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Aim: To summarize the evidence on clinical effectiveness and safety of wearable cardioverter 

defibrillator (WCD) therapy for primary and secondary prevention of sudden cardiac arrest in 

patients at risk.

Methods: We performed a systematic literature search in databases including MEDLINE 

via OVID, Embase, the Cochrane Library, and CRD (DARE, NHS-EED, HTA). The evidence 

obtained was summarized according to GRADE methodology. A health technology assessment 

(HTA) was conducted using the HTA Core Model® for rapid relative effectiveness assessment. 

Primary outcomes for the clinical effectiveness domain were all-cause and disease-specific 

mortality. Outcomes for the safety domain were adverse events (AEs) and serious adverse 

events (SAEs). A focus group with cardiac disease patients was conducted to evaluate ethical, 

organizational, patient, social, and legal aspects of the WCD use.

Results: No randomized- or non-randomized controlled trials were identified. Non-comparative 

studies (n=5) reported AEs including skin rash/itching (6%), false alarms (14%), and palpitations/

light-headedness/fainting (9%) and discontinuation due to comfort/lifestyle issues (16–22%), 

and SAEs including inappropriate shocks (0–2%), unsuccessful shocks (0–0.7%), and death 

(0–0.3%). The focus group results reported that experiencing a sense of security is crucial to 

patients and that the WCD is not considered an option for weeks or even months due to expected 

restrictions in living a “normal” life.

Conclusion: The WCD appears to be relatively safe for short-to-medium term, but the qual-

ity of existing evidence is very low. AEs and SAEs need to be more appropriately reported in 

order to further evaluate the safety of the device. High-quality comparative evidence and well-

described disease groups are required to assess the effectiveness of the WCD and to determine 

which patient groups may benefit most from the intervention.

Keywords: sudden cardiac arrest, ventricular tachycardia, ventricular fibrillation, cardioverter 

defibrillator, external, wearable, patient involvement

Introduction
Coronary artery disease patients most commonly die of sudden cardiac arrest (SCA). 

SCA causes approximately 25% of 17 million deaths of cardiovascular disease patients 

worldwide every year.1 About 350,000 SCAs occur out of hospital each year2 in Europe. 

In the US, estimations suggest that 326,000 persons are affected by SCAs outside of 

the hospital on an annual basis, whereby a large part of these SCAs happen in the 

domestic environment with 50% of the cases unnoticed by others.3 Predominantly, 
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ventricular tachycardia (VT) and ventricular fibrillation 

(VF) constitute the main pathophysiological mechanisms 

of SCA.1,4 Untreated SCA results in sudden cardiac death 

(SCD).

Implantable cardioverter defibrillators (ICDs) which 

can automatically intervene and terminate life-threatening 

arrhythmias are the current standard for prevention of SCD. 

Pharmacological treatment and/or catheter ablation were 

documented to decrease the risk of SCD in some subsets 

of cases. Immediate cardiopulmonary resuscitation and the 

application of automated external defibrillators have shown 

improved survival from SCA.1 The wearable cardioverter 

defibrillator (WCD) represents a new addition to the spectrum 

of strategies for the prevention of SCD.

Limited information on effectiveness and safety of the 

WCD in the form of health technology assessment (HTA) 

reports or recently published reviews is available.5–7 The 

American Heart Association (AHA) published a science 

advisory on the WCD in 2016, which includes recommenda-

tions on possible use of the WCD with the intention to offer 

clinicians some directions for discussing therapy options 

with patients. The authors highlighted that discussion of 

patient preferences is of utmost importance.7 Furthermore, 

no information on possible ethical, organizational, patient, 

social, and legal aspects of the WCD use is available, which 

is also pointed out in a recent paper by Reek et al.8 Recently, 

the European Network for Health Technology Assessment 

(EUnetHTA) introduced the Core Model® for rapid relative 

effectiveness assessment (REA) – a methodological frame-

work for the assessment of clinical effectiveness and safety 

of pharmaceuticals, diagnostic technologies, medical and 

surgical interventions, and screening technologies. This 

model was used to evaluate clinical effectiveness and safety 

of the WCD therapy for primary and secondary prevention 

of SCA in patients over 18 years of age (under CE mark) 

and children (outside of CE mark) at risk. In addition, the 

focus group study strived to evaluate perspectives of patients 

on areas of their cardiac disease and on the WCD therapy. 

Furthermore, it aimed to detect possible neglected outcomes. 

Both the assessment and the focus group study intended to 

provide information on relevant aspects of the WCD use.

Methods
Systematic literature search, study 
selection, and internal validity
We conducted a comprehensive systematic literature search 

on July 14, 2016 in MEDLINE via OVID, Embase, the 

Cochrane Library, and CRD (DARE, NHS-EED, HTA) 

databases, without any restriction on timeframe or study 

design, which we complemented by a “Scopus search” (ie, 

citation tracking of three recent key publications of the WCD) 

and by hand search. We assessed registries of clinical trials to 

identify registered ongoing clinical trials and observational 

studies: ClinicalTrials.gov and International Clinical Trials 

Registry Platform. Furthermore, we performed a distinct 

guideline search (G-I-N, National Guidelines Clearinghouse, 

TRIP-Database, and hand search).

We applied inclusion criteria for the literature selection 

that were defined using the Population-Intervention-Com-

parison-Outcome-(Study design) model shown in Table 1. 

