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Ithough the implantable cardioverter-defibrillator

(ICD) is considered a cornerstone of modern
cardiology practice for reducing the incidence of sud-
den cardiac death related to ventricular fibrillation
(VF) or ventricular tachycardia (VT),!-? several fac-
tors limit the prophylactic implantation of the ICD,
mainly the inability of invasive and noninvasive lab-
oratory investigations to predict sudden death accu-
rately in a patient population bearing the risk of dying
suddenly. As a result, a substantial portion of the
at-risk population does not receive adequate preven-
tive therapy and others with lower risk will get a
device. A potential solution to this problem could be
the use of an external, wearable cardioverter-defibril-
lator that has defibrillation features similar to those of
the ICD (i.e., no operator required to defibrillate),
providing protection to the patient until it is deter-
mined that the implantation of the ICD is warranted. A
device used as a ‘‘bridge’’ to ICD implantation must
be capable of reliably terminating episodes of VF/VT,
have a highly sensitive and specific algorithm for the
detection of VT/VF, and be user-friendly, thereby
ensuring patient compliance. This study examines, in
a prospective single-center trial, the feasibility and
efficacy of transthoracic defibrillation for ventricular
tachyarrhythmias by the Wearable Cardioverter-Defi-
brillator (WCD™ device, LIFECOR, Pittsburgh,
Pennsylvania).

Fifteen survivors of cardiac arrest due to docu-
mented VI/VF were prospectively selected as poten-
tial study subjects. All patients signed written, in-
formed consent before participating in the study. The
study was approved by the investigational review
board of the University Hospital Magdeburg, Magde-
burg, Germany. Five patients already had an ICD
which was temporarily inactivated at the time of
WCD™ device testing. The study was performed as
part of a routine electrophysiologic study or during
ICD testing before patient discharge. All patients were
under eonscious anesthesia while arterial blood pres-
sure and transcutaneous peripheral oxygen saturation
were monitored. Simultaneous sampling of electrocar-
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diographic leads (i to aVF and V, V) was performed
and saved on optical disk for subsequent analysis. For
patients with an implanted ICD, an additional tele-
metric ‘‘near-field’’ intracardiac electrogram (repre-
senting the ventricular rate as detected by the ICD) as
well as telemetric ICD markers were recorded. Induc-
tion of VF in each patient was attempted either by
programmed electrical stimulation using a temporary
pacing catheter placed under fluoroscopic control at
the apex of the right ventricle or by alternating current
delivered by the ICD. VF was defined as a polymor-
phic ventricular rthythm with a cycle length <250 ms.
A successful shock delivered by the WCD was defined
as one that promptly terminated VF or rapid VT. As a
safety precaution, 2 additional self-adhesive, monitor-
defibrillator electrode patches were placed on each
patient in the right infraclavicular region and close to
the apex of the heart. If the shock delivered by the
WCD did not successfully terminate the induced VT/
VF, a conventional defibrillator was availabie for use.

The WCD device consists of 2 defibrillation pads,
4 sensing electrodes, and a vibrating active electrode
incorporated into a patient-worn garment (Figure 1).
The garment is sized to accommodate the chest size
and weight of the patient. The electrical hardware is
connected to an external device that performs on-line
electrocardiographic analysis and charges the capaci-
tors needed to provide a series of shocks with stored
energy levels up to 285 Js when the rate of a ventric-
ular arrhythmia is faster than the programmed thresh-
old heart rate. The WCD shock waveform is a
monophasic truncated exponential waveform with a
fixed tilt but with variable duration according to the
actual impedance. The shocking-lead configuration
has 2 rectangular pads (total surface area 176 cm?)
located on the middle posterior thorax between the
shoulder blades and another rectangular pad (total
surface area 88 cm?) positioned on the anterior chest,
approximately at the apex of the heart. Although the
WCD is capable of automatically detecting and treat-
ing VT/VF, for this initial study, special units were
used that were manually armed and discharged by the
physician in order to demonstrate the effectiveness of
the WCD to terminate a VT/VF episode by a single
230-J stored energy shock. After VI/VF was induced,
the physician initiated the device charge cycle. During
this charge cycle, the WCD device predicted transtho-
racic impedance (TTI) by using a ‘‘test-pulse’’ tech-
nique similar to that described by Kerber et al.? When
the WCD indicated the completion of capacitor charg-
ing (approximately 20 seconds), a 230-J shock was
delivered. The actual TTI, delivered energy, and volt-
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FIGURE 1. Schematic drawing in a front and rear view of the position of the electrocardiography electrodes, defibrillation pads, and

device.

age/current versus time profile were recorded for each
delivered shock.

