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Abstract

Background: The 2015 AHA guidelines recommend that amiodarone should be used for patients with refractory
ventricular fibrillation (RVF). However, the optimal time interval between the incoming call and amiodarone
administration (call-to-amiodarone administration interval) in RVF patients has not been investigated. We
hypothesized that the time elapsed until amiodarone administration could affect the neurological outcome at
hospital discharge in patients with RVF.

Methods and results: This study is a retrospective analysis of prospectively collected data. One hundred thirty-four
patients were enrolled. In univariate logistic regression, the probability of a good neurological outcome at hospital
discharge decreased as the time elapsed until amiodarone administration increased (OR 0.89 [95% CI = 0.80–0.99]).
In multivariate logistic regression, the patients who were administered amiodarone in less than 20 min showed
higher rates of prehospital ROSC, survival at hospital arrival, any ROSC, survival at admission, survival to discharge,
and good CPC at hospital discharge. The call-to-amiodarone administration interval of ≤20 min (OR 6.92, 95% CI
1.72–27.80) was the independent factor affecting the neurological outcome at hospital discharge.

Conclusion: Early amiodarone administration (≤ 20 min) showed better neurological outcome at hospital discharge
for OHCA patients who showed initial ventricular fibrillation and subsequent RVF.

Keywords: Cardiopulmonary resuscitation, Emergency medical services, Ventricular fibrillation, Amiodarone,
Prognosis

Introduction
The out-of-hospital cardiac arrest (OHCA) patients who
present with initial shockable rhythm (ventricular fibril-
lation [VF], pulseless ventricular tachycardia) have a
good prognosis [1, 2], but early defibrillation is crucial
for these patients [3]. However, there are patients who
do not respond to electrical defibrillation and present

‘refractoriness’ (persistent VF after more than three de-
fibrillation attempts) [4, 5]. Sakai et al. reported that the
age-adjusted incidence rate of shock-resistant VF was
0.4–0.6 per 100,000 people per year [6].
The 2015 American Heart Association guidelines

recommend amiodarone to be used on patients with re-
fractory VF (RVF) [7]. Amiodarone is a class III antiar-
rhythmic agent (potassium channel blocker) in the
Vaughan-Williams classification. It affects ion channels,
receptors, and sympathetic activity. It terminates VF by
blocking the potassium currents, sodium and calcium
channels, and α- and β-receptor actions [8]. However,
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Kudenchuk reported that amiodarone administration re-
sulted in a higher survival to admission rate without the
improvement of survival at discharge or neurologically
intact survival in RVF patients [9].
Regarding epinephrine, a correlation between the time

of epinephrine administration and the neurological out-
come was observed, with early intravenous (IV) epineph-
rine administration resulting in a better neurological
outcome in OHCA with VF [10]. However, there has
been no study on the time of amiodarone administration
and its association with neurological prognosis.
Therefore, we hypothesized that the time elapsed until

amiodarone administration could affect the neurological
outcome at hospital discharge in patients with RVF.

Method
Study protocol
We performed a retrospective analysis of prospect-
ively collected OHCA data. In South Korea, when a
suspected cardiac arrest victim was reported to emer-
gency medical services (EMS), at least two emergency
medical technician (EMT) teams are dispatched to
perform ALS under the emergency physician’s med-
ical control with a video call. The two CPR teams
are consistent with a total of 4 to 6 persons, includ-
ing at least two level-1 EMT and the others were
Level-2 EMT or nurses. The level-1 EMTs corres-
pond to EMT paramedics in the United States of
America; they are allowed to insert an IV catheter
and an advanced airway tube but only under an
emergency physician’s medical control. Level-2 EMTs
correspond to EMT basic [11]. ALS was performed
according to the 2015 guidelines of the American
heart association (AHA). When VF was seen, rapid
defibrillation was performed, and if VF persisted
despite three attempts of defibrillation, 300 mg of
amiodarone mixed with 5% dextrose 30 cc were ad-
ministered to the patient under the emergency physi-
cian’s medical direction. If VF persisted after 300 mg
of amiodarone was injected, an additional 150 mg of
amiodarone was administered.
This study was approved by the Institutional

Review Board (IRB) of Seoul National University
Bundang Hospital (IRB approval number: B-1904-
537-103) and reported according to the STROBE
(Strengthening the Reporting of Observational Stud-
ies in Epidemiology) guidelines for reporting obser-
vational trials [12].

