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ABSTRACT

Introduction. Epinephrine and vasopressin are the only va-
sopressors associated with return of spontaneous circulation
(ROSC). While current guidelines recommend rapid and fre-
quent vasopressor administration during cardiac arrest, de-
lays in their administration in the out-of- hospital setting
remain a concern. Objective. This study evaluated delays in
vasopressor administration and their effect on field ROSC.
Methods. This retrospective review included all adult pa-
tients who experienced cardiac arrest of medical origin and
received field resuscitative efforts among 10 emergency med-
ical services (EMS) systems. Data were abstracted from the
EMS medical record and included response time intervals,

Received February 22, 2012, from the Emergency Medical Care Pro-
gram, Western Carolina University (CLC, MWH), Cullowhee, North
Carolina; and the Department of Emergency Medicine, University of
New Mexico (MER), Albuquerque, New Mexico. Revision received
May 7, 2012; accepted for publication June 3, 2012.

The authors would like to acknowledge the following persons for
their assistance with this project: Joe Lord, NREMTP, CCEMTP, Di-
rector of Emergency Medical Services, Cleveland County; Louis
Jenkins, BA, NREMTP, CCEMTP, Training Officer of Emergency
Medical Services, Cleveland County; Kim Green, AAS, NREMTP,
Training Coordinator of Emergency Medical Services, Lincoln
County; Robert A. Cooper, MPA, NREMT-P, Director of Emergency
Medical Services, Transylvania County; Michael J. Maher, Quality
Management Coordinator of Emergency Medical Services, Forsyth
County; Roger Jarvis, BS, NREMTP, Lieutenant of Emergency Medi-
cal Services, Forsyth County; Josh Holloman, MHS, NREMTP, Train-
ing Officer of Emergency Medical Services, Johnston County; Lee
Cherry, BS, NREMTP, Lieutenant/Assistant Operations Supervisor
of Emergency Medical Services, Gaston County; Cindy Harrington,
NREMTP, Corporal/FTO of Emergency Medical Services, Gaston
County; Brandon Mitchell, BSHA, NCEMT-P, Special Programs Co-
ordinator, Durham County Emergency Medical Services, William J.
Kehler IV, CCEMT-P, NREMT-P, Director, Emergency Medical Ser-
vices, McDowell County; Steve Taylor, EMD, CCEMTP, Deputy Pub-
lic Safety Director, Emergency Medical Services, Dare County; and
Ray Vipperman, MPA, Operations Supervisor, Brunswick County
EMS.

The authors report no conflicts of interest. The authors alone are re-
sponsible for the content and writing of the paper.

Address correspondence to: Michael W. Hubble, PhD, MBA,
NREMT-P, Emergency Medical Care Program, 122 Moore, West-
ern Carolina University, Cullowhee, NC 28723. E-mail: mhubble@
email.wcu.edu

doi: 10.3109/10903127.2012.702193

calculated first-dose and interdosing intervals of vasopres-
sors, and ROSC. Data were analyzed using Mann-Whitney
tests, chi-square tests, and t-tests, survival analysis, and
logistic regression, with p ≤ 0.05 indicating significance.
Results. A total of 660 cardiac arrest patients were enrolled
in the study. The mean EMS response time was 8.8 min-
utes; 52.7% of patients had witnessed cardiac arrests, 46.2%
received bystander cardiopulmonary resuscitation (CPR),
23.0% had shockable initial rhythms, and 19.5% experienced
field ROSC. In total, 1,913 doses of epinephrine and 111 doses
of vasopressin were administered, with mean and 90th-
percentile scene arrival–to–first drug intervals of 9.5 and 17
minutes, respectively. The mean and 90th-percentile inter-
dosing intervals were 6.1 and 10 minutes, respectively. Pa-
tients experiencing ROSC had shorter scene arrival–to–first
drug intervals than those without ROSC (8.1 vs. 9.8 min, p <

