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ABSTRACT

BACKGROUND

Despite advances in defibrillation technology, shock-refractory ventricular fibrilla-
tion remains common during out-of-hospital cardiac arrest. Double sequential
external defibrillation (DSED; rapid sequential shocks from two defibrillators) and
vector-change (VC) defibrillation (switching defibrillation pads to an anterior—pos-
terior position) have been proposed as defibrillation strategies to improve outcomes
in patients with refractory ventricular fibrillation.

METHODS

We conducted a cluster-randomized trial with crossover among six Canadian para-
medic services to evaluate DSED and VC defibrillation as compared with standard
defibrillation in adult patients with refractory ventricular fibrillation during out-
of-hospital cardiac arrest. Patients were treated with one of these three techniques
according to the strategy that was randomly assigned to the paramedic service.
The primary outcome was survival to hospital discharge. Secondary outcomes in-
cluded termination of ventricular fibrillation, return of spontaneous circulation,
and a good neurologic outcome, defined as a modified Rankin scale score of 2 or
lower (indicating no symptoms to slight disability) at hospital discharge.

RESULTS

A total of 405 patients were enrolled before the data and safety monitoring board
stopped the trial because of the coronavirus disease 2019 pandemic. A total of 136
patients (33.6%) were assigned to receive standard defibrillation, 144 (35.6%) to
receive VC defibrillation, and 125 (30.9%) to receive DSED. Survival to hospital
discharge was more common in the DSED group than in the standard group
(30.4% vs. 13.3%; relative risk, 2.21; 95% confidence interval [CI], 1.33 to 3.67) and
more common in the VC group than in the standard group (21.7% vs. 13.3%; relative
risk, 1.71; 95% CI, 1.01 to 2.88). DSED but not VC defibrillation was associated with
a higher percentage of patients having a good neurologic outcome than standard
defibrillation (relative risk, 2.21 [95% CI, 1.26 to 3.88] and 1.48 [95% CI, 0.81 to 2.71],
respectively).

CONCLUSIONS
Among patients with refractory ventricular fibrillation, survival to hospital discharge
occurred more frequently among those who received DSED or VC defibrillation than
among those who received standard defibrillation. (Funded by the Heart and Stroke
Foundation of Canada; DOSE VF ClinicalTrials.gov number, NCT04080986.)
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UT-OF-HOSPITAL CARDIAC ARREST AC-
counts for more than 350,000 unexpect-
ed deaths each year in North America;
nearly 100,000 of these cardiac arrests are at-
tributed to ventricular fibrillation or pulseless
ventricular tachycardia.! Patients presenting with
ventricular fibrillation or pulseless ventricular
tachycardia have a higher survival rate than pa-
tients with other rhythms. However, despite ad-
vances in defibrillator technology, almost half
these patients may remain in refractory ventricu-
lar fibrillation despite multiple defibrillation at-
tempts.>” In these patients, further defibrillation
without modification of the defibrillation method
is usually unsuccessful. Although antiarrhythmic
medications such as amiodarone and lidocaine
have been used to prevent refibrillation, neither
drug has been definitively shown to improve sur-
vival to hospital discharge or neurologically intact
survival.®
Double sequential external defibrillation
(DSED), the technique of providing rapid sequen-
tial shocks from two defibrillators with defibril-
lation pads placed in two different planes (an-
terior—lateral and anterior—posterior), has been
studied for decades in the electrophysiology labo-
ratory for use in patients with refractory atrial or
ventricular fibrillation.”?® Vector-change (VC) de-
fibrillation, the technique of switching defibril-
lation pads from the anterior-lateral to the ante-
rior—posterior position, offers the theoretical
potential to defibrillate a portion of the ventricle
that may not be completely defibrillated by pads
in the standard anterior-lateral position. The use
of DSED and VC defibrillation in settings outside
the hospital has been described in case reports,
observational studies, and systematic reviews.!*
These reports describe cases or series in which
DSED was used as a last-resort therapeutic option
for patients who remained in refractory ventricu-
lar fibrillation, and therefore these studies may
have been confounded by resuscitation time bias
or the late application of a defibrillation strategy
in a subgroup of patients for whom a positive out-
come was unlikely.” It has been suggested that
early application of DSED may be associated with
higher rates of termination of ventricular fibril-
lation and return of spontaneous circulation than
standard defibrillation.® The objective of this
trial (Double Sequential External Defibrillation
for Refractory Ventricular Fibrillation [DOSE VF])
was to evaluate DSED and VC defibrillation as
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compared with standard defibrillation in patients
who remain in refractory ventricular fibrillation
during out-of-hospital cardiac arrest.