Patients enrollment and outcomes
Patients who presented with initial ventricular fibrilla-
tion and subsequent RVF were included. RVF was de-
fined as VF that was not terminated after three
defibrillation attempts. Patients younger than 18 years

and those whose cardiac arrest was caused by non-
medical reasons were excluded.
The primary outcome was the neurological outcome

at hospital discharge according to the time elapsed until
amiodarone administration, and the secondary outcomes
were the prehospital return of spontaneous circulation
(ROSC), total ROSC, survival at admission, and survival
to discharge according to the time elapsed until amioda-
rone administration.
The Good-CPC group was defined as those patients

whose cerebral performance category (CPC) score was 1
or 2 at hospital discharge, and the Poor-CPC group in-
cluded those patients who had a CPC of 3–5 at hospital
discharge. The CPC score was assessed by emergency
physicians at hospital discharge.

Data collection
We collected Utstein variables, including age, gender,
pathogenesis, arrest location, witnessed arrest, first mon-
itored rhythm, bystander cardiopulmonary resuscitation
(CPR), response time, defibrillation time, number of
shocks, call-to-amiodarone administration interval, call-
to-epinephrine administration interval, prehospital
ROSC, survival at hospital arrival, any ROSC, survival at
admission, and survival to discharge.
Pathogenesis was defined as the most likely primary

cause of the cardiac arrest and was recorded as med-
ical/traumatic cause/drug overdose/drowning/electro-
cution/asphyxia/not recorded. The arrest location was
defined as the specific location where the event oc-
curred or where the patient was found. It was re-
corded as public or non-public. The first monitored
rhythm was defined as the first cardiac rhythm
present when the monitor or defibrillator was at-
tached to the patient after a cardiac arrest, and it was
recorded as VF/pulseless VT/PEA/asystole. Bystander
CPR was defined as CPR performed by a person who
did not respond as part of an organized emergency
response system to a cardiac arrest. The response
time was defined as the time interval between the in-
coming call and the time when the first emergency
response vehicle stopped at a point closest to the pa-
tient’s location. The defibrillation time was defined as
the time interval between the incoming call and the
time when the first shock was delivered. The number
of shocks was defined as the number of shocks deliv-
ered [13].

Prehospital ROSC was defined as the achievement
of ROSC at any point during the prehospital resusci-
tation attempt, and any ROSC was defined as the
achievement of ROSC at any point during the entire
resuscitation attempt. Survival at hospital arrival was
defined as the patients’ being alive upon arrival at

Lee et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine          (2019) 27:109 Page 2 of 8



the hospital, and survival to discharge was defined as
the patients’ being alive when they were discharged.
The call-to-amiodarone administration interval

and the call-to-epinephrine administration interval
were defined as the time intervals between the in-
coming call and the time each drug was first
administered.

Statistical power calculation
Statistical power analysis was performed using
G*power 3.1 on a good neurological outcome at dis-
charge rate for a two-tail logistic regression. Given
the sample size of 134, a type 1 error of 0.05, good
neurological outcome at discharge rates of 22.4 and
4.7% for the call-to-amiodarone administration inter-
vals of ≤20 min and > 20 min, respectively, the statis-
tical power of 0.99 was calculated.

Statistical analysis
Statistical analyses were performed using SPSS soft-
ware for Windows (V.20.0 K, SPSS, Chicago, IL,
USA). Nominal data were presented as frequencies
and percentages; continuous variables were presented
as the mean and standard deviation (SD) and median
and interquartile range (IQR) after assessments for
normality using the Shapiro-Wilk test. The chi-square
test or Fisher’s exact test was used for comparisons
of nominal variables, while the independent t-test and
the Mann-Whitney U test were used to compare con-
tinuous variables. P-values less than 0.05 were consid-
ered statistically significant.
Univariate logistic regression analysis was performed

to identify the relation between the probability of a good
neurological outcome at hospital discharge and the time
elapsed between the incoming call and amiodarone
administration.
Multivariate logistic regression analysis was per-

formed to identify independent factors of neurological
outcome at hospital discharge, as measured by the es-
timated odds ratio (OR) with 95% confidence intervals
(CIs). Age, sex, public place, witnessed arrest, by-
stander CPR, targeted temperature management
(TTM), the call-to-epinephrine administration interval,
and the call-to-amiodarone administration interval
were included in the multivariable logistic regression
analysis. Variables with a p-value of less than 0.2 on
univariate analyses, as well as clinically relevant vari-
ables were entered into the forward stepwise multiple
logistic regression models.
The receiver operating characteristic (ROC) curve was

used to obtain the optimal cut-off value of the call-to-
amiodarone administration interval and call-to-
epinephrine administration interval. According to these
values, the patients were divided into two groups.