No minimum number of participants in a study was applied 

as an inclusion criterion. However, individual case reports 

were excluded. Furthermore, we did not consider studies 

Table 1 Inclusion criteria for selecting the literature according to the Population-Intervention-Comparison-Outcome-(Study design) 
model

Population Intervention Comparison Outcomes Study design

Patients: adults over 18 years of age 
(according to CE mark) and pediatric 
patients (outside of CE mark) with the 
following indications

WCD/LifeVest® (WCD 
2000, 3000, 3100, and 
4000 which have CE 
mark), from ZOLL 
(Lifecor) Medical 
Corporation, Pittsburgh, 
PA, USA

For primary and 
secondary prevention 
of SCA: 1) ICD, 
2) GL-directed 
pharmacological 
therapy, 3) GL‑directed 
catheter 
(radiofrequency) 
ablation, and 4) external 
defibrillators to be 
used in three settings: 
homes, public places, 
and/or used by medical 
emergency staff during 
resuscitation

Effectiveness: Primary 
end point: 1) mortality: 
a) all-cause mortality 
and b) disease-specific 
mortality. Secondary 
end points: 1) incidence 
of VT/VF, 2) first shock 
success, 3) avoidance 
of ICD implantation, 
4) improvement of 
LVEF, 5) HRQoL, 
6) hospitalization rate, 
7) satisfaction, and 
8) compliance

Effectiveness: RCTs, 
prospective non-
randomized controlled 
trials

(Continued)
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Table 1 (Continued)
Population Intervention Comparison Outcomes Study design

1.	As a bridge to an ICD, for example, 
for: a) patients in whom immediately 
after explantation of an ICD, an 
immediate reimplantation of an ICD 
is not possible, and b) patients in 
whom an immediate implantation of 
an ICD is indicated, but not possible 
i) due to temporary contraindications 
to an ICD implantation or ii) due to 
being on the waiting list for an ICD 
post‑VT/VF

The WCD device 
consists of two 
components: 1) an 
electrode belt that fits 
within a lightweight 
garment worn on the 
patient’s chest and 2) a 
monitor that the patient 
wears around the waist 
or from a shoulder strap

Safety: 1) AEs, device 
related and patient related 
(frequency of AEs, what 
are these, frequency of 
discontinuation due to AEs, 
frequency of unexpected 
AEs); and 2) SAEs, device 
related and patient related 
(frequency of SAEs, what 
are these, frequency of 
SAEs leading to death)

Safety: RCTs, 
prospective non-
randomized controlled 
trials, and prospective 
studies without a 
control group, for 
example, observational 
studies, case series, 
and registry studies 
(manufacturer 
database)

2.	Patients indicated for an ICD, who 
refuse implantation for personal or 
other reasons

3.	As a bridge to optimal 
pharmacological therapy, or as a 
protection during pharmacological 
therapy optimization when a 
heightened risk of SCA is present, 
but possibly resolvable over time 
or with treatment of left ventricular 
dysfunction; for example, for patients 
with: a) ischemic heart disease with 
envisaged or recent revascularization 
(90-day waiting period post-
revascularization with either 
CABG or PCI), b) newly diagnosed 
nonischemic dilated cardiomyopathy, 
starting GL-directed medical therapy, 
c) secondary cardiomyopathy 
(tachycardia mediated, thyroid 
mediated, etc.)-induced arrhythmias 
(secondary to hypothermia, 
electrolyte imbalance, iatrogenic 
prolongation of the QT interval, 
etc.) in whom the underlying cause is 
potentially treatable, d) certain forms 
of structural heart disease associated 
with risk of malignant arrhythmias 
or primary electric disease and with 
significantly impaired left ventricular 
systolic function

Organizational, ethical, 
patient and social, legal 
aspects: qualitative 
studies (according to 
the EUnetHTA Core 
Model® 3.0)

4.	“Watch-and-wait” strategy for 
patients at risk of SCA during 
diagnosis

5.	Post-MI and LVEF of ≤35%, as 
a bridge therapy “in situations 
associated with increased risk of 
death in which ICDs have been 
shown to reduce SCA, but not the 
overall survival such as within 40 days 
of MI”

6.	As a bridge to a heart transplant

Note: Data from Ettinger et al.14

Abbreviations: AEs, adverse events; CABG, coronary artery bypass grafting; GL, guideline; HRQoL, health-related quality of life; ICD, implantable cardioverter defibrillator; 
LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention; RCTs, randomized controlled trials; SAEs, serious adverse events; 
SCA, sudden cardiac arrest; VF, ventricular fibrillation; VT, ventricular tachycardia; WCD, wearable cardioverter defibrillator.
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discussing induced VT/VF in hospitals. Two researchers 

autonomously selected references for inclusion and assessed 

the internal validity of studies. In case of differences in 

the results, agreement was reached by discussion. A third 

researcher was contacted in case of disagreements. In order 

to assess the risk of bias of included prospective studies 

without a control group, the quality appraisal tool for case 

series was applied.9

Data extraction and management
One researcher performed the extraction of data. The second 

researcher autonomously examined whether the data are cor-

rect and complete. A third researcher was contacted in case 

of disagreements, and differences were settled by discussion.

Outcome measures
Outcomes were selected according to the recommendations 

from pertinent clinical guidelines1,10 and were compliant 

with the EUnetHTA guidelines,11,12 which state that rapid 

REAs should be based whenever possible on final clinical 

end points relevant for patients (which mainly fall under the 

categories of mortality, morbidity, health-related quality of 

life [HRQoL]) and not surrogate end points. Furthermore, 

outcomes were discussed among the assessment team in con-

sultation with a clinical cardiologist. Primary outcomes for 

the clinical effectiveness domain were all-cause mortality and 

disease-specific mortality (ie, prevention of SCA). Secondary 

outcomes were incidence of VT or VF, appropriate shocks 

and withheld shocks (use of response button for delaying 

therapy), first shock success, improvement of left ventricular 

ejection fraction (LVEF), avoidance of ICD implantation, 

HRQoL, hospitalization rate, satisfaction with the WCD, and 

patient compliance with the technology (WCD wear time, 

WCD daily use). For the safety domain, the outcomes were 

adverse events (AEs), frequency of discontinuation due to 

AEs, frequency of unexpected AEs, serious adverse events 

(SAEs), and frequency of SAEs leading to death.