METHODS

TRIAL DESIGN

We conducted a three-group, cluster-randomized,
controlled trial with crossover in six paramedic
services (which include approximately 4000 para-
medics in total) in Ontario, Canada (Region of
Peel, Region of Halton, Toronto, County of Simcoe,
Middlesex-London, and Ottawa), from March 2018
through May 2022. These paramedic services
provide care to a mix of urban and rural com-
munities with a combined population of 6.6 mil-
lion and treat approximately 4100 patients with
out-of-hospital cardiac arrest annually, of whom
15% present in ventricular fibrillation.® Prehos-
pital medical care is provided by advanced care
paramedics (with standard advanced cardiac life-
support skills) and primary care paramedics (with
basic life-support skills, including the ability to
perform manual defibrillation). In addition to the
patients enrolled in the current trial (September
10, 2019, to May 18, 2022), 152 patients who had
been enrolled in a randomized, controlled pilot
trial (March 8, 2018, to September 9, 2019)* are
included in this analysis. Enrollment was paused
on April 4, 2020, and resumed on September 8,
2020, to allow the paramedic services time to
address concerns about paramedic safety in per-
forming aerosol-generating procedures during the
coronavirus disease 2019 (Covid-19) pandemic.
The data and safety monitoring board recom-
mended that the trial be stopped early, on May 18,
2022, because of concerns that longer response
times caused by paramedic staffing shortages
were interfering with the timely application of
the assigned type of defibrillation.

PATIENT RECRUITMENT AND RANDOMIZATION
The trial protocol has been described previously*
and is available (along with the statistical analysis
plan) with the full text of this article at NEJM.org.
The protocol was approved by the research ethics
boards of Sunnybrook Health Sciences Centre,
Western University, and the Ottawa Health Sci-
ence Network; participants were not required to
provide informed consent.

All patients who were at least 18 years of age
and had an out-of-hospital cardiac arrest and re-
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fractory ventricular fibrillation of presumed car-
diac causes were eligible for the trial. Refractory
ventricular fibrillation was defined as an initial
presenting rhythm of ventricular fibrillation or
pulseless ventricular tachycardia that was still
present after three consecutive rhythm analyses
and standard defibrillations separated by 2-min-
ute intervals of cardiopulmonary resuscitation
(CPR). Patients with a traumatic cardiac arrest,
patients with do-not-resuscitate medical directives,
and patients with cardiac arrest due to drown-
ing, hypothermia, hanging, or suspected drug
overdose were excluded (Table S1 in the Supple-
mentary Appendix, available at NEJM.org). Ran-
domization was performed at the level of the
paramedic service. Random treatment sequences
were computer-generated by the coordinating
center before the start of the trial. Each cluster
(paramedic service) crossed over every 6 months
to one of the three treatment groups (standard
defibrillation, VC defibrillation, or DSED). During
the trial, each service had to cross over to each of
the treatment groups at least once (Table S2).

