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for Refractory Ventricular
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Ventricular Tachycardia
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The authors discuss the potential benefits of double
sequential defibrillation for patients with refractory ventricular
fibrillation/pulseless ventricular tachycardia, underscoring

the need for further research.

he earliest known reported experi-

mental intervention for defibrilla-

tion was in 1899, when Prevost and

Battelli discovered that small elec-
trical impulses could induce ventricular
fibrillation (V-fib) in canine subjects.’ They
later found that applying larger electrical
impulses on canine subjects could reverse
V-fib back to normal cardiac rhythm.’

In 1930, Kouwenhoven, an electrical en-
gineer, invented the first external cardiac
defibrillator, and the first successful defi-
brillation performed on a human was re-
ported in 1947.Defibrillation devices have
since evolved from the application of pad-
dle electrodes to self-adhesive electrodes.

With the intent of producing a life-
sustaining rhythm, a large dose of an elec-
trical current from the defibrillator is used
to depolarize the heart’s entire electrical

conduction system. As medicine and tech-
nology advance, we continue to strive for
better and more effective ways to improve
the probability of survival for patients in
cardiac arrest. One area of increasing inter-
est in potentially improving survival rates
is the use of double sequential defibrilla-
tion (DSD; double simultaneous defibrilla-
tion) in patients with V-fib and ventricular
tachycardia (V-tach).

Double Sequential Defibrillation

Double sequential defibrillation, also
known as double simultaneous defibrilla-
tion, is the use of two defibrillators simul-
taneously to deliver the maximum energy
that may be necessary to treat refractory
V-fib. In this review, we define refractory
V-fib as V-fib/pulseless V-tach that does
not revert to a life-sustaining rhythm after
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Figure. lllustration demonstrates the correct placement of automated external defibril-
lator pads for double sequential defibrillation.

three or more shocks from a single defibril-
lator plus administration of at least a single
dose of intravenous (IV) epinephrine and/
or amiodarone.

When utilizing DSD, one set of pads is
placed in the anterior-posterior position
and the other set of pads is placed in the
anterior-lateral position as shown in the
Figure. It is important to ensure that the
pads placed in the anterior-lateral posi-
tion do not make contact with each other.
Each defibrillator should then be charged
to 200 J if the monitor is biphasic, or 360
J if the monitor is monophasic. Once the
pads are correctly placed on the patient,
the defibrillators are charged, and all staff
and personnel have removed themselves
from close proximity to the patient, the
clinician pushes the shock button simul-
taneously on both defibrillators. Following
DSD, cardiopulmonary resuscitative (CPR)
efforts should be resumed as indicated.

In three retrospective cases, we describe
our use of DSD for refractory V-fib in the
ED, in the hopes of encouraging further
exploration of this potentially life-saving
treatment modality in the treatment of re-
fractory V-fib.
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Although studies to assess the benefit
of DSD are still in their early stages, we
believe this technique has the potential
to improve the success rate in achieving
return of spontaneous circulation (ROSC)
when compared to the standard method
of defibrillation, described in the current
advanced cardiac life support (ACLS) al-
gorithms.

Cases

Case 1

A 39-year-old man with a medical history
of type 1 diabetes mellitus arrived at our
ED with a 6-hour history of nausea and
vomiting. Upon arrival at the ED, the pa-
tient’s vital signs were: blood pressure,
109/52 mm Hg; heart rate, 120 beats/min;
and respiratory rate, 20 breaths/min. Oxy-
gen saturation was 94% on room air. Lab-
oratory studies included a point-of-care
blood glucose test, which revealed a glu-
cose greater than 600 mg/dL.

The patient was initially resuscitated
with 3 L Ringer’s lactate solution IV; and IV
ondansetron for vomiting. One hour after
his arrival, the patient developed mono-
morphic wide-complex tachycardia at 179
beats/min and began complaining of chest
pain. An IV push of adenosine 6 mg was
given with no effect on rhythm. The emer-
gency physician (EP) then administered
300 mg of IV amiodarone followed by 100
mg of IV procainamide, without termina-
tion of the tachyarrhythmia.

The patient became hypotensive with a
systolic blood pressure of 86 mm Hg, and
an attempt was made to apply synchro-
nized cardioversion at 100 J for his un-
stable V-tach. Shortly after cardioversion,
the patient went into V-fib and became un-
conscious. Cardiopulmonary resuscitation
was initiated, and the patient was defibril-
lated at 200 J without success. He was then
given 1 mg of IV epinephrine, 2 amp of IV
sodium bicarbonate, and intubated.

The patient remained pulseless and in
V-fib. A second unsuccessful defibrilla-
tion attempt at 200 ] was made. Followed
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by CPR and a third unsuccessful attempt
at defibrillation. The patient next received
DSD with the two defibrillators each set at
200 J, and afterwards converted back to si-
nus rhythm.