0.01), but there was no difference in the mean interdos-
ing interval (6.8 vs. 6.0 min, p = 0.57). In the logistic re-
gression analysis of ROSC, the adjusted odds ratio for call
receipt–to–first drug interval ≤10 minutes was 1.91 (p =
0.04). Patients receiving advanced airway control prior to
vasopressor administration were less likely to have a call
receipt–to–first drug interval within 10 minutes (4.0% vs.
17.3%, p < 0.01) and were less likely to attain ROSC (15.7%
vs. 25.4%, p < 0.01). Conclusion. The interval between scene
arrival and first administration of vasopressors is signifi-
cantly shorter among patients who experience ROSC com-
pared with those who do not. Airway control procedures
delay vasopressor administration and reduce the likelihood
of ROSC. Although the interdosing intervals of most pa-
tients were not consistent with current recommendations,
there was no difference in the mean interdosing times
between those who achieved ROSC and those who did
not. Key words: epinephrine; vasopressors; cardiac arrest;
emergency medical services; paramedic; resuscitation; CPR
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INTRODUCTION

Sudden cardiac death accounts for more than half of
all coronary heart disease deaths in the United States
each year, with nearly half of these deaths occurring
outside the hospital.1 Approximately 400,000 cases of
out-of-hospital cardiac arrest occur each year,2 and de-
spite numerous changes in emergency medical ser-
vices (EMS) treatment protocols over time, survival
rates remain poor.

Epinephrine and vasopressin are the only va-
sopressors associated with return of spontaneous
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circulation. Current American Heart Association
(AHA) Advanced Cardiac Life Support (ACLS) pro-
tocols recommend the administration of 1 mg of
epinephrine repeated in 3–5-minute intervals through-
out the duration of cardiac arrest.3 Substitution of va-
sopressin for the first or second dose of epinephrine
is also permitted by current guidelines. While the ad-
ministration of epinephrine during out-of-hospital re-
suscitations has been shown to increase short-term
outcomes, such as return of spontaneous circula-
tion (ROSC), the longer-term benefits of epinephrine
seen in animal studies of cardiac arrest have not
been replicated in human studies in the prehospital
environment.4–6 In most laboratory studies of cardiac
arrest, epinephrine is given much earlier and with
more frequent dosing than it would normally be given
during prehospital resuscitations.6,7 Such disparities in
the timing of drug administration may limit the clinical
benefit of epinephrine.

This notion was investigated by Rittenberger et al. in
a meta-analysis of out-of-hospital cardiac arrest.6 They
reported a mean of 17.7 minutes to the administration
of the first medication among 7,617 cardiac arrest pa-
tients, and recommended that arrest-to-drug intervals
be shortened. In addition to the timing of drug admin-
istration, underdosing may also limit the effectiveness
of epinephrine. In their retrospective review of cardiac
arrest patients, Scliopou et al. reported that only 14% of
patients received epinephrine dosing consistent with
ACLS guidelines, i.e., administration of epinephrine
repeated at 3–5-minute intervals.8

Given the evidence of delayed administration and
underdosing of epinephrine and their potential impact
on outcomes, we sought to quantify scene delays in
the administration of vasopressors and the influence of
delayed administration and underdosing on the short-
term outcome of field ROSC.

METHODS

This study received expedited institutional review
board approval from Western Carolina University.

Outcome Measures

The primary outcome measures were the relationships
between ROSC and the timing of initial and subse-
quent administrations of vasopressors. Secondary out-
come measures included on-scene delays in vasopres-
sor administration associated with the following: 1)
drug route (intravenous [IV] vs. intraosseous [IO]), 2)
sequence of procedures (i.e., airway control procedures
prior to drug administration), and 3) crew configura-
tion (single- vs. dual-paramedic crews).

Setting and Sample

This multisite, retrospective review included all adult
patients (>17 years) suffering from cardiac arrest of
medical origin and receiving resuscitative efforts in
the field between January 1, 2009, and December 31,
2009. Patients were excluded if they did not receive
epinephrine or vasopressin. Because patients with
EMS-witnessed arrests may have already received
some treatment prior to the arrest (e.g., IV placement)
that would have biased scene arrival–to–first drug in-
tervals, these patients were also excluded. The study
sites included 10 EMS systems in North Carolina and
represented a cross-section of urban, suburban, and ru-
ral systems. Demographic information on each study
site is provided in Table 1.