TRIAL PROTOCOL AND INTERVENTION

All paramedics followed a provincial protocol con-
sistent with American Heart Association guide-
lines for the treatment of patients in ventricular
fibrillation.?’*> Continuous chest compressions
were performed before application of the defi-
brillator pads. Each rhythm analysis occurred at
standard 2-minute intervals. Ventricular fibrilla-
tion was determined by manual defibrillator
rhythm analysis performed by the paramedics,
after which defibrillation was provided. For all
patients, the first three defibrillation attempts
occurred with defibrillation pads placed in the
anterior—lateral position (standard defibrillation).
Eligible patients who remained in ventricular fi-
brillation after three consecutive shocks had been
delivered by paramedics or participating fire ser-
vices (defibrillation shocks provided by fire ser-
vices were not counted in the pilot trial) received
one of three types of defibrillation according to
the random assignment for the cluster: standard
defibrillation, in which all subsequent defibrilla-
tion attempts occurred with the defibrillation pads
continuing in the original standard anterior-lateral
configuration; VC defibrillation, in which all sub-
sequent defibrillation attempts were delivered with
defibrillation pads in an anterior—posterior con-
figuration; or DSED, in which paramedics applied

N ENGL J MED 387,21

Standard Defibrillation

VC Defibrillation

Figure 1. Pad Placement in the Three Defibrillation Strategies.

Pad placement for standard defibrillation, vector-change (VC) defibrillation,
and double sequential external defibrillation (DSED) is shown. In the bot-
tom panel, defibrillation pads 2A and 2B are those of the second defibrilla-
tor, with the pads placed in the posterior and anterior positions. For all
strategies, the first three shocks occurred with pads placed in the configu-
ration used for standard defibrillation.
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a second set of defibrillation pads (provided by a
second defibrillator) in the anterior—posterior
position (Fig. 1) and all subsequent defibrillation
attempts were performed with the use of two
near-simultaneous defibrillation shocks provided
by two defibrillators. For DSED, to avoid possible
defibrillator damage caused by shocks applied at
the same instant, a short delay (<1 second) be-
tween shocks was created by having a single
paramedic depress the “shock button” on each
defibrillator in rapid sequence (anterior—lateral
followed by anterior—posterior).?

The defibrillation pads were placed in the re-
quired configuration as soon as possible during
the 2-minute cycle of CPR after the third defi-
brillation attempt, with minimal interruptions
in CPR. The configuration of pad placement and
defibrillation is shown in Videos 1 and 2.

TRIAL OUTCOMES

The primary outcome was survival to hospital
discharge. Secondary outcomes included termi-
nation of ventricular fibrillation, defined as the
absence of ventricular fibrillation on subsequent
rhythm analysis after defibrillation and a 2-min-
ute interval of CPR; return of spontaneous circu-
lation, defined as any change in rhythm to an
organized rhythm with a corresponding palpa-
ble pulse or blood pressure documented by para-
medics; and a good neurologic outcome at hospi-
tal discharge, defined as modified Rankin scale
score of 2 or lower (scores range from 0 [no symp-
toms] to 6 [death]) (Table S3).

STATISTICAL ANALYSIS

We estimated 30-day survival of 28.7% among pa-
tients with out-of-hospital cardiac arrest receiving
1 to 3 shocks, declining to 12.4% among those
receiving 4 to 10 shocks and 4.9% among those
receiving more than 10 shocks.” We assumed
baseline survival of 12% and hypothesized that
survival to hospital discharge in the DSED and
VC groups would be a minimum of 8 percentage
points higher than that in the standard group.
On the basis of a fixed number of paramedic ser-
vice clusters (six), we expected to enroll between
20 and 70 patients per cluster over the course of
1 year. We assumed an intracluster correlation of
0.010 and an interperiod correlation of 0.008 to
0.010 without correction for multiplicity.?*?* Un-
der these conditions, we estimated that 310 pa-
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tients per group (total sample, 930 patients) would
provide 80% power at an alpha level of 0.05.

