


Therapeutic hypothermia     
Transcutaneous pacing
Sodium bicarbonate Rx 

Calcium, Magnesium
Fluids and Pressors
Antiarrhythmic Rx
Epi/Vasopressin
O2/intubation

Shock
CPR

Resuscitation Arsenal



0

20

40

60

80

100

0 1 2 3 4 5 6 7 8 9
Time from collapse to defibrillation (min)

%
 S

ur
vi

va
l

With CPR

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

Estimated Survival to Hospital Discharge
After Witnessed VF Cardiac Arrest
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Neumar RW.  Ann Emerg Med 1991;20:222-9
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“Successful resuscitation from VF dependent on
 Success defibrillation
 Adequate post-shock myocardial function (ATP)”

Adenosine Nucleotide Concentrations During VF 

n = 10 swine (~10 samples/time period)



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

Changes in VF Waveform With and 
Without 3 Minutes of Pre-shock CPR
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Stephenson HE.  Ann Surg 1953;137:731-42
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Decompression (recoil)
• Decreased intrathoracic pressure
• Refilling of heart and lungs
• “Good” recoil → ↑vacuum →
↑refilling → ↑forward output

Components of CPR
Compression
• Increased intrathoracic pressure
• Ejects blood from heart and lungs
• “Good” compression increases 

forward output and BP



Decompression
(“diastole”)

Criley JM et al.  Circulation 1986;74(IV):42-50 (modified).
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Hemodynamics of CPR
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Decompression
(“diastole”)

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

RT ATRIUM

Aorta

Organ perfusion

LEFT VENTRICLE

Heart + organ perfusion

EXTRATHORAIC VEINS (IJ)

60

40

0

mm Hg

Ao

IJ

Hemodynamics of CPR

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=67rSL7VOiowHVM&tbnid=6YXq-c_to9xuTM:&ved=0CAUQjRw&url=http://www.webmd.com/heart/picture-of-the-heart&ei=--XPU5W1EoS5igLW1IDoAw&bvm=bv.71667212,d.cGE&psig=AFQjCNFbtMR4iTt_QnllUAQyWELiF_0ZGA&ust=1406219892522944
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=67rSL7VOiowHVM&tbnid=6YXq-c_to9xuTM:&ved=0CAUQjRw&url=http://www.webmd.com/heart/picture-of-the-heart&ei=--XPU5W1EoS5igLW1IDoAw&bvm=bv.71667212,d.cGE&psig=AFQjCNFbtMR4iTt_QnllUAQyWELiF_0ZGA&ust=1406219892522944


Meaney PA.  Circulation  2013;128:417-35

4 Metrics of High Performance CPR
• Optimize chest compression rate:  100-120 cpm
• Sufficient compression depth:  ≥ 50 mm (2”)
• Minimize interruptions:  chest compression fraction >80%
• Promote full chest recoil:  no leaning



Adjusted Survival to Hospital Discharge*
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• 6399 adults out-of-hospital cardiac arrest 
• ≥5 min electronic chest compression rate recordings

Idris AH.  Circulation 2012;125:3004-12 (n=3098) ROC Epistry †Idris AH. Crit Care Med 2014 DOI: 10.1097/CCM.0000000000000824 (n=6399) ROC PRIMED

*Adj for chest compression fx, depth



Stiell IG et al.  Circulation 2014;130:1962-70

• 9136 adults out-of-hospital cardiac arrest (all rhythms)
• ≥10 min electronic chest compression depth recordings
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Per ↑5 mm depth  ~5% ↑outcome
↑ROSC      ~6% (OR 1.06 (1.04,1.08) p<0.001)
↑Survival ~4% (OR 1.04 (1.0,   1.08) p=0.045)
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4 Metrics of High Performance CPR
• Optimize chest compression rate:  100-120 cpm
• Sufficient compression depth:  ≥ 50 mm (2”)
• Minimize interruptions:  chest compression fraction >80%
• Promote full chest recoil:  no leaning



CPR “systole”

Paused CPR

Aorta 

RA 

CPR “diastole”

3 secs16 secs

30 compressions

The Price of CPR Pauses



CPR Pauses and Survival
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Maximum Pre-Shock Pause in Chest Compressions (secs)

35%

25%

p=0.02
↓29%

• n = 815 VF arrests
• n = 3756 shocks

Cheskes S et al.  Circulation 2011;124:58-66
*Adjusted multivariable logistic regression model for age, sex, public location, 
witness status, bystander CPR, time from 911 dispatch to 1st vehicle arrival
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↓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
*Adjusted multivariable logistic regression model for age, sex, public location, 
witness status, bystander CPR, time from 911 dispatch to 1st vehicle arrival
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4 Metrics of High Performance CPR
• Optimize chest compression rate:  100-120 cpm
• Sufficient compression depth:  ≥ 50 mm (2”)
• Minimize interruptions:  chest compression fraction >80%
• Promote full chest recoil:  no leaning



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

Components of CPR



Fried DA.  Resuscitation 2011;82:1019-24
Aufderheide TP.  Resuscitation 2005;64:353-62

+20

-20

0

Intrathoracic
pressure (mmHg)

Breath

Chest
Compressions

Recoil (negative pressure)



Fried DA.  Resuscitation 2011;82:1019-24
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“Lean” (no recoil)

Breath

Chest
Compressions

Aufderheide TP.  Resuscitation 2005;64:353-62

• n= 108 hospital 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



Decompression
(“diastole”)

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

Compression
(“systole”)
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Hemodynamics of CPR



Yannopoulos D et al.  Resuscitation 2005;64:363-72

*Standard CPR = CC @100/min, 50% duty cycle, 5 cm depth, full (100%) recoil, 15:2 ratio

n=9 instrumented swine 

• 6 minutes untreated VF → Standard CPR* x 3 min
→ CPR with 75% recoil x 1 min (residual 1.2 cm sternal 
compression @ end decompression) 

→ Standard CPR* x 1 min → Defib x 3 → ACLS
• Measure coronary, 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’ 

* †

*†

*

*†

*
*

*

↓33%

↓53%

Effect of Incomplete Chest Decompression 
On Coronary and Cerebral Perfusion Pressures
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4 Metrics of High Performance CPR
• Optimize chest compression rate:  100-120 cpm
• Sufficient compression depth:  ≥ 50 mm (2”)
• Minimize interruptions:  chest compression fraction >80%
• Promote full chest recoil:  no leaning
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