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Background:  Despite  the publication  and  dissemination  of  the  Advanced  Cardiac  Life  Support  guide-
lines,  variability  in  the  use  of  drugs  during  resuscitation  from  out-of-hospital  cardiac  arrest  may  exist
between  different  Emergency  Medical  Services  throughout  North  America.  The  purpose  of  this  study  was
to  characterize  the  use  of  such  drugs  and  evaluate  their  relationship  to cardiac  arrest  outcomes.
Methods  and  results:  The  Resuscitation  Outcomes  Consortium  Registry-Cardiac  Arrest  collects  out-of-
hospital  cardiac  arrest  data  from  264  Emergency  Medical  Services  agencies  in  11  geographical  locations
in the  US  and  Canada.  Multivariable  logistic  regression  was  used  to  assess  the  association  between  drug
use,  characteristics  of  the  cardiac  arrest  and  a  pulse  at emergency  department  arrival  and  survival  to
discharge. A  total  of  16,221  out-of-hospital  cardiac  arrests  were  attended  by  74  Emergency  Medical
Services  agencies.  There  was  a  considerable  variability  in  the  administration  of  amiodarone  and  lidocaine
for the  treatment  of  shock  resistant  ventricular  tachycardia/ventricular  fibrillation.  For  non-shockable
rhythms,  atropine  use  ranged  from  29  to  95%  and  sodium  bicarbonate  use  ranged  from  0.2 to 73%  across
agencies  in  the  89%  of  agencies  that  used  the  drug.  Epinephrine  use  ranged  from  57  to  98%  within  agencies.

Neither  lidocaine  nor  amiodarone  was  associated  with  a  survival  benefit  while  there  was  an  inverse
relationship  between  the  administration  of  epinephrine,  atropine  and  sodium  bicarbonate  and  survival
to hospital  discharge.
Conclusions:  There  is  considerable  variability  among  Emergency  Medical  Services  agencies  in their  use of
pharmacological  therapy  for  out-of-hospital  cardiac  arrests  which  may  be  resolved  by  performing  large
randomized  trials  examining  effects  on survival.
. Introduction

Out-of-hospital cardiac arrest (OHCA) is a serious public health
roblem with a reported average incidence of 52 Emergency Medi-

al Services (EMS) treated events per 100,000 of the population per
ear in North America.1 Despite the publication and widespread
pplication of international Advanced Cardiac Life Support (ALS)

� A Spanish translated version of the summary of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2012.07.008.
∗ Corresponding author at: St. Michael’s, 30 Bond St., 6-050Q Toronto, ON M5N

W8, Canada. Tel.: +1 416 864 5104; fax: +1 416 864 5849.
E-mail address: dorianp@smh.ca (P. Dorian).

300-9572/$ – see front matter ©  2012 Elsevier Ireland Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.resuscitation.2012.07.008
© 2012 Elsevier Ireland Ltd. All rights reserved.

guidelines2 survival rates remain extremely low. The aim of the
ALS guidelines is to help standardize the provision of basic and
advanced level care based on the available evidence and expert
opinion. In order to help optimize cardiac and cerebral perfusion
during cardiopulmonary resuscitation (CPR), increase defibrillation
success and achieve a good neurological outcome, the ALS guide-
lines recommend the administration of specific anti-arrhythmic
and vasoactive drugs under certain conditions.3

However, there are limited data regarding the beneficial effects
of many of these agents. A recent study has suggested that there

may  be no benefit in the administration of intravenous (IV) med-
ications over CPR and defibrillation and no IV drugs of any kind.4

This lack of evidence is reflected in the recently published 2010
AHA/ILCOR guidelines which state that during cardiac arrest,

dx.doi.org/10.1016/j.resuscitation.2012.07.008
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2012.07.008
mailto:dorianp@smh.ca
dx.doi.org/10.1016/j.resuscitation.2012.07.008
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rovision of high-quality CPR and rapid defibrillation are of primary
mportance and drug administration is of secondary importance.2

he 2010 guidelines have removed atropine from the current treat-
ent guidelines for OHCA and the accompanying 2010 Consensus

n Science document suggested that placebo trials are needed to
valuate antiarrhythmic and vasopressor use in OHCA.5

As a result of the paucity of evidence to support the adminis-
ration of drugs during ALS there may  be a significant difference in
he utilization of drugs during resuscitation between different EMS
gencies. In order to assess the patterns of drug use in cardiac arrest
nd understand the relation between cardiac arrest characteristics
nd drug use it is useful to examine drug use across a wide range
f EMS  agencies and relate these to outcomes.