In this trial, both intervention strategies (DSED
and VC defibrillation) shared a common control
for comparison (standard defibrillation). The trial
design assumed at least two crossovers to allow
the three treatment approaches to be tested in
each paramedic service. This approach was cho-
sen to maximize efficiency, allowing the evalua-
tion of two new treatments in comparison with
usual care in a single three-group, randomized,
controlled trial. The primary hypothesis was that
each of these strategies would be better than
usual care at a P value of less than 0.05 and with-
out correction for multiplicity, as has been rec-
ommended for exploratory trials involving mul-
tiple treatment groups.”?® No interim analyses of
the primary outcome were performed. All the
patients were included in analyses according to
their randomly assigned treatment group (inten-
tion-to-treat analysis). Prespecified sensitivity anal-
yses included an analysis according to treatment
received (regardless of the randomly assigned
defibrillation strategy), a per-protocol analysis
(involving patients who received the randomly
assigned defibrillation at any time after the third
shock), and a per-protocol analysis involving pa-
tients who were treated with optimal intervention
shock timing (defined as three standard shocks
followed by the assigned defibrillation strategy
as the fourth shock).

Outcomes are reported as adjusted relative risks
with 95% confidence intervals, with standard defi-
brillation as the reference group.” For analyses
of all primary and secondary outcomes, we used
generalized linear models with log link and bi-
nomial distribution, with a fixed effect for para-
medic service and time since starting the trial for
each paramedic service used to account for clus-
tering of patients within a paramedic service; all
analyses were adjusted for age, sex, and whether
bystander CPR was received.?® If this model would
not converge for an analysis, we then used modi-
fied Poisson regression (see the Supplementary
Methods section in the Supplementary Appen-
dix).?*3! An overall test for differences in survival
to hospital discharge according to randomized
treatment assignment was also performed with
the randomization variable in the generalized lin-
ear model.

The widths of confidence intervals have not
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been adjusted for multiplicity, and therefore the
intervals should not be used to infer definitive
treatment effects for secondary outcomes. No im-
putation was performed for missing data. A fragil-
ity index was calculated with the use of standard
equations.® All statistical analyses were performed
with SAS software, version 9.4 (SAS Institute).

RESULTS

PATIENTS

We had enrolled 405 patients before the data and
safety monitoring board suggested stopping the
trial: 136 (33.6%) were assigned to the standard
group, 144 (35.6%) to the VC group, and 125
(30.9%) to the DSED group (Fig. 2). Most pa-
tients (355; 87.7%) received the type of defibril-
lation that had been randomly assigned. The
mean age of patients in the trial was 63.6 years,
and 84.4% were men. A description of the repre-
sentativeness of the patients included in the trial

is provided in Table S4. Overall, 67.9% of out-of-
hospital cardiac arrests were witnessed by bystand-
ers and 58.0% of the patients received bystander
CPR (Table 1). Resuscitation characteristics (Ta-
ble S5) and treatment provided are shown in
Table 2. The time to first defibrillation and the
characteristics of resuscitation were similar in the
three groups. Paramedics practiced high-quali-
ty CPR during the trial, consistent with current
guideline recommendations.?*** The time and
number of shocks to first return of spontaneous
circulation were similar in the three groups.

OUTCOMES
A total of 38 patients (30.4%) in the DSED group
survived to hospital discharge, as compared with
18 patients (13.3%) in the standard group (rela-
tive risk, 2.21; 95% confidence interval [CI], 1.33
to 3.67); the corresponding number in the VC
group was 31 patients (21.7%) (relative risk [vs.
standard], 1.71; 95% CI, 1.01 to 2.88) (Table 3).

