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Abstract

The implantable cardioverter-defibrillator (ICD) is
effective to prevent sudden cardiac death (SCD) in
selected patients with heart disease known to be
at high risk for ventricular arrhythmia. Nevertheless,
this invasive and definitive therapy is not indicated in
patients with potentially transient or reversible causes
of sudden death, or in patients with temporary contra-
indication for ICD placement. The wearable cardioverter
defibrillator (WCD) is increasingly used for SCD pre-
vention both in patients awaiting ICD implantation or
with an estimated high risk of ventricular arrhythmia
though to be transient. We conducted a review of current
clinical uses and benefits of the WCD, and described its
technical aspects, limitations and perspectives.

Key words: Wearable cardioverter/defibrillator; Sudden
cardiac death; Secondary prevention; Primary prevention;
Ventricular arrhythmias

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The wearable cardioverter defibrillator is
increasingly used for sudden cardiac death prevention
in patients thought to have a transient and/or reversible
high risk for life-threatening ventricular arrhythmia.
Evidences sustaining the use of this external device are
growing. We provided an evidence base review in the
light of new data.
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INTRODUCTION

Sudden cardiac death (SCD) is an unpredictable event
which leads to death in the absence of immediate re-
suscitation maneuvers and adequate therapies. Up to 23%
of SCD are attributable to ventricular arrhythmias (VA)™.
The implantable cardioverter-defibrillator (ICD) has proved
to be highly effective for SCD secondary prevention.
Otherwise, it has also been demonstrated to prevent
SCD in selected patients with heart disease known to
be at high risk for life-threatening VA, However, long-
term ICD-related complications, cost issues, social impact
and quality of life force a rigorous evaluation of patients
before ICD placement. Furthermore, some situations
at high risk of VA-related SCD are known to be limited
in time. For example, although SCD rate was 2.3% in
patients with low left ventricular ejection fraction (LVEF)
during the first month following myocardial infarction
(MI), ICD implantation during the first 40 d post-MI failed
to reduce total mortality. This result was essentially due
to a large amount of non-arrhythmic death during this
period™. In addition, up to 40% of patients with coronary
artery disease and low LVEF do not meet the current
criteria for ICD implantation after complete myocardial
revascularization and/or optimization of medical therapy™.

The wearable cardioverter defibrillator (WCD) is
increasingly used for SCD prevention both in patients
awaiting ICD implantation or with an estimated high
risk of VA though to be transient. This external device,
which has been demonstrated to effectively terminate
spontaneous and induced VA by automatic defibrillation
shock delivery, requires no surgical intervention and is
entirely removable. We conducted a review of current
clinical uses and benefits of WCD, and described its
technical aspects, limitations and perspectives.

TECHNICAL ASPECT

Currently available WCD is the Lifevest 4000® [ZOLL
Lifecor Corporation (ZOLL), Pittsburgh, PA, United
States]. With the LifeVest 4000®, the chest is surrounded
by an elastic belt including an electrocardiographic
(ECG) monitoring system with four dry, non-adhesive
electrodes and the defibrillation system consisting in
two posterior and one apical electrodes (Figure 1). The
whole is maintained by shoulder straps forming a light
washable vest and connected to a monitor unit including
the battery, an LCD screen for message display and
two “response buttons” for patient defibrillation shock
withholding. The monitor unit is held in a holster or
around the waist (Figure 2). Two batteries are delivered
with the WCD; each one lasts for 24 h so that one is
always in charge during the use of the other Total device
weight is about 600 g. ECG electrodes provide two left-
right and front-back bipolar ECG signals (Figure 3). The
ECG is continuously recorded and analyzed. Following
parameters can be programmed: (1) rate intervals
for ventricular fibrillation (VF) zone: 120 to 250 bpm,
default 200 bpm and ventricular tachycardia (VT) zone:
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120 bpm to VF zone; (2) shock delay, i.e., time from
arrhythmia detection to shock delivery: 60 to 180 s in VT
zone and 25 to 55 s for VF zone. Further delay up to 30 s
may be added at night; and (3) shock energy: 75 to 150 J.