The aim of this study was to describe the variability of drug
dministration for OHCA between EMS  agencies across North
merica in a large multicentre registry of cardiac arrests and exam-

ne whether there was an association between administration of
ndividual drugs and the presence of a pulse at emergency depart-

ent (ED) admission as well as survival to hospital discharge.

. Methods

.1. Setting and design

Resuscitation Outcomes Consortium (ROC) is a North American
onsortium of research groups engaged in studies in cardiac arrest
nd severe trauma funded by the National Heart, Lung and Blood
nstitute in partnership with the National Institute of Neurological
isorders and Stroke, the Canadian Institutes of Health Research

CIHR), the Institute of Circulatory and Respiratory Health, Defence
esearch and Development Canada, the Heart and Stroke Foun-
ation of Canada and the American Heart Association. A detailed
egistry of cardiac arrest, the ROC Epistry-Cardiac Arrest, was  cre-
ted in 2005 to prospectively gather data on OHCA. The consortium
ncludes 264 EMS  agencies across 11 geographically distinct sites.6

his study complies with the Declaration of Helsinki and has been
pproved by locally appointed ethics committees.

Data related to out-of-hospital treatments and outcomes were
ollected by use of standardized operational definitions, including
nitial cardiac rhythms, response times, descriptions of responders,
iming of CPR and defibrillation, response to interventions, return of
pontaneous circulation (ROSC), the presence of a pulse at arrival to
he ED and survival to hospital discharge.7 All data were managed
y a central Data Coordinating Center at the University of Wash-

ngton. Site-specific quality assurance plans included education of
MS  providers in coding certain variables and definitions.

.2. Patient population

Specific treatment protocols are developed by each EMS  agency
s a medical directive according to the ALS guidelines under the
irection of a local medical director. Each agency provided their
rehospital treatment records, including dispatch records, prehos-
ital care reports, ambulance care reports, and ECG recordings,
hen available, to site coordinators, who abstracted the data and

ntered it into a central database. All adults who  experienced an
HCA across the 11 sites in ROC Epistry-Cardiac Arrest7 between
ecember 2005 and June 2007 who were treated by advanced level
MS  personnel were eligible for the present study. EMS  agencies
ere only included if there were more than 25 cases of OHCA

reated by ALS providers. Only subjects who received treatment

ere included in the analysis.

The initial rhythm was determined to be ventricular tachy-
ardia/ventricular fibrillation (VT/VF) if the initial automated
xternal defibrillator analysis recommended a shock or if the
n 83 (2012) 1324– 1330 1325

EMS  provider interpreted the initial rhythm as VT/VF, and
rhythm diagnosis was subsequently confirmed by research staff.
Shock resistant VT/VF was  defined as the requirement for ≥3
shocks during the cardiac arrest. The pharmacological agents are
recorded in the patient care report.7 Drug dose data was avail-
able for epinephrine only. Data relating to the administration
of vasopressin was not mandatory. Other information collected
included patient and event demographics, clinical information, out-
of-hospital interventions, disposition, hospital information and
outcomes.7

2.3. Pharmacological agents

The administration of pharmacological agents by the first ALS
agency responding to the cardiac arrest was summarized by agency.
Drugs examined included amiodarone, lidocaine, epinephrine,
vasopressin, atropine and sodium bicarbonate. The reporting of
vasopressin administration was optional.