450 Patients were assessed for eligibility

45 Were excluded
19 Did not have VF as presenting rhythm
14 Had VF terminated before third shock

3 Had DNR order in place
9 Were not treated by participating para-
medic service

405 Underwent

randomization

136 (33.6%) Were assigned to standard
defibrillation
135 Received standard defibrillation
1 Received DSED

144 (35.6%) Were assigned to VC
defibrillation
113 Received VC defibrillation
31 Received standard defibrillation

125 (30.9%) Were assigned to DSED
107 Received DSED
16 Received standard defibrillation
2 Received VC defibrillation

92 (67.6%) Had VF termination

36 (26.5%) Had ROSC at any time

15 (11.2%) Had modified Rankin
scale score <2

18 (13.3%) Survived to hospital
discharge

115 (79.9%) Had VF termination
51 (35.4%) Had ROSC at any time
23 (16.2%) Had modified Rankin

scale score <2
31 (21.7%) Survived to hospital
discharge

105 (84.0%) Had VF termination
58 (46.4%) Had ROSC at any time
34 (27.4%) Had modified Rankin

scale score <2
38 (30.4%) Survived to hospital
discharge

Figure 2. Trial Participants, Randomization, and Outcomes.

For survival to hospital discharge, data were missing for one patient in the standard group and one patient in the
VC group. For the modified Rankin scale score, data were missing for two patients each in the standard and VC
groups and for one patient in the DSED group. Modified Rankin scale scores range from 0 (no symptoms) to 6
(death). DNR denotes do not resuscitate, ROSC return of spontaneous circulation, and VF ventricular fibrillation.
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Table 1. Characteristics of the Patients.*
Standard
Defibrillation VC Defibrillation DSED

Characteristic (N=136) (N=144) (N=125)
Age —yr 64.0+14.4 63.8+13.2 63.0£16.8
Male sex — no. (%) 109 (80.1) 127 (88.2) 106 (84.8)
Bystander-witnessed cardiac arrest — no. (%) 82 (60.3) 110 (76.4) 83 (66.4)
Bystander CPR performed — no. (%) 74 (54.4) 90 (62.5) 71 (56.8)
Public location of cardiac arrest — no. (%) 41 (30.1) 51 (35.4) 36 (28.8)
Median response time (IQR) — minT 7.4 (5.7-9.9) 7.4 (6.9-9.0) 7.8 (6.0-9.4)

* Plus—minus values are means +SD. CPR denotes cardiopulmonary resuscitation, DSED double sequential external defi-

brillation, IQR interquartile range, and VC vector change.

i Response time is defined as the time from the 911 call to the arrival of paramedics at the scene. Data on first response

by fire services personnel were excluded, since these data were not collected in the pilot study.

In the generalized linear model, the overall test
for differences in survival to hospital discharge
according to the randomized treatment assign-
ment was significant (P=0.009 for the compari-
son among the three groups). The results for the
termination of ventricular fibrillation, return of
spontaneous circulation, survival to hospital dis-
charge, and a modified Rankin scale score of 2
or lower are shown in Table 3. Termination of
ventricular fibrillation occurred in 105 patients
(84.0%) in the DSED group, as compared with
92 patients (67.6%) in the standard group (rela-
tive risk, 1.25; 95% CI, 1.09 to 1.44), and return
of spontaneous circulation occurred in 58 patients
(46.4%) in the DSED group, as compared with 36
(26.5%) in the standard group (relative risk, 1.72;
95% CI, 1.22 to 2.42). Survival with a good neu-
rologic outcome occurred in 34 patients (27.4%)
who received DSED and in 15 patients (11.2%)
who received standard defibrillation (relative risk,
2.21; 95% CI, 1.26 to 3.88).

Among the patients who received VC defibril-
lation, termination of ventricular fibrillation oc-
curred in 115 (79.9%; relative risk [vs. standard],
1.18; 95% CI, 1.03 to 1.36). The return of spon-
taneous circulation occurred in 51 patients in the
VC group (35.4%; relative risk [vs. standard], 1.39;
95% CI, 0.97 to 1.99), and survival with a good
neurologic outcome occurred in 23 (16.2%; rela-
tive risk [vs. standard], 1.48; 95% CI, 0.81 to 2.71).