Synthesis of evidence
The Grading of Recommendations, Assessment, Develop-

ment and Evaluation – GRADE methodology – was used 

to summarize and evaluate the strength of the evidence.13 

A classification (critical; important, but not critical; of 

limited importance) of the importance of the outcomes was 

performed. Only the outcomes that were considered critical 

were the primary factors influencing the conclusion. It was 

not possible to perform a meta-analysis because no prospec-

tive controlled studies were identified.

Other data sources and respective quality 
assessment
The manufacturer ZOLL Medical Corporation (Pittsburgh, 

PA, USA) was contacted on May 10, 2016 and asked to 

complete the EUnetHTA medical devices evidence submis-

sion file template, which mainly included questions on the 

WCD and its current use. The revised completed document 

was received on July 26, 2016. (ZOLL Medical Corpora-

tion, unpublished data, 2016). Relevant literature from the 

literature search and information from the submission file 

were used for the background. For ethical, organizational, 

patient, social, and legal questions, appropriate literature 

from the search was applied and complemented by a hand 

search for qualitative studies. No quality assessment tool was 

applied for these parts, but the use of several sources served 

in validation of individual, maybe biased, sources. After 

critical appraisal of these distinct information sources, their 

content was described.

Methodological framework
The present analysis was performed as the EUnetHTA col-

laborative assessment/HTA14 based on the EUnetHTA Core 

Model®, which is a methodological framework for the pro-

duction and sharing of HTA information. It includes generic 

questions that are translated into actual research questions. In 

this context, the application for REA (version 4.2)15 including 

some additional questions from the ethical, organizational, 

patient, social, and legal domains of the EUnetHTA Core 

Model® (version 3.0),16 relevant for medical and surgical 

interventions, was used.

Reporting
This analysis was reported based on the Preferred Report-

ing Items for Systematic Reviews and Meta-Analyses 

statement.17

Patient involvement – focus group study
The focus group represents a qualitative research method 

where a small group of participants discuss a topic guided 

by a moderator. It was selected as the most appropriate quali-

tative research method for involvement of patients in this 

context. It was the first time that patients were involved by 

means of a focus group study in an HTA by the EUnetHTA. 

A standardized e-mail reached members of the nine regional 

associations of the Austrian organization for heart and lung 

transplant patients aiming to find eligible patients/volun-

teers for the focus group. The aim was to include a small 

sample of patients who would have (had) an indication 
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for the WCD. Semi-structured interview questions were 

developed by the assessment team and were based upon a 

hand search of patient involvement websites, such as the 

Scottish Medicine Consortium and its PACE process, and a 

review of appropriate literature.18,19 A set of questions was 

divided into three parts. The first part consists of engagement 

questions, the second part contains exploration questions, 

and the third part exit questions (Table 2). The four-hour 

meeting that was held in German was chaired by a patient 

support expert, who also assisted in finding and preparing 

volunteers for the focus group. The participants agreed that 

the meeting could be recorded. The anonymized transcript 

was analyzed based on framework analysis.18 Extraction of 

patient-relevant end points (clustering/charting), including 

main statements relevant for ethical, organizational, patient, 

social, legal, or other aspects of WCD use, was done by one 

researcher and checked by the second. Participants needed to 

provide informed consent as well as confirm that they had no 

conflict of interest and received remuneration. The Austrian 

Ethics Committee did not request an ethical approval with 

reference to section 15a, subsection 3a, of the Viennese Law 

on health institutions.

Results
Search results
The systematic literature search yielded 601 references, and 

further 139 citations were identified through other sources 

(Figure 1). According to our selection criteria, no randomized 

controlled trials (RCTs) or non-randomized controlled trials 

assessing the clinical effectiveness of the WCD were found. 

For the assessment of safety, one prospective interventional 

single-arm study,20 two prospective case series,21,22 and two 

prospective registry studies23,24 fulfilled our inclusion criteria.

Study and patient characteristics
Study characteristics
The study inclusion criteria for the assessment of clinical 

effectiveness of the WCD were not met by any study.

A total of five non-comparative studies were included 

in the assessment of safety of the WCD: the prospective 

interventional single-arm study20 included 289 patients, two 

prospective case series included a total of 36 patients,21,22 

and two prospective registry studies included a total of 2089 

patients23,24 (Table 3).

Patient characteristics
Patient inclusion criteria within the included studies demon-

strated some heterogeneity regarding LVEF (<30%,20 ≤40%,23 

the other included studies did not report on this outcome) 

and in terms of the nature of heart disease (newly diagnosed 

peripartum cardiomyopathy,21 early post-myocardial infarc-

tion (MI)/MI phase,22 combination of several heart disease 

groups20,23,24). However, all patients were considered to be 

at high risk of SCA. Only two studies indicated having an 

active ICD and being unable to use the WCD because of 

impairment as exclusion criteria for study participants.20,23 

Three out of five studies20,21,23 reported on previous patient 

treatments (Table 3).

Effectiveness
No RCTs or non-randomized controlled trials were found to 

assess the clinical effectiveness of the WCD.

Safety
Comparative studies
Since no study with a control group was identified, no assess-

ment of relative safety of the WCD could be performed.