The WCD automatically delivers, i.e., without neither
patient nor witness intervention, defibrillation shocks for
termination of life-threatening VA. Arrhythmia detection
and discrimination (for arrhythmia detected in the VT
zone) occur within few seconds after the rhythm disorder
onset. In case of VA detection within the programmed VT
or VF zone, the device alerts the patient of the imminence
of a shock starting by vibrations of the defibrillation
electrodes during 5 s, followed by a low monotonal
sound signal then high bitonal sound signal. Finally, a
voice warning during the few lasts s precedes the shock
delivery. During this period, the patient, if still conscious,
can withhold shock delivery by pressing the two response
buttons on the monitor unit. Without this well-done
intervention, defibrillation shock is delivered, synchro-
nized to the R-wave signal in case of monomorphic VT. In
order to improve shock impedance, and to prevent skin
burns, the defibrillation electrodes release a conductive
gel contained in small capsules before shock delivery
(Figure 4). Up to five shocks can be delivered for the
same episode. ECG signal is continuously recorded and
reviewable 30 s prior to the detection of arrhythmia to
15 s after the alarms stop (Figure 5). Total duration from
the onset of the arrhythmia to shock delivery, (including
time of fulfilling detection criteria, confirmation, alarms
and capacitor charging) is about 50 s. Daily remote
monitoring advices medical staff about VA occurrence
and therapies, daily ECGs, as well as patient compliance
(assessed by the daily wear time).

PATIENT EDUCATION AND COMPLIANCE

Patient education by specialized healthcare givers on
how to properly wear the device, change the battery and
disable shock delivery is a crucial step. In our experience,
10% to 15% patients eligible for this therapy are not
able to understand instructions to withhold therapies or
change battery and therefore are not treated with the
WCD. In order to improve patient knowledge and handle
of the WCD, we systematically schedule an additional
patient education session 10 to 15 d after hospital discharge.

Similarly, understanding and knowledge of his cardiac
disease and potentials benefits associated with the use
of the WCD is a critical part of patient care, aiming high
device compliance which is the prerequisite of effective
SCD protection. Lack of compliance might have dramatics
consequences. Indeed, in various studies, the majority
of SCD observed during follow-up were observed in
patients not or not-correctly wearing the WCD"®, Weight
and footprint of the device were the main reasons for
low compliance. On the other hand, as high as 22.5%
of patients discontinued the use of WCD due to comfort
or lifestyle issues in study from Feldman et af®.. A 40%
reduction of size and weight of the device was associated
with a significant decrease in the rate of WCD therapy
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Figure 1 Wearable cardioverter defibrillator. The two defibrillator electrodes
are worn on the back of the garment, when the four monitoring electrodes are
placed on the elastic belt around the chest. Both systems are connected to the
monitor unit.

Figure 2 Wearable cardioverter defibrillator worn by a patient under
clothes; monitor unit is worn on waist belt or in a holster.

interruption (14.2%) in a more recent report®’,

Overall, national registries showed good compliance
with the actual WCD™?!, In United States’ experience, of
3569 patients wearing WCD, > 50% of patients achieved
a 90% wear time compliance. In the German registry,
this number grows to 72%™". In both studies, long period
of therapy was associated with higher time of wearing.
Otherwise, remote monitoring allows measurement of
daily WCD wear time and medical staff is alerted in case
of low patient compliance so that prompt corrective me-
asures can be taken.

CLINICAL STUDIES

Efficacy

Auricchio et aff*®! were the firsts to report the efficacy of
the first generation WCD (WCD™ device, LIFECOR, Pitt-
sburgh, Pennsylvania) for termination of life-threatening
VA. This device reliably stopped induced VT or VF by
automatically delivering a 230 ] defibrillation shock in 15
SCD survivors. The firsts prospective multicenter studies
demonstrating clinical benefit of the WCD were the Wear-
able Defibrillator Investigate Trial (WEARIT) and Bridge
to ICD in Patients at Risk Of Arrhythmic Death (BIROAT)
studies'™. Inclusion criteria for the WEARIT study was

Baishidenge ~ WJC | www.wjgnet.com
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ANT
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Figure 3 Four electrocardiographic electrodes position, and two left-right
and front-back bipolar electrocardiographic vectors.