The calculated fragility index for the primary
outcome suggested that if nine patients in the
DSED group or one patient in the VC group had
not survived to hospital discharge, the results for
the primary outcome would have been rendered

nonsignificant. Results of the primary analysis
and multiple sensitivity analyses, percentages of
patients with a protocol deviation according to
paramedic service, and information regarding
characteristics of the receiving hospital are shown
in Tables S6 through S12. The effect estimates for
the primary outcome were consistent across mul-
tiple sensitivity analyses.

DISCUSSION

In this randomized, controlled trial of DSED or
VC defibrillation for the treatment of refractory
ventricular fibrillation during out-of-hospital car-
diac arrest, survival to hospital discharge was more
common among patients who received DSED or
VC defibrillation than among those who received
standard defibrillation. Termination of ventricular
fibrillation, return of spontaneous circulation,
and a good neurologic outcome at hospital dis-
charge appeared to be more common with the
DSED strategy, as did termination of ventricular
fibrillation with the VC defibrillation strategy. All
three groups appeared to be well matched in terms
of the timing of drug administration and the
mean doses of epinephrine and antiarrhythmic
drugs administered, which makes an alternative
therapeutic explanation for the trial findings un-
likely. Although the outcomes favored DSED, the
logistics of having a second defibrillator available
may be a challenge in some paramedic services.
Given that survival appeared higher with VC defi-
brillation than with standard defibrillation, the
use of VC defibrillation with single-defibrillator
systems may be an alternative therapeutic strategy
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Table 2. Event Characteristics.*

Median time from initial call to first shock (IQR)

Median time from arrival of EMS to first antiar-

rine dose (IQR) — mingi:

Median time from arrival of EMS to first ROSC
(IQR) — minii

scene (IQR) — min({{§

rhythmic drug administration (IQR) — minzi

Median time from arrival of EMS to departure from

10.2 (8.2-13.2)

11.0 (8.0-14.0)

14.8 (10.6-20.0)

25.0 (21.3-32.2)

10.4 (8.8-12.6)

11.6 (9.0-16.0)

15.8 (12.5-19.4)

27.5 (23.3-33.6)

Standard
Defibrillation VC Defibrillation DSED
Characteristic (N=136) (N=144) (N=125)

10.2 (8.8-11.8)

— miny
Prehospital intubation — no. (%) 52 (38.2) 72 (50.0) 53 (42.4)
Preshock pause — seci: 6.5+7.0 6.1:6.0 6.4+7.6
Postshock pause — sec§ 4.8+3.9 5.2+5.8 4.5+2.2
Compression rate per minute€ 109.8+8.0 111.1+8.4 111.7+8.7
Compression depth — cm|| 6.0+1.0 5.9+1.0 5.7+0.9
Chest compression fraction — %%** 83.1+8.1 80.8+8.7 79.1+9.5
No. of standard shocks 7.4£3.0 4.2+2.1 3.9+1.4
No. of shocks to first ROSC 5.5£1.6 5.3+1.7 5.7£1.9
Antiarrhythmic drug administered — no. (%) 110 (80.9) 106 (73.6) 92 (73.6)
Amiodarone dose — mg 403.4+75.8 392.9+76.5 378.5+75.4
Lidocaine dose — mg 185.7+73.9 175.7+60.6 162.5+83.3

11.0 (8.0-15.5)

Epinephrine administered — no. (%) 129 (94.9) 133 (92.4) 107 (85.6)
Epinephrine dose — mg 4.2+2.2 4.2+2.0 4.0+2.1
Median time from arrival of EMS to first epineph- 8.7 (6.0-11.5) 9.0 (6.0-14.0) 8.8 (5.4-13.4)

14.0 (11.0-22.0)

26.5 (21.0-33.8)

* Plus—minus values are means +SD. Patients were included in the analysis according to their randomly assigned
group. ROSC denotes return of spontaneous circulation.

