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Therapeutic hypothermia     

Transcutaneous pacing
Sodium bicarbonate Rx 
Calcium, Magnesium
Fluids and Pressors
Antiarrhythmic Rx
Epi/Vasopressin
O2/intubation

Shock
CPR

What Saves Lives in Resuscitation?
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Link MS.  CPR Guidelines Circulation 2010;122:S706-19
Christenson J Chest Compression Fraction Determines Survival Circulation 2009;120:1241-7
Stiell IG Chest Compression Depth during Resuscitation Crit Care Med 2012;40:1-7
Idris AH Chest Compression Rates and Outcomes  Circulation 2012;125:3004-12



Adenosine Nucleotide Concentrations During VF 

n = 10 swine (~10 samples/time period)
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Neumar RW.  Ann Emerg Med 1991;20:222-9



Berg RA.  Ann Emerg Med 2002;40:563-70

CPR Makes It Easier to Defibrillate Successfully

MF = VF median frequency in Hz; AMP = VF amplitude in mV

VF at 10 min

(No CPR)

n= 32 swine

0/10 5/10 (50%, p<0.05)

ROSC after  1st set of 1-3 shocks

UnTx VF
x 10’

No Pre-shock CPR

3’ Pre-shock CPR
R







Kouwenhoven WB.  JAMA 1960;173:1064-7



Compression Relaxation

Thoracic Pump Mechanism of CPR

Niemann JT Circulation 1981;64:985-91 Werner JA.  Circulation 1981;64:1417-21; Crit Care Med 1981;9:375-6 Rudikoff MT,  Circulation 1980;61:345-52



Compression

• Increased intrathoracic pressure

• Ejects blood from heart and lungs

• “Good” compression increases 

forward output and BP

Decompression (recoil)

• Decreased intrathoracic pressure

• Refilling of heart and lungs

• “Good” recoil  vacuum 

refilling  forward output



Decompression
(“diastole”)

Criley JM et al.  Circulation 1986;74(IV):42-50 (modified).

Compression
(“systole”)

Why recoil is Important

RT ATRIUM

Aorta

Organ perfusion

LEFT VENTRICLE

Heart + organ perfusion

EXTRATHORAIC VEINS (IJ)

60

40

0

mm Hg



Meaney PA.  Circulation  2013;128:417-35

4 Metrics of High Performance CPR
• Optimize chest compression rate:  100-120 cpm

• Maximize compression depth:  ≥ 50 mm (2”)

• Minimize interruptions:  chest compression fraction >80%

• Promote full chest recoil:  no leaning



Stiell IG.  Crit Care Med 2012;DOI:10.1097/CCM.0b013e31823bc8bbIdris AH.  Circulation 2012;125:3004-12

• 3098 adults out-of-hospital 
cardiac arrest

•≥5 min electronic chest 
compression rate recordings

• 1029 adults out-of-hospital 
cardiac arrest

•≥5 min electronic chest 
compression depth recordings

~2”

Survival to Hospital Discharge



Christenson J.  Circulation 2009;120:1241-7

ORadj 2.27
(0.92-5.57)

ORadj 2.39
(1.06-5.40)

ORadj 3.01
(1.37-6.58) ORadj 2.33

(0.96-5.63)

*Interruption= any pause > 2-3 sec

(ORadj: age, sex, arrest location, bystander witnessed, bystander CPR, EMS response time, EMS site, chest compression rate, chest compression fraction category)
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Reference

n=506 VF patients

Proportion of time with active chest compressions before 1st shock (CPR fraction)*

↑10% ∆CPR fraction → ↑ORadj survival 

1.11 (1.01,1.21) 

Pauses are BAD!
Effect of CPR Fraction on Survival in VF Arrest

12%

23%

25%
29%

CPR Fraction =  % of time a pulseless patient 
receives chest compressions (goal >80%) 

↑10% ∆CPR fraction → 
↑ORadj survival 1.11 

(1.01,1.21) 

% CPR



Actual Quality of CPR During Out-of-
Hospital Cardiac Arrest
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Wik L et al  JAMA 2005;293:299-304

n=176

Vs AHA Guidelines
chest compression

100 ± 10/min

Vs AHA Guidelines
compression depth

~52 mm (2”)
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*Average # compressions given per minute vs instantaneous rate at which 
compressions, when given, were administered (120  20)

*

51%


21

52%


18

†

~80-90%
@ 30:2

100% ETT

† % time with active chest compressions in 
absence of spontaneous circulation



CPR “systole”

Paused CPR

Aorta 

RA 

CPR “diastole”

3 secs16 secs

30 compressions

The Price of CPR Pauses
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Maximum Pre-Shock Pause in Chest Compressions (secs)

35%%

25%

↓18% survival per
↑5 sec preshock pause*

OR 0.82 (0.73, 0.93)/↑5 sec

p=0.02
↓29%

• n = 815 VF arrests
• n = 3756 shocks

Cheskes S et al.  Circulation 2011;124:58-66

Pre-Shock Pauses and Cardiac Arrest Survival

*Adjusted multivariable logistic regression model for age, sex, public location, 
witness status, bystander CPR, and time from 9–1-1 dispatch to first vehicle arrival



Compression

• Increased intrathoracic pressure

• Ejects blood from heart and lungs

• “Good” compression increases 

forward output and BP

• Organ perfusion

Decompression (recoil)

• Decreased intrathoracic pressure

• Refilling of heart and lungs

• “Good” recoil  vacuum 

refilling  forward output

• Coronary perfusion



Aufderheide TP.  Resuscitation 2005;64:353-62

Recoil (neg. intrathoracic pressure)

“Lean” (no recoil)

• n= 108 cardiac arrests 

• 112,569 chest compressions (CC)

• CPR-sensing defibrillator

• “Leaning” = ~ 5 lbs residual force

 Seen in 91% resuscitations 

 Affected >20% of CC in ~20% pts

Fried DA.  Resuscitation 2011;82:1019-24
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Effect of Incomplete Chest Decompression 
On Coronary and Cerebral Perfusion Pressures

†(MAP – mean ICP pressure)*(Ao Diastolic-RAP)

p<0.05

p<0.05
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Yannopoulos D et al.  Resuscitation 2005;64:363-72; Paradis et al JAMA 1990;263:3257-8

n=9 instrumented swine  std CPR (100% recoil) x 3’  CPR (75% recoil) x 1’  std CPR (100% recoil) 

* †

*†

*

†

*†

*
*

*

↓33%

↓53%



CPR Quality starts to decline within 2 mins

Comparison of CPR quality and rescuer fatigue_Shin et al SJTREM 2014



Is this Overkill?



Quality CPR?



What about Mechanical CPR?



Interruptions 
to CPR during 

device 
deployment



No Flow Time for 1st 5 mins of 
resuscitation (Mechanical CPR)



Meaney PA.  Circulation  2013;128:417-35

4 Metrics of High Performance CPR
• Optimize chest compression rate:  100-120 cpm

• Maximize compression depth:  ≥ 50 mm (2”)

• Minimize interruptions:  chest compression fraction >80%

• Promote full chest recoil:  no leaning
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