Figure 4 One defibrillator electrode with ten gel capsules inserted in, and
one non-adhesive electrocardiogram electrode.

symptomatic NYHA III or IV ambulatory heart failure and
LVEF < 0.30. Differently, the BIROAD study enrolled:
(1) patients after a recent MI or coronary artery bypass
grafting (CABG) and having complications such as VA,
syncope or low LVEF < 0.30, but not receiving an ICD
for up to 4 mo; and (2) patients who met criteria for an
ICD but refused therapy or had to wait for at least 4 mo
before implantation. A total of 289 patients were enrolled
in both studies, united into one at the request of the
Federal Drug Administration, and followed during a total
of 901 mo of patient use. During the follow-up, 6 of 8
defibrillation attempts were successful. No patient died
while correctly wearing the WCD.

Thereafter, some large studies validated the clinical
benefit of this therapy and evaluated the occurrence of
VA during the period of the WCD use in patients with
low LVEF in the setting of ischemic heart disease. Rate
of patients receiving appropriate shock within the 3 mo
following percutaneous coronary intervention (PCI) or
CABG varied from 1.3% to 1.7%"°\. Prolonging WCD
wearing period to 15 mo resulted in increasing rate of
appropriate WCD shock to 4.1%!"\. In the United States’
experience, first shock success was of 99% for all VT/VF
events, and survival after VT/VF events was 89.5%".
Importantly, no death could be attributed to WCD tech-
nical failure since its introduction. For note, at the end
of the WCD period use, about 60% of patients were not
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Figure 5 Ventricular tachycardia correctly diagnosed and treated by wearable cardioverter defibrillator. Red line corresponds to sound signal. A 150-J
defibrillation shock, automatically delivered by the device, terminated the arrhythmia.

eligible anymore for ICD implantation, mainly because of
left ventricular ejection fraction improvement™.

Inappropriate shock

From 0.4% to 3% of patients experienced inappropriate
WCD shock®*'***, The WCD is an external device, which
is dramatically exposed to noise detection. Inappropriate
shocks are mainly related to noise artifacts or T wave
oversensing'®. Compared to conventional transvenous
ICD, the rate of inappropriate shock with the WCD is low.
This fact is explained by the possibility for the patient
to withhold shock delivery while pressing the response
buttons. Incidence of false alarms attributable to artifacts
is unknown.

Current indications

According to current guidelines for management of patients
presenting with VA and the prevention of SCD, “the WCD
may be considered for adult patients with poor LV systolic
function who are at risk of sudden arrhythmic death for
a limited period, but are not candidates for an implant-
able defibrillator (e.g., bridge to transplant, bridge to
transvenous implant, peripartum cardiomyopathy, active
myocarditis and arrhythmias in the early post-myocardial
infarction phase). In patients presenting with high risk of
SCD, but non-indicated for an ICD implantation because
of temporary contra-indication, in expectation of a diag-
nosis, or if the arrhythmic risk may evolve”™, For the
Heart Rhythm Society, the use of WCD is reasonable in
patients with a clear indication of ICD placement but with
temporary contra indication to the procedure (infection for
example) or as a bridge therapy to heart transplantation.
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Otherwise, the use of the WCD should be considered in
additional clinical situations: In patients with high risk for
SCD due to LV dysfunction that may resolve over time
(following myocardial revascularization, myocarditis...) or
with a potentially treatable cause (arrhythmia-induced or
chemotherapy-induced LV dysfunction)™”’.

