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(CPR)

⍺
• Vasoconstriction 
peripheral vascular 
beds  

• ⬆cerebral & 
myocardial perfusion 
pressures

β
• Accelerate HR
• Improve conduction 
& contraction
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n=8025
• Adult nontraumatic OHCA
• All rhythms
• Ø anaphylaxis/bad asthma

Mean drug dose (SD) 4.9 (2.5)                                            5.1 (2.3)
IO administration – no. (%)                                        1340 (33.4)                             `         1319 (33)
CPR* compression rate/fraction %               106.8 (14.4)/76.2 (11.2)              106.5 (13.3)/78.4 (13) 

*Information about EMS CPR quality 
limited to 1st 5 min of arrest in <5% of 
patients
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Oradj* (95% CI) 3.83 (3.3, 4.43)

ORadj 1.48 (1.1,2)

ORadj 1.19 (0.85,1.68)

ORadj 1.47 (1.09,1.97)

ORadj 1.39 (0.97,2.01)
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*Adjusted for age, sex, call to EMS arrival, EMS arrival to trial agent, arrest cause, witnessed, bystander CPR.

Alive



30 day survival
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30 day survival
(all analyzed as continuous variables)
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“Good” outcome “Bad” outcome

Functional Outcome at Hospital 
Discharge - All Enrolled Patients
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n =32 cardiac arrest
8 VF
4   PEA
20 Asystole

RA, Aortic
catheters

Std dose epi
1 mg (max x 3)

Hi dose epi
0.2 mg/kg x 1

Failed 
Std Tx

1 min 2 min 3 min 4 min 5 min Max

Std dose 
Epi

0.7 ±
6.3

0.5 ±
4.7

-0.7 ±
9

-0.6 ±
7.8

-0.6 ±
7.4

3.7 ±
5

Hi dose 
Epi

3.2 ±
7.6

5.3 ±
8

7.8 ±
10.8

9.1 ±
11.1

7.5 ±
7.8

11.3 
± 10

p 0.052 0.003 0.007 0.001 <0.001 <0.001

2.5 min 5 min 7.5 min

Std dose Epi 152 ± 162 95 ± 98 -

Hi dose Epi 393 ± 289* 368 ± 260* 274 ± 242

Arterial Epinephrine Concentrations (ng/mL)

Mean changes from Baseline Coronary Perfusion Pressures (mm Hg)

*p=0.001 vs std doseParadis NA et al.  JAMA 1991;265:1139-44.

Hi dose epi

p>0.5
(baseline to 5’)

p<0.03
(baseline to 1’; 

p<0.003 
(baseline to 5’)

1 mg dose epi
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ROSC Hospital Admit Survival to Discharge

HDE
SDE

HDE
SDE

Hi Dose Epi (HDE)
Std Dose Epi (SDE)
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Cumulative Epinephrine Dose during CPR (mg)

Good neurologic outcome* ROSC (transient or sustained)

36/36
15/17

18/18

10/12 23/26 8/9
13/16

3/4

4/8

1/1

9/13
10/18

Behringer W et al.  Ann Intern Med 1998;129:450-456

(n=151)
n= 178 observational study witnessed, nontraumatic VF OHCA
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Cumulative Epinephrine Dose during CPR (mg)

Good neurologic outcome* ROSC (transient or sustained)

36/36

27/36

15/17

9/17

18/18

10/18

10/12

4/12

23/26

5/26

8/9
13/16

2/16

3/4

0/4

4/8

0/8

1/1

0/1

9/13

2/13

10/18

* conscious, alert with slight-moderate disability

† p<0.03

† multivariate logistic regression corrected for:  age, sex, body mass, 
bystander CPR, location of arrest, time to BLS/ALS, time to ROSC or death

Behringer W et al.  Ann Intern Med 1998;129:450-456

0/18

4/9

n= 178 observational study witnessed, nontraumatic VF OHCA



Ristagno G et al.  Crit Care Med 2009;37:1408-15

n=20 pigs

Epinephrine may produce increases in large 
vessel perfusion/flow but decrease cerebral 
blood flow, increasing severity of cerebral 
ischemia during CPR and post ROSC

(pre epi or placebo)

Post epi or 
placebo



Traditional Epinephrine Protocol
5/5/2006 – 9/30/2012

1 mg at 4 minutes resuscitation 
 1 mg q 8 min shockable rhythms
 1 mg q 2 min nonshockable rhythms

Low (Half-Dose) Epinephrine Protocol
10/1/2012 –> present

0.5 mg at 4 & 8 minutes resuscitation 
 0.5 mg q 8 min shockable rhythms
 0.5 mg q 2 min nonshockable rhythms

Full dose Epi

Fisk CA et al.  Resuscitation 2018;124:43-8



56.4% vs 54.2%   0.85 (0.60, 1.21)  p =0.364

35.0% vs 34.2%   0.91 (0.62, 1.32)  p =0.606

32.9% vs 30.5%   0.84 (0.57, 1.24)  p =0.377

34.7% vs 35.8%   1.07 (0.87, 1.31)  p =0.527

4.2% vs 5.1%      1.26 (0.79, 2.01)  p =0.33

3.1% vs 3.5%      1.17 (0.68, 2.02)  p =0.577

Fisk CA et al.  Resuscitation 2018;124:43-8

Full vs Low (Half-)Dose Epi Outcomes

*Adj for age, sex, witnessed status, 
bystander CPR, call-to-patient interval; 
& time from ALS to epi 4/2011-12/2015