Non-comparative studies
Not all the included non-comparative studies reported on 

the different AEs and SAEs (Table 3). The following AEs 

Table 2 Semi-structured interview questions of the focus group 
study

1.	Engagement questions
a. Could you tell us about yourselves?
i. What are the heart problems that you have had?
ii. How did you find out about that?
iii. What did a day in your life with these health challenges before the 
heart transplant look like?
iv. What help did you need (relatives, care givers, doctors)?
2.	Exploration questions
a. Which treatment options have you and your doctor considered?
i. Could you rank those treatments from best to worst?
ii. What made them better/worse? (AEs, effectiveness, distress, self-care, 
capacity to work)
iii. If hospitalization was needed, what did it look like?
iv. How difficult were the treatments to follow in practice?
v. What could have been improved?
b. What would you think about a wearable defibrillator?
i. Could you imagine wearing it while awaiting heart transplant? Why?
ii. For those who wore an implantable defibrillator, what was your 
experience like?
iii. For those who wore an implantable defibrillator, can you imagine 
wearing a wearable defibrillator instead? Why?
3.	Exit question
a. Is there anything else that you would like to say about your 
experience of living with your health condition?

Notes: This is a set of questions for patients who were diagnosed with any 
indication(s) that may lead to SCA, but who have not been treated with the 
LifeVest®. Questions were posed in German. Data from Ettinger et al.14

Abbreviations: AEs, adverse events; SCA, sudden cardiac arrest.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Medical Devices: Evidence and Research 2017:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

262

Ettinger et al

Records identified through
database searching

(n=601)

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

El
ig

ib
ilit

y
In

cl
ud

ed

Additional records
identified through other

sources
(n=139)

Records after
duplicates removed

(n=740)

Records screened
(n=740)

Records excluded
(n=459)

Full-text articles excluded, with
reasons (n=276)

Exclusion criteria were:
Only abstract available (n=116)

Backgound literature (n=97)
Wrong study design (n=34)

Not available (n=17)
Not English/German (n=12)

Full-text articles assessed for
eligibility
(n=281)

Studies included in synthesis
of SAFETY only (n=5)

interventional single-arm study (n=1)
Case series (n=2)

Registry studies (n=2)

No studies included in synthesis of
CLINICAL EFFECTIVENESS

Figure 1 Flow chart of the selection process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement.17

Note: Data from Ettinger et al.14

Table 3 Results from prospective non-comparative studies – study/patient characteristics and safety outcomes

Interventional 
single‑arm study

Prospective case series Prospective registry studies 

Feldman et al20 Duncker et al21 Kondo et al22 Kao et al23 Kutyifa et al24

Study characteristics
Study name WEARIT/BIROAD NA NA WIF WEARIT-II
Country/ies of 
recruitment

US, Germany Germany Germany US US

Sponsor ZOLL Medical 
Corporation

ZOLL Medical 
Corporation

Uncleara ZOLL Medical 
Corporation

ZOLL Medical Corporation

Comparator None None None None None
Study design Interventional single-arm 

study
Single-center 
prospective case series

Single-center 
prospective 
case series

Multicenter prospective 
registryb

Multicenter prospective 
registry

Study duration 
(start and 
completion date)

NAc 09/2012–09/2013 08/2010–
11/2014

07/2007–02/2010 08/2011–02/2014

(Continued)
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Table 3 (Continued)

Interventional 
single‑arm study

Prospective case series Prospective registry studies 

Feldman et al20 Duncker et al21 Kondo et al22 Kao et al23 Kutyifa et al24

Objectives To assess the 
effectiveness of the WCD 
in patients at high risk of 
lethal VAs

To assess the 
usefulness of the WCD 
to bridge a potential 
risk for life-threatening 
arrhythmic events in 
patients with early 
PPCM, severely 
reduced LVEF, and 
symptoms of heart 
failure

To describe the 
utility of the 
WCD therapy 
in early post-MI 
phase

To collect SCA events, 
WCD defibrillation 
efficacy, and WCD 
usage data in heart 
failure patients

Characterize patients 
currently prescribed with 
WCD
Assess the risk of sustained 
VT events among WCD 
patients by disease etiology
Identify the rate of EF 
improvement and the 
need for subsequent ICD 
implantation

Model version of 
technology

WCD 2000c NA NA NA NA

Patient characteristics
Number of patients 289d 12e 24f 89g 2000
Age in years 
(range)±SD

55h (18–75)±12 34 mean±4 69 mean±12 61.0 (37–83) mean±11.1 62 median±16

Gender  
(female/male)

52/237 12/0 2/22 25/64 598/1402

EF in % (range)±SD 23±10 24.3 mean±11.6i 30 (20–36) 
median

23.9 (7.5–65) mean ±9.4 25 median±10

Inclusion criteria WEARIT: patients  
≥18–75 years, with high 
risk of SCA, not eligible for 
ICD or waiting for ICD, 
and ambulatory patients 
with NYHA Class III and 
IV and an LVEF <0.30

Patients with newly 
diagnosed PPCM

Patients with 
high risk of SCA 
but not eligible 
for immediate 
implantation of 
an ICD

Patients listed (or being 
considered) for heart 
transplantation, patients 
with dilated CM (with 
VT or EF ≤40%), and 
patients receiving 
inotropes

Patients with low EF and high 
risk of SCA post-MI or post-
coronary revascularization 
or new onset nonischemic 
DCM or high risk of SCA until 
stabilization or inherited or 
congenial heart disease

BIROAD: post-MI with 
VT within 48 hrs and 
LVEF <0.30 at least 3 
days post-MI or SCA or 
syncope at least after 48 
hours post-MI but not 
candidates for an ICD; 
VT within 48 hours post-
CABG and LVEF <0.30 at 
least 3 days after CABG, 
had SCA or syncope after 
48 hours post-CABG, but 
were unable to receive an 
ICD; ICD candidates at 
home waiting 4+ months, 
and refused ICD

Patients in early 
post-MI phase

Exclusion criteria Inability to use WCD 
(ie, chest circumference 
<28 or >48 inches), 
advanced directive 
prohibiting resuscitation, 
participation in another 
clinical trial, not seen at 
least daily by a companion 
or caregiver, inability 
to provide informed 
consent, or noncardiac 
terminal illness

NA NA Patients with an 
active ICD or unable 
to use WCD due to 
impairment

NA

(Continued)
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Table 3 (Continued)

