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Successful resuscitation of refractory ventricular 
fibrillation with double sequence defibrillation

In cardiac arrest, if the initial rhythm is ventricular fibrillation (VF) or pulseless ventricular 
tachycardia, the survival rates are high and good neurologic outcomes are expected. However, 
the mortality rate increases when refractory ventricular fibrillation (RVF) occurs. We report a 
case of RVF that was successfully resuscitated with double sequence defibrillation (DSD). A 
51-year-old man visited the emergency department with chest pain. The initial electrocardi-
ography showed markedly elevated ST-segment on V1–V5 leads, and VF arrest occurred. Al-
though 10 defibrillations were administered over 20 minutes, there was no response. Two 
rounds of DSD were performed by placing additional pads on the patient’s anterior-posterior 
areas and sequentially applying the maximum energy setting. The patient returned to sponta-
neous circulation and was discharged with cerebral performance category 1 after 14 days of 
hospital admission. Therefore, DSD could be an option for treatment and termination of RVF.   
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When ventricular fibrillation (VF) or pulseless ventricular tachycardia is the initial rhythm, 

survival rates and neurologic outcomes are better in both out-of-hospital cardiac arrest 

(OHCA) and in-hospital cardiac arrest (IHCA) cases [1]. For refractory VF that does not re-

spond to defibrillation, the survival rate is low and the neurologic outcome is poor [2]. How-

ever, there is currently no clear definition of refractory VF, and the term is typically used for 

cases where VF does not respond to three consecutive defibrillations [3]. To date, several 

methods have been implemented to treat refractory VF, although there is no gold standard of 

treatment. 

Double sequence defibrillation (DSD) is an effective treatment for refractory VF. The DSD 

approach uses two sets of defibrillation pads, one for the anterior-apical (AA) area and the 

other for the anterior-posterior (AP) area (Figure 1). Two defibrillators are manually activated 

at their maximum energy setting. There are multiple techniques for delivering the shock for 

DSD and allow a delay of 1–2 seconds between sequential shocks or administer shocks al-

most simultaneously. 

To date, all existing studies have been conducted on OHCA, most of which were performed 

by emergency medical technicians at the pre-hospital level [4-6]. There are no current reports 

of DSD to terminate refractory VF in IHCA. We report one case of refractory VF that occurred 

in the hospital and did not respond to standard defibrillation but was successfully treated 
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with DSD. To our knowledge, this is the first case to imple-

ment DSD for terminating refractory VF in IHCA.

CASE REPORT

A 51-year-old man visited the emergency department (ED) 

with chest pain. The pain had started 50 minutes prior to his 

visit, as he was going to sleep. He experienced chest heaviness 

with shortness of breath and broke out in a cold sweat but did 

not have radiating pains. When he arrived at the ED, his blood 

pressure was 114/71 mm Hg, heart rate was 91 beats per min-

ute, respiratory rate was 20 breaths per minute, and body tem-

perature was 36.0°C. An initial electrocardiography (EKG) was 

captured and showed markedly elevated ST-segments on V1–

V5 leads. 

Half an hour after he arrived in the ED, VF occurred while 

he was being prepared for emergency coronary angiography 

and percutaneous coronary intervention. After a 150 J defi-

brillation using a Philips HeartStart MRx (Philips Healthcare, 

Bothell, WA, USA) defibrillator and one cycle of cardiopulmo-

nary resuscitation, spontaneous circulation returned. Howev-

er, 3 minutes later, VF arrest reoccurred. Another 150 J defi-

brillation was administered, but there was no response; a sec-

ond defibrillation of an additional 200 J defibrillation was ap-

plied. According to the Advanced Cardiac Life Support guide-

lines, the pulse and EKG rhythm were assessed every 2 min-

utes, and 1 mg of epinephrine was administered via intrave-

nous line every 3 minutes. Due to ongoing VF, 300 mg and 150 

mg amiodarone was administered at the third and fifth defi-

brillation rounds. Although 10 rounds of defibrillation with 

200 J were applied over 20 minutes, there was no response. 

Therefore, DSD was performed by placing additional pads on 

the patient and using another defibrillator, the Zoll M series 

(Zoll Medical, Chelmsford, MA, USA), sequentially on the pa-

tient’s AP area at 200 J of energy, with small delays of 1–2 sec-

onds between the two defibrillations. The patient returned to 

spontaneous circulation after DSD was administered twice. 