Data Collection

Data were extracted from the EMS patient care records
and included demographic, response, and treatment
data. Times of key interventions (drug administration,
advanced airway placement, etc.) were also abstracted
from the EMS patient care record. These data either
were originally recorded in real time by a dedicated
time keeper or by the “code summary” feature of the
cardiac monitor during the call or were estimated by
the paramedics upon call completion. The interdosing
interval was determined by calculating the time
interval between each successive epinephrine dose,
or the interval between vasopressin and subsequent

TABLE 1. Demographic Information for Each Study Site

Study Site Land Mass (square miles) Estimated 2009 Population 2009 Call Volume
Number (%) of Cardiac

Arrests in Sample

Brunswick County 850 107,062 15,763 50 (7.6%)
Cleveland County 464 99,274 18,037 45 (6.8%)
Dare County 383 39,920 7,660 25 (3.8%)
Durham County 299 269,706 29,000 78 (11.8%)
Forsyth County 409 359,638 33,115 163 (24.7%)
Gaston County∗ 356 208,958 33,068 96 (14.5%)
Johnston County 796 164,328 21,204 94 (14.2%)
Lincoln County 298 76,043 14,631 45 (6.8%)
McDowell County 440 43,988 7,913 41 (6.2%)
Transylvania County 379 29,334 3,970 23 (3.5%)
TOTAL 4,674 1,398,251 184,361 660 (100%)

∗Data available for July 1, 2009, to December 31, 2009.
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doses of epinephrine. The call receipt–to–first drug in-
terval was calculated using the elapsed time between
receipt of the 9-1-1 call and administration of the first
vasopressor, either epinephrine or vasopressin. In
order to isolate on-scene delays in drug administration
from delays associated with EMS dispatch and travel
time, the scene arrival–to–first drug interval was
calculated as the time interval between arrival of EMS
at the scene and administration of the first drug. Based
on the interval between 9-1-1 call receipt and first drug
administration, we dichotomized vasopressor admin-
istration as either early (≤10 minutes) or late (>10
minutes). Ten minutes was chosen to dichotomize
the call receipt–to–first drug interval based on the
9.5-minute average time to first medication adminis-
tration in animal studies reported by Reynolds et al.,7

and because 10 minutes corresponds with the upper
limit of the circulatory phase of cardiac arrest, when
epinephrine is believed to be most beneficial.9,10

Statistical Analysis

Abstracted data were compiled and analyzed using
SPSS version 18 (SPSS Inc., Chicago, IL) with statistical
significance established at p ≤ 0.05. Continuous vari-
ables are presented as means (± standard deviation
[SD]), and categorical variables are presented using
relative frequency distributions and percentages. Time
intervals are presented as means (±SD). Continuous
variables were compared using Student’s t-test or
the Mann-Whitney test, and categorical data were
analyzed using the chi-square test, Yates’ continuity
correction, Fisher’s exact test, and/or unadjusted odds
ratios (ORs) as appropriate.

For the primary outcome variable ROSC, the cumu-
lative distributions of the call receipt–to–scene arrival
interval, scene arrival–to–first drug interval, and call
receipt–to–first drug interval were compared between
those with and without ROSC using Kaplan-Meier sur-
vival analysis. To control for variables potentially con-
founding the relationship between ROSC and the call
receipt–to–first drug interval, adjusted ORs were cal-
culated using logistic regression.

Student’s t-tests or Mann-Whitney tests were used
to analyze differences in the secondary outcome mea-
sure of time to first vasopressor administration based
on drug route (IV vs. IO), sequence of procedures (air-
way first vs. drug administration first), and crew con-
figuration (single- vs. dual-paramedic crews).