Interventional 
single‑arm study

Prospective case series Prospective registry studies 

Feldman et al20 Duncker et al21 Kondo et al22 Kao et al23 Kutyifa et al24

Follow-up time in 
months (range), 
mean±SD

Unclearj 10.4±3.4 (8.4–12.4)k 8 median (4–16) 3 2.9l

Loss to follow-up, 
n (%)

68 (23.5) 0 NA 7 (8) NA

Diagnosis Heart failure, awaiting 
ICD, post-MI, post-SCA, 
post-syncope, and post-
CABG

Newly diagnosed 
PPCM

ST elevation, 
PCI, and CABG

Dilated CM with low EF 
(<40%)

(Non)ischemic DCM and 
congenial/inherited heart 
disease

Previous treatment Beta-blockers, AADs, and 
inotropes

Beta-blockers, 
ACE, inhibitors, 
mineralocorticoid 
receptor antagonists, 
and bromocriptine

NA Active pacemaker, past/
inactive pacemaker, 
prior/inactive ICD, 
beta-blockers, ACE 
inhibitors, ARBs, 
antiarrhythmics 
(amiodarone), and 
inotropes

NA

Safety outcomes
AEs in n (%) of patients
 � Skin rash and 

itching
17 (6) NA NA NA NA

  False alarms NA 1 (14)m NA NA NA
 � Palpitations, 

light‑headedness, 
and fainting

NA NA NA 7 (9) NA

Frequency of discontinuation due to AEs in n (%) of patients
 � Discontinuation 

due to comfort 
and lifestyle 
issues

65 (22)n NA NA 13 (16)o NA

Frequency of 
unexpected AEs in 
n (%) of patients

NA NA NA NA NA

SAEs in n (%) of patients
 � Inappropriate 

shocks
6 (2) 0 0 0 10 (0.5)p

 � Unsuccessful 
shock

2 (0.7)q 0 0 NA 0

Frequency of SAEs 
leading to death in 
n (%) of patients

1 (0.3)r 0 0 0 0

Notes: aSource of funding was not stated. bTen centers. cFeb 1998 to July 2001 according to FDA approval document.43 dOne hundred and seventy-seven patients in WEARIT 
and 112 in BIROAD. eWCD recommended to 9 out of 12 patients, but two refused; hence, data were available on seven patients. fSixty-six consecutive patients of whom 24 
(36%) were in the early post-MI phase. gOut of 89 patients, data on 82 were collected, four lost to follow-up, and three dropped out after wearing the WCD for a couple 
of hours. hIn an unspecified statistical measure. iUnclear, as the number 24.0±11.8% was also reported in the paper. jPatients followed biweekly and monthly, but no last 
follow-up stated. kEighty-one days (25–345) in seven women receiving a WCD. lAt 1, 3, and 12 months (12-month follow-up ongoing at time of paper). mPatient experienced 
numerous false alarms and “thus revealed reduced compliance to WCD wearing (16.3 hours/day)”. nIn WEARIT study: 30%; In BIROAD study: 11%; 65 patients discontinued 
due to comfort and lifestyle issues and three discontinued due to AEs. oSix patients discontinued due to discomfort and other reasons and seven due to unknown/other 
reasons. pDue to ECG artifacts while none due to induced VT/VF. qBoth occurred in patients who had incorrectly placed the therapy electrodes – one of the events was 
nonfatal as the patient received a successful external defibrillation. rOccurred in a patient who removed the leads. Data from Ettinger et al.14

Abbreviations: AADs, antiarrhythmic drugs; ACE, angiotensin-converting enzyme; AEs, adverse events; ARBs, angiotensin II receptor blockers; CABG, coronary artery 
bypass grafting; CM, cardiomyopathy; DCM, dilated cardiomyopathy; EF, ejection fraction; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; 
MI, myocardial infarction; NA, not available; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; PPCM, peripartum cardiomyopathy; SAEs, serious 
adverse events; SCA, sudden cardiac arrest; SD, standard deviation; VAs, ventricular arrhythmias; VT, ventricular tachycardia; WCD, wearable cardioverter defibrillator.
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were identified: skin rash and itching (in 6% of patients20), 

false alarms (in 14% of patients21), and palpitations, light-

headedness, and fainting (in 9% of patients23); discontinua-

tion due to comfort and lifestyle issues (in 22%20 and 16% 

of patients,23 respectively) was also reported. Unexpected 

AEs were not indicated in any of the included studies. 

SAEs mentioned were inappropriate shocks and unsuccess-

ful shocks. The definition of inappropriate WCD therapy 

referred to non-VT/VF episodes detected and treated by a 

WCD shock.24 Two studies indicated that 2%20 and 0.5%24 of 

patients respectively were affected by inappropriate shocks. 

The other three studies indicated no inappropriate shocks. 

Four out of five studies mentioned unsuccessful shocks. In 

one study, 0.7% of patients20 experienced unsuccessful shocks 

because the therapy electrodes were placed incorrectly. 

Unsuccessful shocks21,22,24 were indicated in three studies 

and not reported in one study. All five studies indicated the 

frequency of SAEs leading to death, where death occurred in 

one study (0.3%)20 (Table 3). However, with reference to the 

GRADE methodology, the quality of the body of evidence 

of the studies included for the assessment of safety was very 

low (Table 4).