Result
There were 11,210 cardiac arrest patients during the
study period, and a total of 3508 patients were eli-
gible for prehospital drug administration. Among
them, 606 showed initial VF rhythm, and 134 patients
who did not respond to three or more electrical de-
fibrillation attempts were included in this study
(Fig. 1).
The patients were divided into two groups according

to the neurological outcome at hospital discharge. Age
(51[36–65 IQR] vs 61[49–84 IQR], p = 0.009) and the
call-to-amiodarone administration interval (19 [18–22
IQR] vs 23 [19–28 IQR], p = 0.009) showed statistical
significance (Table 1; Fig. 2).
In univariate logistic regression, the probability of a

good neurological outcome at hospital discharge de-
creased as the call-to-amiodarone administration
interval increased (OR 0.89 [95% CI = 0.80–0.99])
(Fig. 3). The optimal cut-off value of the call-to-
amiodarone administration interval was obtained
using the ROC curve analysis (AUC 0.707, 95% CI
0.622–0.782, p < 0.001), and the patients were divided
into two groups, according to the optimal cut-off
value (≤ 20, sensitivity 73.33, specificity 68.07). As a
result, there were significant differences between the
two groups regarding prehospital ROSC, survival at
hospital arrival, any ROSC, survival at admission, sur-
vival to discharge, and good CPC at hospital dis-
charge (Table 2).
In multivariate logistic regression, TTM (OR 5.86,

95% CI 1.27–27.09) and the call-to-amiodarone ad-
ministration interval ≤ 20 min (OR 10.12, 95% CI
1.37–74.92) were the independent factors affecting
the neurological outcome at hospital discharge
(Fig. 4).

Discussion
Early amiodarone administration (call-to-amiodarone
administration interval ≤ 20 min) was an independent
factor related to good CPC at discharge in OHCA
patients who showed initial VF and subsequent
RVF.
There have been some studies regarding amioda-

rone and OHCA outcomes. Kudenchuk et al. reported
that amiodarone use in OHCA patients with refrac-
tory ventricular arrhythmias resulted in a higher rate
of survival to hospital admission [14]. Dorian et al.
reported that, compared with lidocaine, amiodarone
led to substantially higher rates of survival at hospital
admission in patients with shock-resistant out-of-
hospital ventricular fibrillation [15].
Similarly, a recent large randomized trial reported

that epinephrine administration increases the 30-day
survival rate [16]. However, according to a study on
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the epinephrine administration time by Hayashi et al.,
the neurological outcome could be improved if epi-
nephrine were administered within 10 min [17].
Since there was no study on the effect of amioda-

rone administration time on OHCA outcomes, we
evaluated the call-to-amiodarone administration inter-
val to investigate its effect on neurological outcomes
in RVF patients. As a result, early amiodarone admin-
istration revealed good neurological outcomes at hos-
pital discharge.
VF increases myocardial oxygen demand [18].

Therefore, delayed defibrillation leads to progressive
energy imbalance and causes profound intramyocar-
dial acidosis, along with the depletion of high-energy
nucleotides [19]. An animal experiment showed that
greater hypercarbic acidosis or hypoxia required the
highest dose of electrical energy for defibrillation and
led to a greater number of failed resuscitation at-
tempts [20]. Therefore, the AHA guidelines emphasize
early defibrillation [21, 22].

Intramyocardial acidosis and end-organ damage
may result from prolonged hypoperfusion [14] and
may progress over time. For this reason, early amio-
darone administration is aimed to facilitate the
restoration and maintenance of a spontaneous per-
fusing rhythm in concert with the shock termination
of VF [15], showing improvement in the neuro-
logical outcome at hospital discharge. Moreover,
this result is also consistent with the 2018 AHA
guidelines, which state that amiodarone may be par-
ticularly useful for those who are administered the
drug early on [23].
Some studies reported that rapid defibrillation in-

creased the rate of survival to hospital discharge [2,
24–26]. In this study, however, no difference was
observed regarding the defibrillation time between
the Good-CPC group and the Poor-CPC group.
Given that RVF is not terminated by electrical
defibrillation as a definition, this result could be
acceptable.

