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Study  objectives:  The  goal  of  our study  is to determine  if prehospital  dual  defibrillation  (DD)  is  associated
with  better  neurologically  intact  survival  in  out-of-hospital  cardiac  arrest.
Methods:  This  study  is a retrospective  cohort  analysis  of prospectively  collected  Quality  Assurance/Quality
Improvement  data  from  a large  urban fire  based  EMS  system  out-of-hospital  cardiac  arrest  (OHCA)
database  between  Jan  2013  and  Dec  2015.  Our  inclusion  criteria  were  administration  of  DD  or  at  least
four conventional  200J  defibrillations  for cases  of  recurrent  and  refractory  ventricular  fibrillation  (VF).
We excluded  any  case  with  incomplete  data.  The  primary  outcome  for our  study  was  neurologically  intact
survival  (defined  as  Cerebral  Performance  Category  1  and 2).
Results:  A  total  of 3470  cases  of  OHCA  were  treated  during  the  time  period  of  Jan 2013  to  Dec 2015.  There
were  302  cases  of recurrent  and  refractory  VF  identified.  Twenty-three  cases  had  incomplete  data.  Of  the
remaining 279 cases,  50  were  treated  with  DD and  229  received  standard  single  shock  200J  defibrillations.
There  was  no  statistically  significant  difference  in  the  primary  outcome  of  neurologically  intact  survival

between  the  DD  group  (6%)  and  the  standard  defibrillation  group  (11.4%)  (p =  0.317)  (OR  0.50,  95%  CI
0.15–1.72).
Conclusion:  Our  retrospective  cohort  analysis  on  the  prehospital  use  of  DD in  OHCA  found  no  association
with  neurologically  intact  survival.  Case–control  studies  are  needed  to further  evaluate  the  efficacy  of
DD in  the  prehospital  setting.

Published  by  Elsevier  Ireland  Ltd.
ntroduction

ackground

In the setting of out-of-hospital cardiac arrest (OHCA), the pres-
nce of a shockable rhythm is associated with better outcomes.1,2

he primary therapy for patients with ventricular fibrillation
VF) and pulseless ventricular tachycardia (VT) is defibrillation.3
owever, the best defibrillation strategy for patients that do not
chieve return of spontaneous circulation within the first few
ounds of cardiopulmonary resuscitation remains unclear.3–6 A

� A Spanish translated version of the abstract of this article appears as Appendix
n  the final online version at http://dx.doi.org/10.1016/j.resuscitation.2016.06.011.
∗ Corresponding author at: University of Texas Health Science Center at San Anto-
io,  4201 Medical Drive, Unit 370, San Antonio, TX 78229, USA.

E-mail address: s5eross@yahoo.com (E.M. Ross).
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300-9572/Published by Elsevier Ireland Ltd.
small subset of this patient population has recurrent or refractory
VF. The age-adjusted annual incidence of refractory VF is estimated
to be between 0.5 and 0.6 cases per 100,000 people.7 Due to its
rarity and lack of a standard definition, there are no currently
established best practices for this difficult to treat condition.

Double sequential defibrillation (DSD) is postulated to be a solu-
tion to the dilemma of recurrent/refractory VF and pulseless VT.8

In DSD, the “double” refers to the use of two  separate defibrilla-
tors on the same patient; “sequential” refers to the administration
of nearly simultaneous defibrillations from both devices. In the
absence of electronically connected and synchronized defibrilla-
tion devices, true DSD is not possible in our prehospital system.
We utilize the dual defibrillation (DD) technique, where the opera-
tor delivers nearly simultaneous defibrillations from two separate

devices. Multiple techniques for DSD have been described: small
1–2 s delays between the delivery of sequential shocks,8 precisely
synchronized shocks with small overlaps,9,10 and simultaneous
delivery from two  devices by a single individual.11,12
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The mechanism for DSD’s hypothesized clinical benefit focuses
rimarily on overcoming the defibrillation threshold. There is
vidence that suggests that delivering sequential shocks may
ower the defibrillation threshold compared to a traditional single
hock.13,14 Alternatively, others hypothesize that defibrillation is a
eight based treatment and larger individuals simply may  require
ore joules.15,16 The last leading theory for DSD efficacy is that

he therapy changes the vector of the therapy and the shock is
iven over a longer duration.8 DSD was first developed and tested
n canine models of refractory VF.9,10,17 Hoch et al. reported a small
bservational study attesting to the safety and efficacy of DSD’s in
he setting of refractory VF and pulseless VT during routine elec-
rophysiology testing.8 Double sequential defibrillation continues
o be used sporadically by electrophysiologists to treat refractory
F.12