RESULTS

During the study period, a total of 660 patients
experienced cardiac arrest and received prehospital
resuscitation. Time data were recorded during the
arrest in real time for 74.4% of patients using a ded-
icated responder or “code summary” feature of the
cardiac monitor. The mean age of the study partici-

pants was 63.1 (±16.8) years, with men accounting for
60.6% of the sample. A shockable rhythm (ventricular
fibrillation or pulseless ventricular tachycardia) was
the presenting rhythm upon EMS arrival in 23.0% of
cases. The cardiac arrests were witnessed in 348 cases
(52.7%); 305 patients (46.2%) received bystander car-
diopulmonary resuscitation (CPR); and in 210 (31.8%)
cases, the arrests were witnessed and patients received
bystander CPR. The mean EMS response time from 9-
1-1 call receipt to scene arrival was 8.8 (±4.3) minutes,
and 33.6% of the patients were defibrillated by first
responders or bystanders using automated external
defibrillators (AEDs) prior to EMS arrival. A total of
129 (19.5%) patients experienced ROSC in the field.

A total of 1,913 doses of epinephrine and 111 doses
of vasopressin were administered, with a combined
mean of 3.0 (±1.4) doses per patient. The mean
and 90th-percentile intervals from call receipt to first
drug administration were 18.1 (±7.5) and 28 min-
utes, respectively. The mean and 90th-percentile in-
tervals from scene arrival to first drug administration
were 9.5 (±6.3) and 17 minutes, respectively. There
was no difference in the average scene arrival–to–first
drug interval between patients presenting with shock-
able rhythms and those presenting with nonshockable
rhythms (9.1 vs. 9.6 min, p = 0.40). The mean and 90th-
percentile interdosing intervals for epinephrine were
6.1 (±3.4) and 10 minutes, respectively. With respect to
interdosing, 8.9% of the patients received epinephrine
within a 3-minute average interdosing interval and
52.5% within a 5-minute average interdosing interval.

Patients with ROSC received fewer total vasopres-
sor doses (2.4 vs. 3.2, p < 0.01), and Kaplan-Meier
analysis showed a shorter call receipt–to–first drug
interval (15.8 vs. 18.6 min, p < 0.01) (Fig. 1). The
call receipt–to–first drug interval can be subdivided
into two components: the call receipt–to–scene ar-
rival interval and the scene arrival–to–first drug in-
terval. Kaplan-Meier analysis showed there was no
difference in the call receipt–to–scene arrival inter-
val between those with and without ROSC (8.4 vs.
8.9 min, p = 0.10) (Fig. 2). However, a similar analy-
sis showed that the scene arrival–to–first drug interval
was significantly shorter for those with ROSC (8.1 vs.
9.8 min, p < 0.01) than those without ROSC (Fig. 3). Of
the patients whose first drug was epinephrine, there
was a shorter scene arrival–to–first drug interval for
those with ROSC compared with those without ROSC
(9.0 vs. 10.5 min, p = 0.02). However, there was no dif-
ference in the scene arrival–to–first drug interval when
the first drug was vasopressin (8.8 vs. 9.9 min, p =
0.26). There was no difference between those with and
without ROSC with respect to the mean interdosing in-
terval (6.8 vs. 6.0 min, p = 0.57) or the proportion with
interdosing intervals ≤5 minutes (48.8% vs. 53.7%,
p = 0.49), but more patients with ROSC had mean in-
terdosing intervals ≤3 minutes (15.9% vs. 7.8%, p =
0.03) (Table 2).
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FIGURE 1. Comparison of call receipt–to–first drug interval between those with and without return of spontaneous circulation (ROSC).

