
 
 
 
 

AGENDA 
 

ICEMA 
MEDICAL ADVISORY COMMITTEE 

 
April 23, 2015 

 
1300 

 
Purpose:  Information Sharing 

Meeting Facilitator:  Phong Nguyen 

Timekeeper:  Danielle Ogaz  

Record Keeper:  Danielle Ogaz 

AGENDA ITEM PERSON(S) DISCUSSION/ACTION TIME 
I. Welcome/Introductions Phong Nguyen   1300 - 1301 
II. Approval of Minutes All Discussion 1301 - 1303 
III. Discussion/Action Items   1303 - 1330 
 A. Standing EMS System Updates    
 1. Review of Action Items 

2. Trauma Program 
3. STEMI Program: STEMI Data 

• Chest Pain Society 
Accreditation 

4. Stroke Program: Stroke Data 
5. CQI Report Update 

• Core Measures 
6. SAC Update  
7. Literature Review 

• ACEP - Minus the 
Neurologists Tempers its 
tPA Policy  

• Intravenous Drug 
Administration During Out-
of-Hospital Cardiac Arrest 

• Prehospital Epinephrine Use 
and Survival Among 
Patients With Out-of-
Hospital Cardiac Arrest 

8. Case Review 

1.  Phong Nguyen 
2.  Chris Yoshida-McMath 
3.  Chris Yoshida-McMath 
 
 
4.  Chris Yoshida-McMath 
5.  Phong Nguyen 

• Ron Holk 
6.  Phone Nguyen 
7.  Reza Vaezazizi  
 
 
 
 
 
 
 
 
 
 
8.  Reza Vaezazizi 

1.  Discussion/Action 
2.  Discussion 
3.  Discussion 
 
 
4.  Discussion 
5.  Discussion 
6.  Discussion 
7.  Discussion  
 
 
 
 
 
 
 
 
 
 
 
8.  Discussion 

 

 B. EMS Trends   1330 - 1340 
 1. TXA Study Update 

 
2. Paramedicine Step I Research 

Update 

1.  Reza Vaezazizi/Michael 
 Neeki 
2.  Michael Neeki 
 

1.  Discussion 
 
2.  Discussion 
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3. Cardiac Arrest Survival 
Enhancement Project 
(CARES/ART) 

3.  Reza Vaezazizi 3.  Discussion  

 C. MAC Confidential Case Reviews  Reza Vaezazizi Discussion 1340 - 1350 
 D. Fentanyl/Narcan (Pediatric Dosing) Chris Yoshida-McMath Discussion 1350 - 1405 
 E. Pediatric Medication Dosing Reza Vaezazizi Discussion 1405 - 1420 
 F. Appropriate Use of Oxygen  Kevin Parkes  Discussion  1420 - 1430 
 G. EZ-IO Reza Vaezazizi Discussion/Action  1430 - 1440 
 H. Protocol Change Education  Reza Vaezazizi  Discussion  1440 - 1450 
V. Public Comment All Discussion 1450 - 1455 
VI. Round Table/Announcements All Discussion 1455 - 1457 
VII. Future Agenda Items All Discussion 1457 - 1458 
VIII. Next Meeting Date:  June 25, 2015 All Discussion 1458 - 1459 
IX. Adjournment Phong Nguyen  Action 1459 - 1450 
 



 
 
 
 
 
 
 

MINUTES 
 

MEDICAL ADVISORY COMMITTEE 
 

February 26, 2015 
 

1300 to 1500 
 

AGENDA ITEM DISCUSSION/FOLLOW UP RESPONSIBLE PERSON(S)   
I. WELCOME/INTRODUCTIONS Meeting called to order at 1310. Phong Nguyen  
II. APPROVAL OF MINUTES The December 18, 2014, minutes were 

approved.  
 
Motion to approve.  
MSC: Michael Neeki/Susie Moss  
APPROVED 
Ayes:  Debbie Bervel, Lance Brown,  

Sam Chua, Michael Guirguis,  
Jeff Grange, Susie Moss,  
Michael Neeki, Phong Nguyen,  
Leslie Parham, Kevin Parkes,  
Stephen Patterson, Joy Peters,  
Joe Powell, Aaron Rubin,  
Todd Sallenbach, Joanna Yang 

 

III. DISCUSSION ITEMS   
 A. Standing EMS System Updates   
 1. Review of Action Items Action items incorporated into the agenda. Phong Nguyen 
 2. Trauma Program There have been no changes to the 

demographic reports.  
 
TSAC/TAC reviewed proposed changes to the 
Trauma Triage Criteria.  The purpose of the 
change is to align with the CDC/MMWR 
recommendations from 2011.  
 
TSAC/TAC will now be discussing burn 
issues. 
 
Next TSAC/TAC meeting is May 13, 2015, at 
ICEMA.   

Chris Yoshida-McMath 

 3. STEMI Program: STEMI 
Data 

ICEMA is continuing to monitor physician 
attendance at the STEMI meeting.  
 
ICEMA will be requiring the Society for Chest 
Pain Centers Accreditation for all STEMI 

Chris Yoshida-McMath 
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Receiving Centers.  
 
One of the 2015 goals of the STEMI committee 
is to improve on the capturing of prehospital 
ECGs.  There has already been an 
improvement from 20 - 30% capture rate to 
85% capture rate.  
 
Next STEMI meeting is August 6, 2015.  

 4. Stroke Program: Stroke Data Stroke committee is currently developing an IFT 
policy between hospitals that have interventional 
capabilities and those who do not.   
 
Next Stroke meeting is July 7, 2015. 

Chris Yoshida-McMath 

 5. CQI Report Update The CQI plan is being worked on and should 
be to the task force for review within the next 
few months.  

Ron Holk 

 6. SAC Update SAC reviewed the Triage Tag Training video. 
The task force will continue to meet and 
develop a roll out time line and training.  
 
SAC requested Dr. Parkes to ask MAC if it 
would be possible for ICEMA to provide 
explanation as to why a protocol has been 
changed to assist with education.  Topic to be 
discussed at the April 23, 2015, meeting.  

Todd Sallenbach 

 B. EMS Trends   
 1.  TXA Study Update The official start date of the study is  

March 9, 2015.  
 
The educational video has been completed.  
 
Agencies can begin trial as soon as the 
Condition of Participation form has been 
submitted and ICEMA has been notified that 
the education is complete.  
 
ICEMA has the TXA Trail Study wristbands 
for those agencies that have submitted their 
form and completed the education   
 
A monthly conference call will occur the 1st 
Tuesday of the month. 
 
Additional EMS agencies are considering 
joining the study.  

Reza Vaezazizi/ Michael 
Neeki 

 2. Paramedicine Step I 
Research Update 

The educational piece has been completed. 
Once Rialto Fire and AMR have completed 
education the study will begin.  

Michael Neeki  

 3. Cardiac Arrest Survival 
Enhancement Project 
(CARES/ART)  

CARES registry was reviewed.  
 
ICEMA’s goal is to get CARES up and running 

Reza Vaezazizi 
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in order to obtain some baseline data. Then 
implement ART, to see if there have been any 
changes in the data since ART was 
implemented.  
 
CARES will begin with the hospitals that are 
ready to go.  Additional hospitals will be added 
as it progresses.  
 
ICEMA is looking for prehospital agencies to 
champion ART.  Interested agencies should 
notify ICEMA.  Goal of after July 1, 2015, to 
begin.  

 C. Community Paramedicine  The Community Paramedicine Pilot Project 
policy was presented.  

Ron Holk 

 D. Amiodarone for IFTs    MAC reviewed the request to consider adding 
Amiodarone to the list of approved 
medications.  After discussion and 
consideration of all relevant information, the 
committee did not recommend addition of 
Amiodarone to any ICEMA protocol at this 
time.  

Kevin Parkes  

 E. Condensed Treatment Protocols   Treatment protocols were presented in their 
condensed versions.  
 
Ron Holk will work with Leslie Parham and 
Henry Perez to re-write questions that were 
sent during the first survey and updated survey 
will be added to the ICEMA website.  
 
Results from the new survey to be presented at 
the April meeting.  

Ron Holk  

IV. PUBLIC COMMENT  None All  
V. ROUND TABLE/ 

ANNOUNCEMENTS 
None All  

VI. FUTURE AGENDA ITEMS Appropriate Administration of Oxygen (Kevin 
Parkes)  

Danielle Ogaz 

VII. NEXT MEETING:  April 23, 2015   
VIII. ADJOURNMENT The meeting adjourned at 1440. Phong Nguyen 
 
  



MINUTES - MEDICAL ADVISORY COMMITTEE 
February 26, 2015 
Page 4 
 
 
Attendees: 
NAME MAC POSITION EMS AGENCY STAFF POSITION 

   VACANT 
   Jeff Grange - LLUMC 

Trauma Hospital Physicians (2)     Reza Vaezazizi, MD Medical Director 

   Phong Nguyen - RDCH 
   Todd Sallenbach - HDMC 

       (Chair) 

Non-Trauma Base Physician s (2)    Tom Lynch EMS Administrator 

   Aaron Rubin - Kaiser Non-Base Hospital Physician    Denice Wicker-Stiles Assist. Administrator 
   Michael Neeki - Rialto FD Public Transport Medical Director    George Stone Program Coordinator 
   Sam Chua - AMR Private Transport Medical Director    Ron Holk EMS Nurse Specialist 
   Debbie Bervel - SB City FD Fire Department Medical Director    Chris Yoshida-McMath  EMS Nurse Specialist 
   Joy Peters - ARMC EMS Nurses     Danielle Ogaz EMS Specialist  
   Joe Powell - Rialto FD EMS Officers    
   Leslie Parham Public Transport Medical Rep 

(Paramedic/RN) 
  

   Susie Moss Private Transport Medical Rep 
(Paramedic/RN) 

  

   Lance Brown  Specialty Center Medical Director   
   Joanna Yang - LLUMC Specialty Center Coordinator    
   Troy Pennington  Private Air Transport Medical 

Director 
  

   Stephen Patterson -  
       Sheriff’s Air Rescue 

Public Air Transport Medical Director   

   Micheal Guirguis - SB  
       Comm Center 

PSAP Medical Director   

   Andrew Stevens Inyo County Representative   
   Rosemary Sachs Mono County Representative   
   Kevin Parkes  SAC Liaison   
   Andrea Thorp Pediatric Critical Care Physician    

 
GUESTS AGENCY 
Sandy Carnes Rancho Cucamonga FD  
Carly Crews SB City FD  
Patti Eickholt  SACH 
Chris Linke  AMR 
Pam Martinez  Ontario FD 
Sara Morning  RCH 
Leigh Overton  SB County FD  
Shane Panto  CHP 
Henry Perez Colton FD  
Shawn Reynolds  LLUMC 
Art Rodriguez Desert Ambulance  
Bob Tyson Redlands FD 
  



CM Core Measure 2012 2013 2014 Question

01-TRA-1 Scene Time for Trauma Patients 0:27:00 0:26:30 0:26:16 What is the 90th percentile for on scene time value for trauma patients (as 

defined by the 2011 Guidelines for Field Triage of Injured Patients) who were 

transported from the scene by ground ambulance?

01-TRA-2 Direct Transport to Trauma Center 60% 52% 50% What is the percentage of trauma patients who were transported from the 

scene directly to a trauma center by a ground ambulance?

02-ACS-1 ASA Admin for CP 51% 44% 46% What is the percent of patients age 35 and older with suspected cardiac chest 

pain who received aspirin prior to hospital by pre-hospital personnel?

02-ACS-2 12 lead EKG Performed 78% 87% 91% What is the percentage of patients with cardiac chest pain discomfort who 

received 12 lead ECG by paramedics?

02-ACS-3 Scene time for suspected HA 0:23:00 0:26:00 0:23:36 What is the 90th percentile for ground ambulance scene time of STEMI 

patients?

02-ACS-5 Direct transport to STEMI Center 83% 86% 82% What percentage of suspected STEMI patients are transported by ground 

ambulance directly to a designated STEMI receiving center?

03-CAR-2 Out of hospital Cardiac Arrest ROSC 21% 20% 19% Per Utstein definition of ROSC (see references section): What is the 

percentage of patients experiencing cardiac origin cardiac arrest who have 

ROSC?

03-CAR-3 Survival to Hospital Discharge NA NA NA Per Utstein definition of ROSC (see references section): What is the 

percentage of patients experiencing cardiac origin cardiac arrest, where 

resuscitation was attempted, who survived to ED discharge?

03-CAR-4 Out of hospital survival to discharge NA NA NA Per Utstein definition of ROSC (see references section): What is the 

percentage of patients experiencing cardiac origin cardiac arrest, where 

resuscitation was attempted, who survived to hospital discharge?

04-STR-2 Glucose Testing for Stroke 76% 82% 81% What is the percentage of suspected acute stroke patients meeting local 

criteria who received a glucose test in a pre-hospital setting?

04-STR-3 Scene time for suspected Stroke 0:23:03 0:24:23 0:24:57 What is the 90th percentile for on scene time value for suspected acute 

stroke patients meeting local criteria who were transported from the scene 

by ground ambulance?

04-STR-5 Direct Transport to Stroke Center 69% 76% 76% What percent of suspected acute stroke patients meeting local criteria were 

transported from the scene by ground ambulance directly to a designated 

stroke center?