After successful DSD, the patient was
started on an insulin drip and was trans-
ferred to the intensive care unit (ICU). He
survived to hospital discharge with a cere-
bral performance category (CPC) scale score
of 1, defined as “good cerebral performance,
neurologically intact, may lead a normal
life”.?

Case 2

A 22-year-old woman with a known his-
tory of heroin abuse was brought to our
ED by emergency medical services (EMS)
following an unwitnessed cardiac arrest
pulseless electrical activity (PEA). The pa-
tient’s parents stated that when they saw
the patient approximately 5 hours earlier,
she appeared normal physically and was
behaving normally. Emergency medical
technicians (EMTs) administered several
milligrams of IV naloxone without suc-
cess. The patient was intubated while en
route to the hospital and CPR was per-
formed for 35 minutes, after which ROSC
was achieved.

However, en route to the hospital, the
patient developed V-fib, for which she was
unsuccessfully defibrillated three times at
200 J. Upon arrival at the ED, the patient
was defibrillated twice more at 200 J but
remained in V-fib. On the third pulse check
DSD was performed, and the patient sub-
sequently converted to a PEA rhythm; CPR
was continued for two more cycles, after
which the patient regained a weak pulse
and an ETCO:; of 55 mm Hg. A central line
was placed and the patient was started on
IV epinephrine and dopamine. In the ICU
she received targeted temperature manage-
ment, but ultimately expired that evening.

Case 3

A 39-year-old woman with no known
medical history was brought to the ED by
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EMS after she was discovered to be un-
conscious and pulseless by her husband
in their home. Upon arrival, the EMTs
found the patient in V-fib and performed
endotracheal intubation and 30 minutes
of CPR. The EMS report recorded that the
patient had been defibrillated a total of five
times at the scene before achieving ROSC.
En route to the hospital, however, the pa-
tient’s thythm reverted to V-fib; CPR was
again initiated along with an unsuccessful
attempt at defibrillation. The EMTs then
administered 300 mg of IV amiodarone, 1
amp of sodium bicarbonate, and epineph-
rine IV every 3 to 5 minutes.

Upon arrival at the ED, the EP attempted
defibrillation twice, unsuccessfully. The
patient was then given IV magnesium, 1
amp of sodium bicarbonate IV, and three
doses of IV epinephrine, but remained in
V-fib. The EP then attempted DSD but with
no success, but a second application of
DSD resulted in conversion to a junctional
bradycardia. After 1 hour of CPR, ROSC
was achieved, and the patient was trans-
ferred to the ICU. Unfortunately, due to the
burden of neurological damage from the
cardiac arrest and poor predicted outcome,
the patient’s family ultimately decided to
have care withdrawn overnight. The pa-
tient expired shortly after being extubated.

Discussion
Out-of-hospital cardiac arrest remains
a leading cause of death today; of which
cardiac arrests due to V-fib are associated
with the highest survival rates.* Our three
cases suggest that application of DSD may
be of benefit in the ED, in the treatment of
refractory V-fib and refractory pulseless V-
tach. All three of the patients we described
achieved ROSC after DSD and unsuccess-
ful prior attempts with standard defibrilla-
tion, though only one of the patients was
discharged home with good neurological
status.

One of the earliest known studies of
the applications of DSD on human sub-
jects was described in 1994 by Hoch et al.®
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The study included 2,990 patients who
underwent a total of 5,450 electrophysi-
ological studies over a period of 3 years.
The researchers induced V-fib/pulseless V-
tach in approximately 30% of their study
population. Five of these patients, who
were all men with a mean age of 55 years,
experienced refractory V-fib each of whom
required seven to 20 unsuccessful attempts

Another limitation that hinders DSD research
studies is the large number of variables
that can determine a patient’s chance

of survival after defibrillation.

at defibrillation. The researchers ultimate-
ly found that when they applied DSD, only
one attempt was needed for successful
conversion to normal sinus rhythm in all
five of the patients.® The authors acknowl-
edged that there were many limitations to
their study, which will likely continue to
be factors in future studies as well.

DSD exists in the form of reviews, case
reports, and retrospective studies in most of
the recent literature. The reason for the pau-
city of research is probably due to the rela-
tive rarity and random nature of refractory
V-fib (0.1% of V-fib arrests),® making it near-
ly impossible for researchers to conduct
large-scale studies in a controlled environ-
ment. Another limitation that hinders DSD
research studies is the large number of vari-
ables that can determine a patient’s chance
of survival after defibrillation. These vari-
ables include age, comorbidities, risk fac-
tors, timing of arrival at the ED, application
and quality of prehospital CPR, laboratory
abnormalities, and other patient-specific
neurological or metabolic processes.