Focus group results
Ten eligible patients (nine men and one woman) responded 

to the standardized email, among which five men, who 

Table 4 Quality of the body of evidence of the studies included for the assessment of safety according to GRADE methodology13

Outcome, number 
of trial(s)

Risk of bias Inconsistency Indirectness Imprecision Other 
considerations

Quality Importance

AEs
Skin rash and itching
  1 (289 patients) Very seriousa NA Serious Seriousb None Very low Important
  Feldman et al20

False alarms
  1 (12 patients) Serious NA Serious Very seriousb,c None Very low Critical
  Duncker et al21

Palpitations, light-headedness, and fainting
  1 (89 patients) Very seriousd NA Serious Seriousb None Very low Important
  Kao et al23

Discontinuation due to comfort and lifestyle issues
  2 (378 patients) Seriouse Serious Serious Seriousb None Very low Critical
 � Feldman et al20 and 

Kao et al23

SAEs
Inappropriate shocks
  5 (2414 patients) Serious Serious Serious Seriousb None Very low Critical
 � Feldman et al20, 

Kao et al23, 
Duncker et al21, 
Kondo et al22, and 
Kutyifa et al24

Unsuccessful shocks
  4 (2325 patients) Serious Serious Serious Seriousb None Very low Critical
 � Feldman et al20, 

Duncker et al21, 
Kondo et al22, and 
Kutyifa et al24

Frequency of SAEs leading to death
  5 (2414 patients) Seriousf Serious Serious Serious None Very low Critical
 � Feldman et al20, 

Kao et al23, 
Duncker et al21, 
Kondo et al22, and 
Kutyifa et al24

Notes: aNo definition of skin rash/itching (severity, nature, location, etc.) was provided. There was no comparison group, and patients were not consecutively recruited. No 
data were gathered on psychological issues, eating habits, etc. It is unclear whether additional interventions have been performed (which could have caused side effects). bFew 
events were reported, and there was no control group. cSample size was very low. dPatients were not consecutively recruited, and there was no control group. No definition 
of nature and severity was provided. ePatients in both studies were not consecutively recruited. Patients might have been different with regard to confounding factors. fSince 
there was no control group, statement on mortality cannot be made. Data from Ettinger et al.14

Abbreviations: AEs, adverse events; NA, not applicable; SAEs, serious adverse events.
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were 55–73 years old (mean age 65 years) from Austria 

and Germany, were able to participate. All respondents had 

experienced heart transplantation, and four had received the 

ICD before. Patients who would have qualified for the WCD 

prior to their heart transplantation explained their disease 

history, and no one had experiences with using the WCD 

or had any knowledge regarding this technology. Only men 

volunteered for the focus group; therefore, no issues regard-

ing gender could be assessed. Furthermore, the majority of 

patients were exercising competitive sports. Main results are 

summarized in Table 5.

Discussion
No RCTs or non-randomized controlled studies were found 

to assess the clinical effectiveness of the WCD; therefore, 

strong evidence on patient benefit is missing. Since no com-

parative studies were available, assessment of relative safety 

of the WCD could not be performed. Results from five non-

comparative studies comprising 2414 patients undergoing 

WCD therapy propose that the WCD might be a relatively 

safe intervention for a short-to-medium period of time, but 

the quality of the body of evidence was very low. The patients’ 

focus group study was successfully implemented, providing 

the data on ethical, organizational, patient, social, and legal 

aspects of the WCD use; for example, reservations of patients 

toward the WCD were identified.

At present, just one WCD, namely the LifeVest® produced 

by ZOLL Medical Corporation, is available. The patient needs 

to wear the WCD all day and night long, except while tak-

ing a bath or shower.25 The vest is worn around the chest of 

the patient and includes electrodes. The monitor is attached 

around the waist or carried using shoulder strap. The heart 

of the patient is permanently monitored, and in the event of 

a life-threatening heart rhythm like VT or VF that can be 

treated by the WCD, an automatic treatment shock is trig-

gered. The conscious patient can press two response buttons 

on the monitor anytime during the treatment sequence in 

order to delay therapy. In Europe, the LifeVest® was granted 

CE mark for its first-generation model, WCD 1, in 1999, 

and for the latest fifth generation, WCD 4000, in 2011. The 

Table 5 Main results from the focus group study

Questions related to relevant 
end points

Aggregated views on patient relevant end points

Avoidance of an ICD implantation Patients highlighted the sense of security they experienced through the use of an ICD, because patients were 
facing fear and anxiety due to their heart disease (fear of diagnosis itself, of reduced physical performance, of 
repeatedly having symptoms, of worsening, of death – when having a family and responsibility, for the future). 
All concluded that feeling of security was crucial. One patient stated that the ICD was like a “life insurance”

HRQoL Patients who had an ICD were able to do sports and to live a normal life with few/no limitations in everyday 
life (eg, independent mobility), which was of the utmost importance to them
All patients felt that the waiting times for heart transplants were far too long although they acknowledged 
the scarcity of heart transplants. They agreed that since they have had received their transplant, their QoL 
improved dramatically

Appropriate/inappropriate/
unsuccessful shocks

Patients reported on having received shocks by an ICD at several occasions, which differed in strength and 
impact on the body. Furthermore, several complications with ICD devices were described. Patients disclosed 
that receiving a defibrillation shock was terrifying

Attitude with regard to the 
WCD and further questions

Aggregated attitudes

Compliance Most patients could imagine using the WCD on a short-term basis, but stated that it would be less of an 
option for weeks or even months due to the efforts of wearing it (especially in warm weather). Furthermore, 
its possible weight was mentioned as an issue as well

HRQoL Patients would feel restricted in their working life, when driving a car, or doing sports, and would fear 
removing the WCD. Patients stated that they do not want to be constantly reminded of their disease – at 
some point, one forgets of having an ICD, which however is not possible when wearing the defibrillator – 
and that they do not want to exhibit it to others in public. One patient described his inferior QoL with 
external components of the technology (ie, with an artificial heart)

Reservations toward the WCD Patients not having any experience with using the WCD reported that they have some reservations 
toward the WCD. Their trust in the ICD would be higher than in the WCD. The response button, which 
is integrated in the WCD, was a big topic of discussion. Patients declared that they would be afraid of 
unintentionally deactivating it and of not wanting to have the responsibility of deciding whether to push the 
response button or not, because they assumed that they do not have the knowledge and the decision-making 
competence as clinicians do