05-RES-2 Beta 2 agonist admin 33% 32% 31% What is the percentage of beta2 agonist (bronchodilator or Ipratropium) 

administration by EMS personnel for patients older than 14 years old with 

signs and symptoms of suspected bronchospasm?

06-PED-1 Pediatric who received bronchodilators 30% 28% 27% What is the percentage of beta2 agonist (bronchodilator or Ipratropium) 

administration by EMS personnel for pediatric patients younger than 14 years 

old with signs and symptoms of suspected bronchospasm?

07-PAI-1 Pain Intervention 89% 90% 91% What is the percentage of adult patients with pain (value of 7 or greater on a 

10 point scale) that received a pain intervention by EMS personnel?

Adjustment for change in measurement matrix

08-SKL-1 ET Success rate 79% 63% 61% What is the percentage of patients who received successful endotracheal 

intubation within two attempts in a pre-hospital setting?

08-SKL-2 Capnography performed 20% 19% 17% What is the percentage of intubated patients where capnography 

measurement is performed?

09-RST-1 Emergency Response Time What is the 90th percentile time value of the Ambulance Response time in 

Ground Ambulance Transport Zone as defined by the EMS Plan?

09-RST-2 Non-Emergency Response Time What is the 90th percentile time value of the ambulance response time in 

Ground Ambulance Transport Zone as defined by the EMS Plan?

09-RST-3 Hospital Transport Rate What is the percentage of EMS Patients transported to a General Acute Care 

Hospital with a Basic Permit for emergency services?
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Promising Biomarker  
May ID Long-Term  
Concussion Damage

By James R. Roberts, MD

It may sound like medical heresy, 
but the decades-long use of 

ACLS drugs does not appear to 
favorably affect the outcome of 
out-of-hospital cardiac arrest. 

Their use, in fact, may be det-
rimental to long-term survival. 
Despite a growing number of 
studies supporting this concept, 
prehospital ACLS drugs are still 
recommended by national soci-
eties and guidelines, and they are 

frequently, if not universally, used 
in our EMS system. The number 
of ACLS recommended drugs 
has decreased over the years, 
specifically eschewing calcium, 
atropine, magnesium, lidocaine, 

ACEP — Minus the Neurologists — 
Tempers its tPA Policy

By Gina Shaw

A draft of a new clinical 
policy from the American 

College of Emergency Phys-
icians (ACEP) takes a much 
more conservative approach on 
using intravenous tPA for man-
aging acute ischemic stroke 
in the emergency department 
than the current guidelines, 
which were approved in 2012.

Those guidelines provoked 
a fair amount of controversy, 
with some emergency physi-
cians saying the treatment 
was too risky and had little 
potential for benefit. (“The 
‘Biggest, Baddest’ Controversy 
in EM,” EMN 2013;35[4]:1; 
http://bit.ly/EMN12.)

A year later, an article in the 
British Medical Journal questioned 
the reliability of the guidelines, call-
ing them more industry marketing 
than tools of evidence-based 
medicine. (2013;346:f3830.) 
That report also questioned 
some of the committee 
members’ conflicts of interest, 
some undeclared, and the 
“committee stacking” of the 
joint American Academy of 
Neurology-ACEP panel with 
experts with known viewpoints 
on a particular side of an issue. 

Seven of eight members of the 
AAN-ACEP committee, the BMJ 

article said, had previously spoken 
or written on the benefits of tPA 
for stroke, and “[n]ot one skeptic 

ACLS Drugs Provide No Benefit for  
Out-of-Hospital Cardiac Arrest

Continued on page 30

Continued on page 33

By Gina Shaw

A new blood biomarker accurately predicted 
which concussion victims would have 

persistent cognitive dysfunction after a mild 
traumatic brain injury, according to researchers 
from the Perelman School of Medicine at the 
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and bicarbonate, but the current 
CPR guidelines from the American 
Heart Association (2010) still re-
commend the use of epinephrine/
vasopressin or amiodarone as 
empiric therapy for cardiac arrest. 
EMS personnel will tell you that 
ACLS drugs result in an increase in 
return of spontaneous circulation 
in the field, but this is not a para-
meter associated with better long-
term survival after hospital arrival.

This month’s column discusses 
two articles, both quite well done, 
that indicate that intravenous 
drug administration during out-of-
hospital cardiac arrest has no 
proven benefit, and their use may 
actually be detrimental. This may 
seem like an outrageous contra-
diction to current practice, but the 
widespread use of ACLS drugs 
was adopted on theoretical 
grounds or animal studies without 
any controlled studies or verified 
supporting data. Apparently, it’s 
easier to get a drug into ACLS 
guidelines than it is to get it out.

Intravenous Drug Administration 
during Out-of-Hospital Cardiac 
Arrest: A Randomized Trial
Olasveengen TM, Sunde K, et al.
JAMA
2009;302(20):2222

This study prefaces its data by 
emphasizing a poorly dissemin-
ated concept: Intravenous drug 
administration in cardiac arrest is 
included in ACLS guidelines des-
pite the lack of evidence of im-
proved outcomes. Millions of pa-
tients worldwide have received 
and continue to receive ACLS 
medications, particularly epineph-
rine, with little or no evidence of 
improved survival to hospital dis-
charge. It is known that epineph-
rine will rapidly increase cerebral 
and coronary perfusion by redir-
ecting peripheral blood flow, but 
the initial drug benefit may quickly 
wane, resulting in an increased 
concern for myocardial dysfunc-
tion and disturbed or truncated 
cerebral microcirculation after 
the cardiac arrest patient has 
been resuscitated. The relatively 
low chance of survival among pa-
tients receiving epinephrine after 
out-of-hospital cardiac arrest was 

noted more than 10 years ago. 
(Resuscitation 2002;54[1]:37.)

As reported in nonrandomized 
studies and similar to other ACLS 
caveats in the literature, resuscita-
tion drugs were never tested in 
any randomized controlled human 
studies or involved in any non-
drug comparison group before 
they were incorporated into ACLS 
protocols. It may also be possible 
that inadequate CPR quality, often 
associated with stopping pristine 
CPR during drug administration, 
may also influence long-term out-
come. Using data from this pro-
spective randomized controlled 
trial of drug administration during 
out-of-hospital cardiac arrest, the 
authors compared outcomes for 
patients receiving standard ACLS 
interventions with patients receiv-
ing similar ACLS but not intraven-
ous drug administration.

The study was conducted in 
Oslo, Norway, and such a study 
would not likely be allowed in the 
United States currently because of 
the strong support for ACLS drugs 
for cardiac arrest. Out-of-hospital 
resuscitation in Norway was relat-
ively sophisticated, often run by 
two paramedics and an anesthesi-
ologist. CPR was performed in 
those with ventricular fibrillation 
for three minutes prior to the ad-
ministration of electrical shock, 
and all patients were intubated 
during the study. Following hos-
pital arrival post-resuscitation, 
therapeutic hypothermia was insti-
tuted regardless of the initial 
rhythm or arrest etiology. Those 
with a prehospital 12-lead EKG 
that suggested the possible need 
for coronary artery intervention 
were directly transferred for an-
giographic intervention.

Patients were randomly placed 
into the intravenous versus no in-
travenous drug group just before 
resuscitation. Exclusion criteria in-
cluded those who had an arrest 
witnessed by the ambulance crew, 
those whose resuscitation was ini-
tiated by physicians outside the 
ambulance team, or cardiac arrest 
because of asthma or anaphylactic 
shock. The primary outcome was 
survival to hospital discharge. A 
secondary outcome was one-year 
survival with a favorable neurolo-
gical status.

The study included 851 random-
ized patients collected from 2003 
to 2008. The rate of survival to 
hospital discharge was 10.5 per-
cent for the intravenous drug and 
9.2 percent for the non-drug ad-
ministration group (P=0.61). Sur-
vival with a favorable neurologic 
outcome was likewise not static-
ally significant, 9.8 percent for the 
drug treated group, 8.1 percent for 
the non-drug group (P=0.45). The 
rate of initial return of spontan-
eous circulation was statistically 
significant at 32 percent for the 
drug-treated group versus 21 per-
cent for the non-drug group 
(P=0.001). The authors said CPR 
quality was comparable and within 
recommended guidelines for both 
groups. The authors also attemp-
ted to adjust for the presence or 
absence of ventricular fibrillation, 
the response time interval, wit-
nessed versus unwitnessed arrest, 
or arrest in a public location. No 
significant difference in survival to 
hospital discharge was seen for 
any of these subgroups.

The authors concluded that 
those given drugs had a higher 
rate of short-term survival for 
patients who received no ACLS 
intravenous drug administration 
following outpatient cardiac arrest 
versus patients with standard in-
travenous drug administration. But 
no significant improvement was 
shown between the two groups 
in survival to hospital discharge 
or long-term survival. These two 
factors were inconsequential be-
cause there was an equal distribu-
tion of therapeutic hypothermia 
and coronary intervention. Most 
of the deaths were caused by per-
sistent brain damage.

No difference was seen in 
short-term or long-term outcomes 
in patients with an initial rhythm 
of ventricular fibrillation or pulse-
less ventricular tachycardia. There 

ACLS Drugs
Continued from page 1

Despite great advances in prehospital care, the routine use of currently 
recommended ACLS medications has not significantly changed long-
term survival rates from out-of-hospital cardiac arrest. Current ACLS 
drug protocols may result in an initial heart beat/blood pressure, but 
this does not translate into a better outcome. The counterintuitive 
observation is that ACLS drugs may actually worsen long-term survival. 
When the initial observed rhythm is asystole (even if preceded by 
ventricular tachycardia or ventricular fibrillation), the likelihood of 
successful resuscitation is low. Only 10 percent of patients with out-of-
hospital arrest and initial asystole survive until hospital admission and 
only up to two percent until hospital discharge.

Effect of Epinephrine on  
Out-of-Hospital Cardiac Arrest

With  
Epinephrine

Without 
Epinephrine

Return of spontaneous circulation 18.3% 10.5%

Survival at one month 5.1% 7%

Survival with good or moderate 
cerebral performance

15.4% 21.3%

Survival with no or mild neurologic 
disability

6.2% 13.5%

Source: JAMA 2012;307(11):1161.
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was, however, a higher rate of re-
turn of spontaneous circulation in 
those with asystole or pulseless 
electrical activity with medications 
but no difference in long-term 
outcomes.

Comment: It is difficult to con-
trol for all of the variables present 
in any ACLS study. The downtime 
is always most difficult to determ-
ine, and prolonged downtime has 
always been associated with a 
poorer outcome. These authors 
said their study was the first at-
tempt to scientifically evaluate the 
effects of intravenous drug admin-
istration on the outcome of pa-
tients with out-of-hospital cardiac 
arrest. They attempted to determ-
ine if removing ACLS drug therapy 
would improve survival to dis-
charge. They concluded that 
short-term survival was higher fol-
lowing use of intravenous ACLS 
drugs, but the universally applied 
drug interventions did not result in 
statistically significant improve-
ment in final outcome.

Unlike some other reports of 
a worsened final outcome with 
epinephrine, this study did not con-
clude that epinephrine was an 
independent predictor of a poor 
outcome, but the researchers said 
their study was consistent with 
other reports that found no differ-
ence in survival after implementation 
of standard ACLS drugs during out-
of-hospital cardiac arrest. Appar-
ently, the only drugs used were epi-
nephrine, atropine, and amiodarone. 
The drugs currently suggested by 
the American Heart Association are 
only epinephrine/vasopressin or 
amiodarone. Epinephrine and 
vasopressin, both arterial vasocon-
strictors, have similar results, and are 
interchangeable per the guidelines.

It’s always heartening to see 
an initial return of spontaneous 
circulation (ROSC), but it has been 
suggested that the negative re-
suscitation effects of epinephrine 
negate any short-term benefit of 
ROSC produced by this medica-
tion. The authors do note, like 
many others, that epinephrine 
does have substantial downsides 
following cardiac arrest, particu-
larly on cerebral microcirculation.

This study is relatively good 
evidence to negate the previously 
accepted axiom that the routine 
use of empiric medications during 
prehospital cardiac arrest is 
helpful and not harmful. No prior 
prospective data show that ACLS 

drugs are helpful, and this study, 
which actually looked at long-term 
outcomes, indicates that epineph-
rine, in particular, is of no benefit 
to long-term survival.

One usually feels that ROSC sig-
nifies a better outcome or at least 
a better chance that the patient 
will have long-term survival. ROSC 
in the ED or ambulance, however, 
does not actually mean much. It 
appears to be easily accomplished 
with ACLS and medications. Long-
term survival can’t be achieved 
without first restoring circulation, 
but current drugs used to obtain 
this may produce subsequent irre-
versible cerebral damage.

This study had a few problems, 
but likely the perturbations will be 
of no significance. The ambulance 
personnel were not blinded to the 
randomization, and the use of 
medications may have been dic-
tated by EMS preference. The 
quality of CPR could not be uni-
versally assessed, but the authors 
said there was no significant dif-
ference between the CPR data 
that were available for analysis. 
The study also lacked reliable tim-
ing for drug administration, so 
the time from cardiac arrest to in-
tervention was not investigated 

because many of the cases were 
unwitnessed cardiac arrest.

