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Abstract
Introduction: Defibrillation is effective and the most common treatment for ventricular fibrillation (VF) and pulseless ventricular
tachycardia in patients with cardiac arrest.

Patient concerns: Recently we experienced 3 cases refractory ventricular fibrillation (RVF) which was successfully terminated
with double sequence defibrillation (DSD) in our emergency department, so we’d like to report and discuss it.

Diagnosis: Cardiac arrest

Interventions: A single defibrillation 200J was performed twice for patients with ventricular fibrillation in the initial rhythm of the
emergency room. At the same time, intubation and intravenous access were achieved and epinephrine and amiodarone were
administered. The 400J DSD was performed on RVF patients with sustained VFs, despite several trials of 150-200J defibrillation and
adherence to advanced cardiac life support.

Outcomes: All three RVF patients recovered spontaneous circulation after DSD.

Conclusion: The three cases we have shown are small, but DSD improves the chance of spontaneous circulation. Therefore it is
suggested that attempts of DSD to patients with RVF, especially in the prehospital stages as a way to improve the return of
spontaneous circulation.

Abbreviations: AHA = American Heart Association, CPC = Cerebral Performance Category, DSD = double sequential
defibrillation, ECG = electrocardiogram, ED = emergency department, ICU = intensive care unit, ROSC = return of spontaneous
circulation, RVF = refractory ventricular fibrillation, VF = ventricular fibrillation.
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1. Introduction

Defibrillation is effective and the most common treatment for
ventricular fibrillation (VF) and pulseless ventricular tachycardia
in patients with cardiac arrest.[1–3] Refractory ventricular
fibrillation (RVF) is defined as VF that is resistant to at least
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three defibrillation attempts, 300mg of amiodarone, and does
not exhibit return of spontaneous circulation (ROSC) after 10
minutes of cardiopulmonary resuscitation (CPR).[4] In this
situation, the application of Double Sequential Defibrillation
(DSD) can be considered.[5] Recently we experienced 3 cases RVF
which was successfully terminated with DSD in our emergency
department (ED), so we’d like to report and discuss it. IRB
(Soonchunhyang University Bucheon Hospital Institutional
Review Board) has exempt the patient’s consent for publication.
IRB is organized and operates accordiong to ICH-GCP and
applicable laws and regulations. (No. of IRB SCHBC_IRB_2018-
12-015)

2. Case report

2.1. Case 1

A 31-year-old man without any medical history was transported
to the ED by ambulance due to breathing difficulties and drowsy
mentality. No bystander CPR was performed because the
dispatcher did not recognize the cardiac arrest. Upon arrival at
the scene, the paramedic recognized the cardiac arrest and
performed chest compressions and attached the automated
external defibrillator. The initial electrocardiogram (ECG)
rhythm at the scene was VF, and a total of 6 defibrillations
was performed with the energy of 150 joules (J) until arriving at
the ED but the spontaneous circulation wasn’t recovered. The
initial rhythm at the ED was VF, so 200J of defibrillation was
performed twice. At the same time, intubation and venous access
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Figure 1. A. Apply a pad to the patient for Double Sequence Defibrillation. B. Two Defibrillators prepared for Double Sequence Defibrillation.
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were achieved and epinephrine and amiodarone were adminis-
tered. ROSC was achieved 7 minutes after arrival at the ED but
wasn’t sustained. 3 minutes after ROSC, VF has developed again.
After that, 200J of defibrillation was performed 6 times, but VF
continued. A pair of defibrillation patches were attached to the
front and back of the chest additionally (Fig. 1A,1B). After 4
times of DSD, VFwas terminated. After ROSC, ECG rhythmwas
accelerated idioventricular rhythm and vital signs were stable
(Fig. 2 A). The patient was admitted to the intensive care unit
(ICU). On the eighth hospital day, he was discharged to the
nursing hospital. The Cerebral Performance Category (CPC)
Scale was 4.

2.2. Case 2

A 35-year-old man without any medical history had a seizure
while taking a shower and was reported to the paramedics.
Recognizing the cardiac arrest, the dispatcher instructed
dispatch-assisted CPR and the witness started CPR. The initial
ECG rhythm at the scene was VF, and a total of 4 defibrillations
was performed with the energy of 150J until arriving at the ED
but the spontaneous circulation wasn’t recovered. The initial
rhythm at the ED was VF, so 200J of single defibrillation was
2

tried. The Advanced Cardiac Life Support was performed
according to the guidelines, but the VF lasted for 10 minutes.
After the DSD of 300J once and 400J twice, ROSC was achieved
(Fig. 1A,1B). After ROSC, ECG showed a junctional rhythmwith
a descent of the ST segment and vital signs were stable (Fig. 2 -B).
The patient was admitted to the ICU. On the 13th hospital day,
he was discharged to the nursing hospital. The CPC Scale was 4.
2.3. Case 3

