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writing group determined Classes of Recommenda-
tion and Levels of Evidence according to the most 
recent recommendations of the American College of 
Cardiology/AHA Task Force on Clinical Practice Guide-
lines4 (Table) by using the process detailed in “Part 2: 
Evidence Evaluation and Management of Conflicts of 
Interest” in the “2015 American Heart Association 
Guidelines Update for Cardiopulmonary Resuscitation 
and Emergency Cardiovascular Care.”5

This 2018 ACLS guidelines focused update in-
cludes updates only to the recommendations for the 
use of antiarrhythmics during and immediately after 
adult ventricular fibrillation (VF) and pulseless ven-
tricular tachycardia (pVT) cardiac arrest. All other rec-
ommendations and algorithms published in “Part 7: 
Adult Advanced Cardiovascular Life Support” in the 
2015 guidelines update6 and “Part 8: Adult Advanced 
Cardiovascular Life Support” in the “2010 American 
Heart Association Guidelines for Cardiopulmonary 
Resuscitation and Emergency Cardiovascular Care”7 
remain the official ACLS recommendations of the 
AHA ECC Science Subcommittee and writing groups. 
In addition, the “2017 American Heart Association 
Focused Update on Adult Basic Life Support and Car-
diopulmonary Resuscitation Quality: An Update to the 
American Heart Association Guidelines for Cardio-
pulmonary Resuscitation and Emergency Cardiovas-
cular Care” contains updated AHA recommendations 
for CPR delivered to adult patients in cardiac arrest.8 
Through this systematic evaluation process, several is-
sues have been identified in related areas that may be 
the subject of future systematic reviews.

BACKGROUND
Shock-refractory VF/pVT refers to VF or pVT that per-
sists or recurs after ≥1 shocks. An antiarrhythmic drug 
alone is unlikely to pharmacologically convert VF/pVT 
to an organized perfusing rhythm. Rather, the primary 
objective of antiarrhythmic drug therapy in shock-
refractory VF/pVT is to facilitate successful defibrilla-
tion and to reduce the risk of recurrent arrhythmias. 
In concert with shock delivery, antiarrhythmics can 
facilitate the restoration and maintenance of a spon-
taneous perfusing rhythm. Some antiarrhythmic drugs 
have been associated with increased rates of return 
of spontaneous circulation (ROSC) and hospital ad-
mission, but none have yet been demonstrated to 
increase long-term survival or survival with good neu-
rological outcome. Thus, establishing vascular access 
to enable drug administration should not compromise 
the performance of CPR or timely defibrillation, both 
of which are associated with improved survival after 
cardiac arrest. The optimal sequence of ACLS inter-
ventions, including administration of antiarrhythmic 

drugs during resuscitation, and the preferred manner 
and timing of drug administration in relation to shock 
delivery are still not known.

For the 2018 ILCOR systematic review, the ALS Task 
Force considered new evidence published since the 
2015 CoSTR. The review did not specifically address the 
selection or use of second-line antiarrhythmic drugs or 
different antiarrhythmic medications given in combina-
tion to patients who are unresponsive to the maximum 
therapeutic dose of the first administered drug, and 
limited data are available to direct such treatment. In 
addition, the optimal bundle of care for shock-refractory 
VF/pVT has not been identified.

USE OF ANTIARRHYTHMIC DRUGS 
DURING RESUSCITATION FROM ADULT 
VF/pVT CARDIAC ARREST
2018 Evidence Summary
Amiodarone
Intravenous amiodarone is available in 2 approved for-
mulations in the United States. One formulation con-
tains the diluent polysorbate, which is a vasoactive sol-
vent that can potentially cause hypotension. The other 
formulation contains captisol, which has no known va-
soactive effects. In 2 out-of-hospital, blinded, random-
ized controlled trials in adults with shock-refractory  
VF/pVT who received at least 3 shocks and epinephrine, 
paramedic administration of intravenous amiodarone 
improved survival to hospital admission. In 1 study, the 
ARREST trial (Amiodarone in the Out-of-Hospital Re-
suscitation of Refractory Sustained Ventricular Tachyar-
rhythmias),9 amiodarone (300 mg) in polysorbate im-
proved survival to hospital admission compared with a 
polysorbate placebo. In another study, the ALIVE trial 
(Amiodarone Versus Lidocaine in Prehospital Ventricu-
lar Fibrillation Evaluation),10 5 mg/kg amiodarone in 
polysorbate improved survival to hospital admission 
compared with 1.5 mg/kg lidocaine with polysorbate. 
Survival to hospital discharge and survival with favor-
able neurological outcome were not improved by amio-
darone, but neither study was powered for those out-
comes.