Emergency Medical Services (EMS) physicians struggle with the
ecision whether or not to transport patients with refractory and
ecurrent VF. First, it is well documented that the quality of CPR in

 moving ambulance is reduced.18,19 Second, transporting patients
ho do not attain return of spontaneous circulation (ROSC) in the
eld may  exceed the acceptable rate of medical futility.20 Prehos-
ital DD may  indeed provide an answer to this controversy in
anagement. However, in the setting of out-of-hospital cardiac

rrest (OHCA) it is a novel and unproven therapy.21

mportance

There are two small case series and one case report describ-
ng the use of DD in the prehospital setting with varying levels of
uccess.22–24 However, there have been no comparisons of DD with
onventional therapy.

oals of this investigation

The goal of our study is to determine if prehospital DD is asso-
iated with better neurologically intact survival in out-of-hospital
ardiac arrest.

aterials and methods

tudy design and setting

This study is a retrospective cohort analysis of prospectively col-
ected Quality Assurance/Quality Improvement (QA/QI) data. The
ata was obtained from the San Antonio Fire Department (SAFD)
HCA QA/QI database between Jan 2013 and Dec 2015. The study
as designed to adhere to the Strengthening the Reporting of
bservational Studies in Epidemiology (STROBE) statement.25 Our

tudy was approved by the University of Texas Health Science Cen-
er at San Antonio (UTHSCSA) Institutional Review Board.

The SAFD is the sole 911 provider for a population of approx-
mately 1.4 million people spread over a 460-square-mile area.

edical direction for the SAFD is provided by the UTHSCSA Depart-
ent of Emergency Health Services’ Office of the Medical Director

OMD). All online medical direction is provided by EMS  physicians
nd fellows. The SAFD deploys a four-person fire company and
wo dual-paramedic-staffed mobile intensive care ambulances to
ll OHCA calls. Approximately, half the fire companies in the SAFD
re staffed with at least one paramedic qualified firefighter and all
arry an Automated External Defibrillator (AED).

During the study period, the protocol of SAFD EMS  was to con-
ider DD after administering three 200J conventional defibrillations

uring an OHCA resuscitation for both cases of refractory VF and
ecurrent VF. In our system both refractory VF, which we  defined
s persisting in VF during the resuscitation, and recurrent VF, which
e defined as potentially terminating VF but then returning to VF
on 106 (2016) 14–17 15

at some time during the resuscitation, are potentially treated with
DD. The decision to administer a DD was  left to the discretion of
the lead paramedic on the resuscitation. In our system, we uti-
lized two sets of pads attached to two  external defibrillators (Zoll
X series Defibrillator, Chelmsford, MA). One set of pads was  placed
in an anterior–posterior arrangement, and the other to the right of
the sternum and over the apex. The shock delivery buttons were
pushed simultaneously by one person, delivering a total energy of
400J.

Selection of participants

The cohort was derived from all SAFD OHCA cases between Jan
2013 and Dec 2015. Our inclusion criteria were administration of
DD or at least four conventional 200J defibrillations. We  excluded
any case with incomplete data. We  included both cases of refrac-
tory VF and recurrent VF as we  considered this a more realistic real
world test of double sequential defibrillation since that is how it is
operationalized in our system and the distinction between refrac-
tory VF and recurrent VF can be difficult to ascertain during the
resuscitation.

Interventions

The intervention was DD during OHCA.