A 38-year-old man with hypertension visited the ED by an
ambulance. He had chest pain that started 30minutes ago. Hewas
unconscious shortly after arriving in the ED, and VF was observed
on the ECG. Despite repeated defibrillation of 200J and adherence
to Advanced Cardiac Life Support, VF was sustained. After the
3 times of 400J DSD, he recovered a spontaneous circulation
(Fig. 1A,1B). ECG rhythm was arrhythmia including early
ventricular contraction. Vital signs were stable (Fig. 2 -C). After
emergency coronary angiography, he was admitted to the ICU.
Coronary arteriography findings were total occlusion of a left
anterior descending artery and 80% tubular occlusion of a right
coronary artery. He was transferred to the general ward 2days
later.On the8thday,hewasdischargedhomewith theCPCScale1.



Figure 2. Electrocardiogram after Return of Spontaneous Circulation (ROSC) A. CASE1 B. CASE2C. CASE3.
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3. Discussion
The origins of CPR start with studies by Kouwenhoven et al. in
1960.[6] Since then, the American Heart Association (AHA) and
the American Red Cross have begun to apply the guidelines for
CPR in 1966. Korea has also been developing and distributing
3

guidelines based on the Korean situation since the establishment
of the Korean Association for Cardiopulmonary Resuscitation in
2002. The AHA provides updated guidelines every five years to
raise the likelihood of rejuvenation and presents a series of
courses as five levels of chains of survival.[7,8] If the ECG rhythm
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of the collapsed victim was VF or pulseless VT, the probability of
survival is reduced by about 10% for every 1 minute of
defibrillation delay.[9,10] Early defibrillation is the most funda-
mental therapy in lethal arrhythmia. In this regard, the
importance of early defibrillation in the prehospital stage should
be emphasized.[11–13] The definition of RVF is that the ECG
rhythm is not recovered even after three or more single
defibrillation and appropriate medication. There are several
reported cases that DSD applied to RVF patients.[14,15] In
general, the defibrillation electrodes can apply to the anterior-
posterior attachment method (with the left ventricle / between the
two scapulas) or the external attachment method (Bust of the
sternum / Lower left of the pectoral muscle).[16] DSD is a method
of applying two pair of defibrillators to a patient and
simultaneously delivering a dual shock. Apply one set of pads
to the front-back and another set of pads to the front-side.[17] It is
important to make sure that the two pads on the front side do not
contact each other. Charge the monophasic defibrillator to 360J
and the biphasic defibrillator to 200J. Because double energy is
applied at the same time, it gives 720J for a monophasic and 400J
for a biphasic defibrillator. Although defibrillation failure has
been reported in the RVF despite the application of DSD,
successful defibrillation is achieved in most cases using DSD. In
each of our cases, single defibrillation of 150J was performed 14
times, 5 times, and 3 times at the scene, respectively. But VF was
sustained. After arriving at ED, 4 times, 3 times, and 3 times of
DSD attempted, then ROSC was achieved. The reason why the
CPC score of a case 1 and 2 patient is not as good as that of case 3
is that the patient in case 3 was collapsed just after arrival at the
ED and was immediately recognized by the medical team. It is
also believed that the fast application of the DSD within 10
minutes affected the patient’s prognosis. In Korea, paramedics
are allowed by law to perform limited prehospital care just as
much as EmergencyMedical Technician-Intermediate (EMT-I) in
the United States. They cannot use antiarrhythmics such as
amiodarone. Therefore, if they meet RVF patients at the scene,
the only resource they can use is defibrillation. As is well known,
if the ECG rhythm of the cardiac arrest patient shows VF or
pulseless VT, delayed application of defibrillation reduces the
chance of survival. Currently, the application of DSD is not a
standard therapy, but it can be tried as a reasonable option for
patients without response to conventional therapy for RVF. The
three cases we have shown are small, but DSD improves the
chance of spontaneous circulation. Therefore it is suggested that
attempts of DSD to patients with RVF, especially in the
prehospital stages as a way to improve the ROSC.[18] The
difference between the existing studies is that although the case of
this study did not lead to high scores of CPC, the existing study
had a high percentage of deaths, but it survived all three cases and
enabled nursing or daily life. This work is a case-reporting study
to present the effectiveness of Double Sequential Defibrillation
(DSD), which requires well-defined studies such as RCT in the
future.(Class 2b, LOE C-LD, AHA Guideline 2020).[19]
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