In ROC-ALPS (Resuscitation Outcomes Consortium–
Amiodarone, Lidocaine or Placebo Study), a large out-
of-hospital randomized controlled trial that compared 
captisol-based amiodarone with lidocaine or placebo 
for patients with VF/pVT refractory after at least 1 shock, 
there was no overall statistically significant difference 
in survival with good neurological outcome or survival 
to hospital discharge.11 In this study, ROSC was higher 
in patients receiving lidocaine compared with those re-
ceiving placebo but not for those receiving amiodarone 
compared with patients receiving placebo. Survival to 
hospital admission was higher in patients receiving ei-
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the cardiac catheterization laboratory followed by
ECMO then PCI was associated with greater survival
with good neurologic function as compared with his-
torical control subjects (50% vs. 8.2%; p< 0.0001) (34).
A randomized feasibility trial of ECMO in patients with
refractory cardiac arrest was recently initiated in the
United States (NCT03065647). In summary, there is
considerable interest in the effectiveness of ECMO in
humans with refractory OHCA.

Another technique that is promulgated to support
patients with cardiac arrest is IV administration of
medication to improve blood pressure and flow to the
coronary and cerebral circulation so as to enhance
the likely restoration of circulation and to reduce brain
injury. Increased coronary perfusion pressure and
cerebral perfusion pressure during CPR may be
offset by increased myocardial work and reduced
subendocardial perfusion (35). Multiple large obser-
vational studies from southeast Asia have suggested
that early but not late use of epinephrine is associated
with improved outcomes after OHCA (36–38). The only
placebo-controlled trial of epinephrine (also called
adrenalin) reported to date did not achieve its
maximum expected enrollment but did observe that
epinephrine significantly increased restoration of
circulation and survival to admission as compared
with placebo (39). Pooled analyses of prior trials
confirm that vasopressin has no significant benefit
over epinephrine (40). In 2 small trials in Greece,
epinephrine combined with vasopressin and multiple
doses of corticosteroids increased the likelihood of
restoration of circulation as compared with placebo
(41,42). A large pragmatic trial comparing epinephrine
with placebo is currently enrolling patients with OHCA
in England (ISRCTN73485024). In summary, there
is considerable interest in the effectiveness of IV
vasopressors in humans with refractory cardiac arrest.

Importantly, implementation of ECMO in patients
with refractory cardiac arrest is likely to require
specialized expertise, delay application of other
potentially life-saving therapies (e.g., PCI), and incur
large costs. Similarly, efforts to establish vascular
access and administer a vasopressor may delay
application of other potentially life-saving therapies.
Clinical research resources are limited. The effective-
ness of interventions must be demonstrated defini-
tively if claims of their health benefit are to have
scientific credibility (43). Thus, evidence-based prac-
tice guidelines recommend use of ECMO in patients
with cardiac arrest only with a potentially reversible
etiology during a limited period of mechanical
cardiorespiratory support in settings where it can be
rapidly implemented (26). In addition, they note
that there is insufficient evidence to make a

recommendation about the optimal timing and fre-
quency of epinephrine administration in cardiac
arrest (44).

