.

Circulation. 2005;112:III-17-III-24

Waiting for worksheet for 2010 Guidelines.

Assessing quality of CPR

• Issue:
• Awareness that CPR quality is highly variable, and 

that CPR quality may have some influence on 
outcome.

• Potential Benefits:
• Ensuring CPR is performed as close to the 

Guidelines estimate of the "ideal" as possible
• Avoiding clearly detrimental CPR habits
• Improving CPR skills

Proposed mechanisms for giving rescuer feedback:
1. Rate metronome that beeps at the target rate, or that 

alerts at < 80 cpm

2. A depth prompt that alerts if depth falls below 1.5”.

3. A CPR waveform that can be displayed on the screen

4. An idle time indicator that measures the interval since 
the last compression

Philips Q-CPR and Zoll 
“CPR puck” each contain 

an accelerometer that 
measures depth and rate 

of compressions (could 
be a glove or pad)

CPR Feedback methods

5. Visual display of warnings 
when therapy falls out of 
recommended ranges.

6. Post-event feedback.

Yeung J, et al. The use of CPR
feedback/prompt devices during 
training and CPR performance: A 
systematic review.

Resuscitation (2009: in press)

Accelerometer-based methods

Integrate and filter 
the accelerometer 

output to get 
displacement.

Scale and 
subtract 

displacement to 
filter the ECG.

Malanga (2008)  Zoll Medical

Reporting performance

See-Thru-CPR: Reference CPR 
signal allows visualization (but not 
ECG interpretation)

Reporting of key statistics.
• Mean rate / depth
• % hands-on time

• % correct compressions 
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Impedance-based methods

Stecher Resuscitation (2008) 79, 432—437

The impedance signal used to 
adjust the charge voltage on the 
capacitor (DC) may also detect 

motion artifact (AC).

Reporting performance

Physo-
Control –
CodeStat 
Suite 7.0

Accuracy of Performance 
Reporting

Stickney (2005) AHA poster 1631

Expert vs audible 
gold standard.

Algorithm vs audible 
gold standard.

Algorithm vs expert 
gold standard.

105 cases

117 cases

Further possibilities…

Stecher Resuscitation (2008) 79, 432—437

Also may detect 
ventilations or 

ROS, potential for 
a fully self-

documenting 
device 

Removal of CPR artifact

• Issue:
• CPR artifact obscures the ECG waveform.
• Forces pauses in CPR to do rhythm analysis.

• Potential Benefits:
• Minimizes “hands-off” time to get a clear ECG
• Continuous waveform visualization
• Allow continuous waveform assessment 

– When to shock, when to continue CPR?

Prototype Algorithm

Wavelet-based technique to enhance ECG quality:
• Assesses signal noise level 

• Signals too noisy to analyze during CPR:
– User is prompted to pause CPR for a clean “hands-off” analysis 

– the current standard of care

• Remaining signals are:
– Filtered with a proprietary algorithm to remove compression 

artifact
– Analyzed to make a shock/no shock decision during CPR

May be further improved by taking movement 
information into account.
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Benchmark Database

• 162 electronic records from LIFEPAK 12 defibrillators
– Prehospital cardiac arrest
– Continuous ECG recordings collected through adhesive defibrillation 

pads
– Data from 3 EMS systems post implementation of 2005 guidelines

• 1045 segments with CPR artifact were analyzed
– Shockable:   272 coarse ventricular fibrillation

– Non-Shockable:
• 261 asystole; 9 normal sinus rhythm; 81 non-shockable tachycardia

• 422 “other” QRS (e.g. bradycardia, PEA, etc)

Artifact Amplitude
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AED: No shk
ADC: No shk

AED: Shock
ADC: No shk

Clean Segment

Same Rhythm During CPR

Paired analysis results

AED: Shock
ADC: Shock

AED: No shk
ADC: Shock

Clean Segment

Same Rhythm During CPR

Paired analysis results

Analysis accuracy for CPR 
vs. Pause

Applicable Standards

• AAMI/ANSI DF80 requirements in the absence 
of artifacts:

– 90% sensitivity for coarse VF 
– 95% specificity

• AHA recommendations1:
– 90% coarse VF sensitivity 
– 99% specificity for NSR
– 95% specificity for other non-shockable rhythms

(ADC: 97%)

(ADC: 100%)

(ADC: 96%)

�P�H�H�W�V���$�+�$�������$�$�0�,���D�F�F�X�U�D�F�\�� �V�W�D�Q�G�D�U�G�V

�7�K�H���I�L�U�V�W���W�R���P�H�H�W���$�+�$�������$�$�0�,���D�F�F�X�U�D�F�\���V�W�D�Q�G�D�U�G�V����



10-6-2009

6

Conclusions

• During ongoing chest compressions, ADC
– Exceeds AAMI/ANSI & AHA standards for:

• Coarse VF sensitivity 
• Specificity for non-shockable rhythms

– Provides accuracy similar to traditional AED analysis during 
hands-off pauses

• Eliminates 90% of analysis pauses
• Incorporation into an AED can eliminate many pauses in 

chest compressions and may improve survival

Summary

Describe technical innovations that may 
optimize the interaction between chest 
compressions and defibrillation.

• Determine whether to shock 
or do CPR,

• Determine the quality of 
CPR, and

• Allow rhythm analysis during 
ongoing CPR.

Questions