2.4. Statistical analysis

All statistical analyses were performed with an available sta-
tistical package (S+, version 8.0.4, Cary, NC and R version 2.9.0).
A significance level of 0.05 was used. Baseline characteristics and
variables related to the cardiac arrest are presented as mean (±SD)
or number (%) and include age, sex, arrest witnessed by EMS  or
bystander, time from 911 call to EMS  arrival on scene, receipt of
shocks, number of shocks received, time from 911 call to shock
delivered (for non-EMS witnessed arrests), time from arrest to
shock delivered (EMS witnessed arrests), and initial rhythm. Each
was  abstracted from the prehospital documentation. Agency use of
each drug was summarized by both the mean (±SD)  and median
(IQR). For each drug, multivariable logistic regression was  used to
assess the association between drug use and outcomes. Adjustment
variables included in the multivariable logistic regression model
were selected a priori based on perceived scientific relevance, and
include age, sex, EMS  witnessed arrest, bystander witnessed arrest,
bystander CPR, initial rhythm VT/VF, time from 911 call to EMS
arrival on scene, and site. The relationship between outcome and
time from 911 call to EMS  arrival on scene was  modelled using
a natural cubic spline with three degrees of freedom. Outcomes
were expressed in terms of odds ratio (OR). In the multivariable
logistic regression model, dose of epinephrine was  grouped into
none, low (1–2 mg), moderate (3–5 mg), and high (>5 mg). As a
sensitivity analysis, for each drug the multivariable logistic regres-
sion was repeated using a natural cubic spline to account for the
duration of the resuscitation. The interpretation of these sensitivity
analyses is limited by the likelihood that an effective drug would
likely decrease the length of resuscitation. However, these mod-
els attempt to account for the fact that longer resuscitations are
related to both poor outcomes and higher drug usage. Addition-
ally, a smoothing cubic spline was  used to explore the relationship
between survival to hospital discharge and prehospital dose of
epinephrine.

Multivariable logistic regression was  used to assess the asso-
ciation between drug use and outcomes. Variables accounted for
were age, gender, EMS  witnessed, bystander witnessed, bystander
CPR, initial rhythm VT/VF, time from 911 call to EMS  arrival on
scene, and site. The relationship between outcome and time from
911 call to EMS  arrival on scene was modelled using a natural cubic

spline with three degrees of freedom. Outcomes were expressed
in terms of odds ratio (OR). A cubic smoothing spline was  used to
explore the relationship between survival to hospital discharge and
pre-hospital dose of epinephrine.
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Table 1
Baseline variables for patients who received pharmacological agents during OHCA.

Baseline or cardiac
arrest associated
characteristics

All subjects Amiodarone Lidocaine Epinephrine Atropine Bicarbonate No drug therapy

All rhythms
n  = 16,221

Initial
VT/VF
n = 3868

All rhythms
n  = 946

Initial
VT/VF
n = 594

All rhythms
n  = 1905

Initial
VT/VF
n = 1312

All rhythms
n = 13,053

Initial
VT/VF
n = 3036

All rhythms
n = 11,378

Initial
VT/VF
n = 2257

All rhythms
n = 3078

Initial
VT/VF
n = 741

All rhythms
n = 2753

Initial
VT/VF
n = 541

Age (mean ± SD) 66.1 (16.8) 64.2 (15.1) 65.1 (15.1) 64.5 (15.0) 65.0 (14.9) 63.7 (14.5) 65.9 (16.7) 64.2 (15.2) 65.9 (16.8) 64.2 (15.1) 62.7 (17.0) 62.6 (15.1) 67.7 (17.0) 65.4 (14.9)
Male  (%) 63 76 73 76 74 78 64 76 64 77 66 78 57 71
Bystander

witnessed  (%)
38 60 58 66 57 64 39 60 37 58 39 61 32 55

EMS  witnessed (%) 9 8 7 5 8 7 8 5 7 5 6 5 13 21
Call  to response

time
(mean ± SD)a

8.8 (6.8) 8.5 (5.9) 7.2 (4.2) 6.7 (3.7) 8.7 (5.4) 8.5 (5.2) 8.6 (6.7) 8.3 (5.3) 8.6 (6.9) 8.4 (5.5) 9.3 (5.9) 9.3 (5.4) 9.6 (7.0) 9.9 (8.4)

Patients  receiving
≥1 shock (%)b

36 96 95 98 94 99 38 96% 35 96 44 97 24 92%

Number  of shocks
received
(mean ± SD)c

3.3 (2.8) 3.8 (3.1) 4.6 (2.8) 5.1 (2.9) 4.9 (3.4) 5.3 (3.6) 3.6 (2.9) 4.2 (3.2) 3.3 (2.8) 3.9 (3.1) 4.1 (3.4) 5.1 (3.7) 1.9 (1.3) 1.9 (1.3)