In this issue of JACC: Basic to Translational Science,
Bartos et al. (45) use a 2-by-2 factorial design to
evaluate the role of ECMO and IV epinephrine in a pig
model of refractory VF. This was done to simulate
patients with out-of-hospital refractory VF receiving
early transport to the cardiac catheterization labora-
tory and ECMO-facilitated coronary revascularization
compared with routine CPR-based revascularization
without ECMO, and to control for concurrent use of
IV epinephrine. The primary outcome of 4-h survival
was significantly improved with ECMO use (82% vs.
31%; p ¼ 0.003). Return of spontaneous circulation
following CPR was also significantly improved with
ECMO use (100% vs. 44%; p ¼ 0.001). A total of 9
of the 14 animals on ECMO (64%) met criteria for
decannulation at 4 h. There was no significant dif-
ference in 4-h survival in pigs receiving epinephrine
versus placebo (47% vs. 69%; p ¼ 0.47), although the
study lacked power to detect small but important
differences in outcome. There was no significant
interaction between use of epinephrine and ECMO.

This study supports the role of ECMO in refractory
VF arrest, and challenges use of epinephrine in the
same population. Epinephrine significantly increased
aortic and coronary perfusion pressures and lactic
acid levels. Although the latter decreased in all
groups following reperfusion, those not receiving
ECMO (i.e., CPR-only group) had substantial attrition
of those with the highest lactic acid levels. Unfortu-
nately, the study lacked power to compare post-
reperfusion lactate levels.

Higher lactic acid levels are associated with worse
outcomes (33) perhaps because of reduced overall
perfusion, reduced local perfusion caused by vaso-
constriction, increased transport out of tissues, or
enhanced glycolysis. Bartos et al. (45) observed the
best survival in animals in the Epi"/ECMOþ group
followed by the Epiþ/ECMOþ group. The Epiþ/
ECMO" group fared the worst. ECMO may have
salvaged those with the highest lactic acid levels. It is
unclear if epinephrine would have had the same
effect in nonischemic refractory VF or other in cardiac
arrest with a nonshockable rhythm.

A limitation of the excellent work by Bartos et al. (45)
is that to simulate refractory VF, defibrillation was not
administered to the animals until 45 min from arrest,
which is later than is common in patients. The success
of defibrillation and survival may have been different
in animals receiving epinephrine versus placebo.
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Another limitation of this work is that it considered
ECMObut not othermethods ofmechanical circulatory
support. There is limited evidence of the effectiveness
of intra-aortic balloon pumps in patients with cardio-
vascular emergencies (46–48). In a pig model of
myocardial infarction, early use of an axial-flow cath-
eter combined with delayed reperfusion reduced
infarct size versus standard PCI (e.g., Impella,
Abiomed Inc., Danvers, Massachusetts) (49). In a pig
model of VF, Impella improved resuscitability versus
standard care (50). In a pig model of VF, balloon oc-
clusion of the aorta but not IV epinephrine improved
resuscitability (51). Although these methods do not
provide oxygenation as does ECMO, they are markedly
easier and faster to deploy than ECMO. Lack of
oxygenation may be offset by briefer time with
reduced blood flow. Future studies should evaluate
these methods of mechanical circulatory support in
animals and humans with cardiac arrest.

Importantly, most trials that evaluated advanced
cardiac life support interventions were completed

before the recent emphasis on high-quality CPR and
post-cardiac-arrest care. Over the last 2 decades there
have been significant advances in interventional
cardiology and management of patients with acute
coronary syndromes including novel drugs, and
rapid revascularization strategies that have markedly
improved survival in such patients (52). It is impera-
tive to now refocus attention on development and
evaluation of evidence-based therapies and systems
of care for patients with refractory OHCA that have
not achieved return of spontaneous circulation but
may still be salvageable. Given the benefit of ECMO
and lack of benefit of IV epinephrine observed by
Bartos et al. (45), such efforts might focus on me-
chanical circulatory support rather than IV vaso-
pressor therapy.

