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Abstract
Background—Despite the publication and dissemination of the Advanced Cardiac Life Support
guidelines, 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 29-95%
and sodium bicarbonate use ranged from 0.2-73% across agencies in the 89% of agencies that
used the drug. Epinephrine use ranged from 57-98% within agencies. Neither lidocaine nor
amiodarone were 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.
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Introduction
Out-of-hospital cardiac arrest (OHCA) is a serious public health problem with a reported
average incidence of 52 Emergency Medical Services (EMS) treated events per 100,000 of
the population per year in North America. [1] Despite the publication and widespread
application of international Advanced Cardiac Life Support (ALS) guidelines [2] survival
rates remain extremely low. The aim of the ALS guidelines is to help standardise the
provision of basic and advanced level care based on the available evidence and expert
opinion. In order to help optimise cardiac and cerebral perfusion during cardiopulmonary
resuscitation (CPR), increase defibrillation success and achieve a good neurological
outcome, the ALS guidelines 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) medications 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, provision of high-quality CPR and rapid defibrillation are of primary
importance and drug administration is of secondary importance. [2] The 2010 guidelines
have removed atropine from the current treatment guidelines for OHCA and the
accompanying 2010 Consensus on Science document suggested that placebo trials are
needed to evaluate antiarrhythmic and vasopressor use in OHCA. [5]

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

The aim of this study was to describe the variability of drug administration for OHCA
between EMS agencies across North America in a large multicenter registry of cardiac
arrests and examine whether there was an association between administration of individual
drugs and the presence of a pulse at emergency department (ED) admission as well as
survival to hospital discharge.

Methods
Setting and Design

Resuscitation Outcomes Consortium (ROC) is a North American consortium of research
groups engaged in studies in cardiac arrest and severe trauma funded by the National Heart,
Lung and Blood Institute in partnership with the National Institute of Neurological
Disorders and Stroke, the Canadian Institutes of Health Research (CIHR), the Institute of
Circulatory and Respiratory Health, Defence Research and Development Canada, the Heart
and Stroke Foundation of Canada and the American Heart Association. A detailed registry
of cardiac arrest, the ROC Epistry-Cardiac Arrest, was created in 2005 to prospectively
gather data on OHCA. The consortium includes 264 EMS agencies across 11 geographically
distinct sites. [6] This study complies with the Declaration of Helsinki and has been
approved by locally appointed ethics committees.

Data related to out-of-hospital treatments and outcomes were collected by use of
standardized operational definitions, including initial cardiac rhythms, response times,
descriptions of responders, timing of CPR and defibrillation, response to interventions,
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return of spontaneous circulation (ROSC), the presence of a pulse at arrival to the ED and
survival to hospital discharge. [7] All data were managed by a central Data Coordinating
Center at the University of Washington. Site-specific quality assurance plans included
education of EMS providers in coding certain variables and definitions.

Patient Population
Specific treatment protocols are developed by each EMS agency as a medical directive
agency provided their prehospital treatment records, including dispatch records, Prehospital
Care Reports, Ambulance Care Reports, and ECG recordings, when available, to site
coordinators, who abstracted the data and entered it into a central database. All adults who
experienced an OHCA across the 11 sites in ROC Epistry – Cardiac Arrest [7] between
December 2005 and June 2007 who were treated by advanced level EMS personnel were
eligible for the present study. EMS agencies were only included if there were more than 25
cases of OHCA treated by ALS providers. Only subjects who received treatment were
included in the analysis.

The initial rhythm was determined to be ventricular tachycardia/ventricular fibrillation (VT/
VF) if the initial automated external defibrillator analysis recommended a shock or if the
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 available 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]

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

Statistical Analysis
All statistical analyses were performed with an available statistical package (S+, version
8.0.4, Cary, NC and R version 2.9.0). Baseline characteristics and variables related to the
cardiac arrest are presented as mean (± SD). A significance level of 0.05 was used.

Multivariable logistic regression was used to assess the association 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.

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

Anti-arrhythmic Drugs (Tables 1 and 2)

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

Within those agencies using lidocaine, the proportion of patients receiving lidocaine in cases
with at least one shock ranged from 1 to 75%. For those who had shock resistant VT/VF,
lidocaine administration rates ranged from 1 to 100% between agencies (mean 41 ± 31%).

In agencies using amiodarone, the proportion receiving amiodarone ranged from 0.2 to 63%
for patients who received at least one shock, and from 0.4 to 90% for shock resistant VT/VF
(mean 26 ± 32%). In patients with shock resistant VT/VF, 22% of those who received
amiodarone and 33% of those who received lidocaine had ROSC at the time of ED arrival.
Among patients with shock resistant VT/VF, 11% of those who received amiodarone and
15% of those who received lidocaine survived to hospital discharge.

In a multivariable analysis, adjusting for age, gender, EMS witnessed arrest, bystander
witnessed arrest, bystander CPR, shockable initial rhythm, time from 911 to EMS arrival
and study site, the odds ratio (OR) for survival to hospital discharge after treatment for
shock resistant VT/VF was 1.11 (0.67-1.82) for amiodarone and 1.28 (0.89-1.83) for
lidocaine (Figure 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 administered 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 (Figure 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. Vasopressin was recorded as being used in only 3% of cases;
however the use of vasopressin was an optional variable in the data set and the use or non-
use was not recorded in all cases.