Prehospital Epinephrine Use 
and Survival among Patients 
with Out-of-Hospital Cardiac 
Arrest
Hagihara A, Hasegawa M, et al.
JAMA
2012;307(11):1161

This article is similar to the previous 
one in evaluating the association 
between epinephrine use before 
hospital arrival and short- and long-
term mortality in patients with car-
diac arrest. It was done in Japan, 
and analyzed data from more than 
400,000 patients during a three-
year period. The EMS time-to-arrival 
from first call averaged about seven 
minutes, and the average patient 
age was 72 years. The authors could 
not control for a variety of paramet-
ers, but they could assess the effect-
iveness of epinephrine use during 
CPR. Similar to the previous reports, 
they concluded that epinephrine is 
not beneficial for one-month sur-
vival, even though there was a signi-
ficant improved likelihood of achiev-
ing ROSC in those given the drug. 
Epinephrine was given in this study 

for all causes of cardiac arrest after 
verifying the absence of a pulse in 
the carotid artery. The parameters 
studied were the return of spontan-
eous circulation before hospital ar-
rival, survival at one-month post-ar-
rest, survival with good or moderate 
cerebral performance, and survival 
with no, mild, or moderate CNS ad-
verse outcomes.

Like other studies, ROSC before 
hospital arrival was observed more 
commonly in patients given epi-
nephrine than in the non-epineph-
rine group (18.5% versus 5.7%, 
P< 0.001). Importantly, in all of the 
other parameters studied, the use 
of epinephrine resulted in a stat-
istically significant decrease in 
patients with one-month survival, 
those with survival with mild to 
moderate cerebral performance, 
and those who survived with no 
and mild neurological disability. 
Epinephrine administration also 
had a negative effect in all final 
outcome parameters studied. The 
negative association between 
prehospital epinephrine and long-
term outcome variables suggests 
that there was a decreased chance 
of ultimate survival and good 
functional outcome despite an 
increased chance of ROSC with 
epinephrine.

Comment: This is another study 
indicating that epinephrine might 
make medical providers feel better 
during the initial evaluation and 
treatment of cardiac arrest, but 
worse in the long run because it 
has no proven value. That by itself 
is not a catastrophic effect, but 
epinephrine was actually associ-
ated with worse neurological out-
come. Per the AHA, no drug has 
been proven to increase survival 
rates in cardiac arrest. Although 
downsides and lack of benefit of 
drugs are mentioned in the 2010 
CPR guidelines, one wonders 
why the American Heart Associ-
ation has not focused on these 
studies, and amended its recom-
mendation that still includes em-
piric epinephrine/vasopressin or 
amiodarone.

I remember giving very high 
doses of epinephrine with a better 
initial ROSC more than 20 years 
ago. It was not uncommon to give 
5 mg/5 amps of epinephrine to 
someone in asystole, and see at 
least an initial return of circulation 
in many. When this was followed 
up, it did not have any beneficial 
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De-emphasis on Devices and  
ACLS Drugs during Cardiac Arrest

“At the time of the 2010 International Consensus Conference, there 
were still insufficient data to demonstrate that any drugs or mech-
anical CPR devices improve long-term outcome after cardiac arrest. 
Clearly further studies, adequately powered to detect clinically import-
ant outcome differences with these interventions, are needed.”

Source: Circulation 2010;122(18 Suppl 3):S640.
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effect on long-term survival and 
was subsequently abandoned. 
Likewise, any benefit from bicar-
bonate, lidocaine, atropine, cal-
cium, and glucocorticoids has not 
been demonstrated.

These two articles, and a num-
ber of others, are unsettling. It 
appears that there are significant 
data suggesting that the use of 
epinephrine in cardiac arrest is 

detrimental, even though drugs 
may result in a transient pulse and 
a heartbeat. A worsened final out-
come, despite an initial benefit, 
may be reversed with some yet to 
be suggested interventions 
provided post-arrest. Perhaps 
some cerebral vasodilator may 
prove useful in derailing the sub-
sequent adverse effects of epi-
nephrine used in resuscitation. 
Given the tremendous time, effort, 
and expense required for patients 
resuscitated from cardiac arrest, a 
good neurological outcome is still 
in the single percentage numbers. 
Overall, only about 10 percent of 
prehospital cardiac arrest patients 
are ever discharged, many of 
whom are markedly impaired 
neurologically.

Time-to-treatment is probably 
the most sensitive predictor of a 
good outcome. There is at least a 
three-to-five percent drop in 
survival rate for each minute of 

untreated VF. The best scenario 
is for someone to have VT/VF, im-
mediate CPR, only a few minutes 
for EMS response time, and rapid 
defibrillation.

I remember a malpractice case 
where an emergency physician 
was found to have committed 
malpractice because he delayed 
epinephrine use in an in-house 
cardiac arrest. Having to respond 
from the ED to in-hospital arrests 
is bad enough, but that was an 
absurd verdict then. Now data in-
dicate that the outcome would 
likely have been better had no 
epinephrine been used.

Whether recent information 
will change the American Heart 
Association recommendations is 
questionable, but one can cer-
tainly not be faulted for failing to 
routinely administer epinephrine in 
patients who have had lack of 
ROSC from paramedic interven-
tions. Patients who arrive in 

asystole are probably best left 
alone unless there are extenuating 
circumstances, such as hypother-
mia, drowning, young child, or lack 
of any ACLS interventions. It does 
no good to resuscitate an 80-year-
old nursing home patient who 
hangs on for three to five days 
while the family is offered false 
hope, and many thousands of dol-
lars are spent on useless interven-
tions with no hope of viable 
long-term outcome. EMN

Access the links in EMN by read-
ing this on our website or in our 
free iPad app, both available at 
www.EM-News.com. Comments? 
Write to us at emn@lww.com.

ACLS Drugs
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Public Housing Type 
Predicts Kids’ ED Use
Children living in San Fran-
cisco public housing that has 
not been redeveloped are 39 
percent more likely to visit EDs 
repeatedly, according to new 
research from UC-San Francisco 
and UC-Berkeley.

Researchers looked at the 
number of children under 18 
with public insurance who 
sought emergency care from 
any of three large San Fran-
cisco medical systems —San 
Francisco General Hospital, 
UCSF Medical Center, and Sut-
ter Health — and linked that 
information to whether they 
lived in public housing that 
had not been redeveloped, in 
redeveloped HOPE VI public 
housing, or in nonpublic hous-
ing in the same neighborhood 
as public housing. HOPE VI, an 
initiative by the U.S. Depart-
ment of Housing and Urban 
Development, is revitalizing the 
worst public housing projects in 
the country into mixed-income 
developments.

The study found that low-in-
come children in redeveloped 
HOPE IV public housing were 
less likely to have repeat ED 
visits than peers living in older 
public housing, which suggests 
that investing in physical in-
frastructure may foster better 
health and reduce spending on 
acute care services.

Researchers weren’t able 
to tell what aspects of hous-
ing were factors for children 
seeking emergency care, but 
they are currently doing more 
in-depth analysis to better 
understand how health con-
ditions differ by housing type. 
Read the abstract: http://bit.
ly/1uIGFzo.
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Intravenous Drug Administration
During Out-of-Hospital Cardiac Arrest
A Randomized Trial
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INTRAVENOUS ACCESS AND DRUG AD-
ministration are integral parts of
cardiopulmonary resuscitation
(CPR) guidelines.1 Millions of pa-

tients have received epinephrine dur-
ing advanced cardiac life support
(ACLS) with little or no evidence of im-
proved survival to hospital dis-
charge.1,2 The use of epinephrine is
based on preclinical evidence of in-
creased cerebral and coronary perfu-
sion by redirected peripheral blood
flow.1,2 Beneficial short-term effects of
epinephrine have been shown in ani-
mal studies,3-5 but there is increasing
concern for increased myocardial dys-
function6,7 and disturbed cerebral mi-
crocirculation after cardiac arrest.8 Epi-
nephrine was an independent predictor
of poor outcome in a large retrospec-
tive registry study,9 but this observa-
tional, nonrandomized study cannot
prove a causal relationship. Despite its
near-universal use, epinephrine has, to
our knowledge, not been tested in a ran-
domized controlled study with a no-
drug comparison group.

If a negative association between epi-
nephrine and survival is causal, it may
be due to the drug or to inadequate CPR
quality associated with drug adminis-
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Context Intravenous access and drug administration are included in advanced car-
diac life support (ACLS) guidelines despite a lack of evidence for improved outcomes.
Epinephrine was an independent predictor of poor outcome in a large epidemiologi-
cal study, possibly due to toxicity of the drug or cardiopulmonary resuscitation (CPR)
interruptions secondary to establishing an intravenous line and drug administration.

Objective To determine whether removing intravenous drug administration from
an ACLS protocol would improve survival to hospital discharge after out-of-hospital
cardiac arrest.

Design, Setting, and Patients Prospective, randomized controlled trial of consecu-
tive adult patients with out-of-hospital nontraumatic cardiac arrest treated within the emer-
gency medical service system in Oslo, Norway, between May 1, 2003, and April 28, 2008.

Interventions Advanced cardiac life support with intravenous drug administration
or ACLS without access to intravenous drug administration.

Main Outcome Measures The primary outcome was survival to hospital dis-
charge. The secondary outcomes were 1-year survival, survival with favorable neuro-
logical outcome, hospital admission with return of spontaneous circulation, and qual-
ity of CPR (chest compression rate, pauses, and ventilation rate).

Results Of 1183 patients for whom resuscitation was attempted, 851 were included;
418 patients were in the ACLS with intravenous drug administration group and 433 were
in the ACLS with no access to intravenous drug administration group. The rate of sur-
vival to hospital discharge was 10.5% for the intravenous drug administration group and
9.2% for the no intravenous drug administration group (P=.61), 32% vs 21%, respec-
tively, (P�.001) for hospital admission with return of spontaneous circulation, 9.8% vs
8.1% (P=.45) for survival with favorable neurological outcome, and 10% vs 8% (P=.53)
for survival at 1 year. The quality of CPR was comparable and within guideline recom-
mendations for both groups. After adjustment for ventricular fibrillation, response inter-
val, witnessed arrest, or arrest in a public location, there was no significant difference in
survival to hospital discharge for the intravenous group vs the no intravenous group (ad-
justed odds ratio, 1.15; 95% confidence interval, 0.69-1.91).

Conclusion Compared with patients who received ACLS without intravenous drug ad-
ministration following out-of-hospital cardiac arrest, patients with intravenous access and
drug administration had higher rates of short-term survival with no statistically signifi-
cant improvement in survival to hospital discharge, quality of CPR, or long-term survival.

Trial Registration clinicaltrials.gov Identifier: NCT00121524
JAMA. 2009;302(20):2222-2229 www.jama.com
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tration. Drug administration includes
time-consuming factors like establish-
ing intravenous access, preparation, and
administration of drugs and saline,
thereby potentially removing focus from
good-quality CPR. There are recent re-
ports of poor-quality CPR and proto-
col adherence among professional CPR
providers,10,11 and some consider intu-
bation and intravenous access more im-
portant than giving good-quality chest
compressions.12 With inadequate CPR
quality, effects of drugs administered
peripherally also may be diminished or
absent.13 Because there are no random-
ized controlled studies showing im-
proved survival to hospital discharge
with any drugs routinely adminis-
tered during CPR, we concluded such
a study was warranted.

In this prospective, randomized con-
trolled trial of intravenous drug admin-
istration during out-of-hospital car-
diac arrest, we compared outcomes for
patients receiving standard ACLS with
intravenous drug administration (con-
trol) and patients receiving ACLS with-
out intravenous drug administration
(intervention).

METHODS
The city of Oslo has a single-tiered
emergency medical service system ad-
ministered by the Oslo University Hos-
pital for a population of 540 000. On
weekdays between 7:30 AM and 10:00
PM, an ambulance staffed by 2 para-
medics and an anesthesiologist func-
tions on the same level as the regular
paramedic-staffed ambulances. Until
January 2006, ACLS was performed ac-
cording to the International Guide-
lines 2000,14 with the modification that
patients with ventricular fibrillation re-
ceived 3 minutes of CPR before the first
shock and between unsuccessful se-
ries of shocks.15 The European Resus-
citation Council Guidelines for Resus-
citation 200516 were implemented in
January 2006, incorporating this same
modification of 3-minute periods of
CPR. Defibrillators in manual mode are
used and endotracheal intubation is
standard for securing the airways. Two
ambulances are routinely dispatched for

suspected cardiac arrest. The physician-
staffed ambulance is dispatched when-
ever available.

All hospitals in Oslo have goal-
directed postresuscitation protocols in-
cluding therapeutic hypothermia re-
gardless of initial rhythm or arrest
etiology.17 A prehospital 12-lead elec-
trocardiogram is routinely transmit-
ted to the cardiologist on call after re-
turn of spontaneous circulation
(ROSC). If coronary angiography is in-
dicated for possible percutaneous coro-
nary intervention, patients are trans-
ported directly from the scene to 1 of
2 university hospitals (Oslo Univer-
sity Hospital, Ullevaal and Rikshopita-
let) with this capacity 24 hours per day.