Logistic regression was used to control for the poten-
tial effect of confounding variables on the relationship
between time to first drug administration and ROSC.
Based on univariate analysis and clinical reasoning,
the following variables were entered into the model:
patient age, gender, bystander CPR, witnessed ar-
rest, witnessed arrest–bystander CPR interaction term,
initial shockable rhythm, EMS response time, dual-
paramedic crew configuration, AED use, endotracheal

intubation, and call receipt–to–first drug interval ≤10
minutes. Significant adjusted ORs included 9-1-1 call
receipt–to–first drug interval ≤10 minutes (OR 1.91,
95% confidence interval [CI] = 1.01–3.63, p = 0.04),
witnessed arrest–bystander CPR interaction term (OR
2.62, 95% CI = 1.04–6.61, p = 0.04), dual-paramedic
crew configuration (OR 1.58, 95% CI = 1.01–2.49,
p = 0.04), and initial shockable rhythm (OR 1.68, 95%
CI = 1.05–2.71, p = 0.03) (Table 3). Because the drug

FIGURE 2. Comparison of call receipt–to–scene arrival interval between those with and without return of spontaneous circulation (ROSC).
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FIGURE 3. Comparison of scene arrival–to–first drug interval between those with and without return of spontaneous circulation (ROSC).

administration times for roughly one-fourth of the pa-
tients were estimated, the logistic regression analysis
was repeated using only the subset of patients whose
drug administration times were recorded during the
arrest in real time. For these patients, the significant
adjusted ORs included 9-1-1 call receipt–to–first drug
interval ≤10 minutes (OR 2.25, p = 0.02) and dual-
paramedic crew configuration (OR 1.88, p = 0.01).

On average, the first drug (epinephrine or vaso-
pressin) was delivered faster via the IO route than via

the IV route (8.4 vs. 9.8 min, p < 0.03). Significant dif-
ferences were observed in the time to completion of in-
travascular access, IO access, and drug administrations
between single- and dual-paramedic crews (Table 4). In
particular, the scene arrival–to–first drug interval was
2 minutes faster for dual-paramedic crews compared
with single-paramedic crews (8.4 vs. 10.6, p < 0.01).

Of the 403 (61.1%) patients receiving endotracheal
intubation, 225 (55.8%) were intubated prior to re-
ceiving their first dose of vasopressors. Among these

TABLE 2. Univariate Comparisons Between Patients With and Without Return of Spontaneous Circulation

No ROSC ROSC p-Value

Bystander CPR 45.0% 51.9% 0.19
Witnessed arrest 52.2% 63.8% 0.02
Shockable rhythm 21.9% 33.3% 0.01
Dual-paramedic crew 54.1% 66.9% 0.01
Gender—male 60.0% 62.8% 0.63
EMS response time—mean (±SD), min 8.9 (±4.3) 8.4 (±4.2) 0.10
BIAD 36.8% 30.9% 0.29
ETI 63.9% 67.2% 0.56
AED prior to EMS arrival 33.9% 32.3% 0.80
Epinephrine interdosing interval ≤3 min 7.8% 15.9% 0.03
Epinephrine interdosing interval ≤5 min 53.7% 48.8% 0.49
First drug IO route 15.8% 25.9% 0.01
Scene to BIAD—mean (±SD), min 8.6 (±7.2) 9.9 (±8.4) 0.41
Scene to ETI—mean (±SD), min 8.4 (±5.6) 8.4 (±7.8) 0.96
Scene to first drug—mean (±SD), min 9.8 (±6.3) 8.1 (±5.3) < 0.01
Scene to first epinephrine—mean (±SD), min 10.5 (±6.9) 9.0 (±6.1) 0.02
Scene to first vasopressin—mean (±SD), min 9.9 (±5.4) 8.8 (±3.9) 0.26
Epinephrine interdosing interval—mean (±SD), min 6.0 (±3.2) 6.8 (±5.1) 0.57

AED = automated external defibrillator; BIAD = blind insertion airway device; CPR = cardiopulmonary resuscitation; EMS = emergency medical services; ETI =
endotracheal intubation; IO = intraosseous; IV = intravenous; ROSC = return of spontaneous circulation; SD = standard deviation.
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TABLE 3. Adjusted Odds Ratios for Return of Spontaneous
Circulation