Fig. 1 Study inclusion and exclusion. EMS: emergency medical services, ACLS: advanced cardiac life support, PEA: pulseless electrical activity, pVT:
pulseless ventricular tachycardia, VF: ventricular fibrillation, CPC: cerebral performance category
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Table 1 Clinical and EMSa characteristics

Characteristics Total
(n = 134)

Neurological outcome at hospital discharge p-
valueGood-CPCb group

(n = 15)
Poor-CPCb group
(n = 119)

Age, median (IQRc) 60 (48–71) 51 (36–65) 61 (49–84) 0.009

Male, n (%) 114 (85.1) 14 (93.3) 100 (84.0) 0.343

Hypertension, n (%) 33 (24.6) 5 (33.3) 28 (23.5) 0.524

Diabetes, n (%) 24 (17.9) 1 (6.7) 23 (19.3) 0.306

Cerebrovascular disease, n (%) 3 (2.2) 0 (0) 3 (2.2) 1.000

Heart disease, n (%) 26 (19.4) 2 (13.3) 24 (20.2) 0.735

Arrest location - Public space, n (%) 56 (41.8) 9 (60.0) 47 (39.5) 0.131

Witnessed arrest, n (%) 91 (67.9) 11 (73.3) 80 (67.2) 0.774

Bystander CPRd, n (%) 105 (78.4) 14 (93.3) 91 (76.5) 0.137

Response time (minutes) 7 (6–9) 7 (6–11) 7 (6–15) 0.441

Defibrillation time (minutes) 11 (9–13) 10 (9–17) 11 (9–20) 0.205

Number of shocks 7 (5–9) 6 (4–7) 7 (5–9) 0.421

TTMe, n(%) 15 (11.2) 6 (40.0) 9 (7.6) 0.002

Call-to-amiodarone administration interval (minutes) 23 (19–26.3) 19 (18–22) 23 (19–28) 0.009

Call-to-epinephrine administration interval (minutes) 18 (15–22) 17 (15–19) 18 (15–22) 0.113
aEMS Emergency medical service, bCPC Cerebral performance category, cIQR Interquartile range, dCPR Cardiopulmonary resuscitation, eTTM Targeted
temperature management

Fig. 2 Box-Whisker plot of the call-to-amiodarone administration interval
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Amiodarone was supposed to be given when VF
persisted despite three defibrillation attempts. Be-
cause only patients who showed initial VF were en-
rolled in this study, the time when the amiodarone
administration was decided would have been similar.
Therefore, the call-to-amiodarone administration
interval could have been determined mainly by re-
sponse time and vascular access time. Given that no
difference was observed in response time and the
drugs are gated by the vascular access time, the lat-
ter may be an important factor. Therefore, when IV
access is not available, alternative drug administra-
tion routes, such as intraosseous, should be
considered.
There are some limitations to the present study.

First, it was a retrospective study, and a six-month
neurological outcome was not investigated. Second, we
could not investigate the mechanisms by which the
earlier amiodarone administration exerted its salutary
effect in this study. However, despite the fact that the
definition of RVF varies and the optimal interval be-
tween the incoming call and amiodarone administra-
tion has not been fully established yet, the result of
this study remains compelling. Third, we could not in-
vestigate the adverse effects of amiodarone. Last, the
treatment of patients after hospitalization was not
standardized. Although the patients were treated in ac-
cordance with the 2015 AHA guidelines, post-

Fig. 3 Univariate logistic regression for the probability of good neurological outcome at hospital discharge according to the call-to-amiodarone
administration interval. OR: odds ratio, CI: confidence interval

Table 2 OHCAa outcomes according to the call to amiodarone
time

Outcomes Total
(n = 134)

Call-to-
amiodarone
administration
interval

Call-to-
amiodarone
administration
interval

p-value

≤20min
(n = 49)

> 20 min
(n = 85)

Prehospital any
ROSCb, n (%)

48 (35.8) 23 (46.9) 25 (29.4) 0.042

Survival at
hospital arrival

26 (19.4) 15 (30.6) 11 (12.9) 0.013

Any ROSCb,
n (%)

55 (41.0) 26 (53.1) 29 (34.1) 0.025

Survival
admission,
n (%)

37 (27.6) 22 (44.9) 15 (17.6) 0.001

Survival to
discharge,
n (%)

24 (17.9) 14 (28.6) 10 (11.8) 0.019

Good CPCc at
hospital
discharge,
n (%)

15 (11.2) 11 (22.4) 4 (4.7) 0.004

aOHCA Out-of-hospital cardiac arrest, bROSC Return of spontaneous circulation,
cCPC Cerebral performance category
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resuscitation management followed the protocol of
each institution.

Conclusion
Early amiodarone administration (≤ 20 min) resulted
in better neurological outcomes at hospital discharge
for OHCA patients who presented with initial VF and
subsequent RVF.
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