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

Shock
CPR

Resuscitation Arsenal



1994-96 Standing Orders
“The designated CPR person will 
begin chest compressions 
immediately…for 90 seconds…”

1990-93 Standing Orders
“Application of the AED is to 
have the highest priority in 
treating …”



“Shock first” “CPR first”

142/478

29.7
24.3

155/639

CPR Prior to Shock
Out-of-hospital VF Analysis of Survival n=1117

Cobb LA et al. JAMA 1999;281:1182-88

p=0.04

22% improved survival22% improved survival



Adenosine Nucleotide Concentrations During VF 

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



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

32 swine
UnTx VF

x 10’

No Pre-shock CPR (n=10)

3’ Pre-shock CPR (n=10)

3’ Pre-shock CPR + epi (n=12)

RContinuous
ECG

ShockECG



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

Changes in VF Waveform With and 
Without 3 Minutes of Pre-shock CPR

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

VF at 10 min
(No CPR)



Berg RA.  Ann Emerg Med 2002;40:563-70 † VF median frequency by fast Fourier transformation

Changes in VF Median Frequency With/Without 
Pre-shock CPR and Shock Outcome

†

†

(mean*)

(mean)

* p<0.001
after 1st set of shocks

Added CPR

‡

‡ p<0.01 vs 10 and 11 minutes of VF  

∫

∫ p<0.001 vs 10, 11 and 12 minutes of VF



Kouwenhoven WB.  JAMA 1960;173:1064-7



Guy
Knickerbocker

William 
Kouwenhoven

James Jude CompressionRelaxation

Observation

• Brief ↑arterial BP when heavy 
defibrillation electrode applied to chest 
wall 

Explanation

• Heart sits in confined space (sternum, 
spine, pericardium)

• CC  Heart compressed between 
sternum & spine  blood ejected 

• Relaxation  heart refilling
Kouwenhoven WB.  JAMA 1960;173:1064-7

Heart Pump Mechanism of CPR



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”)

Hemodynamics of CPR

RT ATRIUM

Aorta

Organ perfusion

LEFT VENTRICLE

Heart + organ perfusion

EXTRATHORAIC VEINS (IJ)

60

40

0

mm Hg



“The adult sternum should be depressed at least 
2 inches (5 cm) with chest compression and 
chest recoil/relaxation times approximately 

equal (…duty cycle of 50%) … at a rate of at least 
100 compressions/minute.”  

Berg RA et al.  Circulation 2010; 122 (suppl):  S685-S705



Fitzgerald KR.  Am J Physiol 1981;141:H442-8.

Instrumented dogs

Measure 
• Chest displacement* 
• Cardiac output**
• Stroke volume
• Blood pressure

**Normalized to 60/min; 50/50 duty cycle

Thumper to 
randomly 
targeted 

compression 
rates & duty 

cycles; 
intrathoracic

pressures

VF

5 cm

Babbs CF.  Ann Emerg Med 1983;17:527-532.

*Normalized to 5 cm chest displacement



Yannopoulos D  Cric Care Med 2006;34:1444-49

Increasing C:V ratio to 30:2 . . .

• Increased CO 35%

• Doubled common carotid artery blood flow

• No negative effects on oxygenation/pH balance

• No worsening of CPR quality

• No difference in rescuer fatigue or discomfort  
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CorPP*

Saving the Heart:  CPP and ROSC in Human CPR

Paradis NA., et al.  JAMA 1990;263:1106-1113

*CorPP = Aorta – RA pressure gradient during relaxation (diastolic) phase of precordial compression

15-19

0-14

20-24

25-39

40-45

36%

57%
50%

100%

80%

0%

ROSC (n=24)
CorPP 25.6±7.7 mm Hg

No ROSC (n=76)
CorPP 8.4±10 mm Hg

n=100 patients with 
cardiac arrest

55+ (normal)
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CPR “systole”

Paused CPR

Aorta 

RA 

CPR “diastole”

3 secs16 secs

30 compressions

The Price of CPR Pauses



• Ventilation
• Defibrillation
• Intubation
• Line placement (central)
• Chaos

Causes of CPR Pauses



2 breaths30 cc @ 100 cc/min Rhythm/vitals analysis/shock
~10 secs

Aorta

Rt Atrium

150 compressions (90 secs)/2 min
Avg compression rate = 75/min

CPR fraction* = 90 secs/120 secs (75%)

150 compressions (90 secs) /~130 secs
Avg compression rate = 69/min

CPR fraction = 90 secs/130 secs (69%) *Proportion of resuscitation time devoted to chest 
compressions in absence of spontaneous circulation



Asynchronous  1 breath/10 cc200 cc @100/min Rhythm/vitals analysis/shock
~7 secs

Aorta

Rt Atrium

200 compressions (120 secs)/2 min
Avg compression rate = 100/min

CPR fraction* = 120 secs/120 secs (100%)

200 compressions (120 secs)/~127 secs
Avg compression rate = 94/min

CPR fraction = 120 secs/127 secs (94%) *Proportion of resuscitation time devoted to chest 
compressions in absence of spontaneous circulation