Variable
Odds Ratio
for ROSC

95%
Confidence

Interval p-Value

Age 1.01 0.99–1.02 0.13
Gender—male 0.75 0.47–1.19 0.23
Bystander CPR 0.74 0.41–1.33 0.31
Witnessed arrest 0.94 0.47–1.89 0.87
Bystander CPR × witnessed

arrest
2.62 1.04–6.61 0.04

Shockable initial rhythm 1.68 1.05–2.71 0.03
Time to first drug ≤10 minutes 1.91 1.01–3.63 0.04
EMS response time (9-1-1 call

to scene arrival)
1.01 0.97–1.07 0.51

Endotracheal intubation 1.27 0.79–2.02 0.31
AED use prior to EMS arrival 0.86 0.51–1.41 0.54
Dual-paramedic crew 1.58 1.01–2.49 0.04

AED = automated external defibrillator; CPR = cardiopulmonary resuscita-
tion; EMS = emergency medical services; ROSC = return of spontaneous cir-
culation.

patients, endotracheal intubation preceded the first
vasopressor dose by a mean (SD = 9.8) of 5.0 minutes
(p < 0.01). Similarly, 108 (49.7%) of the 217 patients
receiving a blind insertion airway device (BIAD) had
the airway placed prior to the first dose of vasopressor.
Among these patients, on average the BIAD was in-
serted 5.3 (±4.4) minutes prior to the first vasopressor
dose.

Patients receiving advanced airway control (either
endotracheal intubation or BIAD insertion) prior to
vasopressor administration were less likely to have a
call receipt–to–first drug interval within 10 minutes
than were those who received vasopressors before
airway control (4.0% vs. 17.3%, p < 0.01). Moreover,
patients undergoing airway procedures before drug
administration were less likely to attain ROSC (15.7%
vs. 25.4%, p < 0.01). To confirm these univariate
results, a second logistic regression model was em-
ployed whereby drug-before-airway (yes/no) was
substituted for the call receipt–to–first drug interval
≤10 minutes variable, while all other variables were
retained from the original model. The second logistic
regression model confirmed the positive influence
on ROSC of administering drugs prior to airway
procedures (OR 2.02, p < 0.01).

TABLE 4. Mean (± Standard Deviation) Time in Minutes to
Completion Intervals of Key Procedures and Drug

Administration Between Single-Paramedic and
Dual-Paramedic Crew Configurations

Time Interval
Single-

Paramedic
Dual-

Paramedic p-Value

Scene to IV access 9.0 (±5.9) 6.9 (±6.5) < 0.01
Scene to IO access 9.7 (±7.6) 5.2 (±3.5) < 0.01
Scene to ETI 9.4 (±5.9) 8.2 (±6.6) 0.08
Scene to first drug 10.6 (±6.8) 8.4 (±5.6) < 0.01

ETI = endotracheal intubation; IO = intraosseous; IV = intravenous.

DISCUSSION

Since the 1970s, epinephrine has been the vasopressor
of choice for treating cardiac arrest.11 Epinephrine re-
ceived a Class IIb recommendation in the 2010 AHA
guidelines for CPR and emergency cardiovascular care
(ECC), for which the recommended dose for patients
in cardiac arrest is 1 mg administered every 3 to 5
minutes.3 Substitution of vasopressin for the first or
second dose of epinephrine is also deemed acceptable
by current guidelines.3 Although epinephrine has been
shown to improve survival in animal models of cardiac
arrest, long-term benefits have not been demonstrated
in human studies. In a multicentered before-and-
after study of cardiac arrest, the addition of prehos-
pital advanced life support interventions, including
epinephrine administration, to a rapid-defibrillation
EMS system improved the rate of hospital admissions
significantly, but failed to improve survival to hospital
discharge.12 Similarly, a large, nonrandomized, obser-
vational study in Japan noted that the use of prehos-
pital epinephrine was associated with increased ROSC
before hospital arrival, but decreased one-month sur-
vival and survival with cerebral performance cate-
gories (CPCs) 1 and 2.13 In the only two randomized
trials of prehospital epinephrine, the drug has been
shown to improve only ROSC and hospital admission,
but not survival to hospital discharge.4,5 We cannot
rule out the possibility that epinephrine is not an ef-
fective agent for improving long-term survival.