*



Time-Dependence of Acute 
Cardiovascular Interventions
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Ref 0.91 0.74 0.63
(0.82, 1)            (0.63, 0.88)          (0.52, 0.76)
p= 0.055                p<0.001              p<0.001        

n= 25,095 adults with in-hospital cardiac arrest from asystole or PEA

Donnino MW et al.  BMJ 2014;348:g3028

Interval from cardiac arrest to epinephrine (minutes)

12%

10%

8%

7%

1626 667 180 130

Odds Ratioadj* (95% CI)



Time Interval
*Median (IQR)

Epinephrine
n=4015

Placebo
n=3999

Call to ambulance arrival, min* 6.7 (4.3-9.7) 6.6 (4.2-9.6)
Call to drug, min* 21.5 (16-27.3) 21.1 (16.1-27.4)

On-scene time, min; mean±SD 50.1 ± 21.8 44.5 ± 18.3



Hansen M et al.  Circulation 2018;137:2032-40.

OHCA 2011-2015
•All ages
•All nonshockable rhythms
•Time 1st EMS  epi

Excluded:
•Missing times
•1st epi post re-arrest
•ROSC ≤ 10’ of EMS

Outcome
•1º Survival hospital discharge
•2º Neurological status at DC
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*Adj for gender, age, witnessed status, bystander CPR, initial rhythm, 
911 to EMS, successful vasc access, ETT, location, etiology, ROC site

n (26,755)

Late ≥ 10 min vs early <10 min epi
Survival ↓18% 

OR* (95% CI) 0.82 (0.68, 0.98)

Survival
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Hansen M et al.  Circulation 2018;137:2032-40.



Access Epinephrine
n=4015

Placebo
n=3999

Intravenous (IV) 2739 (68.2%) 2763 (69.1%)
Intraosseous (IO) 1340 (33.4%) 1319 (33%)

Unknown 76 (1.9%) 66 (1.7%)



18.4±6.8 min*16.3±6 min*
*p<0.001

n=1800 EMS-Tx Adults OHCA 2012-2014
Known … 
• Initial rhythm
• Arrest etiology
• Vascular access

Disclaimers
o IV always initial attempt
o IO secondary option
o IO invariably tibial

Feinstein BA et al.  Resuscitation 2017;117:91-6.
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56%

44%

50%

39%

23%

15%

*Adjusted for Utstein data elements related to outcome:  arrest etiology, age, gender, 
initial rhythm, witnessed status,  bystander CPR, arrest location, EMS response interval 

n=1800

1st dose epinephrine

ORadj* 0.67 
(0.5, 0.88) 
p=0.004

ORadj* 0.68 
(0.1, 0.91) 
p=0.009

ORadj* 0.81 
(0.55, 1.21) 

p=0.31

p<0.001 p<0.001

p=0.003
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53%

42%
47%

38%

19%
14%

p=0.004

ORadj* 0.69 
(0.5, 0.95) 

p=0.02

ORadj* 0.72 
(0.52, 1.01) 

p=0.06

ORadj* 0.87 
(0.54, 1.4) 

p=0.56

n=1241 with known access interval

1st dose epinephrine

*Adj for arrest etiology, age, gender, initial rhythm, witnessed, 
bystander CPR, location, IO vs IV, vascular access interval

p=0.01

p=0.07

“These findings suggest 
that the route of vascular 

access may have 
differential physiological 

& clinical effects.”



Kawano T et al.  Ann Emerg Med 2018;71:588-96

IO vs IV as 
1st and only 

vascular 
access



Kawano T et al.  Ann Emerg Med 2018;71:588-96

n= 12,495 n= 660

*Adjusted for age, sex, initial rhythm, witnessed status, bystander CPR, location, AED 
use, time of callEMS, clustering study region



“Information about EMS 
CPR quality was limited 
to first 5 min of arrest in 

<5% of patients …”

CPR Parameter
(1st 5 minutes)

Epinephrine
n=149

Placebo
n=137

Compression rate, mean/min (SD) 106.8 (14.4) 106.5 (13.3)
Compression fraction, mean (SD) 76.2% (11.2) 78.4% (13)



Pytte M et al.  Resuscitation 2006;71:369-78

“We hypothesized that drug delivery & drug effect depend on the quality of CPR.”
17 instrumented pigs
• Aortic, RA pressure
• Central venous O2
• Doppler cortical blood flow

“POOR” CPR  
100 cpm; 30-38 mm depth

Interrupted CC:V = 15:2 (9” pause for ventilation)

“GOOD” CPR
100cpm (50/50 duty cycle); 45 mm depth

Asynchronous Chest Compression + V @12bpm

VF x 4’ “BLS” x 4’ ALS x 14’

Epi 0.02mg/kg IV @ 30” into ALS (AHA std dose)



“Good” CPR “Poor” CPR

Time to Peak Epi: Good vs. Poor CPR
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*

*

Effects of CPR Quality on 
Coronary & Cerebral Perfusion

12.3

*
†

NSD

Prior to epinephrine At peak epinephrine
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Prior to epinephrine At peak epinephrine

Effects of CPR Quality on 
Coronary & Cerebral Perfusion
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Pharmacologic Challenges in 
Cardiac Arrest Resuscitation

Giving the right . . . 
drug
dose
 time
 route
way (HPCPR) 
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