Pacing capabilities Patients asked whether the WCD has pacing capabilities, which it does not have

Note: Data from a previous study.14

Abbreviations: HRQoL, health-related quality of life; ICD, implantable cardioverter defibrillator; QoL, quality of life; WCD, wearable cardioverter defibrillator.
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indication for the LifeVest® refers primarily to patients 18 

years of age and older who are at risk of SCA and are not 

candidates for or refuse an ICD (ZOLL Medical Corporation, 

unpublished data, 2016). In the US, the LifeVest® was granted 

initial FDA approval in 2001; in 2015, it was also approved 

for children who are at risk of SCA, but are not candidates 

for an ICD because of certain medical conditions or in case 

the parents did not give their consent.26 To date, the WCD 

does not include pacing capabilities for backup bradycardia 

pacing or anti-tachycardia overdrive pacing.25,27 Therefore, 

particularly patients for whom ICDs are a comparator are left 

unprotected, because recent models of ICDs provide these 

functions.28 The WCD claims to temporarily protect from 

SCD in phases of enhanced risk during diagnosis or an event 

of post-VT/VF and the adequate therapy or its optimization.

Regarding safety of the WCD, AEs were not system-

atically reported in the included studies. The registry study 

including the highest number of participants (2000 patients) 

only outlined SAEs.24 Each one of the three smaller studies 

described distinct AEs: skin rash/itching, false alarms, and 

palpitations, light-headedness, and fainting.20,21,23 According 

to the literature, allergic contact dermatitis could be induced 

by metal hypersensitivity during the WCD use.29 Compliance 

with the WCD use might also be linked to climate: patients 

tend to wear it less during the summer season,30 which 

could also be associated with skin-related AEs. Three out 

of five included studies indicated earlier treatments,20,21,23 

whereas none of the included studies outlined whether the 

patients received treatment in the course of the WCD use, 

which could have had an impact on part of the outcomes (ie, 

pharmacological therapy could result in side effects). AEs 

and SAEs stated were of importance to patients, but since 

there was a lack of reporting, this list might not be complete. 

Discontinuation due to comfort and lifestyle issues could be 

initiated by different causes: it is required to wear the WCD 

24/7 that influences everyday life including routine. The focus 

group showed that patients might not want to wear the WCD 

in public, which further shows that user-dependent harms 

(such as unsuccessful shocks because of not having placed 

the therapy electrodes correctly,20 use of the response but-

ton without indication, and averting a treatment that could 

potentially save a life) could be connected to compliance and 

personal attitude. The WCD needs to be fitted to each patient; 

however, it could occur that some patients have difficulties 

in wearing it because of their body shape;31 that is, it could 

be an issue especially for women.

Results regarding unsuccessful shocks (in 0–0.7% of 

patients), inappropriate shocks (in 0–2% of patients), and 

frequency of SAEs leading to death (in 0–0.3% of patients) 

are homogenous. Further safety concerns could be bystander 

intervention and unsuccessful shocks due to signal interrup-

tion when the body falls and wedges.32 Inappropriate shocks 

could differ in the subgroups as well. The risk of motion-

related sensory artifacts is enhanced in WCDs (compared to 

ICDs) because they are applied externally.27 Noise detected 

externally might also result in inappropriate shocks.31 The 

WCD could also possibly not be compatible with unipolar 

pacing devices.33 Furthermore, inappropriate WCD shocks 

have the potential to induce VF since they might not be 

synchronized in a correct way.34

The eventual autonomy and freedom gained in living a 

normal life through moving in the out-of-hospital setting 

needs to be balanced against the patient’s responsibility of 

having to decide between appropriate and inappropriate 

shocks. The focus group study stated that they would not 

want to decide whether to use the WCD’s response button 

or not. The patients indicated that they would be afraid of 

possibly preventing an appropriate therapy and that they lack 

the knowledge and the decision-making competence that 

clinicians possess, which is in line with previous research.35 

Additionally, the autonomy is given at the expense of false 

security since the patients might understand that they are 

protected from all lethal arrhythmias and not just from VT and 

VF. The focus group also raised concerns about the WCD’s 

lack of pacing capabilities.

The principles of beneficence and non-maleficence have 

to be weighted. Uncertainties regarding the benefits of the 

WCD need to be discussed in contrast to the psychological 

benefit, that is, to feel secure and the opportunity for patients 

to remain in their normal surroundings. These highly subjec-

tive advantages need to be balanced with harms of which 

some might induce further arrhythmias that potentially result 

in death – contributing to psychological stress and fear/

anxiety of technical failures.36,37 The focus group highlighted 

that experiencing a sense of security is crucial to them. They 

expected to be able to exercise, that is, to be athletes and 

to live with few restrictions despite receiving a therapy – 

which was the case when using the ICD. In addition, since 

relatives and/or caregivers should be around whenever the 

patient removes the garment25 and need to react after the 

WCD intervention, as the patient needs medical treatment 

post-shock,27 they may also be susceptible to a psychological 

harm caused by the fear or anxiety. The WCD therapy was 

not considered an option for weeks or even months by the 

focus group due to expected restrictions because of efforts 

of wearing it and possible issues with its weight. They were 
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afraid of being permanently reminded of their disease by 

wearing the defibrillator on the outside instead of having it 

implanted.

Against the backdrop of the limited knowledge on the 

appropriate patient group for the device and because of the 

large indication group and an uncertain or marginal benefit, 

the question regarding the principle of distributional justice 

of investing resources in devices of unproven benefit while 

not investing the resources elsewhere needs to be posed. Fur-

thermore, the costs of the WCD as recognized by physicians 

as well as the question of cost-effectiveness of the WCD for 

a quality-adjusted life year and cost-effectiveness thresholds 

of different countries might lead to difficulties in accessing 

the WCD.38,39 Due to the lack of effectiveness data, assump-

tions regarding the WCD’s cost-effectiveness are calculated 

referring to the marginal effect of the WCD in the included 

studies with higher number of participants (<2%) and the 

published cost-effectiveness analyses as referenced above.