However, another possible reason for the lack of
longer-term survival benefit is that epinephrine may
be given too late during resuscitative efforts to be
effective. Neither of the randomized trials reported
or controlled for the timing of epinephrine admin-
istration. Consequently, the influence of the timing
of epinephrine administration on long-term survival
has not been subjected to prospective, randomized
scrutiny and remains unknown.

Notwithstanding the lack of randomized human
data, there is evidence of delayed drug administration
during prehospital cardiac arrest in comparison with
investigations using animal models where epinephrine
has been shown to be more effective. In a meta-analysis
of 119 experimental studies of cardiac arrest using an-
imal models, Reynolds et al.7 reported a mean time of
9.5 minutes to first drug administration. In compari-
son, Rittenberger et al., in a meta-analysis of out-of-
hospital cardiac arrest, reported a mean of 17.7 minutes
to the administration of the first medication among
7,617 cardiac arrest patients.6 Taken together, these two
meta-analyses suggest there is an 8-minute delay in
drug delivery in out-of-hospital cardiac arrest as com-
pared with experimental animal models. Although
randomized data are lacking, Ornato et al., using a
national registry of in-hospital cardiac arrests, noted
that the most frequent resuscitation error was delays
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in medication administration (>5 minutes from event
recognition to first dose of a vasopressor), and that
such delays were associated with decreased survival.14

The 17.7-minute EMS dispatch–to–first drug inter-
val reported by Rittenberger et al.6 is similar to our
results. In our study sample, patients first received a
vasopressor an average of 18.1 minutes after 9-1-1 call
receipt and 9.5 minutes after scene arrival. Although
the impact on long-term survival is unknown, these
delays in first drug administration translated to a
negative impact on ROSC; patients with ROSC had
a shorter call receipt–to–first drug interval (15.8 vs.
18.6 min, p < 0.01) and shorter scene–to–first drug
interval (8.1 vs. 9.8 min, p < 0.01) than those without
ROSC. There was no statistically significant differ-
ence in EMS response time between those with and
without ROSC, suggesting that the variation in call
receipt–to–first drug administration and, by extension,
differences in ROSC are related more to variations
in the scene arrival–to–first drug interval. After ad-
justing for confounders, patients receiving the first
vasopressor dose within 10 minutes after 9-1-1 call
receipt were twice as likely to experience ROSC (OR
1.91, p = 0.04). We intentionally chose to dichotomize
call receipt–to–first drug interval into early (≤10
minutes) or late (>10 minutes) administration based
on the 9.5-minute average time to first medication
administration in animal studies reported by Reynolds
et al.,7 and because 10 minutes corresponds with the
upper limit of the circulatory phase of cardiac arrest
when epinephrine is believed to be most beneficial.9,10

If future randomized trials show a benefit of early
epinephrine administration on long-term survival, ad-
ministering vasopressors within 10 minutes after 9-
1-1 call receipt represents a significant challenge for
EMS because of the time required for call dispatch and
travel to the scene. Even with adequate staffing and
geographically well-placed ambulances, much of the
delay to administering the first drug is attributed to
the EMS response interval. Nonetheless, on average 9.5
minutes elapsed between arriving on the scene and ad-
ministering the first drug. For most EMS systems, this
scene delay is more likely than the EMS response inter-
val to be amenable to change. One possible mechanism
for reducing the scene delay is to delay airway con-
trol until after drug administration. While high-quality
CPR and early defibrillation are associated with sur-
vival and should take precedence over other resuscita-
tive measures, the relationship between the timing of
advanced airway placement and survival has not been
clearly established.3 We observed that roughly half of
the patients receiving advanced airways had the air-
ways placed prior to receiving their first dose of va-
sopressors, thereby delaying the first vasopressor dose
by an additional 5 minutes. In the only identified eval-
uation of the relationship between the timing of pre-
hospital intubation and survival, Shy et al. reported

that patients intubated ≥13 minutes after collapse were
less likely to be discharged alive (OR 0.42).15 However,
they acknowledged that their system employed dual-
paramedic crews who simultaneously performed intu-
bation and IV line insertion, and that their intubation
time may in fact be a surrogate measure for drug ad-
ministration. Our results concur with this supposition
and suggest that drug administration does indeed play
the dominant role in ROSC. Unlike Shy et al.,15 we ob-
served no benefit of endotracheal intubation or differ-
ences in the time to intubation between those with and
without ROSC; however, we observed significantly
higher rates of ROSC among patients who received va-
sopressors prior to advanced airway placement.