Methods of measurement

The SAFD OMD  utilizes an internal OHCA database as part of
our OHCA QA/QI program. Our database captures a wide variety of
variables including patient demographic information, resuscitative
efforts, and patient outcomes. The database is populated by manda-
tory crew debriefings, review of the electronic patient care report
(ePCR), and interrogation of equipment as needed. Each OHCA ePCR
is reviewed and a standardized interview conducted by an OMD
staff member of the OHCA resuscitation team leader as soon as
practical after the event. Relevant data elements are pulled from
the ePCR as well as the interview. Patient outcome data is also col-
lected from any patient transported to hospitals for further care.
Hospital records, obituary reviews, and the Social Security Death
Index are used to determine hospital survival.

Two  authors (E.R. and J.M.) extracted the cases from our OHCA
QA/QI database. They were blinded to the outcomes of the patients,
but not to the study hypothesis when they derived the cohort.

Outcomes

The primary outcome for our study was  neurologically intact
survival to hospital discharge. Neurologically intact survival is
defined as Cerebral Performance Category (CPC) 1 and 2. Secondary
outcomes were prehospital ROSC, survival to hospital admission,
and survival to hospital discharge.

Analysis

Our team used chi-square and Fisher’s exact test to examine
the association between DD and our identified outcomes. Statisti-
cal significance was defined as p < 0.05. We  utilized an odds ratio to
estimate the magnitude of the effect that double sequential defi-
brillation had on our identified outcomes. Where appropriate, 95%
Confidence Intervals were calculated. Microsoft Excel (Microsoft

Corp., Redmond, WA)  was used to manage the data. We  analyzed
the data with Graph Pad Prism 6 (Graphpad Software, Inc., La Jolla,
CA) and MedCalc online odds ratio calculator (MedCalc Software
bvba, Ostend, Belgium).
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Table 1
Demographic information and results about the two groups, DD and those receiving
single shocks only. For the primary outcome of interest, neurologic survival with CPC
1  or 2, the result was not statistically significant. None of the secondary outcomes
were statistically significant.

Dual
defibrillation

Single
defibrillation
only

p value

Mean age 59.4 61.4 0.39
%  Male 76.0% 73.4% 0.86
%  Witnessed arrest 38.0% 54.6% 0.04
%  Bystander CPR 30.0% 45.4% 0.06
%  Public AED use 6.0% 3.5% 0.42

Primary outcome
CPC 1 or 2 3/50 26/229 0.32

Secondary outcomes
ROSC by EMS  14/50 86/229 0.25
Survival to hospital admission 16/50 81/229 0.74
Survival to hospital discharge 4/50 33/229 0.36

Table 2
Odds ratios and 95% confidence intervals for the primary and secondary outcomes
of  interest.

Odds ratio 95% CI

Primary outcome
CPC 1 or 2 0.50 0.15–1.72

Secondary outcomes
ROSC by EMS  0.65 0.33–1.27
Survival to hospital admission 0.74 0.45–1.65
6 E.M. Ross et al. / Resu

esults

haracteristics of study subjects

A total of 3470 cases of OHCA were treated during the time
eriod of Jan 2013 to Dec 2015 (Fig. 1). There were 302 cases
f recurrent and refractory VF identified. Twenty-three cases had
ncomplete data. Of the remaining 279 cases, 50 were treated with
D, and 229 received standard 200J defibrillations (SD). There were
o statistically significant differences between the groups with
espect to average age (59 years (95% CI 55.3–63.6) in DD and 61
ears (95% CI 59.5–63.4) in SD (p = 0.39)), gender (76% men  in DD
s. 73% in SD group (p = 0.86), rate of bystander CPR (30% in DD
s. 45% in SD group (p = 0.06)), or rate of public automated external
efibrillator (AED) use (6% in DD vs. 3.5% in the SD group (p = 0.42)).
he only statistically significant difference between the groups was
ercentage of witnessed arrest with 38% in the DD group vs. 54.6%

n the SD group (p = 0.04).

ain results

The primary outcome of neurologically intact survival showed
o statistically significant difference in the two groups with 6% in
he DD group and 11.4% (p = 0.317) (OR 0.50, 95% CI 0.15–1.72) in the
D group (Tables 1 and 2). Secondary outcomes of ROSC by EMS, 28%
s. 37.6% (p = 0.255) (OR 0.65, 95% CI 0.33–1.27), survival to hospital
dmission 32% vs. 35.4% (p = 0.744) (OR 0.86, 95% CI 0.45–1.65), and
urvival to hospital discharge, 8% vs. 14.4% (p = 0.356) (OR 0.52, 95%
I 0.17–1.53) were also not statistically significant.