Call  to first shock
(mean ± SD)d

14.2 (9.4) 10.0 (4.8) 14.3 (8.4) 10.4 (4.6) 12.7 (8.1) 9.5 (4.0) 14.9 (9.6) 10.2 (4.7) 15.8 (10.1) 10.4 (5.0) 16.1 (10.5) 10.1 (4.5) 10.7 (6.9) 9.4 (5.3)

Arrest  to first shock
(mean ± SD)e

6.2 (9.1) 2.8 (3.7) 9.9 (8.0) 10.0 (11.3) 4.7 (6.5) 2.2 (3.8) 10.411.2) 4.6 (5.8) 12.8 (12.6) 4.5 (5.9) 10.4 (12.5) 4.3 (7.1) 2.0 (1.3) 2.0 (1.3)

Percentages refer to the proportion of patients in each rhythm category who  received the drug listed.
a Time from receiving the call at dispatch to arrival of EMS.
b Patients who received ≥1 shock throughout the duration of resuscitation.
c No of shocks among patients with ≥1 shock.
d Time from receiving the call at dispatch to delivery of shock.
e Time from confirmation of cardiac arrest by EMS  crew until deliver of shock.
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Table  2
The rates of agency use of various pharmacological agents in OHCA cases.

Amiodarone Lidocaine Epinephrine Atropine Bicarbonate

All cardiac arrests
Agencies using drug – % (n/N) 55% (41/74) 96% (71/74) 100% (74/74) 100% (74/74) 91% (67/74)
Mean  use % (±SD) 7% (8) 12% (8) 81% (8) 71% (14) 18% (17)
Median % (IQR) 1% (0–14) 10% (6–16) 81% (77–85) 74% (66, 79) 13% (3–28)
Range of use (%) 0.1–25 0.2–34 57–98 27–91 0.3–71

Initial  rhythm VT/VF
Agencies using drug – % (n/N) 51% (38/74) 95% (70/74) 100% (74/74) 100% (74/74) 73% (54/74)
Mean  % (±SD) 17% (21) 31% (20) 80% (11) 61% (18) 18% (19)
Median % (IQR) 1% (0–38) 28% (17–43) 81% (76–88) 63% (50–73) 14% (0–28)
Range of use (%) 0.3–67 0.5–80 50–100 18–100 0.5–67

Received shock
Agencies using drug – % (n/N) 55% (41/74) 96% (71/74) 100% (74/74) 100% (74/74) 84% (62/74)
Mean  % (±SD) 16% (20) 29% (19) 84% (8) 69% (16) 22% (20)
Median % (IQR) 3% (0–34) 28% (14–38) 84% (80–89) 73% (64–78) 20% (3–35)
Range  of use (%) 0.2–63 0.5–75 55–100 25–100 0.4–73

Received ≥3 shocks
Agencies using drug – % (n/N) 56% (41/73) 90% (66/73) 100% (73/73) 100% (73/73) 73% (53/73)
Mean  % (±SD) 26% (30) 39% (25) 92% (9) 70% (17) 26% (26)
Median % (IQR) 5% (0, 57) 37% (20, 58) 94% (89, 100) 71% (59, 82) 20% (0, 43)
Range  of use (%) 0.4–90 0.8–100 50–100 22–100 2–90

Non  shockable initial rhythm
Agencies using drug – % (n/N) 50% (37/74) 84% (62/74) 100% (74/74) 100% (74/74) 89% (66/74)
Mean  % (±SD) 3% (4) 5% (4) 81% (9) 74% (14) 19% (18)
Median % (IQR) 0% (0–5) 5% (2–7) 82% (76–87) 78% (68–83) 15% (3–28)
Range in % over all agencies 0.1–18 0.2–16 48–97 29–95 0.2–73

Mean and median refer to the percentage of patients receiving the drug over all agencies which ever used the drug.
R
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. Results

A total of 16,221 OHCAs were attended by 74 EMS  agencies with
LS capability and with greater than 25 cardiac arrests. Overall 83%
f all patients received at least one pharmacological agent during
PR. Approximately 24% of patients had a first documented rhythm
f VT/VF and 36% of patients received at least one shock during
he cardiac arrest. The overall mean age was 66.1 (±16.8) years
nd 63% were male. The baseline characteristics of all patients are
ummarized in Table 1.