(=)

Cases witnessed by emergency medical services (EMS) were excluded (11 in the standard group, 6 in the VC group,

and 13 in the DSED group). Data on this variable were missing for 13 patients (5 in the standard group, 5 in the VC
group, and 3 in the DSED group).

Values are the mean for the first three shocks. Data on this variable were missing for 20 patients (9 in the standard

group, 7 in the VC group, and 4 in the DSED group).

Values are the mean for the first three shocks. Data on this variable were missing for 21 patients (10 in the standard

group, 7 in the VC group, and 4 in the DSED group).

9§ Data were missing for 5 patients (2 in the standard group, 2 in the VC group, and 1 in the DSED group).
| Data were missing for 3 patients (1 in the standard group and 2 in the VC group). Data were available only for Zoll

defibrillators (289 patients).

** Data were missing for 5 patients (2 in the standard group, 2 in the VC group, and 1 in the DSED group).
7T After ROSC was achieved, the intervention was considered completed. No further shocks were counted if a repeat

cardiac arrest occurred.

i1 Cases witnessed by EMS were excluded (11 in the standard group, 6 in the VC group, and 13 in the DSED group).
§§ Cases witnessed by EMS or with termination of resuscitation in the field were excluded (17 in the standard group,

16 in the VC group, and 14 in the DSED group).

for refractory ventricular fibrillation during out-
of-hospital cardiac arrest when a second defibril-
lator is not available.

Our findings contrast with those of previ-
ously reported observational studies and system-
atic reviews that have shown no benefit of DSED
or VC defibrillation as compared with standard

defibrillation for patients who have had an out-
of-hospital cardiac arrest.’>*>3® However, these
studies lacked a control group with standard
care characterized by high-quality CPR, did not
control for the timing of interventional shocks,
did not describe a consistent technique for per-
forming DSED or VC defibrillation, and did not
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Table 3. Primary and Secondary Outcomes.

Outcome

ROSC

Survival to hospital discharge

Termination of ventricular fibrillation

Modified Rankin scale score =273

Standard
Defibrillation VC Defibrillation DSED
(N=136) (N=144) (N=125) Adjusted Relative Risk (95% CI)*
DSED vs.
Standard VCvs. Standard

number of patients/total number (percent)

18/135 (133) 31143 (21.7)
92/136 (67.6)  115/144 (79.9)
36/136 (26.5)  51/144 (35.4)
15/134 (112)  23/142 (16.2)

1.33-3.67
1.09-1.44
1.22-2.42
1.26-3.88

38/125 (30.4) 221
105/125 (84.0)  1.25
58/125 (46.4)  1.72
34/124 27.4) 221

1.71 (1.01-2.88
1.18 (1.03-1.36
1.39 (0.97-1.99

(
(
(
( 1.48 (0.81-2.71

) )
) )
) )
) )

* Adjusted relative risk values and 95% confidence intervals are derived from generalized linear models with log link and binomial distribu-
tion; analyses accounted for clustering of patients within a paramedic service with the use of a fixed effect and the time since starting the
trial for all outcomes except termination of ventricular fibrillation, for which modified Poisson regression was used. All models were adjust-
ed for age, sex, and whether bystander CPR was received. Because the statistical analysis plan did not include a provision for correcting for
multiplicity when conducting tests of secondary or other outcomes, results are reported as point estimates and 95% confidence intervals.
The widths of the confidence intervals have not been adjusted for multiplicity, and therefore the intervals should not be used to infer defini-
tive treatment effects for secondary outcomes.

T Data were missing for one patient in the standard group and one patient in the VC group. In the generalized linear model, the overall test
for differences in survival to hospital discharge according to the randomized treatment assignment was significant (P=0.009 for the com-
parison among the three groups).

i Data were missing for one survivor from each group. Modified Rankin scale scores range from 0 (no symptoms) to 6 (death).
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measure or report the quality of CPR performed
during DSED or VC defibrillation.