Additional subgroup analysis was conducted on the DD patients

nd 26 were identified as meeting criteria for refractory VF. No
tatistically significant difference in outcomes was  noted between
his subgroup and the group with standard care alone for neurologic

ig. 1. There were 302 cases from the cardiac arrest database that met  inclu-
ion  criteria for recurrent or refractory ventricular fibrillation (VF). 23 cases were
xcluded as they were missing outcome data. Of the 279 remaining cases of
ecurrent/refractory VF, 50 received at least one dual defibrillation attempt. The
emaining cases received only single shocks.
Survival to hospital discharge 0.52 0.17–1.53

outcomes 7.7% vs. 11.4% (p = 0.749), ROSC by EMS, 23.1% vs. 37.6%
(p = 0.196), survival to hospital admission 38.5% vs. 35.4% (p = 0.830)
or survival to hospital discharge 11.5% vs. 14.4% (p = 0.777).

Limitations

Our study has limitations. This is an observational study and is
prone to selection bias. Our protocol left the decision to admin-
ister double sequential defibrillation to the lead paramedic. This
protocol structure increases the possibility of an unknown con-
founding variable causing bias. Additionally, our EMS  system is a
large, highly resourced advanced life support (ALS) response sys-
tem. Two  monitor defibrillators are routinely available at our OHCA
cases. Smaller EMS  systems may  have to divert additional ambu-
lances to provide DD in the prehospital setting. Data fidelity was
not complete in the existing OHCA database for some of the rel-
evant data elements. As a result of the omitted data, 7.5% of the
relevant patient population was not eligible for inclusion. This miss-
ing data is a possible source of information bias. We  used both
refractory VF and recurrent VF patients within our analysis as a
reflection of our current protocol and practice. However, if the ben-
efit for DD is only seen in the smaller refractory VF population,
this combined group would skew the data toward no difference.
The use of inter-connected dual synchronized defibrillators was
not possible making the true separation of the dual defibrilla-
tion unknown, but even in previously published studies, there has
been no clearly identified best practice or technique. Lastly an
important data element that has been previously reported that
was not obtainable in our data set, was  the number of defibrilla-
tion attempts prior to double sequential defibrillation. While many
patients may  have received the DD as early as the fourth shock

according to the protocol, the timing of the DD shock could not be
confirmed.
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iscussion

We  found no statistically significant difference in primary or
econdary outcomes when comparing the two  groups. In a sub-
roup analysis of only refractory VF we also found no difference
etween patient outcomes. Generally, the dual defibrillation and
tandard care group were well matched with no statistically sig-
ificant differences in age, sex, rate of bystander CPR or early AED
se.

There were more patients in the single defibrillation group
ith witnessed arrest and bystander CPR, with only the former

ttaining statistical significance. A witnessed arrest is associated
ith improved survival.2 However, this fact did not translate into

ny difference in our primary or secondary outcomes of the study.
hese factors may  be confounders in the outcomes of interest for
he two groups.

Our results differ from a recent case series on the prehospital use
f double sequence defibrillation in refractory VF patients. Merlin
t al. reported ROSC rates of 57.1% and neurologically intact survival
f 28.6%.22 To date, the only published data on double sequential
efibrillation in the prehospital environment have been case series
nd case reports.22–24 The current study is the first to compare the
utcomes of standard therapy and dual defibrillation in the out-of-
ospital setting.

The true impact of double sequential defibrillation remains
nclear in the absence of a well designed prospective study. How-
ver, given its age-adjusted annual incidence between 0.5 and 0.6
ases per 100,000 people an appropriately powered prospective
rial may  not be feasible. Given these constraints, a case control
tudy is a reasonable option to further evaluate the efficacy of dou-
le sequential defibrillation.

In summary, our retrospective cohort analysis on the prehos-
ital use of DD in OHCA found no association with neurologically

ntact survival. Case–control studies are needed to further evaluate
he efficacy of DD in the prehospital setting.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.resuscitation.
2016.06.011.
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