.1. Anti-arrhythmic drugs (Tables 1 and 2)

Patients who received lidocaine had a significantly longer call to
esponse time, received fewer shocks, and had longer call to shock
ime. Overall, 96% of agencies administered lidocaine, 55% adminis-
ered amiodarone and 54% of agencies administered both lidocaine
nd amiodarone. Less than half (43%) of agencies only administered
ne anti-arrhythmic drug. Two agencies did not use either lidocaine
r amiodarone during any cardiac arrest (Fig. 1).

Within those agencies using lidocaine, the proportion of patients
eceiving lidocaine in cases with at least one shock ranged from 1
o 75%. For those who had shock resistant VT/VF, lidocaine admin-
stration rates ranged from 1 to 100% between agencies (mean
1 ± 31%).

In agencies using amiodarone, the proportion receiving amio-
arone ranged from 0.2 to 63% for patients who received at least
ne shock, and from 0.4 to 90% for shock resistant VT/VF (mean
6 ± 32%). In patients with shock resistant VT/VF, 22% of those who
eceived amiodarone and 33% of those who received lidocaine had
OSC at the time of ED arrival. Among patients with shock resis-
ant VT/VF, 11% of those who received amiodarone and 15% of those
ho received lidocaine survived to hospital discharge.
In a multivariable analysis, adjusting for age, gender, EMS
itnessed arrest, bystander witnessed arrest, bystander CPR,

hockable initial rhythm, time from 911 to EMS  arrival and study
ite, the odds ratio (OR) for survival to hospital discharge after
Fig. 1. Relation between use of amiodarone and lidocaine for all cardiac arrests
across all agencies throughout the Epistry ROC database. Each point represents one
agency with the exception of 2 agencies with zero use of both drugs.

treatment for shock resistant VT/VF was 1.11 (0.67–1.82) for amio-
darone and 1.28 (0.89–1.83) for lidocaine (Fig. 2).

3.2. Vasopressors (Tables 1 and 2)

Epinephrine was administered in approximately 80% of ALS
treated cardiac arrests (range 57–98% among agencies). All agencies
used epinephrine in some cardiac arrests. The mean dose adminis-
tered was 3.5 mg  (±2.0 mg). Epinephrine dose varied widely across
agencies, with a range in the mean epinephrine dose of 1.9–5.5 mg
(p < 0.001). There was an inverse association between epinephrine

dose and survival to discharge (Fig. 3). This relationship persisted
after adjusting for age, gender, EMS  witnessed arrest, bystander
witnessed arrest, bystander CPR, shockable initial rhythm, time
from 911 to EMS  arrival, the duration of OHCA and study site.
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Fig. 2. Forest plot showing the odds ratio of pulses present at emergency department (ED) a
agents administered. Odds ratios for survival are adjusted for age, sex, EMS  witnessed, by
(except  for atropine, since that was all non-VF).

Fig. 3. Relation of epinephrine dose to survival. Each point represents the total dose
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The overall lack of evidence in favour of any pharmacological
f epinephrine in milligram versus the rate of survival for individuals who  received
hat dose.

asopressin was recorded as being used in only 3% of cases; how-
ver the use of vasopressin was an optional variable in the data set
nd the use or non-use was not recorded in all cases.

.3. Atropine (Tables 1 and 2)

Atropine was administered in 71% (±14%) of all cardiac arrests.
or non VT/VF OHCAs the mean agency rate of use was  74% (±14%),
anging from 29% to 95%. For patients with a non-shockable rhythm,
fter adjusting for age, gender, EMS  witnessed arrest, bystander
itnessed arrest, bystander CPR, shockable initial rhythm, time

rom 911 to EMS  arrival, the duration of OHCA and study site there
as an inverse relationship between the administration of atropine

nd pulses present at hospital arrival (OR 0.56; 0.49–0.65) and

urvival to hospital discharge (OR 0.11; 0.08–0.15) (Fig. 2). An addi-
ional multivariable logistic regression analysis that also adjusted
or duration of resuscitation gave similar results.
rrival (left) and survival to hospital discharge (right) for the various pharmacological
stander witnessed, bystander CPR, time from 911 to arrival of first EMS, and VT/VF