Study Design and Recruitment

All patients older than 18 years with
nontraumatic, out-of-hospital cardiac
arrests between May 1, 2003, and April
28, 2008, were randomized by ambu-
lance personnel on-site. Simple ran-
domization occurred directly after am-
bulance personnel confirmed the
cardiac arrest and then opened the
sealed envelopes provided by the in-
vestigators. Patients were randomized
to receive either ACLS with access to
intravenous drug administration (in-
travenous group) or ACLS without ac-
cess to intravenous drug administra-
tion (no intravenous group). In the no
intravenous group, intravenous ac-
cess was to be established 5 minutes af-
ter ROSC, and drugs could then be
given if indicated.

Exclusion criteria were (1) cardiac
arrest witnessed by ambulance crew be-
cause these patients almost always have
an intravenous needle in place at the
time of the cardiac arrest, (2) resusci-
tation initiated or interrupted by phy-
sicians outside of the ambulance team,
or (3) cardiac arrest induced by asthma
or anaphylactic shock (which were the
last criteria added in October 2006).
The study was approved by the re-
gional ethics committee. Informed con-
sent for inclusion was waived as de-
cided by this committee, but was
required from survivors with 1-year fol-
low-up.

Equipment and Data Collection
Standard defibrillators (LIFEPAK 12
Physio-Control, Medtronic, Red-
mond, Washington) were used. Elec-
trocardiograms with transthoracic im-
pedance signals from these defibrillators
were routinely transferred to a server
at the National Competence Center for
Emergency Medicine (Oslo, Norway)
following cardiac arrest. Utstein car-
diac arrest forms18 routinely com-
pleted by paramedics were submitted
to the study supervisor along with a
copy of the ambulance run sheet. Au-
tomated, computer-based dispatch cen-
ter time records supplemented ambu-
lance run sheets with regard to response
intervals. For admitted patients, addi-
tional hospital records were obtained.

All trial data were documented ac-
cording to the Utstein style.18 The pri-
mary end point was survival to hospi-
tal discharge. Secondary outcomes were
1-year survival, survival with favor-
able neurological outcome (using ce-
rebral performance categories from 1
to 4),18 hospital admission with ROSC,
and quality of CPR (ie, chest compres-
sion rate, pauses, and ventilation rate).
The study was monitored annually with
interim analysis by an external re-
searcher who did not reveal any re-
sults to the investigators.

Data Processing

Data from each case were viewed and
annotated using CODE-STAT 7.0
(Physio-Control, Medtronic) for detec-
tion of ventilations and chest compres-
sions by changes in transthoracic im-
pedance. Written information from
patient report forms and locally adapted
Utstein style forms were compared with
typical changes in CPR patterns as
shown using CODE-STAT 7.0. Initial
rhythm assessment registered on pa-
tient report forms were confirmed by
these electrocardiographic recordings
if possible. Time without spontaneous
circulation, time without compres-
sions during time without spontane-
ous circulation (hands-off time), pre-
shock pauses, compression rate and
actual number of compressions, and
ventilations per minute were calcu-

INTRAVENOUS DRUG ADMINISTRATION FOR CARDIAC ARREST
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lated for each episode. Hands-off ratio
is defined as hands-off time divided by
total time without ROSC. Electrocar-
diographic analysis was performed by
1 researcher (T.M.O.).

Statistical Analysis

Initial power analysis was based on sur-
vival statistics for the Oslo emergency
medical service system and assumed
that the survival rate would be doubled
among patients not receiving epineph-
rine, as described previously in an ob-
servational study.9 With a projected sur-
vival rate of 7% in the intravenous
group and 14% in the no intravenous
group, 900 patients provided a power

level of 91.4% with a type I error of
5%.19

Analysis was performed on an
intention-to-treat basis regardless of
which treatment was actually given.
Patients who were initially random-
ized, but were later found to meet
predefined exclusion criteria were not
included in the intention-to-treat
analysis. Demographic and clinical
data are presented as means with 95%
confidence intervals (CIs), medians
with ranges, or proportions. Crude
effects between the 2 trial groups and
survival were quantified by odds
ratios (ORs) with 95% CIs. The �2 test
for contingency tables with different

degrees of freedom was used to detect
associations between categorical inde-
pendent variables. For continuous
variables, the t test was used for nor-
mally distributed data and the Mann-
Whitney test was used for nonnor-
mally distributed data.

Confounders were identified and
quantified by using the Mantel-
Haenszel test for both short-term and
long-term survival, and subsequent
manual backward-elimination proce-
dures were performed. Correlations be-
tween potential confounders were in-
vestigated. Comparison of Kaplan-
Meier survival curves was obtained
using the Breslow and log-rank test sta-
tistics for short-term and long-term sur-
vival, respectively.20,21

Two-sided P values of less than .05
were considered significant. The sta-
tistical analyses were performed using
the software packages SPSS version 15.0
and SamplePower version 2.0 (SPSS Inc,
Chicago, Illinois) and Egret version
2.0.31 (Cytel Software Corporation,
Cambridge, Massachusetts).

RESULTS
Resuscitation was attempted in 1183 pa-
tients who experienced cardiac arrest
during the study period, and 851 of 946
eligible patients were successfully ran-
domized with 418 patients in the in-
travenous group and 433 patients in the
no intravenous access group. For rea-
sons listed in FIGURE 1, 95 eligible pa-
tients were not randomized and fur-
ther randomization and inclusion
details are illustrated. Eligible, nonran-
domized patients did not differ signifi-
cantly from randomized patients with
regard to demographic characteristics
and outcomes.

Baseline demographic characteris-
tics and CPR-quality parameters are
listed in TABLE 1. Defibrillation was at-
tempted in more patients in the intra-
venous group compared with the no in-
travenous group (47% vs 37%,
respectively; OR, 1.16 [95% CI, 0.74-
1.82]). More defibrillation shocks were
delivered to those who received defi-
brillation in the intravenous group com-
pared with the no intravenous group

Figure 1. Randomization Profile

916 Randomized

418 Included in primary analysis
24 Excluded due to predefined exclusion criteria

17 Cardiac arrest witnessed by ambulance crew
6 Resuscitation not attempted
1 Traumatic etiology

433 Included in primary analysis
41 Excluded due to predefined exclusion criteria

17 Bystander physician ordered treatment
14 Cardiac arrest witnessed by ambulance crew
5 Resuscitation not attempted
4 Traumatic etiology
1 Asthma-induced cardiac arrest

442 Randomized to intravenous administration group
344 Intravenous drug administration established

and administered as randomized
74 Intravenous drug administration

not established prior to end of resuscitation
42 Restoration of spontaneous circulation

before intravenous administration
12 Inability to establish intravenous access
12 Intravenous administration considered futile
8 No explanation given

474 Randomized to no intravenous
administration group
388 No intravenous drug administration

established or administered as randomized
45 Intravenous drug administration occurred

27 Restoration of spontaneous circulation
and new cardiac arrest

13 Hospital admission
5 Breach of protocol

1183 Individuals assessed for eligibility

267 Excluded
172 Did not meet inclusion criteria

95 Cardiac arrest witnessed by
ambulance crew

32 Cardiac arrest occurred outside the
Oslo emergency medical service system

25 Cardiac arrest in clinic or physician’s
office

15 Traumatic etiology
3 Suspected asthma-induced cardiac

arrest
2 Resuscitated by bystanders with

automated external defibrillator
95 Eligible but not randomized

41 Forgot to randomize or unknown
reason

20 Resuscitation regarded as futile
after a couple of minutes

15 Incorrectly identified as meeting
exclusion criteria

8 Restoration of spontaneous circulation
7 Randomization envelope not available
4 Request by bystanders not to

randomize
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(median, 3 [range, 1-22] vs 2 [range,
1-26], respectively; P = .008). Both
groups had adequate and similar CPR
quality with few chest compression
pauses (median hands-off ratio, 0.15 for
the intravenous group and 0.14 for the
no intravenous group) and the com-
pression and ventilation rates were
within the guideline recommenda-
tions (Table 1).

In the intravenous group, 44 of 418
patients (10.5%) survived to hospital
discharge vs 40 of 433 (9.2%) in the no
intravenous group (OR, 1.16; 95% CI,
0.74-1.82; P=.61). Survival with favor-
able neurological outcome was 9.8% for
the intravenous group and 8.1% for the
no intravenous group (OR, 1.24; 95%
CI, 0.77-1.98; P=.45). Short-term sur-
vival was significantly better in the in-
travenous group than in the no intra-
venous group with 40% vs 25%,
respectively, achieving ROSC (OR, 1.99;
95% CI, 1.48-2.67; P� .001), 43% vs
29% admitted to the hospital (OR, 1.81;
95% CI, 1.36-2.40; P� .001), and 30%
vs 20% admitted to the intensive care
unit (ICU) (OR, 1.67; 95% CI, 1.22-
2.29; P=.002) (TABLE 2). In-hospital
treatments, including therapeutic hy-
pothermia and percutaneous coro-
nary intervention, were equally distrib-
uted between the 2 groups. There were
no differences in cause of death among
patients admitted to the ICU and most
deaths were due to brain damage
(Table 2).

Patients were divided into 2 pre-
defined subgroups based on their ini-
tial rhythms (TABLE 3). In patients
with an initial rhythm of ventricular
fibrillation or pulseless ventricular
tachycardia, there were no differences
in short-term or long-term outcomes.
In the subgroup with nonshockable
rhythms (initial rhythm of asystole or
pulseless electrical activity), the
ROSC rate was 3-fold higher with
intravenous treatment (P� .001), but
there was no difference in long-term
outcome because the survival rate
among those admitted to the ICU
tended to be almost 3 times higher in
the no intravenous group (P = .07;
Table 3).

A public cardiac arrest location, re-
sponse interval, and initial ventricular
fibrillation were identified as poten-
tial confounders and were included in
the logistic regression analysis. Multi-
variate logistic regression analyses for
short-term survival (admitted to the
ICU) and long-term survival (dis-
charged from the hospital) were per-
formed. After adjustment for confound-
ers, patients in the intravenous group
had a nonsignificant 15% increased
chance of surviving to hospital dis-
charge (adjusted OR [AOR], 1.15; 95%

CI, 0.69-1.91) compared with pa-
tients in the no intravenous group. Pa-
tients with ventricular fibrillation or
pulseless ventricular tachycardia as the
initial rhythm had a 10-fold improve-
ment in long-term survival (AOR,
10.47; 95% CI, 5.47-20.03). Patients
with bystander-witnessed cardiac ar-
rests or cardiac arrests in public places
had a 2-fold improvement in long-
term survival (AOR, 2.13 [95% CI,
1.02-4.45] and AOR, 2.03 [95% CI,
1.19-3.44], respectively), whereas the
odds of long-term survival decreased by

Table 1. Demographics and Quality of Cardiopulmonary Resuscitation (CPR)a

No Intravenous
(n = 433)

Intravenous
(n = 418)

P
Valueb

Age, mean (SD), y 64 (17) 64 (18) .85

Male sex, No. (%) 303 (70) 302 (72) .51

Cardiac etiology, No. (%) 305 (70) 300 (72) .72

Location of arrest, No. (%)
Home 238 (55) 237 (57) .72

Public 159 (37) 144 (34) .50

Other 34 (8) 37 (9) .70

Bystander witnessed, No. (%) 273 (63) 283 (68) .18

Bystander basic life support, No. (%) 274 (63) 261 (62) .86

Initial rhythm, No. (%)
Ventricular fibrillation or pulseless

ventricular tachycardia
142 (33) 144 (34) .66

Asystole 228 (53) 192 (46) .06

Pulseless electrical activity 63 (15) 82 (20) .06

Physician-staffed ambulance present 160 (37) 157 (38) .91

Response interval, mean (95% CI), min 10 (9-10) 10 (9-10) .28

Intubation, No. (%) 363 (84) 368 (88) .10

Intravenous drugs during resuscitation,
No. (%)

42 (10) 343 (82) �.001

Epinephrine 37 (9) 330 (79) �.001

Atropine 20 (5) 194 (46) �.001

Amiodarone 17 (4) 69 (17) �.001

Defibrillation 160 (37) 194 (46) .005

No. of shocks when defibrillated,
median (range)

2 (1-22) 3 (1-26) .008

Electrocardiogram available
for analysis, No. (%)

329 (76) 314 (75) .83

CPR duration, mean (95% CI), min 18 (17-19) 22 (20-23) �.001

Hands-off ratio, median (range)c 0.14 (0.01-0.59) 0.15 (0.02-0.89) .16

Compression rate, mean (95% CI)d 116 (115-117) 117 (116-119) .12

Compressions, mean (95% CI), min-1e 94 (93-96) 94 (92-96) .90

Ventilations, mean (95% CI), min-1e 11 (10-11) 11 (11-11) .48

Preshock pause, median (range), s 11 (1-74) 12 (1-82) .58
Abbreviation: CI, confidence interval.
aData are missing for 80 patients in the group with advanced cardiac life support without intravenous access or ad-

ministration (no intravenous) and 79 patients in the group with advanced cardiac life support and intravenous access
and administration of drugs (intravenous).

bThe differences between groups were analyzed using the �2 test with continuity correction for categorical data and
the t test or Mann-Whitney test for continuous data as appropriate.

c Indicates the proportion of time without chest compressions during the resuscitation effort.
d Indicates the rate of compressions when delivered.
e Indicates the average number of compressions actually given per minute during the resuscitation effort.
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17% for each minute of prolonged re-
sponse interval (AOR, 0.83; 95% CI,
0.77-0.90). When adjusted for the same
confounding factors, survival to ICU ad-
mission was higher for patients in the
intravenous group (AOR, 1.78; 95% CI,
1.26-2.51).