Several case series previously reported
on the use of DSD, most of which describe
patients in the out-of-hospital setting.
The findings from these case series ap-
pear promising—at least to the extent in
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which patients were converted out of V-fib
through DSD.

In 2014, Cabanas et al® reported on a ret-
rospective case series of 10 patients treated
with DSD between 2008 and 2010, and
found that 70% of the patients were suc-
cessfully converted by DSD out of refrac-
tory V-fib. Unfortunately, none of the pa-
tients survived to hospital discharge.

Another recent retrospective study con-
ducted by Cortez et al” of 12 patients with
refractory V-fib treated with DSD found that
nine of the 12 patients (75%) converted out
of V-fib, three of whom survived to hospital
discharge, with two patients (16.7%) dis-
charged with a CPC of 1.” Lastly, Merlin et
al® reported on a retrospective case series in
2015 of EMTs delivering DSS in the field to
a total of seven patients with refractory V-
fib, five of whom (71%) were successfully
converted out of V-fib, with four (57%) sur-
viving to hospital admission.®

Pharmacological Agents Post-DSD

None of the patients in the study by Hoch
et al® received any pharmacological agents
between initial unsuccessful attempts at
defibrillation and the final application of
DSD. As previously noted, all three of the
patients in our cases had the full support
of ED personnel, as well as the adminis-
tration of appropriate pharmacological
agents.

A randomized controlled trial published
in 2006 by Hohnloser et al® reported clini-
cally significant results in studying the ef-
fects of antiarrhythmic agents, particularly
amiodarone and sotalol, on defibrillation
thresholds. They found that amiodarone
increased the defibrillation threshold by
1.29 J, while sotalol decreased the defi-
brillation threshold by 0.89 J. However,
despite their findings, Hohnloser et al® be-
lieved that such differences were highly
unlikely to influence patient outcomes.

Post-DSD Effects

The short- and long-term effects of DSD on
the human body are unknown. Since the
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mechanism responsible for the efficacy of
DSD is still unclear, many professionals
and researchers are concerned that dou-
bling the energy could cause myocardial
damage. Although successful return of
spontaneous circulation is an important
first step in a successful resuscitation, the
ultimate goal is to have a patient who is
neurologically intact at the time of dis-
charge home, with the capability of main-
taining a favorable quality of life.

In 2016, Ross et al’ conducted a larger
study comparing CPC scores of 279 pa-
tients in refractory V-fib, who received
single shock (229 patients) vs DSD (50
patients). They found no statistically sig-
nificant differences in neurologically in-
tact survival rates between the two groups.
This is an important finding that should be
the goal for any future studies regarding
DSD."

Limitations to Future Research

For researchers to provide DSD results con-
sidered clinically significant, more cross-
sectional, randomized-controlled studies
need to be performed. Such studies will re-
quire a tremendous amount of time, effort,
data collection, and a substantial sample
size to prove that positive DSD results are
not due to chance. As previously noted,
the relatively rare incidence of true refrac-
tory V-fib makes it difficult for research-
ers to obtain large enough sample sizes to
demonstrate clinically significant study re-
sults. Additionally, since medical institu-
tions tend to adhere to different guidelines
when running a code for cardiac arrest it
would involve extraordinary measures to
create and impose a single, standardized
procedure/protocol for research purposes
that each hospital would have to unani-
mously agree on.

Another limitation to producing large-
scale, clinically significant research is that
there is no universally accepted definition
of refractory V-fib/pulseless V-tach. In all
three of our cases, we defined it as V-fib/
pulseless V-tach does not convert after
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three or more standard shocks, and at least
one dose of either IV epinephrine and/or
amiodarone. However, other clinicians
and institutions define refractory V-fib as
patients remaining in cardiac arrest for
which the initial thythm was either V-fib
or V-tach, despite at least three defibrilla-
tion attempts, 3 mg of epinephrine, and
300 mg of amiodarone.'*?

Importantly, DSD currently is neither
endorsed as a standard of care nor recom-
mended as part of the ACLS/American
Heart Association/American College of
Cardiology guidelines.

Conclusion

For every minute a patient remains in V-fib,
the chance of survival decreases. Although
the application of DSD has not been stan-
dardized at this time, we feel that it is a
reasonable treatment option for patients in
V-fib and pulseless V-tach, after all conven-
tional interventions have failed. Though
studies on DSD to date, as well as the three
cases presented here, all involved relative-
ly small sample sizes and isolated case re-
ports, the results seem to suggest that DSD
does improve chance of ROSC. We believe
that DSD deserves further study and may
be considered in cases of refractory V-fib
and pulseless V-tach.
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