3.4. Sodium bicarbonate

Sodium bicarbonate was administered in 19% of OHCAs. Agency
specific rates ranged from 0.3 to 71% within agencies that ever used
the drug. While 7 agencies did not use sodium bicarbonate for any
cardiac arrests, 6 agencies, all within one geographical region, used
it in approximately half of all cardiac arrests. The administration
of sodium bicarbonate for more prolonged cardiac arrests (greater
than the median duration) was not significantly higher than for
shorter arrests (23% for cardiac arrests greater than 25 min  versus
18% overall use).

After adjusting for age, gender, EMS  witnessed arrest, bystander
witnessed arrest, bystander CPR, shockable initial rhythm, time
from 911 to EMS  arrival, the duration of OHCA and study site,
there was  an inverse relationship between the administration of
sodium bicarbonate and pulses at ED arrival (OR 0.41; 0.36–0.48)
and survival to hospital discharge (OR 0.13; 0.10–0.17) (Fig. 2).
An additional logistic regression that also adjusted for duration of
resuscitation gave similar results.

4. Discussion

This is the largest study describing the contemporary use of
pharmacological agents in OHCA. Despite the publication of guide-
lines designed to help standardize the management of OHCA there
is substantial variability in the administration of drugs. Although
the reasons for this have never been studied in detail, several factors
may  account for these findings. The lack of evidence from ran-
domized clinical trials in terms of survival, resulting in Class IIb
recommendations for the majority of the agents, is likely to be the
most significant contributing factor. Other potential factors include
a variation in the time taken to incorporate the 2005 guidelines
into clinical practice8 as well as differences in the opinion of med-
ical directors in different agencies. This was  demonstrated in this
study in terms of significant geographical variability in the use indi-
vidual pharmacological agents in OHCA despite recommendations
made in the guidelines preceding this study period.
agent administered during CPR may  result in different interpreta-
tions of the guidelines. A recent trial in which OHCA patients were
randomized to receive either ALS with IV drug administration or
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LS without access to IV drugs was powered to find an absolute
ifference of 7% and showed that although those who received IV
rugs had a higher survival to hospital admission there was no sig-
ificant difference in survival to discharge.5 The early benefits of
any of these drugs may  be offset by later detrimental effects fol-

owing resuscitation. Relatively small benefits of drugs, especially
mong the minority of patients with VT/VF, may require very large
ample sizes to be demonstrated.2 In addition, there are no Class I
ndications for any pharmacological agents during ALS which likely
esults in a substantial variability in the incorporation of guide-
ines into agency protocols. The 2005 ALS guidelines recommend
hat antiarrhythmic agents such as amiodarone can be considered
Class IIb recommendation) if pulseless VT or VF persists after 2–3
hocks. If amiodarone is unavailable lidocaine may  be considered as
n alternative (Class Indeterminate).3 The 2010 guidelines do not
lter these recommendations2 and given the important findings in
his study it may  be plausible that contemporary practice may  be
nchanged.

These recommendations are based largely on the results of the
LIVE and ARREST trials.9,10 The ALIVE study was  a randomized,
ontrolled, blinded trial comparing IV amiodarone with IV lido-
aine in patients with OHCA due to persistent or recurrent VF.
lthough more than twice as many patients survived to hospital
dmission in the group who received amiodarone there was no
ignificant difference in survival to hospital discharge. The ARREST
rial was a randomized double-blind placebo-controlled trial com-
aring amiodarone with placebo in OHCA. Although this study also
howed an increase in survival to hospital admission with amio-
arone (versus placebo), neither trial was sufficiently powered to
etect differences in survival to hospital discharge, which differed
nly slightly between the two groups.