The cumulative postcardiac arrest
survival rate at 7 days was 14.6% (95%
CI, 11.3%-17.9%) for patients in the in-
travenous group vs 12.8% (95% CI,
9.7%-15.9%) for patients in the no in-
travenous group, 11.3% (95% CI, 8.4%-
14.2%) vs 8.8% (95% CI, 6.1%-
11.5%), respectively, at 1 month, and
9.8% (95% CI, 6.9%-12.7%) vs 8.4%
(95% CI, 5.9%-10.9%) at 1 year
(FIGURE 2). Short-term survival was sig-
nificantly higher for patients in the in-
travenous group compared with pa-
tients in the no intravenous group

(Breslow P=.004), although there was
no difference in long-term survival (log-
rank P=.23)

COMMENT
Our results represent the first at-
tempt, to our knowledge, to evaluate the
effect of intravenous access and intra-
venous drug administration on out-
come in patients with an out-of-
hospital cardiac arrest. Short-term
survival was higher in the intravenous
group, but these nearly universally ap-
plied interventions were not associ-
ated with a statistically significant im-
provement in survival to hospital
discharge.

Administration of intravenous drugs
did not appear to interfere with the
quality of CPR. Ambulance personnel
delivered good-quality CPR with few

pauses and with rates within guide-
line recommendations1 in both groups.
This is important because potential im-
provements in intravenous medica-
tion administration during ACLS will
not need to overcome an intrinsic ten-
dency to degrade CPR.

We did not confirm the previous ob-
servational finding that intravenous epi-
nephrine was an independent predic-
tor for poor outcome.9 Our results are
consistent with a multicenter study by
Stiell et al22 that found no difference in
survival after implementing intrave-
nous drug administration during out-
of-hospital cardiac arrest (OR, 1.1; 95%
CI, 0.8-1.5).

Without differences in the pre-
defined primary outcome, patients in
the intravenous group received more
defibrillations, were resuscitated for a
longer period, and more frequently had
ROSC. With similar and adequate CPR
quality, this is likely due to the phar-
macological effects of the drugs used
(epinephrine, atropine, and/or amio-
darone). This finding is consistent with
previous animal studies with epineph-
rine,6,7 and clinical studies evaluating
the effects of amiodarone,23 atro-
pine,24 and even high-dose epineph-
rine,25 all of which documented im-
proved short-term effects without
improving long-term outcomes. While
epinephrine can produce more spon-
taneously beating hearts in animal mod-
els, it is also associated with increased
postresuscitation myocardial dysfunc-
tion that might partly explain these
clinical observations.6,7 Negative
postresuscitation effects of epineph-
rine also are reported to be more promi-
nent after longer, more clinically rel-
evant cardiac arrest periods (eg, 4-6
minutes) than short cardiac arrest pe-
riods (eg, 2 minutes).7 Moreover, an ex-
perimental study has recently docu-
mented det r imenta l e f f ec t s o f
epinephrine on cerebral microcircula-
tion.8

The clinical implications of an in-
creased ROSC rate in the intravenous
group are difficult to interpret. Should
improved short-term outcome be re-
garded as unfulfilled potential that

Table 2. In-Hospital Treatment and Outcome

No Intravenous
(n = 433)

Intravenous
(n = 418)

P
Valuea

Any ROSC during resuscitation 107 (25) 165 (40) �.001

Admitted to hospital 126 (29) 178 (43) �.001

ROSC 89 (21) 133 (32) �.001

Ongoing CPR 37 (9) 45 (11) .33

Admitted to ICUb 88 (20) 125 (30) .002

Awake at ICU admission 8 (9) 7 (6) .48

Therapeutic hypothermia 62 (70) 90 (72) .93

Angiography or PCI 43 (49) 50 (40) .33

Time in ICU, median (range), dc 6 (1-31) 4 (1-44) .05

Cause of death in ICUd

Brain 29 (69) 52 (70) �.99

Cardiac 8 (19) 12 (16) .90

Multiorgan failure 5 (12) 10 (14) �.99

Discharged alive 40 (9.2) 44 (10.5) .61

Cerebral performance score at discharge
1 (good cerebral performance) 30 (7.0) 37 (8.9) .31

1-2 (good cerebral performance
to moderate cerebral disability)

35 (8.1) 41 (9.8) .45

2 (moderate cerebral disability) 5 (1.2) 4 (1.0) �.99

3 (severe cerebral disability) 3 (1.0) 3 (1.0) �.99

4 (coma or vegetative state) 2 (�1.0) 0 .50

Discharged from hospital
if admitted to ICU

40 (45) 44 (35) .17

Alive 1 y after cardiac arreste 36 (8) 41 (10) .53
Abbreviations: CPR, cardiopulmonary resuscitation; ICU, intensive care unit; PCI, percutaneous coronary intervention;

ROSC, return of spontaneous circulation.
aThe differences between groups were analyzed using the �2 test with continuity correction for categorical data and

the Mann-Whitney test for number of days in the ICU.
b Includes patients admitted to the ICU only.
cData are missing for 3 patients in each group.
d Includes patients who died in the ICU only. Data are missing for 6, leaving 42 as the denominator in the group with

advanced life support without intravenous accss or drug administration (no intravenous), and 7, leaving 74 as the
denominator in the group with advanced cardiac life support and intravenous access and administration of drugs
(intravenous).

eTwo patients in the no intravenous group and 1 patient in the intravenous group were lost to 1-year follow-up.
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might be addressed with better post-
ROSC care, or unproductive resuscita-
tion of patients whose vital organ in-
jury makes them unlikely candidates for
long-term survival? In the present
study, most patients who died in the
hospital after initial successful resus-
citation in both groups had severe ce-
rebral damage. If present pharmaco-
logical interventions only facilitate
cardiac resuscitation in patients who
will ultimately experience irreversible
cerebral damage, this may cause an ad-
ditional burden on already overbur-
dened ICUs.

However, long-term survival can-
not be achieved without first restoring
circulation. Improved brain-directed
postresuscitation treatment might at
some point prevent irreversible cere-
bral damage and increase survival. At
present, the only established brain-
directed treatment is therapeutic hy-
pothermia,26,27 and the rate of which was
high in both groups (71% and 72%). It
is possible that for some patients in our
study with early postresuscitation car-
diac death, advanced options such as
mechanical chest compression de-
vices,28 extracorporeal membrane oxy-
genation,29 or left ventricular assist
devices30 could enable corrective treat-
ment of underlying causes and theo-
retically improve survival.

The results of our study highlight the
question of whether patients present-
ing with initial shockable rhythms and
nonshockable rhythms should be
treated differently. Initial shockable
rhythm was a potential effect modifier
in our statistical analysis, indicating that

the degree of benefit or harm of intra-
venous drug administration during car-
diac arrest may depend on the present-
ing rhythm. No differences in outcome
were found for patients with shock-
able rhythms, while patients with non-
shockable rhythms had higher rates of
ROSC in the intravenous group, but an
opposite tendency toward a lower rate
of survival to hospital discharge among
those admitted to the hospital. This sug-
gests that late toxicity after intrave-
nous drug administration contributes
importantly to the poor outcomes of
these patients.

Severalstudieshaveidentifieddissimi-
lar etiologies in subgroups with shock-
ableandnonshockablerhythms,31-33 and
it seems reasonable that differences in
treatment strategies will emerge.34 Ret-
rospective subgroupanalysis forcardiac
arrest times(�5minutes,5-10minutes,
or �10 minutes) did not reveal any
suggestive information either alone
or combined with initial rhythm (data
notpresentedbutavailable fromauthors
upon request). However, our study
was not powered for formal subgroup
analysis and no conclusions should be
drawn.

The present data indicating good-
quality CPR in both groups suggest that
the lack of improved long-term out-
come with ACLS with intravenous drug
administration cannot be explained by
poor-quality CPR.13 This does not ex-
clude the possibility that other drug regi-
mens might improve outcome. Early ad-
ministration, as recently advocated,35,36

must be evaluated in systems with
shorter ambulance response intervals or

other intravenous drug regimens and
priorities that are different from the
present guidelines.

Our study has several limitations.
First, ambulance personnel could not
be blinded to the randomization.
Closely related to this, only patients
who were randomized to the no intra-
venous group could be monitored with
regard to protocol compliance. If in-
travenous drugs were administered to
a patient in the no intravenous group,
violation of the study protocol could be
documented. If intravenous drugs were
not administered to a patient in the in-
travenous group, several valid reasons
could exist, such as rapid ROSC. We
have no reason to believe that person-
nel refrained from establishing intra-

Table 3. Outcome for Subgroups With and Without Ventricular Fibrillation or Pulseless Ventricular Tachycardia Rhythms

With Rhythms, No. (%)

P
Valuea

Without Rhythms

P
Valuea

No Intravenous
(n = 142)

Intravenous
(n = 144)

No Intravenous
(n = 291)

Intravenous
(n = 274)

Any ROSC during resuscitation 75 (53) 85 (59) .35 32 (11) 80 (29) �.001

Admitted to hospital 79 (56) 94 (65) .12 47 (16) 84 (31) �.001

Admitted to ICU 60 (42) 74 (51) .15 28 (10) 51 (19) .003

Discharged alive 32 (23) 39 (27) .45 8 (3) 5 (2) .65

Discharged with CPC score of 1-2 29 (20) 37 (26) .36 6 (2) 4 (2) .82

Discharged if admitted to ICU 32 (53) 39 (53) �.99 8 (29) 5 (10) .07
Abbreviations: CPC, cerebral performance score; ICU, intensive care unit; ROSC, return of spontaneous circulation.
aThe differences between the groups were analyzed using the �2 test with continuity correction.

Figure 2. Cumulative Survival for Up to 1
Year After Cardiac Arrest

1.00

0.80

0.90

0.70

0.30

0.40

0.60

0.50

0.20

0.10

0

No. at risk
No IV
IV

250200100 15050 300 350 400

433 373839 3839 37 37 37
418 444444 4446 42 42 41

Time From Cardiac Arrest to Death
or 1-y Follow-up, d

C
um

ul
at

iv
e 

S
ur

vi
va

l

No intravenous (IV)
administration
Intravenous (IV)
administration

INTRAVENOUS DRUG ADMINISTRATION FOR CARDIAC ARREST

©2009 American Medical Association. All rights reserved. (Reprinted) JAMA, November 25, 2009—Vol 302, No. 20 2227

Downloaded From: http://jama.jamanetwork.com/ by Reza Vaezazizi on 03/12/2015



venous access under the pretense that
the procedure was unsuccessful. The
ambulance personnel involved were
strongly committed to testing the hy-
pothesis presented, but we cannot to-
tally rule out possible bias toward pro-
cedures such as intravenous access and
administration of drugs, which have
been important in Norwegian culture
for decades.

Second, quality of CPR could only be
assessed in 75% of cases. Still, this is,
to our knowledge, the first clinical in-
tervention study reporting CPR qual-
ity data, and no significant differences
were found between these data and
those unavailable for analysis. Also, we
do not have reliable time points for drug
administration. Paramedics in the Oslo
emergency medical service system are
highly trained and both the guidelines
and training emphasize early intrave-
nous access and drug administration
and intubation with the shortest pos-
sible pauses in chest compressions.

Third, this is a single center study and
the results may not be generalized to
systems with different training, infra-
structure, treatment protocols, or qual-
ity of CPR. Fourth, while time from car-
diac arrest to the initiation of ACLS is
important for patient survival, the es-
timated time of cardiac arrest is impre-
cise and one-third of the cardiac ar-
rests were unwitnessed. This variable
is therefore not included in the anly-
sis. Only the emergency medical ser-
vice response interval was included.

Finally, a type II error cannot be ruled
out. Although based on the best avail-
able evidence at the time,9 the power
analysis was, in retrospect, optimistic
in assuming a doubling in survival for
the patients in the no intravenous
group. For the observed difference be-
tween the groups to be statistically sig-
nificant, a sample size of 14 000 pa-
tients would be needed. Because this
sample size has not been considered in-
appropriate in cardiovascular interven-
tions, our results could be back-
ground for such a large study that could
be positive for intravenous access and
drug administration. At a minimum,
our results indicate that clinical equi-

poise exists on the efficacy of intrave-
nous drugs in the treatment of cardiac
arrest and that more definitive trials
could be ethically undertaken. Alter-
natively, the poor survival rates after
cardiac arrest, which do not seem to be
significantly improved by intravenous
drug administration, indicate that re-
search should be directed at new phar-
macological interventions that hold
promise of greater effect.

CONCLUSION
Despite improved short-term survival
among patients randomized to receive
intravenous access and drug adminis-
tration, these nearly universal inter-
ventions were not associated with a sta-
tistically significant improvement in
survival to hospital discharge. Larger
trials examining resuscitation without
intravenous access and drug adminis-
tration, as well as of existing or new
drugs, appear to be justified.
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I have learned throughout my life as a composer chiefly
through my mistakes and pursuits of false assump-
tions, not by my exposure to founts of wisdom and
knowledge.