Aorta

Rt Atrium

2 breaths @ 1/sec
30 cc @ 100/min Rhythm/vitals analysis/shock

~15 secs

Unexplained pause 5 cc @ 100/min

125 compressions (75 secs)/2 min
Avg compression rate = 62/min

CPR fraction* = 75 secs/120 secs (62%)

125 compressions (75 secs)/~135 secs
Avg compression rate = 55/min

CPR fraction = 75 secs/135 secs (55%) *Proportion of resuscitation time devoted to chest 
compressions in absence of spontaneous circulation



8 sec

16 sec



Yu T et al.  Circulation 2002;106:368-372

• 20 instrumented swine
• 7 minutes of unsupported VF

CPR + AED

“Hands-off” interval prior to each shock
(mimicking analysis and charge interval of AEDs (10-19secs))

3 secs 10 secs 15 secs 20 secs



Yu T et al.  Circulation 2002;106:368-372

Effect of Interrupted Precordial Compression 
on Resuscitation Outcome 

100%

80%

40%

0

Successfully Resuscitated

Seconds of Interrupted CPR
n=5 per group

p<0.05 p<0.01

p<0.05



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

10” 2.3”

12.3”

• n = 815 VF arrest
• 1st-11 shocks
• 3756 shocks analyzed
• Longest pre, post,             
peri-shock pauses 
• Survival outcome



Cheskes S et al.  Circulation 2011;124:58-66
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p= 0.01

p= 0.02
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0.47 
(0.27, 0.82)
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OR OR

p= 0.06



Wik L et al  JAMA 2005;293:299-304

• n=176 adults with out-of-hospital cardiac arrest
• Automated resuscitation monitoring

– Compression rate, depth, “hands off” time
– Ventilation rate
– ECG
– Events



Quality of CPR During Out-of-
Hospital Cardiac Arrest

0

20

40

60

80

100

120

Chest compressions/min CC Depth (mm) No Flow Ratio (%)

1st 5 minutes of CPR Entire Episode of CPR

Wik L et al  JAMA 2005;293:299-304

n=176

Vs AHA Guidelines
chest compression

100 10/min
(75 @ 30:2)

Vs AHA Guidelines
compression depth

~52 mm (2”)

60
±

25

64
±

23 35
±

10

34
±
9

*Average # compressions given per minute vs instantaneous rate at which 
compressions, when given, were administered (120 ± 20)

*

49%
±
21

48%
±
18

† % time without spontaneous circulation or 
chest compressions

†

~25-30%
@ 30:2



Abella BS et al.  Circulation 2005;111:428-434.

*ROSC = detectable 
pulse and perfusing 
rhythm for ≥ 5 min

Impact of Chest Compression Rate on Outcome

mean rate 90 ± 17 p= 0.0033

ROSC No ROSC
mean rate 79 ± 18

58% 42%Quartile 3 (n=24)
72.4-87.1 cpm

* p < 0.0083

42% 58%
Quartile 4 (n=24)
40.3-72 cpm *

76% 24%
Quartile 2 (n=25)
87.1-94.8 cpm

*

75% 25%
Quartile 1 (n=24)
95.5-138.7 cpm

*

n= 97 patients in-hospital cardiac arrest



Compression

• Increased intrathoracic pressure

• Ejects blood from heart and lungs

• “Good” compression increases 
forward output and BP

• Tissue perfusion

Decompression (recoil)

• Decreased intrathoracic pressure

• Refilling of heart and lungs
• “Good” recoil → ↑vacuum →
↑refilling → ↑forward output

• Coronary and tissue perfusion



Decompression
(“diastole”)

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

Compression
(“systole”)

Hemodynamics of CPR

Aorta

Organ perfusion

60

40

0

mm Hg

RT ATRIUM

LEFT VENTRICLE EXTRATHORAIC VEINS (IJ)

Heart + organ perfusion

RT ATRIUM

↑ICP

↓CPP



• n=9 instrumented swine 

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

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



Effect of Incomplete Chest Decompression 
On Coronary and Cerebral Perfusion Pressures

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

p<0.05

p<0.05

m
m

 H
g

% Chest recoil

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’

* †

Critical pressure for ROSC (15 mm Hg)

*†

*

†

*†

*
*

*



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

“The striking observation [was] that there 
was little or no immediate recovery of … 

coronary and cerebral perfusion pressures 
after returning to 100% decompression. 

[This] further demonstrates how important 
complete chest recoil is for effective CPR 

and how, even 1 minute of improper chest 
wall expansion, negatively influences these 

…variables.”



Fried DA.  Resuscitation 2011;82:1019-24

• n= 108 in-hospital cardiac arrests 5/07-2/09
• Resuscitation performance evaluated with CPR-
sensing/recording capable defibrillator (MRx-QCPR)
• 112,569 chest compressions analyzed
• “Leaning” = residual force ≥ 2.5 kg (~1 lb) between 
compressions (10%)

Compression

Release



Fried DA.  Resuscitation 2011;82:1019-24

Lean (incomplete release) . . . 
• Observed in most (91%) resuscitations 

– Seen >20% compressions in ~1 in 5 patients

• Not associated with CC depth, body mass, age, 
time of day; more common in men

• Frequency did not change over duration of 
resuscitation
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