Lidocaine was used more frequently than amiodarone between
005 and 2007, and a substantial number of agencies did not use
miodarone. Among agencies which used either antiarrhythmic
rug there was a large variability in use both between agencies
nd throughout different geographical locations. The adjusted odds
atio for survival to discharge does not indicate a survival advantage
or either drug. This type of observational study cannot establish
hether any drug is beneficial or harmful even after adjusting for

haracteristics of OHCA which influence outcome.
Vasopressor agents are used to enhance both coronary and

erebral perfusion pressures during resuscitation by binding
redominantly to peripheral �1- and �2 receptors.11 The rec-
mmended agent in the 2005 guidelines is epinephrine. The
005 and current guidelines recommend that 1 mg  epinephrine
e administered every 3–5 min  during cardiac arrest (Class IIb
ecommendation).3

Epinephrine administration is generally high throughout North
merica with a large variability in the overall dose used. Data

rom eight randomized clinical studies has shown no improve-
ent in survival to hospital discharge rates or neurologic outcomes
ith high dose versus standard dose.12–19 Although ROSC may  be

chieved, the continued effects of �1-receptor agonism may  result
n more myocardial dysfunction, tachycardia and hypertension
ost resuscitation.19 A recent double-blind randomized placebo-
ontrolled trial of epinephrine in OHCA indicated that there was  no
enefit in terms of survival to hospital discharge.20

The 2005 ALS guidelines recommended atropine for use
n asystole or slow pulseless electrical activity (ventricular
ate < 60 bpm).3 Although atropine was administered in almost
hree quarters of non VT/VF cardiac arrests there was substan-
ial variability in use among agencies. Further, while atropine is

ot recommended for the treatment of VT/VF it was administered

n over half of all VT/VF cardiac arrests. This may  have been due
o a change in the rhythm following defibrillation in which the
atient may  have developed either asystole or slow PEA. There are
n 83 (2012) 1324– 1330 1329

no randomized controlled trials which demonstrate an increase in
ROSC or survival to hospital discharge associated with the use of
atropine in cardiac arrest. The 2010 ALS guidelines have removed
atropine from the cardiac arrest algorithm because the routine use
of atropine during PEA or asystole is unlikely to have a therapeutic
benefit.2

The 2005 ALS guidelines state that with the exception of cer-
tain special resuscitation situations, such as pre-existing metabolic
acidosis, hyperkalemia, or tricyclic antidepressant overdose, bicar-
bonate is not recommended for the treatment of cardiac arrest
(Class III, Level of Evidence B).3 This recommendation is unchanged
in the 2010 guidelines.2 Sodium bicarbonate was administered in
approximately one-fifth of all cardiac arrests overall, and in several
agencies, in more than half of all cardiac arrests. Out of 19 ret-
rospective studies examining mortality rates and other outcomes
in patients administered sodium bicarbonate during cardiac arrest
there was no overall benefit demonstrated in any of the studies; 11
showed no difference in outcomes, and eight suggested a deleteri-
ous effect.22

The final potential explanation which may  have contributed to
the overall variability in drug administration is a difference in the
rate of uptake of the 2005 guidelines between agencies. The mean
time from publication of the 2005 guidelines to implementation
was  over 1 year8 and therefore it is possible that during the course
of this study there was a change in practice. However, temporal
trend analysis of the data reveals that the patterns of drug usage
did not change significantly from 2005 to 2007.

5. Limitations

Although this is a large registry describing current practice, this
study has several limitations. Dosing data was only available for
epinephrine and varying doses of the other drugs may  have con-
tributed to the overall drug effects. The multivariable adjustment
may not have accounted for all confounding variables with regard
to outcomes; in particular we  do not have detailed information on
specific resuscitation ‘processes’ such as the quantity and quality
of chest compressions and interruptions in CPR. Additionally data
regarding post resuscitation care, such as therapeutic hypothermia,
was  not available. Such an observational study can only show an
association between variables and outcomes.

6. Conclusions

Despite the publication of ALS guidelines there is considerable
variability in the adherence to recommendations in drug therapy
for the treatment of OHCA which may  be a result of conflict-
ing results from trials, lack of evidence for many pharmacological
agents, differences in the uptake of guidelines, or potential vari-
ability in the opinions of medical directors regarding the use of
different agents. These variations are large and warrant considera-
tion for the development of large randomized trials examining the
effects of these agents on survival to admission and discharge from
hospital.
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