ADDRESS FOR CORRESPONDENCE: Dr. Graham
Nichol, University of Washington, Harborview Center
for Prehospital Emergency Care, Box 359727, Seattle,
Washington. E-mail: nichol@uw.edu.
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als supporting an initial IV/IO dose of 300 mg with a 
second IV/IO dose of 150 mg if required.10,11 Both the 
ROC-ALPS and ALIVE trials permitted dose reductions 
in lower-weight patients; however, higher cumulative 
bolus doses of amiodarone have not been studied in 
cardiac arrest. It is also important to note that the cap-
tisol-based formulation of amiodarone is currently mar-
keted only as a premixed infusion, not in concentrated 
form, making it impractical for rapid administration 
during cardiac arrest. The polysorbate-based formula-
tion is currently available in concentrated form for rapid  
administration.

The writing group reaffirms that magnesium 
should not be used routinely during cardiac arrest 
management but may be considered for torsades 
de pointes (ie, polymorphic VT associated with long-
QT interval). Unfortunately, these recommendations 
are based on low-quality evidence, representing a 
significant knowledge gap concerning the use of 
magnesium for VF/pVT. Future randomized studies 
are needed with rigorous evaluation of the impact of 
magnesium on survival and neurological outcomes to 

determine the importance of magnesium administra-
tion in this condition.

The writing group is aware of increased interest in 
and early studies of β-adrenergic–blocking drugs used 
during cardiac arrest.18,19 The question of the effective-
ness of these drugs has been referred to ILCOR for 
future systematic review.

ANTIARRHYTHMIC DRUGS 
IMMEDIATELY AFTER ROSC 
FOLLOWING CARDIAC ARREST
The 2018 ILCOR systematic review sought to deter-
mine whether the prophylactic administration of an-
tiarrhythmic drugs after successful termination of VF/
pVT cardiac arrest results in better outcome. This pro-
phylaxis includes continuation of an antiarrhythmic 
medication that was given during the course of re-
suscitation or the initiation of an antiarrhythmic after 
ROSC to sustain rhythm stability after VF/pVT cardiac 
arrest. Although improved survival is the ultimate goal 
of such treatment, other shorter-term outcomes (even 

Figure 2. Adult Cardiac Arrest Circular Algorithm—2018 Update.  
CPR indicates cardiopulmonary resuscitation; ET, endotracheal; IO, intraosseous; IV, intravenous; pVT, pulseless ventricular tachycardia; and VF, ventricular 
fibrillation.
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Double sequential external defibrillation for
refractory ventricular fibrillation: The DOSE
VF pilot randomized controlled trial
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Abstract
Objectives: The primary objective was to determine the feasibility and safety of a cluster randomized controlled trial (RCT) with crossover comparing

vector change defibrillation (VC) or double sequential external defibrillation (DSED) to standard defibrillation for patients experiencing refractory

ventricular fibrillation (VF). Secondary objectives were to assess the rates of VF termination (VFT) and return of spontaneous circulation (ROSC).

Methods: We conducted a pilot cluster RCT with crossover in four Canadian paramedic services including all treated adult OHCA patients who

presented in VF and received a minimum of three successive defibrillation attempts. Each EMS service was randomly assigned to provide standard

defibrillation, VC or DSED. Agencies crossed over to an alternate defibrillation strategy after six months.

Results: 152 patients were enrolled. With respect to feasibility, 89.5% of cases received the defibrillation strategy they were randomly allocated to, and

93.1% of cases received a VC or DSED shock prior to the sixth defibrillation attempt. There were no safety concerns reported. In the standard group,

66.6% of cases resulted in VFT, compared to 82.0% in VC and 76.3% in the DSED group. ROSC was achieved in 25.0%, 39.3% and 40.0% of standard,

VC and DSED groups, respectively.

Conclusions: Our findings suggest the DOSE-VF protocol is feasible and safe. Rates of VFT and ROSC were higher in the VC and DSED than standard

defibrillation. The results of this pilot trial will allow us to inform a multicenter cluster RCT with crossover to determine if alternate defibrillation strategies

for refractory VF may impact clinical outcomes.

Keywords: Cardiopulmonary resuscitation, Heart arrest, Resuscitation, Defibrillation, Double sequential external defibrillation, Prehospital care
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