—Igor Stravinsky (1882-1971)
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EPINEPHRINE IS WIDELY USED IN

cardiopulmonary resuscita-
tion (CPR) for patients with
out-of-hospital cardiac arrest

(OHCA).1-3 However, its effectiveness
in CPR has not been established. Epi-
nephrine is associated with increased
myocardial oxygen consumption and
ventricular arrhythmias during the
period after resuscitation.4 Concern
has been raised regarding increased
myocardial dysfunction5,6 and dis-
turbed cerebral microcirculation
after cardiac arrest.7 Findings in sup-
port of epinephrine use include ani-
mal studies that show a beneficial
short-term effect of epinephrine,8,9

and evidence of increased cerebral
and coronary perfusion by redirected
peripheral blood flow has been
reported.10,11

To verify the effectiveness of epi-
nephrine in CPR, the influences of other
factors, such as patients, bystanders,
CPR by bystanders, life support by
emergency medical service (EMS) per-
sonnel, and time from call to the scene
or hospital arrival, need to be con-
trolled. To control for the effects of co-
variates, a randomized controlled trial
needs to be performed. However, such
a study is not easily performed be-
cause of ethical reasons.
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Context Epinephrine is widely used in cardiopulmonary resuscitation for out-of-
hospital cardiac arrest (OHCA). However, the effectiveness of epinephrine use before
hospital arrival has not been established.

Objective To evaluate the association between epinephrine use before hospital ar-
rival and short- and long-term mortality in patients with cardiac arrest.

Design, Setting, and Participants Prospective, nonrandomized, observational pro-
pensity analysis of data from 417 188 OHCAs occurring in 2005-2008 in Japan in which
patients aged 18 years or older had an OHCA before arrival of emergency medical service
(EMS) personnel, were treated by EMS personnel, and were transported to the hospital.

Main Outcome Measures Return of spontaneous circulation before hospital ar-
rival, survival at 1 month after cardiac arrest, survival with good or moderate cerebral
performance (Cerebral Performance Category [CPC] 1 or 2), and survival with no, mild,
or moderate neurological disability (Overall Performance Category [OPC] 1 or 2).

Results Return of spontaneous circulation before hospital arrival was observed in 2786
of 15030 patients (18.5%) in the epinephrine group and 23042 of 402158 patients (5.7%)
in the no-epinephrine group (P�.001); it was observed in 2446 (18.3%) and 1400 (10.5%)
of 13 401 propensity-matched patients, respectively (P� .001). In the total sample, the
numbers of patients with 1-month survival and survival with CPC 1 or 2 and OPC 1 or 2,
respectively, were 805 (5.4%), 205 (1.4%), and 211 (1.4%) with epinephrine and 18 906
(4.7%), 8903 (2.2%), and 8831 (2.2%) without epinephrine (all P�.001). Correspond-
ing numbers in propensity-matched patients were 687 (5.1%), 173 (1.3%), and 178 (1.3%)
with epinephrine and 944 (7.0%), 413 (3.1%), and 410 (3.1%) without epinephrine (all
P�.001). In all patients, a positive association was observed between prehospital epi-
nephrine and return of spontaneous circulation before hospital arrival (adjusted odds ra-
tio [OR], 2.36; 95% CI, 2.22-2.50; P� .001). In propensity-matched patients, a positive
association was also observed (adjusted OR, 2.51; 95% CI, 2.24-2.80; P� .001). In con-
trast, among all patients, negative associations were observed between prehospital epi-
nephrine and long-term outcome measures (adjusted ORs: 1-month survival, 0.46 [95%
CI, 0.42-0.51]; CPC 1-2, 0.31 [95% CI, 0.26-0.36]; and OPC 1-2, 0.32 [95% CI, 0.27-
0.38]; all P� .001). Similar negative associations were observed among propensity-
matched patients (adjusted ORs: 1-month survival, 0.54 [95% CI, 0.43-0.68]; CPC 1-2,
0.21 [95% CI, 0.10-0.44]; and OPC 1-2, 0.23 [95% CI, 0.11-0.45]; all P� .001).

Conclusion Among patients with OHCA in Japan, use of prehospital epinephrine
was significantly associated with increased chance of return of spontaneous circula-
tion before hospital arrival but decreased chance of survival and good functional out-
comes 1 month after the event.
JAMA. 2012;307(11):1161-1168 www.jama.com
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As for the effectiveness of epineph-
rine use in CPR, a large, retrospective
registry study in Sweden reported that
epinephrine is an independent predic-
tor of mortality.12 A large, observa-
tional before-after study in Singapore
showed that epinephrine is not benefi-
cial for immediate or 1-month sur-
vival.13 Recently, 2 randomized con-
trolled trials showed that patients
receivingadrenalineduringcardiacarrest
had no statistically significant improve-
ment in survival to hospital discharge,
although there was a significantly
improved likelihood of achieving return
of spontaneous circulation (ROSC).14,15

These studies were limited by several
methodological problems, such as the
use of samples from a single center, type
II errors, and imperfect randomiza-
tion.14 In view of these previous stud-
ies, the findings are not consistent and
the effectiveness of epinephrine in CPR
has not been established. We thus per-
formed a propensity analysis that sought
to determine how epinephrine use in
CPR before hospital arrival was associ-
ated with immediate and 1-month sur-
vival using national data from a whole
sample of OHCAs between 2005 and
2008 in Japan.

METHODS
EMS System and Data Collection

The EMS system in Japan has been de-
scribed previously.16-18 Briefly, in Ja-
pan, municipal governments provide
EMS through about 800 fire stations
with dispatch centers. Because the Japa-
nese guidelines do not allow EMS pro-
viders to terminate resuscitation in the
field, all patients with OHCA who are
treated by EMS personnel are trans-
ported to hospitals.19 Based on the stan-
dardized Utstein style template, regis-
try of all OHCA cases in Japan is
performed in a prospective, nation-
wide, and population-based manner by
the Fire and Disaster Management
Agency (FDMA). In particular, time
from call to the scene or hospital ar-
rival is measured using dispatch rec-
ords at the fire station and an emer-
gency lifesaving technician watch. Data
concerning bystander CPR administra-

tion, automated external defibrillator
use, and the characteristics of CPR by
EMS personnel (eg, initial rhythm, de-
fibrillation, intubation, epinephrine
use) are collected using EMS records.
To collect 1-month follow-up data, the
EMS person in charge of each patient
with OHCA has a face-to-face meeting
with the physician who treated that pa-
tient at the hospital. If the patient is not
at the hospital, the EMS personnel con-
ducts a follow-up search. These data are
initially handwritten. Then, in coop-
eration with the physicians in charge
of patients with OHCA, the EMS per-
sonnel summarize the data of each
OHCA case in standardized Utstein
style.20,21 The data at the 807 fire sta-
tions with dispatch centers in the 47
prefectures are then electronically in-
tegrated into the national registry sys-
tem on the FDMA database server.

In most cases, an ambulance crew con-
sists of 3 emergency personnel, includ-
ing at least 1 emergency lifesaving tech-
nician. Emergency lifesaving technicians
have undergone extensive training in the
provision of emergency care until ar-
rival at the hospital. These technicians
are permitted to insert an intravenous
line and an adjunct airway and to use
semiautomated external defibrilla-
tors.16 Specially trained emergency life-
saving technicians have been permitted
to insert an intravenous line since July
2004, and certified emergency lifesav-
ing technicians have been permitted to
administer intravenousepinephrinesince
April 2006.16

Epinephrine use is implemented ac-
cording to the FDMA resuscitation
guidelines for emergency lifesaving tech-
nicians.22 Specifically, during the resus-
citation of patients with OHCA, after
checking the initial rhythm and using
defibrillation when appropriate, along
with CPR, emergency lifesaving techni-
cians perform tracheal intubation and/or
insert an intravenous line with ap-
proval from an online emergency phy-
sician. Then, after verifying the ab-
sence of impulse in the carotid artery,
the emergency lifesaving technicians ad-
minister epinephrine with the ap-
proval of the emergency physician.22

Study Design and Patients
This was a prospective observational
study using national registry data. The
study was approved by the ethics com-
mittee at Kyushu University Graduate
School of Medicine. The requirement for
written informed consent was waived.

Patients were aged 18 years or older,
had an OHCA before arrival of EMS per-
sonnel, were treated by EMS personnel,
and were then transported to medical in-
stitutions between January 1, 2005, and
December 31, 2008, in Japan.

Variables

The collected data included informa-
tion on OHCA patients, CPR initiated by
bystander, life support by EMS person-
nel, and patient outcome. When pa-
tients survived cardiac arrest, they were
followed up for as long as 1 month after
the event, and information on survival
and neurological and physical status 1
month after the event was collected. Neu-
rological outcomes 1 month after suc-
cessful resuscitationwereevaluatedusing
the Glasgow-Pittsburgh Cerebral Per-
formance Category (CPC) scale, which
has 5 categories: (1) good cerebral per-
formance; (2) moderate cerebral disabil-
ity; (3) severe cerebral disability; (4)
coma or vegetative state; and (5) death;
and using the Overall Performance Cat-
egory (OPC) scale, also with 5 catego-
ries: (1): no or mild neurological disabil-
ity; (2) moderate neurological disability;
(3) severe neurological disability; (4)
coma or vegetative state; and (5)
death.20,21,23 At 1 month after the event,
the EMS person in charge of the patient
with OHCA contacted the physician in
charge of that patient at the medical fa-
cility and collected CPC and OPC data
by chart review and an in-person inter-
view. These data were entered into the
national database.

The etiology of cardiac arrest (ie, car-
diac or noncardiac) was determined
clinically by the physician in charge
with the aid of the EMS personnel. Re-
garding first documented rhythm, be-
cause an automated external defibrilla-
tor analyzes a patient ’s rhythm
automatically and delivers a shock only
when it detects ventricular fibrillation
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(VF), the patient’s first recorded rhythm
was regarded as VF when laypersons de-
livered shocks with the use of a public-
access automated external defibrilla-
tor. Additionally, the category of VF
included ventricular tachycardia. Only
epinephrine was used during prehos-
pital CPR for patients with OHCA, fol-
lowing the FDMA resuscitation guide-
l ine for emergency l i f e sav ing
technicians.22

End Points

The 4 end points were ROSC before
hospital arrival, survival at 1 month af-
ter cardiac arrest, 1-month survival with
CPC category 1 or 2, and 1-month sur-
vival with OPC category 1 or 2.20,21,23

Statistical Analysis

Data that met the criteria concerning
patient age, time course, and epineph-
rine use were analyzed. Using data for
all cases, 3 unconditional logistic re-
gression models were fit using one of
the end points as a dependent vari-
able. With an actual 1-month survival
rate of 5.4% in the intravenous epi-
nephrine group and 4.7% in the no-
epinephrine group, 15 030 samples for
each group provided a power level of
92.0% with a type I error of .05.24

Epinephrine use before hospital ar-
rival was not randomly assigned in the
patient population; therefore, we devel-
oped a propensity score for epineph-
rine use before hospital arrival and con-
trolled for potential confounding and
selection bias.25 By multivariable logis-
tic regression analysis not taking pa-
tient outcome into account, the propen-
sity score for prehospital epinephrine use
was determined. Specifically, a full non-
parsimonious logistic regression model
was fit with prehospital epinephrine use
as a dependent variable, which in-
cluded every variable in TABLE 1 (ie, 20
variables, including 3 dummy variables
for cases per year) plus dummy vari-
ables for the 47 prefectures in Japan (ie,
46 variables) as independent variables.
A propensity score for epinephrine use
before hospital arrival was calculated
from the logistic regression equation for
each patient. This propensity score rep-

resented the probability that a patient
with OHCA would be given epineph-
rine before hospital arrival. Using the SAS
macro program by Parsons et al,26 based
on propensity score, patients with OHCA
who were given epinephrine were
matched with unique control patients
who were not given epinephrine before
hospital arrival. Using data for the pro-
pensity-matched patients, 4 types of con-
ditional logistic regression models were
fit with one of the end point variables as
a dependent variable. With an actual
1-month survival rate of 5.1% in the in-
travenous epinephrine group and 7.0%
in the no-epinephrine group, 13 401
samples for each group provided a power
level of 94.1% with a type I error of .01.24

The 2-sided significance level for all
tests was P� .05. All analyses were per-

formed using SAS software, version 8.2
(SAS Institute Inc).