Well-validated clinical situation to consider the WCD

After acute myocardial infarction: Sudden cardiac
death occurred in 2.3% of patients with severely de-
pressed LVEF during the first month post-MI"®, However,
the risk of life-threatening VA significantly decreases
with LVEF recovery after acute event™. Furthermore,
in primary prevention studies, ICD benefit occurred
years after implantation™?”, Former studies showed no
impact of early implantation of ICD after AMI on overall
mortality™?*!. The DINAMIT was an open-label trial
including 674 patients 6 to 40 d after an AMI, with LVEF
> 0.35 and impaired cardiac autonomic function. Patients
were randomized in a 1/1 fashion for medical treatment
or medical treatment and ICD placement. This study
did not found statistical difference in overall mortality
between the 2 groups. Indeed, a smaller proportion of
SCD observed in the ICD group was offset by an increase
in the rate of non-arrhythmic deaths among these patients.
These results are consistent with findings from the IRIS
study™!. The United States’ experience with the WCD
was derived from a national database and incdluded 8453
patients with ejection fraction < 0.35 early after acute MI™™?,
One point four percent of patients were correctly treated by
WCD, whose 75% in the first month of use. The median
time to first WCD therapy was 9 d. The resuscitation
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survival rate was of 91%. The VEST Prevention of Early
Sudden Death Trial and VEST Registry (VEST) is a
randomized simple blind trial currently enrolling patients
with LVEF < 0.35 following AMI. This study aims to
demonstrate a reduction of SCD within the first three
mo following AMI. Enroliment exceeded 1700 patients in
2015, results are awaited'®?.

After revascularization procedures: Life-threatening
VA are a frequent cause of SCD after elective revascu-
larization CABG or PCI®, ICD implantation is mandated
in patients with reduced LVEF < 0.35 evaluated at least 3
mo after revascularization because of possible LV systolic
function recovery. In the setting of LV dysfunction <0.35
after CABG or PCI, Zishiri et al®* found a significant
reduction in early mortality hazard in patients treated
with the WCD (3% vs 7%, P < 0.05). In this subset of
patients, appropriate therapy rate was 1.3%.

Terminal cardiomyopathy listed for heart trans-
plantation: The risk of SCD in patients awaiting heart
transplantation is about 10% at one year®, Although
ICD is largely used in this population of patients, com-
plications, such as infection, are frequent, particularly
in LV assist devices receivers®®. The WCD was found to
be a safe and efficient transitory solution to protect this
population as a bridge to transplantation®”’.

ICD infections, before re-implantation: Cardiac
implanted electronic devices infections require complete
system removal, associated with antibiotic therapy for
2 to 6 wk. Period before re-implantation is long, so that
patients could beneficiate from WCD protection without
deleting hospital discharge, as the risk of SCD remains
unchanged™ during this period. Highest incidence rate
of appropriate therapies remains to patients after ICD
explantation for infection in expectation of reimplantation
compared with other indications!**l. Therefore, the AHA
guidelines sustain its use in this clinical setting with a
Class I A recommendation (level of evidence C)™”.,

Nonischemic cardiomyopathy: Benefice of ICD
in prevention of SCA in non-ischemic cardiomyopathy
(NICM) patients is still a matter of debate. Low LVEF
< 0.35 remains the only criterion validated to stratify
the risk of SCD among these patientst****!, Plurality of
etiologies, absence of criteria that define the likelihood
of reversibility and potential for recovery after optimal
medical therapy™ make difficult the assessment of the
long term risk of VA in this population of patients. Early
ICD implantation, within the firsts mo after diagnosis
failed to improve long term survival®®*!, Therefore, LVEF
assessment for SCD risk stratification is recommended
at least 3 mo after optimal medical treatment™®, and
some studies tend to delay ICD placement to 9 mo©*>%,
Furthermore, in a recent large randomized study, pro-
phylactic ICD implantation in patients with symptomatic
NICM showed no impact on mortality™. Indeed, the

Raishidenge ~ WJC | www.wjgnet.com

Barraud J et a/. Wearable cardioverter defibrillator review

DANISH study included 556 patients with symptomatic
systolic NICM and LVEF < 0.35 who were assigned to
receive an ICD, and 560 patients assigned to receive
medical care, both group receiving CRT if indicated.
Primary evaluation criteria was death from any cause. No
difference was observed between the two groups after a
median follow-up period of 67 mo. Only patients younger
than 68 years of age showed a lower rate of death after
ICD implantation, independent of CRT status.

Small cohorts aimed to evaluate the benefit of WCD
in patients with NICM. Incidence of appropriate therapies
varied from 0% to 5.5%°#**>*, prospective studies are
lacking in this heterogeneous population to specify real
benefit.