Our trial was implemented in urban and rural
areas with 4000 paramedics trained in basic and
advanced life support with the use of different
defibrillators (manufactured by Zoll Medical or
the Stryker Corporation), which suggests that the
findings may be broadly generalizable. There was
not a single reported case of defibrillator dam-
age or malfunction when DSED was performed.
Our trial design involved a common control group
for the evaluation of DSED and VC defibrillation
for refractory ventricular fibrillation and was
meant to provide insight into whether increasing
total energy or changing the defibrillation vector
would offer greater benefit than standard defi-
brillation.”®* Our results suggest that although
changing the vector of defibrillation (which
changes the distribution of voltage gradients
during the shock) may have a role in terminating
ventricular fibrillation when previous standard
defibrillation has been unsuccessful, it is possi-
ble that increasing defibrillation energy with the
use of DSED also plays a role. Ideker et al. showed
that when defibrillation fails to terminate ven-
tricular fibrillation, fibrillation resumes in the
region of lowest voltage and current gradient in
the myocardium.*® The anatomical location of the

N ENGL ) MED 387;21 NEJM.

left ventricle, a posterior structure, is the region
of the heart that is farthest from the direct line
between the standard anterolateral electrode pads.
VC defibrillation may result in a higher voltage
gradient in the posterior part of the left ventri-
cle, where fibrillation is most likely to restart or
fail to terminate after defibrillation with stan-
dard anterior-lateral pad positions. With DSED,
there is the additional influence of increased
energy delivered by the second shock. Immedi-
ately after unsuccessful defibrillation of the first
shock, the instantaneous wave fronts are not the
same as they were during ventricular fibrillation
and may be more vulnerable to successful defibril-
lation during the second shock than they would
have been if the first “conditioning shock” had not
occurred.

Our trial had several strengths, including the
cluster-randomized trial design with crossover,
which decreased the potential for treatment con-
tamination among the intervention groups, as well
as the near-complete outcome ascertainment, con-
tinuous performance of high-quality CPR, and
the inclusion of outcomes important to patients,
including survival to hospital discharge and good
neurologic outcome at hospital discharge. In ad-
dition, although the treating paramedics had to
be aware of the assigned defibrillation strategy,
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those assessing survival and neurologic outcomes
were not aware of the treatment assignments.
This trial also has limitations. The Covid-19
pandemic provided substantial challenges to the
paramedics in enrolling patients while donning
full personal protective equipment and in some
instances performing aerosol-generating medical
procedures. The trial did not achieve the planned
sample size, since it was stopped early by the
data and safety monitoring board as a result of
Covid-19-related operational challenges. It is pos-
sible that the treatment effect was overestimated,
given the small number of events for the primary
outcome.* The trial protocol did not specify a
fixed follow-up time, and outcomes were assessed
until hospital discharge. The length-of-stay dis-
tributions across the trial centers is not known.
The benefit of VC defibrillation as compared
with standard defibrillation should be interpreted
with caution, given the fragility index of 1 for
the primary outcome and a less consistent effect
with regard to our secondary outcomes and sen-
sitivity analyses. The percentage of patients who
received the randomly assigned defibrillation
remained consistently high (approximately 90%)
throughout the trial. The inability to achieve per-

fect adherence to the protocol reflects the reality
in which paramedics practice. The majority of
patients were enrolled in an urban setting,
where a second defibrillator is more often avail-
able, so the findings may not be generalizable to
more remote settings. This trial was completed
in the prehospital environment, and information
regarding patient race and ethnic group, coexist-
ing conditions, outpatient medication use, or
in-hospital treatments was not available. There-
fore, it is plausible that there could have been
confounding factors that influenced patient out-
comes. Finally, the trial was conducted with a
high degree of medical oversight and paramedic
feedback, which may not be possible in all para-
medic services.

Survival to hospital discharge appeared to be
higher with DSED and VC defibrillation than with
standard defibrillation among patients with re-
fractory ventricular fibrillation during out-of-hos-
pital cardiac arrest.
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