RESULTS
Patient Characteristics

Between January 1, 2005, and Decem-
ber 31, 2008, 431 968 OHCAs occurred.
Of these cases, 417 188 met the inclu-
sioncriteria (FIGURE 1and Table 1). The
mean age of all patients was 72 (SD, 16)
years, and no significant difference
existed between the mean ages of the 2
groups (P=.86). There was a signifi-
cant difference between those who were
given epinephrine and those who were
not before hospital arrival. The num-
ber of OHCA cases who received epi-
nephrine increased over the study
period from 190 in 2005 to 8124 in

Table 1. Baseline Characteristics of Patients With Out-of-Hospital Cardiac Arrest According
to Epinephrine Administration, 2005-2008, Japan (N = 417 188)a

Characteristics
Epinephrine
(n = 15 030)

No Epinephrine
(n = 402 158)

Cases per year
2005 190 (1.3) 100 514 (25.0)

2006 1764 (11.8) 102 250 (25.4)

2007 4947 (32.9) 96 310 (24.0)

2008 8124 (54.1) 103 017 (25.6)

Age, mean (SD), y 72.38 (15.5) 72.41 (16.4)

Male 9546 (63.5) 236 366 (58.8)

Bystander eyewitness 8938 (59.5) 159 304 (39.6)

Family member bystander eyewitness 5250 (34.9) 82 812 (20.6)

Origin of cardiac arrest
Cardiac 9088 (60.5) 220 597 (54.9)

Noncardiac 5942 (39.5) 181 561 (45.2)

Cardiopulmonary resuscitation initiated by bystander
Chest compression 6627 (45.1) 143 975 (36.0)

Rescue breathing 2458 (16.9) 60 691 (15.2)

Use of public-access automated external defibrillator 113 (0.8) 1449 (0.4)

Life support by emergency medical service personnel
Emergency lifesaving technician present in ambulance 14 929 (99.4) 374 818 (93.2)

Physician present in ambulance 1079 (7.2) 9176 (2.3)

Advanced life support performed by physician 2558 (17.0) 61 302 (15.3)

Time from call to arrival at scene, mean (SD), min 7.54 (4.0) 7.18 (3.8)

Time from call to arrival at hospital, mean (SD), min 38.15 (13.5) 31.68 (13.3)

First documented rhythm
Ventricular fibrillation/pulseless ventricular tachycardia 2054 (13.7) 29 103 (7.2)

Pulseless electrical activity/asystole 12 975 (86.3) 373 049 (92.8)

Defibrillation by emergency medical service personnel 3117 (20.9) 42 348 (10.5)

Use of advanced life support devices (eg, laryngeal mask/
adjunct airway/tracheal tubes)

11 496 (76.5) 172 673 (42.9)

Insertion of intravenous line 14 420 (96.0) 64 246 (16.0)
aData are expressed as No. (%) unless otherwise indicated. All baseline characteristic comparisons between the 2 groups

were statistically significant at P�.001 except age (P=.86). Values were missing for 5 to 10 998 individuals across all
variables.
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2008, whereas the number of OHCA
cases who did not receive epinephrine
remained at the same level (P� .001)
(Table 1). Additionally, we checked the
effects of prehospital epinephrine use
by VF/non-VF status. Among patients
with VF, 432 patients (21.1%) in the
epinephrine group and 6478 (22.3%)
in the no-epinephrine group had ROSC
beforehospital arrival (�2=1.59; P=.21).
The numbers of patients with 1-month
survival, CPC category 1 or 2, and OPC
category 1 or 2, respectively, were 316
(15.4%), 126 (6.1%), and 127 (6.2%)
in the epinephrine group and 6209
(21.3%), 3927 (13.5%), and 3920
(13.5%) in the no-epinephrine group
(�2=41.02, 91.82, and 90.13, respec-
tively; all P� .001). Among patients
without VF, 2354 (18.2%) in the epi-
nephrine group and 16 564 (4.4%) in

the no-epinephrine group had ROSC
before hospital arrival (�2=5052.66;
P � .001). The numbers of patients
without VF with 1-month survival, CPC
category 1 or 2, and OPC category 1 or
2, respectively, were 489 (3.8%), 79
(0.6%), and 84 (0.7%) in the epineph-
rine group and 12 696 (3.4%), 4975
(1.3%), and 4910 (1.3%), in the no-
epinephrine group (�2=5.08; P=.02;
�2= 50.96; P � .001; and �2= 43.91;
P�.001, respectively) (eAppendix and
eTable 1; available at http://www.jama
.com).

Epinephrine Use Before Hospital
Arrival and Patient Survival
TABLE 2 and FIGURE 2 summarize sur-
vival outcomes based on epinephrine
use among all patients. With respect to
the 4 end-point variables, in the initial
unadjusted model, there was a signifi-
cant difference between those who were
administered epinephrine and those
who were not before hospital arrival (all
P� .001) (Figure 2). A positive asso-
ciation was detected between prehos-
pital epinephrine use and the out-
come measure in patients with ROSC
before hospital arrival in the 3 mod-
els. A significant positive association in
the crude model (OR, 1.15; 95% CI,
1.07-1.23; P� .001) and a significant
negative association in the adjusted
model using selected variables (OR,
0.43; 95% CI, 0.39-0.46; P� .001) or
all variables (OR, 0.46; 95% CI, 0.42-

0.51; P � .001) were observed for
1-month survival with respect to an as-
sociation between prehospital epineph-
rine use and the outcome measures. A
significant negative association was de-
tected between prehospital epineph-
rine use and CPC and OPC in the 3
models.

Prehospital Epinephrine Use
and Survival
in Propensity-Matched Patients

To calculate the propensity score, a full
nonparsimonious logistic regression
model was fit. This model yielded a C
statistic of 0.96, which indicated a very
strong ability to differentiate between
those who used epinephrine before hos-
pital arrival and those who did not. The
propensity score ranged from 0.007 to
1.000, which indicated that the prob-
ability of epinephrine use before hos-
pital arrival by a patient with OHCA
would be between 0 and 1. In the study,
13 401 patients who were given epi-
nephrine were matched with 13 401 pa-
tients who were not given epineph-
rine (TABLE 3). With respect to every
predictor variable, no significant dif-
ference was detected between patients
who were given epinephrine and pa-
tients who were not given epineph-
rine, which showed that these propen-
sity-matched patients were well
matched.

TABLE 4 and FIGURE 3 summarize
survival outcomes based on epineph-
rine use among propensity-matched pa-
tients. With respect to the 4 end-point
variables, in the initial unadjusted
model, there was a significant differ-
ence between those who were admin-
istered epinephrine and those who were
not before hospital arrival (all P� .001)
(Figure 3). For ROSC, a positive asso-
ciation was detected between prehos-
pital epinephrine use and the out-
come measures in the 4 models. The
positive association became increas-
ingly more evident after adjustment for
selected variables and after adjust-
ment for all variables. Inversely, for
1-month survival and survival with
minimal neurological impairment (ie,
CPC category 1 or 2, OPC category 1

Figure 1. Study Participant Selection

417 188 Cases included in analysis
15 030 Received epinephrine

402 158 Did not receive epinephrine

431 968 Out-of-hospital cardiac arrest cases
in Japan between January 1, 2005,
and December 31, 2008

14 780 Excluded
7991 Younger than 18 years

62 Missing age data

5951 Missing data on epinephrine
administration

390 More than 60 min elapsed
from call to scene arrival

386 More than 480 min elapsed
from call to hospital arrival

Table 2. Unconditional Logistic Regression Analyses of Outcomes in Epinephrine Group
(vs No-Epinephrine Group) Among All Patients With Out-of-Hospital Cardiac Arrest

Analysis

Odds Ratio (95% CI)a

ROSC
1-Month
Survival CPC 1 or 2 OPC 1 or 2

Unadjusted (n = 417 155) 3.75 (3.59-3.91) 1.15 (1.07-1.23) 0.61 (0.53-0.70) 0.63 (0.55-0.73)

Adjusted for selected variables
(n = 412 078)b

3.06 (2.93-3.21) 0.43 (0.39-0.46) 0.21 (0.18-0.24) 0.22 (0.19-0.25)

Adjusted for all covariates
(n = 391 046)c

2.36 (2.22-2.50) 0.46 (0.42-0.51) 0.31 (0.26-0.36) 0.32 (0.27-0.38)

Abbreviations: CPC, Cerebral Performance Category; OPC, Overall Performance Category; ROSC, return of spontaneous
circulation.

aFor all odds ratios, P�.001.
bSelected variables included age, sex, bystander eyewitness, relationship of bystander to patient, bystander chest com-

pression, bystander rescue breathing, use of public-access automated external defibrillator by bystander, first docu-
mented rhythm, and time from call to arrival at the scene for the model with ROSC as a dependent variable. For other
models, ROSC and the above selected variables were adjusted.

cAll covariates included all variables in Table 1 plus 46 dummy variables for the 47 prefectures in Japan for the model with
ROSC as a dependent variable. For other models, ROSC, all variables in Table 1, and 46 dummy variables for the 47
prefectures in Japan were adjusted.
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or 2), a significant negative associa-
tion was observed between epineph-
rine use before hospital arrival and the
outcome measures. These negative as-
sociations became increasingly more
evident after adjustment for selected
variables and after adjustment for all
variables (eAppendix and eTable 2).

COMMENT

Our findings, based on propensity-
matchedanalysesusing4differentmod-
els, clearly show that intravenous epi-
nephrineadministrationbeforehospital
arrival is independently associated with
reduced 1-month survival (Table 4). As
for the effectiveness of prehospital epi-
nephrineuse incardiopulmonary resus-
citation,1 largeobservational studysup-
ported effectiveness12 while others did
not.13,27Althoughrecentrandomizedcon-
trolledtrialsshowedthatepinephrineuse
beforehospitalarrivalwasnotassociated
with long-term survival, there were sev-
eralmethodologicalproblemswiththese
trials.15,25 Previous findingsare inconsis-
tent, so the effectiveness of epinephrine
inCPRhasnotbeenestablished.Ourfind-

ings are derived from national registry
data,andsamplesizeforpropensityanaly-
sis posed no problem. Based on a valid
propensityanalysiscontrollingfor theef-
fects of selection bias and confounding
factors,weobservedthatintravenousepi-
nephrine use before hospital arrival was
a significantpredictorofpoor long-term
outcome.Webelievethatthepresentfind-
ingsare importantboththeoreticallyand
practically.Asnotedpreviously,epineph-
rine is reportedly associated with in-
creased myocardial dysfunction, dis-
turbedcerebralmicrocirculationaftercar-
diac arrest, and ventricular arrhythmias
during the period after resuscitation.4-7

Theadverselong-termeffectmightbedue
to these pharmacological effects of epi-
nephrine.

Epinephrine use before hospital ar-
rival was consistently a significant and
positive predictor of ROSC before hos-
pital arrival in the 4 different models, and
the ORs ranged from 1.91 to 2.51 (all
P�.001) (Table 4). Our results are based
on propensity-matched data and are con-
sistent with previous findings.14,15,27 Sev-
eral results have been reported that can

explain the biological or pharmacologi-
cal aspects of intravenous epinephrine
administration leading to improved
short-term outcomes, including animal
studies showing short-term effects of epi-
nephrine8,9 and evidence to indicate in-
creased cerebral and coronary perfu-
sion by redirected peripheral blood
flow.10,11 Thus, the short-term effect
might be attributable to these pharma-
cological effects of epinephrine.

A major confounder in this analysis is
that patients who did not receive epi-
nephrine in the prehospital setting may
have received epinephrine after hospi-
tal arrival. Therefore, the differences may
reflect changes in the type of care after
hospital arrival and may not be attrib-
utable to the drug itself. Thus, we con-
ducted a sensitivity analysis. In matched
subsets of patients who had ROSC prior
to hospital arrival, there would be no in-
dication to receive epinephrine in the
hospital, so the pure effect of the drug
could be determined. Thus, we com-
pared long-term survival between these
patients. The numbers of 1-month sur-
vivors in the epinephrine and no-

Figure 2. Results of Unconditional Logistic Regression Analyses Comparing Prehospital Epinephrine Use vs No Prehospital Epinephrine Use in
Patients With Out-of-Hospital Cardiac Arrest

No. (%) With Outcome

Favors No
Prehospital Epinephrine

Favors Prehospital
Epinephrine

101.00.1

Odds Ratio (95% CI)

Model Epinephrine No Epinephrine
Total No.
of Cases

Odds Ratio
(95% CI)

ROSC
Unadjusted 2786 (18.5) 23 042 (5.7)417 155 3.75 (3.59-3.91)
Adjusted for selected variablesa 2692 (18.6) 22 804 (5.7)412 078 3.06 (2.93-3.21)

2556 (18.6) 21 629 (5.7)Adjusted for all covariatesb 391 046 2.36 (2.22-2.50)

1-Month survival
Unadjusted 805 (5.4) 18 906 (4.7)417 186 1.15 (1.07-1.23)
Adjusted for selected variablesa 772 (5.3) 18 637 (4.7)412 078 0.43 (0.39-0.46)

733 (5.3) 17 677 (4.7)Adjusted for all covariatesb 391 046 0.46 (0.42-0.51)

CPC 1 or 2
Unadjusted 205 (1.4) 8903 (2.2)417 187 0.61 (0.53-0.70)
Adjusted for selected variablesa 197 (1.4) 8781 (2.2)412 078 0.21 (0.18-0.24)

187 (1.4) 8329 (2.2)Adjusted for all covariatesb 391 046 0.31 (0.26-0.36)

OPC 1 or 2
Unadjusted 211 (1.4) 8831 (2.2)417 187 0.63 (0.55-0.73)
Adjusted for selected variablesa 202 (1.4) 8710 (2.2)412 078 0.22 (0.19-0.25)

192 (1.4) 37 732 (2.2)Adjusted for all covariatesb 391 046 0.32 (0.27-0.38)

CPC indicates Cerebral Performance Category; OPC, Overall Performance Category; ROSC, return of spontaneous circulation. Different sample sizes in the 3 models
result from increasing numbers of cases with missing data as the number of independent variables increased.
aSelected variables included age, sex, bystander eyewitness, relationship of bystander to patient, bystander chest compression, bystander rescue breathing, use of
public-access automated external defibrillator by bystander, first documented rhythm, and time from call to arrival at the scene for the model with ROSC as a depen-
dent variable. For other models, ROSC and the above selected variables were adjusted.
bAll covariates included all variables in Table 1 plus 46 dummy variables for the 47 prefectures in Japan for the model with ROSC as a dependent variable. For other
models, ROSC, all variables in Table 1, and 46 dummy variables for the 47 prefectures in Japan were adjusted.
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epinephrine groups were 438 (18.0%)
and 661 (46.8%), respectively (P�.001).
The numbers of patients with CPC cat-

egory 1 or 2 in the epinephrine and no-
epinephrine groups were 113 (4.7%) and
354 (25.0%), respectively (P�.001). The

numbers of patients with OPC category
1 or 2 in the epinephrine and no-
epinephrine groups were 115 (4.7%) and
351 (24.8%), respectively (P�.001). Ad-
ditionally, we compared time from call
to scene arrival or hospital arrival be-
tween the epinephrine and no-
epinephrine groups. The mean times
from call to scene arrival in the epineph-
rine and no-epinephrine groups were
7.37 (SD, 3.73) minutes and 6.72 (SD,
3.05) minutes, respectively (P� .001).
The mean times from call to hospital ar-
rival in the epinephrine and no-
epinephrine groups were 40.01 (SD,
14.19) minutes and 40.43 (SD, 21.84)
minutes, respectively (P=.53). Because
the no-epinephrine group was not trans-
ported more quickly to the emergency
department, improved long-term out-
comes might not reflect more rapid de-
livery to definitive care. In summary, the
sensitivity analysis showed that the use
of epinephrine might be related to de-
creased 1-month survival.