Atropine (Tables 1 and 2)
Atropine was administered in 71% (± 14%) of all cardiac arrests. For non VT/VF OHCAs
the mean agency rate of use was 74% (± 14%), ranging from 29% to 95%. For patients with
a non-shockable rhythm, 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 atropine and pulses present at hospital arrival (OR 0.56; 0.49-0.65) and
survival to hospital discharge (OR 0.11; 0.08-0.15) (Figure 2). An additional multivariable
logistic regression analysis that also adjusted for duration of resuscitation gave similar
results.
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Sodium Bicarbonate
Sodium bicarbonate was administered in 19% of OHCAs. Agency specific rates ranged from
0.3-71% 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 minutes 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) (Figure 2). An additional logistic regression that also adjusted for
duration of resuscitation gave similar results.

Discussion
This is the largest study describing the contemporary use of pharmacological agents in
OHCA. Despite the publication of guidelines designed to help standardise 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 randomized 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 practice [8] as well as differences in the opinion
of medical directors in different agencies. This was demonstrated in this study in terms of
significant geographical variability in the use individual pharmacological agents in OHCA
despite recommendations made in the guidelines preceding this study period.

The overall lack of evidence in favour of any pharmacological agent administered during
CPR may result in different interpretations of the guidelines. A recent trial in which OHCA
patients were randomised to receive either ALS with IV drug administration or ALS without
access to IV drugs was powered to find an absolute difference of 7% and showed that
although those who received IV drugs had a higher survival to hospital admission there was
no significant difference in survival to discharge. [5] The early benefits of many of these
drugs may be offset by later detrimental effects following resuscitation. Relatively small
benefits of drugs, especially among the minority of patients with VT/VF, may require very
large sample sizes to be demonstrated. [2] In addition, there are no class I indications for any
pharmacological agents during ALS which likely results in a substantial variability in the
incorporation of guidelines into agency protocols. The 2005 ALS guidelines recommend
that antiarrhythmic agents such as amiodarone can be considered (Class IIb
recommendation) if pulseless VT or VF persists after 2 to 3 shocks. If amiodarone is
unavailable lidocaine may be considered as an alternative (Class Indeterminate). [3]

The 2010 guidelines do not alter these recommendations [2] and given the important
findings in this study it may be plausible that contemporary practice may be unchanged.

These recommendations are based largely on the results of the ALIVE and ARREST trials.
[9,10] The ALIVE study was a randomized, controlled, blinded trial comparing IV
amiodarone with IV lidocaine in patients with OHCA due to persistent or recurrent VF.
Although more than twice as many patients survived to hospital admission in the group who
received amiodarone there was no significant difference in survival to hospital discharge.
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The ARREST trial was a randomized double-blind placebo-controlled trial comparing
amiodarone with placebo in OHCA. Although this study also showed an increase in survival
to hospital admission with amiodarone (versus placebo), neither trial was sufficiently
powered to detect differences in survival to hospital discharge, which differed only slightly
between the two groups.

Lidocaine was used more frequently than amiodarone between 2005 and 2007, and a
substantial number of agencies did not use amiodarone. Amongst agencies which used either
antiarrhythmic drug there was a large variability in use both between agencies and
throughout different geographical locations. The adjusted odds ratio for survival to
discharge does not indicate a survival advantage for either drug. This type of observational
study cannot establish whether any drug is beneficial or harmful even after adjusting for
characteristics of OHCA which influence outcome.

Vasopressor agents are used to enhance both coronary and cerebral perfusion pressures
during resuscitation by binding predominantly to peripheral α1- and α2 receptors. [11] The
recommended agent in the 2005 guidelines is epinephrine. The 2005 and current guidelines
recommend that 1 mg epinephrine be administered every 3-5 minutes during cardiac arrest
(Class IIb recommendation). [3]

Epinephrine administration is generally high throughout North America with a large
variability in the overall dose used. Data from eight randomized clinical studies has shown
no improvement in survival to hospital discharge rates or neurologic outcomes with high
dose versus standard dose. [12-19] Although ROSC may be achieved, the continued effects
of β1-receptor agonism may result in more myocardial dysfunction, tachycardia and
hypertension post resuscitation. [19] A recent double-blind randomised placebo-controlled
trial of epinephrine in OHCA indicated that there was no benefit in terms of survival to
hospital discharge. [20] The 2005 ALS guidelines recommended atropine for use in asystole
or slow pulseless electrical activity (ventricular rate < 60 bpm). [3] Although atropine was
administered in almost three quarters of non VT/VF cardiac arrests there was substantial
variability in use among agencies. Further, while atropine is not recommended for the
treatment of VT/VF it was administered in over half of all VT/VF cardiac arrests. This may
have been due to a change in the rhythm following defibrillation in which the patient may
have developed either asystole or slow PEA. There are no randomised 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 certain special resuscitation
situations, such as pre-existing metabolic acidosis, hyperkalemia, or tricyclic antidepressant
overdose, bicarbonate 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
retrospective 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 deleterious 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 year
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[8] 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.

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 contributed to the overall drug effects. The multivariable adjustment may
not have accounted for all confounding variables with regards 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.

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
conflicting results from trials, lack of evidence for many pharmacological agents,
differences in the uptake of guidelines, or potential variability in the opinions of medical
directors regarding the use of different agents. These variations are large and warrant
consideration for the development of large randomised trials examining the effects of these
agents on survival to admission and discharge from hospital.
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Figure 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
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Figure 2. Forest Plot showing the Odds Ratio of Pulses present at Emergency Department (ED)
arrival (left) and survival to Hospital Discharge (right) for the Various Pharmacological Agents
administered
Odds ratios for survival are adjusted for age, sex, EMS witnessed, bystander witnessed,
bystander CPR, time from 911 to arrival of first EMS, and VT/VF (except for atropine, since
that was all non-VF)
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Figure 3. Relation of Epinephrine dose to Survival
Each point represents the total dose of epinephrine in mg versus the rate of survival for
individuals who received that dose.
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