Another mechanism for expediting drug delivery is
to use the IO route. On average, the first drug was de-
livered roughly 1 minute faster via the IO route than
via the IV route (8.4 vs. 9.8 min, p < 0.03). Similar dif-
ferences were reported by Reades et al., who found
that time to initial success was 4.6 and 5.8 minutes for
tibial IO and peripheral IV, respectively, although their
sample was small and the results did not reach statisti-
cal significance.16

Another noteworthy observation from our data is
the difference in the time to completion of key proce-
dures and drug administrations between single- and
dual-paramedic crews. Although they found no im-
provement in survival with three or more paramedics
on scene, Eschmann et al.17 commented that hav-
ing multiple paramedics on scene may mean that
advanced procedures are provided more rapidly.
Our findings support this supposition, as we ob-
served that dual-paramedic crews had shorter scene
arrival–to–procedure completion intervals for IV ac-
cess, IO access, and administration of the first drug.
It is possible that these shorter procedure completion
times are responsible for the observed association be-
tween dual-paramedic crews and ROSC (OR 1.58, p =
0.04).

In addition to delays in administering the first va-
sopressor dose, we noted delays in the administration
of subsequent doses. Current guidelines recommend
that epinephrine doses be repeated every 3–5 minutes.
From our data we observed average interdosing
intervals of 3 minutes in only 8.9% of cases and every
5 minutes in only 52.5% of cases. Consequently, the up-
per limits of the AHA/ECC guidelines for epinephrine
administration were being exceeded in roughly half of
our sample. Such interdosing delays were previously
reported by Scliopou et al., who reported that 38% of
doses exceeded the 5-minute window in their small
case series of 75 patients.8 Although human data are
lacking, in animal models, ROSC rates are similar
between continuous epinephrine infusions and ideally
timed epinephrine boluses.18 One possible solution
to interdosing delays is to substitute a continuous
epinephrine infusion in lieu of repeated boluses;
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however, the effectiveness of this approach has not
been investigated clinically.

LIMITATIONS

This study is subject to all of the inherent limi-
tations of a retrospective design, including depen-
dency on the accuracy of the patient records. The
times used in computing the dosing intervals are
based on the times recorded in the patient record,
of which 74% were recorded on scene using the car-
diac monitor–defibrillator or a dedicated timekeeper.
In cases where times are not recorded on scene, they
are usually estimated by the paramedic at the conclu-
sion of the call and thus subject to recall bias. To control
for this bias, we repeated the logistic regression analy-
sis using only the subset of patients with times doc-
umented in real time during the arrest. This analysis
produced results similar to the original analysis using
all patients.

The quality of CPR, including compression frac-
tion, rate, and depth, is associated with ROSC,19,20

and the ability to monitor these parameters in real
time has recently been incorporated into cardiac
monitor–defibrillators. However, this technology was
not available during our data-collection period, and
we were not able to quantify the quality of CPR and
its influence on our results.

Hospital discharge data were not available for this
study, and the influence of dosing delays on longer-
term outcomes is unknown. Finally, because of a
change in charting software, only six months of data
were available for one study site.

CONCLUSION

The time interval between scene arrival and first ad-
ministration of vasopressors was significantly shorter
among patients who experienced ROSC compared
with those who did not. Airway control procedures
frequently delayed vasopressor administration and re-
duced the likelihood of ROSC. Although the interdos-
ing intervals of most patients were not consistent with
current recommendations, we did not observe any dif-
ference in the mean interdosing times between those
who achieved ROSC and those who did not.
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