Thereareseveralnotablefindingsofthis
study. First, the number of patients with
OHCA who were given epinephrine in-
creaseddramatically from190in2005to
8123 in2008.SinceApril 2006, certified
emergency lifesaving technicians have
beenpermittedtoadministerintravenous
epinephrine.16 The large increase in the
number of patients who were adminis-
tered epinephrine might be due to this
changeintheJapaneseguidelines.In2005,
epinephrine was administered in 190
cases. Physicians were in ambulances in
2.5%of the417 168casesoccurringdur-
ing the study period. Thus, physicians
likelyadministeredintravenousepineph-
rine to the 190 patients in 2005. Second,
in the total sample,only1.4%ofpatients
in the epinephrine group had good neu-
rological outcomes, despite a 5.4% sur-
vivalrate(Table1).Thus,onlyabout25%
of survivors had good neurological out-
comes.Thesamebasicpatternwasfound
among propensity-matched patients
(Table3).This rate is substantially lower
thanthosereported inmostOHCAstud-
ies,inwhichthemajorityoflong-termsur-
vivorshadgoodoutcomes.12,13,15,25,27 This
finding implies that epinephrineadmin-
istrationmight save theheartbutnot the

Table 3. Baseline Characteristics of Patients With Out-of-Hospital Cardiac Arrest According
to Epinephrine Administration in Propensity-Matched Patientsa

Characteristics
Epinephrine
(n = 13 401)

No Epinephrine
(n = 13 401)

Cases per year
2005 183 (1.4) 174 (1.3)
2006 1704 (12.7) 1664 (12.4)
2007 4124 (30.8) 4183 (31.2)
2008 7390 (55.2) 7380 (55.1)

Age, mean (SD), y 72.43 (15.5) 72.40 (15.7)
Male 8480 (63.3) 8427 (62.9)
Bystander eyewitness 7729 (57.7) 7866 (58.7)
Family member bystander eyewitness 4519 (33.7) 4533 (33.8)
Origin of cardiac arrest

Cardiac 8039 (60.0) 7984 (59.6)
Noncardiac 5362 (40.0) 5417 (40.4)

Cardiopulmonary resuscitation initiated by bystander
Chest compression 5854 (43.7) 5918 (44.2)
Rescue breathing 2205 (16.5) 2243 (16.7)
Use of public-access automated external defibrillator 102 (0.8) 99 (0.7)

Life support by emergency medical service personnel
Emergency lifesaving technician present in ambulance 13 316 (99.4) 13 308 (99.3)
Physician present in ambulance 811 (6.1) 873 (6.5)
Advanced life support performed by physician 2122 (15.8) 2233 (16.7)
Time from call to arrival at scene, mean (SD), min 7.50 (4.0) 7.47 (4.0)
Time from call to arrival at hospital, mean (SD), min 37.92 (13.2) 37.66 (18.3)
First documented rhythm

Ventricular fibrillation/pulseless ventricular tachycardia 1758 (13.1) 1781 (13.3)
Pulseless electrical activity/asystole 11 643 (86.9) 11 620 (86.7)

Defibrillation by emergency medical service personnel 2610 (19.5) 2602 (19.4)
Use of advanced life support devices (eg, laryngeal mask/

adjunct airway/tracheal tubes)
10 294 (76.8) 10 290 (76.8)

Insertion of intravenous line 12 868 (96.0) 12 865 (96.0)
aData are expressed as No. (%) unless otherwise indicated. All baseline characteristic comparisons between the 2 groups

were not statistically significant.

Table 4. Conditional Logistic Regression Analyses of Outcome in Epinephrine Group
(vs No-Epinephrine Group) Among Propensity-Matched Patients With Out-of-Hospital
Cardiac Arrest (n = 26 802)

Analysis

Odds Ratio (95% CI)a

ROSC
1-Month
Survival CPC 1 or 2 OPC 1 or 2

Unadjusted 1.91 (1.78-2.05) 0.71 (0.64-0.79) 0.41 (0.34-0.49) 0.43 (0.36-0.51)

Adjusted for propensity 2.01 (1.83-2.21) 0.71 (0.62-0.81) 0.41 (0.33-0.52) 0.43 (0.34-0.54)

Adjusted for propensity
and selected variablesb

2.24 (2.03-2.48) 0.60 (0.49-0.74) 0.40 (0.26-0.63) 0.43 (0.28-0.66)

Adjusted for propensity
and all covariatesc

2.51 (2.24-2.80) 0.54 (0.43-0.68) 0.21 (0.10-0.44) 0.23 (0.11-0.45)

Abbreviations: CPC, Cerebral Performance Category; OPC, Overall Performance Category; ROSC, return of spontaneous
circulation.

aFor all odds ratios, P�.001.
bSelected variables included age, sex, bystander eyewitness, relationship of bystander to patient, bystander chest com-

pression, bystander rescue breathing, use of public-access automated external defibrillator by bystander, first docu-
mented rhythm, and time from call to arrival at the scene for the model with ROSC as a dependent variable. For other
models, ROSC and the above selected variables were adjusted.

cAll covariates included all variables in Table 1 plus 46 dummy variables for the 47 prefectures in Japan for the model with
ROSC as a dependent variable. For other models, ROSC, all variables in Table 1, and 46 dummy variables for the 47
prefectures in Japan were adjusted.
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brain,whichisworthfurtherstudy.Third,
we also conducted an analysis of the as-
sociation between prehospital epineph-
rineuseandoutcomesinthetotalsample
(Table2).AnalysesofCPCandOPCboth
yieldedORslessthan1fortheassociation
betweenprehospitalepinephrineuseand
long-termneurologicaloutcome,which
was consistent with the results obtained
forpropensity-matchedpatients(Table4).
Acrudeanalysisrevealedasignificantposi-
tive association between prehospital in-
travenousepinephrineadministrationand
1-month survival (OR, 1.15; P� .001).
However,afteradjusting for theeffectsof
the selectedvariables, a significantnega-
tiveassociationbetweenprehospital epi-
nephrine use and 1-month survival
emerged (OR, 0.43; P� .001); this asso-
ciationremainedsignificantafteradjust-
ingforallvariablesinthethirdmodel(OR,
0.46; P� .001). Generally, an observa-
tionalstudycannotbefree fromselection
biasandconfoundingfactors.25Concomi-
tantwith this theoretical expectation, in-
consistentassociationsbetweenepineph-

rineadministrationbeforehospitalarrival
and the 1-month survival rate were
observed.

Several limitations and caveats to our
study must be acknowledged. First, the
major limitationwas that epinephrineuse
before hospital arrival was not assigned
by random allocation. We performed
propensity analysis and made a rigor-
ous adjustment for selection bias and
confounding factors, which would be ex-
pected with a standard multivariable
analysis.25 Nevertheless, we must ac-
knowledge that observational studies can
only partially control and adjust for fac-
tors actually measured, whereas random-
ized allocation can control both known
and unknown confounding factors and
avoid the introduction of bias. Second,
data on in-hospital CPR after arrival were
not included in the analysis. Long-term
survival cannot be achieved without first
restoring circulation. A positive associa-
tion was observed between epineph-
rine use before hospital arrival and short-
term survival, whereas a negative

association was detected between epi-
nephrine use before hospital arrival and
long-term survival. It is possible that
these findings might have been due to a
difference in in-hospital resuscitation
modes, such as induced hypothermia28

and mechanical chest compression de-
vices,29 between those who were admin-
istered epinephrine and those were not.
Specifically, hypothermia is not a rou-
tine treatment for in-hospital CPR pa-
tients with OHCA in Japan. Addition-
ally, no standard regimen of care after
hospital arrival has been established.
Thus, the use of induced hypothermia,
cardiac catheterization, or epinephrine
or other pressors (eg, vasopressin) may
differ among hospitals. In summary, al-
though the quality of in-hospital resus-
citation might influence 1-month sur-
vival, we could not control for the effects
of such factors. Third, some variables
were problematic. The etiology of OHCA
was determined clinically by the physi-
cian in charge with the aid of EMS per-
sonnel. However, we must recognize that

Figure 3. Results of Conditional Logistic Regression Analyses Comparing Prehospital Epinephrine Use vs No Prehospital Epinephrine Use in
Propensity-Matched Patients With Out-of-Hospital Cardiac Arrest

No. (%) With Outcome

Favors No
Prehospital Epinephrine

Favors Prehospital
Epinephrine

101.00.1

Odds Ratio (95% CI)

Model Epinephrine No Epinephrine
Total No.
of Cases

Odds Ratio
(95% CI)

ROSC
Unadjusted

2446 (18.3) 1400 (10.5)26 802
1.91 (1.78-2.05)

Adjusted for propensity 2.01 (1.83-2.21)
Adjusted for propensity and selected variablesa 2.24 (2.03-2.48)
Adjusted for all covariatesb 2.51 (2.24-2.80)

1-Month survival
Unadjusted

687 (5.1) 944 (7.0)26 802
0.71 (0.64-0.79)

Adjusted for propensity 0.71 (0.62-0.81)
Adjusted for propensity and selected variablesa 0.60 (0.49-0.74)
Adjusted for all covariatesb 0.54 (0.43-0.68)

CPC 1 or 2
Unadjusted

173 (1.3) 413 (3.1)26 802
0.41 (0.34-0.49)

Adjusted for propensity 0.41 (0.33-0.52)
Adjusted for propensity and selected variablesa 0.40 (0.26-0.63)
Adjusted for all covariatesb 0.21 (0.10-0.44)

OPC 1 or 2
Unadjusted

178 (1.3) 410 (3.1)26 802
0.43 (0.36-0.51)

Adjusted for propensity 0.43 (0.34-0.54)
Adjusted for propensity and selected variablesa 0.43 (0.28-0.66)
Adjusted for all covariatesb 0.23 (0.11-0.45)

CPC indicates Cerebral Performance Category; OPC, Overall Performance Category; ROSC, return of spontaneous circulation.
aSelected variables included age, sex, bystander eyewitness, relationship of bystander to patient, bystander chest compression, bystander rescue breathing, use of
public-access automated external defibrillator by bystander, first documented rhythm, and time from call to arrival at the scene for the model with ROSC as a depen-
dent variable. For other models, ROSC and the above selected variables were adjusted.
bAll covariates included all variables in Table 1 plus 46 dummy variables for the 47 prefectures in Japan for the model with ROSC as a dependent variable. For other
models, ROSC, all variables in Table 1, and 46 dummy variables for the 47 prefectures in Japan were adjusted.
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the determination of a noncardiac etiol-
ogy is highly atypical and problematic ex-
cept among arrests due to trauma,
drowning, strangulation, or drug over-
dose.30 Epinephrine dosage has been re-
ported to influence the outcome of pa-
tients with OHCA.31 According to our
interviews with emergency medicine
physicians, a single dose of epinephrine
was administered in the majority of cases.
However, because of lack of data, we
could not consider the number of epi-
nephrine doses used in the cases in-
cluded this study.

In summary, despite the limitations to
the study, the associations between epi-
nephrine use before hospital arrival and
short- and long-term outcomes were
strong and consistent. Specifically, our
data show that intravenous epineph-
rine use before hospital arrival was
associated with decreased 1-month sur-
vival on the basis of propensity-
matched national data. Epinephrine use
before hospital arrival was a positive pre-
dictor of short-term survival, which is in
line with previous findings. Our find-
ings need to be verified by studies that
include in-hospital resuscitation data.
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