The patient showed total occlusion at the left anterior de-

scending coronary artery on coronary angiography, and per-

cutaneous coronary intervention was performed. He was ad-

mitted to the intensive care unit with therapeutic hypother-

mia. After 14 days of hospital admission, he was discharged 

with cerebral performance category 1 and showed no other 

complications.

DISCUSSION

While existing DSD studies have been conducted on refracto-

ry VF from OHCA, this case shows that DSD in refractory VF 

from IHCA is also effective. Currently, there are debates on 

whether DSD is an effective approach, and several studies 

have shown that DSD does not affect survival rates or neuro-

logic outcomes [5,6]. However, these studies implemented 

DSD as the last method after using standard defibrillation 

continuously. According to a study by Cheskes et al. [4] when 

DSD was implemented within four to eight attempts of defi-

brillation, it significantly improved the return of spontaneous 

circulation rates.

Although there is no clear mechanism for how DSD termi-

nates refractory VF, there are several hypotheses. The first 

Figure 1. Approximate positions of defibrillation pads for double sequence defibrillation.
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shock causes the current flow of the myocardium to lower the 

threshold of defibrillation so that the second shock can over-

come the defibrillation threshold (threshold theory). Since 

cardiac muscle fiber is suitable for the direction of current flow 

for electrical stimulation, current flow with different vectors 

increases the success of defibrillation (vector theory). Larger 

individuals require more energy to terminate VF because not 

enough energy is delivered to the myocyte through the chest 

wall. DSD can cause defibrillation by providing increased en-

ergy delivery (weight-based therapy) [4-6]. To date, no study 

has assessed implementation and efficiency of DSD, which 

can be applied in many areas, such as determining how to ap-

ply two sets of pads to the patient, the amount of energy for the 

most efficient defibrillation dose, whether DSD should be im-

plemented simultaneously or subsequently, or how much of a 

delay should be included in the procedure. Cheskes et al. [4] 

used AEDs (Zoll AED Plus, Zoll Medical) and defibrillators 

(LIFEPAK 15; Medtronic Physio-Control, Redmond, WA, USA) 

by attaching pads to the AA and AP areas to implement defi-

brillation in a rapid, sequential manner. However, they did not 

indicate how much energy was used for defibrillation [4]. Em-

merson et al. [5] used a defibrillator (LIFEPAK 15, Medtronic 

Physio-Control) that provided a biphasic 360 J waveform by at-

taching pads to the AA and AP areas. They used the maximum 

energy setting of 360 J for each defibrillator to provide two se-

quential shocks at approximately 3–4 seconds apart. Ross et al. 

[6] used a defibrillator (Zoll X series, Zoll Medical) by attaching 

one of the pads to the AP area and the other to the right of the 

sternum over the apex and delivered shock simultaneously us-

ing the maximum energy setting of biphasic 200 J.

In refractory VF that is not responding to persistent stan-

dard defibrillation, using venous–arterial extra-corporeal 

membrane oxygenation (ECMO), if available, is the most ef-

fective way to improve the survival rate [7]. When ECMO is 

possible, it requires many hours of effort [8]. Based on our re-

sults, DSD can be used as a bridge to ECMO or as a final op-

tion to terminate refractory VF. Because only a few case re-

ports and retrospective observation studies are currently 

available, further randomized controlled studies are needed 

to confirm our results and observations.
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