All data are reported as mean * SD. Regression
analysis was used for comparing the predicted versus the
actual TTL The correlation coefficient was calculated for
the analysis of ventricular ejection fraction and duration
of VI/VF with the predicted or actual TTL

An episode of VF or rapid VT was induced in 10
of the 15 patients participating in the study. In 3
patients ventricular fibrillation was not inducible, 1
patient developed a ‘‘slow’” monomorphic VT (heart
rate 130 beats/min) and 1 patient had atrial fibrillation
with a high ventricular response. Table I lists the
clinical data of the study population and their relevant
electrophysiologic findings. The mean duration time
of the induced VT/VF was 32 * 15 seconds, with a
minimum of 12 and a maximum of 60 seconds. The
mean ventricular RR interval was 203 = 55 ms (range
140 to 333). A single 230-J shock successfully termi-
nated VF in all patients (Figure 2). The mean TTI
measured by the test pulse was 45 = 14 ohms com-
pared with the peak TTI measured at the time of shock
delivery of 53 = 13 ohms (y = 0.89x + 13.7;r =
0.93). The device correctly identified and classified 9
of 10 induced arrhythmias. In 1 patient the induced
episode of VT was not detected by the device because
the sensing electrodes were erroneously disconnected
at the time of the induction. No postshock supraven-
tricular or ventricular arrhythmias occurred. No rela-
tion was found between left ventricular ejection frac-
tion and predicted or actual TTI. Similarly, no corre-
lation existed between duration of VF and measured
TTIL. Because of the small number of patients, no
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TABLE I. Clinical and Electrophysiologic Characteristics of the
10 Patients Tested With the Wearable Cardioverter-
Defibrillator

Age [yr) (mean * SD) 63 + 12
Men/women 7/3
Myocardial infarction {by history) 9
Presenting arrhythmia

Ventricular tachycardia

Ventricular fibrillation

Both
Left ventricular ejection fraction (%)
Number of narrowed coronary arteries >50%

in diameter (%)

1

2

3
Antiarrhythmic drug at time of testing

Amiodarone

Sofalol

Others

+ LWwh

21

O

— NN

significant association was found between prescribed
antiarrhythmic drugs at the time of testing and TTL
The only consistently effective therapy for terminat-
ing an episode of ventricular tachyarrhythmia is the
delivery of a timely appropriate defibrillation shock. A
therapeutic shock can be accomplished by an external
defibrillator transthoracically or by an ICD. With either
method, minimizing the interval between the onset of VF
and the delivery of the shock is essential for a successful -
termination of a life-threatening arrhythmia and for
avoiding the potential neurologic consequences of a pro-
longed hypotension or cardiac arrest. Previous studies
dealing with transthoracic cardioversion-defibrillation
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FIGURE 2. Simultaneous electrocardiographic recording of a surface electrocardiogram (L I} and the infracardiac electrogram of an
implanted cardioverter-defibrillator (ICD) (Ventak Mini, CPI/Guidant) at the ﬁmez? the Wearable Cardioverter Defibrillator (WCD) test.
The fop strip demonstrates the induction of a ventricular fibrillation (VF) episode by 30-Hz current, delivered through the ICD (Induce
Fibrillation High). The ICD is temporarily deactivated {PG Mode = Off), alfowing Jt;tecﬁon of VF by the WCD. After about 20 seconds
(lower strip), the WCD terminates VF with a single monophasic shock of 230 J.

have reported acute efficacy of an isolated shock deliv-
ered for defibrillation ranging from 50% to 70%.# The
wide range of reported success and the substantially
higher success found in our study reflect the influence of
many factors that may affect the defibrillation process. It
is well known that the morphologic characteristics of a
ventricular arrhythmia, either monomorphic/polymor-
phic VT or VF, significantly influence the number of
necessary shocks and energy requirements.> For each
patient in our study, the WCD device immediately re-
stored sinus rhythm from an induced VF requiring rela-
tively low energy (delivered energy, 230 J). In contrast,
a conventional defibrillation process delivering a similar
amount of energy would probably reach a success rate
not >70%. The results of this study, however, are con-
sistent with those published by Kerber et al® in which the
success rate for termination of VF or polymorphic VT
was nearly 100% when the first or second shock of 200
to 300 J was delivered to patients having a TTI between
40 and 90 ohms. These findings support the theory that
reduced TTI is a determining factor in achieving suc-
cessful defibrillation. The effect of a larger defibrillation
patch and the anteroposterior defibrillation vector gener-
ated by the WCD, together with a lower system imped-
ance, may be responsible for the high defibrillation effi-
cacy. The low TTI represents a more homogeneous

current flow and distribution through the chest wall and
the fibrillating myocardium in a manner similar to that
obtained by the TRIAD configuration for endocardial
defibrillation by an ICD.” Although low TTI and high-
energy application may result in excessive current flow
and cause prolonged morphologic changes in the myo-
cardium, detectable by electrographic changes and func-
tional impairment, none of these findings were observed
in our study. Another reason for the difference between
data gathered in this study and previously reported data
could be the duration of VF before the defibrillation
attempt. In our study the duration of the ventricular
arrthythmia was similar to that occurring during ICD
implantation, but considerably shorter than that experi-
enced with conventional external defibrillation proce-
dures in an ICU or in an out-of-hospital cardiac arrest.
The influence of fibrillation time on transthoracic defi-
brillation success in humans is still controversial and
needs to be determined in further studies.>3?

The findings of our initial study demonstrate for
the first time the ability to terminate induced
VT/VF reliably (100% of all episodes) by a single,
monophasic 230-J shock delivered by the WCD.
Although limited by sample size, our data suggest
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that the WCD could be used as a feasible bridge to
definitive implantation of an ICD in patients in
whom risk stratification for sudden death is not
completed.
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