Unfrequent clinical presentation

Tako-tsubo cardiomyopathy: Tako-tsubo cardiomyo-
pathy is a heterogeneous provider of SCD, and life-
threatening VA occur during the first wk after disease onset.
Prevalence of VA varies between 8% and 13.5%"7%,
Patients with QT prolongation after stress cardiomyopathy
demonstrated a higher risk of VA. This subset of patients
might have substantial benefit of the WCD use!***”,

Peripartum cardiomyopathy: Peripartum cardio-
myopathy patients with severely reduced LVEF have
an elevated risk of VA**4, Up to 38% of deaths in this
population are sudden and most of them (87%) occur
within the 6 mo following the diagnosis™®. The WCD
was found to correctly treat these VA during the first mo
after diagnosis, until ICD implantation or systolic function
recovery™™,

Prediction of cardiomyopathy and evaluation of SCD
risk after acute myocarditis is difficult. Assessment of
the LVEF appears to be an insufficient criterion™*>*,
Similarly to Tako-tsubo cardiomyopathy or peripartum car-
diomyopathy, myocarditis has a potentially high likelihood
of cardiac recovery so that the WCD may be limited to
patients in secondary prevention or with particularly high-
risk features™”.

Pharmacology-induced cardiomyopathies (alcohol,
methamphetamine, trastuzumab) are associated with
a great potential of recovery of LV systolic function after
withdrawal of the putative agent and optimal medical
therapy.

In all these various clinical settings known to result
in both potentially transient LV dysfunction and high
SCD risk, the WCD might be a valuable tool in both for
SCD prevention and to provide additional information for
subsequent SCD risk stratification.

Clinical perspectives

Unexplained syncope: The diagnostic of syncope
encompass various causes. First, it can be the precursor
event of SCD. Then it is a major step in the rhythmic risk in
patients presenting with inherited arrhythmia syndromes
or structural heart diseases such as hypertrophic cardio-
myopathy. During this time of evaluation, no rhythmic
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protection can be offered by classical monitoring appro-
aches, such as implantable cardiac monitors. The WCD
may bridge this vulnerable period until diagnostic has been
established. The Ambulatory Post-Syncope Arrhythmia
Protection Feasibility Study currently enrolling patients,
aims to assess utility of WCD in patients with high
rhythmic risk after unexplained syncope!*”.

End-stage renal disease: Hemodialysed (HD) patients
are known to be at high risk of SCD™®. In a retrospective
study, 75 hemodialysed patients presenting with SCD
while wearing a WCD were included™®. Seventy-eight
point six percent of SCD were linked to VT/VF episodes.
One-year survival after SCA was 31.4%. In comparison
with historical data, the WCD therapy was associated
with an improved survival ref. The ICD was associated
with better survival in HD patients yet®™®, but is more
exposed to complications such as device infections®"..

Limitations of the WCD

Although the WCD is able to automatically terminate
VA, daily maintenance is necessary. A non-negligible
proportion of patients are unable to correctly use and
handle the device, change battery or respond to device
alarms. This issue might be kept in mind before patient
selection. The WCD cannot deliver antitachycardia and/or
anti-bradycardia pacing. In patients with cardiac pace-
makers, bipolar pacing mode should be programmed in
order to avoid oversensing of pacing artifacts during VF
leading to termination of the treatment algorithm®., In
contrast, time to shock delivery, which is substantially
longer compared to ICD, doesn't seem to be a limitation.
As shown in the MADIT-RIT trial®*, prolonged delays
in therapy delivery were associated with reductions in
inappropriate therapies and overall mortality. Finally,
cost impact of this device has to be underlined. Few
studies evaluated the cost-effectiveness of the WCD.
After ICD removal for infection, WCD seemed to be cost-
effective for SCD prevention compared to in-hospital
monitoring or discharge to a skilled nursing facility before
reimplantation™®.

CONCLUSION

The WCD is a life-saving therapy as it has been demon-
strated to promptly detect and terminate VT/VF by
automatically delivering defibrillation shock. This device
represents a safe, easy to handle, non-invasive and
reversible way to prevent SCD in patients with SCD
risk though to be high for a limited period or having a
transient contraindication to permanent ICD implantation.
Data sustaining the use of the WCD therapy in patients
with low LVEF following myocardial revascularization are
strong. Similarly, current guidelines sustain the use of
the WCD in patients with ICD infection requiring device
removal. Further prospective and randomized studies are
awaited to better guide its indications and its benefit in
other clinical settings.
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