The WCD invades the sphere of privacy through collect-

ing data regarding heart functions of the patient and through 

submitting it to the particular cardiologists (ZOLL Medical 

Corporation, unpublished data, 2016). However, this manipu-

lation of personal data could be justified in case the benefit 

of the WCD is confirmed.

A number of limitations need to be considered when 

reviewing the present results. The main limitation of this 

analysis is connected with the absence of high-quality data 

on clinical effectiveness as well as with the limited number 

and quality of studies included in the assessment of safety. 

Four of the five included studies were characterized by high 

risk of bias, and the fifth study to very high risk of bias.22 

The limitations of the methodology were the following: 

study participants were not recruited consecutively,20,23,24 it is 

uncertain whether participants entered the study at a similar 

point in the disease status20,24 (or not meeting this criteria23), 

conflicts of interest or sources of funding for the study were 

not reported,20,22 and there was high loss to follow-up.20 Four 

studies received funding from the manufacturer ZOLL Medi-

cal Corporation, and the fifth study did not clearly indicate 

possible funding.22 Selection bias can especially occur in case 

series because patients are recruited from a specific popula-

tion, that is, the hospital, which may not represent the general 

population appropriately (eg, multimorbidity, noncompliant 

personality traits). Because of the absence of comparators 

exposed to the same variables, effects shown could be a result 

of intervening effects (eg, in case of skin rash). The existing 

studies did not include the following relevant information: 

device model, settings of the monitor, number of response 

button use, number of false alarms, possible device–device 

interactions, information whether ICDs were indicated at 

the start of the WCD use and potentially could be avoided 

post-WCD use, and data on disease status (stage of disease) 

at baseline. Information on HRQoL and satisfaction with the 

WCD needs to be gathered using a standardized approach. 

Information on hospitalization would be of interest. Chal-

lenges regarding the focus group included the identification 

of participants representative for this patient group and the 

complexity of patient histories.

The AHA presented the WCD as a treatment option for 

VT and VF.7 Further, the WCD is seen as an option for pri-

mary prevention (in patients post-MI or post-explantation of 

an ICD when immediate reimplantation is not possible) and 

for secondary prevention (in patients with a history of SCA 

or sustained VT and VF, in whom ICD is ineffective). Further 

clarification and definition of the WCD’s role in treatment 

and prevention are needed.

It must be highlighted that there remain several opacities 

with regard to the WCD use. A clear definition of the target 

population for the WCD is required. The possibility of an 

overuse of the WCD is caused by the fear behind the risk of 

SCD. Therefore, more data40 on risk stratification of patients 

at high risk is needed. These data might be available, but until 

now have been just shown as part of larger subgroups. That 

produces skewed results and offers the WCD as the treatment 

option for the whole subgroup, although it is most needed 

for high-risk patient groups. One example is a study24 where 

former SCA and syncope patients at highest risk are included 

in the general subgroup of nonischemic cardiomyopathy 

(NICM). This study showed that patients with ischemic and 

congenital/inherited heart disease revealed significantly 

enhanced probabilities of sustained VT/VF than those with 

NICM.24 In a retrospective study, none of the 254 NICM 

patients received an appropriate WCD shock.41 Furthermore, 

appropriate shocks in the included studies varied between 

1.1 and 8%20,22,24 up to 43%,21 although one registry study 

left this outcome unreported.23 The WCD was shown to have 

limited preventive impact; maximum of 2% of patients who 

used the LifeVest® experienced appropriate shocks in nearly 

any cohort (in total >8500 patients).31 More data on the use of 

WCD in individual patient populations are needed to better 

define highest risk groups.

A proper definition of risk factors for SCA is still out-

standing and that further exacerbates the choice of appro-

priate indications for the WCD. Different baseline risks 

of patients need to be assessed, which could be done by 

conducting an individual patient data analysis. In addition, 

data on the management of patients who did not respond to 

the first-line therapy of SCA are lacking.
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Previous reviews included different study designs for the 

assessment of clinical effectiveness and safety of the WCD. 

However, only the inclusion of prospective evidence can 

provide robust data, and therefore, the present HTA excluded 

retrospective studies. In 2014, the Haute Autorité de Santé in 

France published an HTA, which includes prospective and ret-

rospective studies and provides a reimbursement recommen-

dation for a selected number of indications: ICD explantation, 

awaiting cardiac transplant, and post-MI with low ejection 

fraction.5 The Blue Cross and Blue Shield Association in the 

US published a report in 2010,6 in which the authors include 

two studies regarding the WCD;20,42 the remainder of stud-

ies are referring to controlled trials of ICDs. The authors 

summarized that the two studies focused on detecting and 

aborting VT/VF, not on evaluating the WCD’s effect since no 

direct evidence in controlled trials was available to assess its 

efficacy in relation to comparators like usual treatments or 

alternatives, which is consistent with our results.

Conclusion
Since no prospective comparative studies on the use of 

the WCD are available, neither the assessment of clinical 

effectiveness nor the comparative assessment of safety with 

the standard treatments can be made. Non-comparative data 

indicate that the WCD might be a relatively safe interven-

tion for a short-to-medium period of time, but the quality 

of available evidence is very low. AEs and SAEs need to be 

more appropriately reported in order to further evaluate the 

safety of the device. The literature search and the focus group 

yield important insights into patient-relevant outcomes and 

ethical, organizational, patient, social, and legal aspects of the 

WCD use, which should be taken into account when therapy 

options are discussed between clinicians and patients. More 

high-quality comparative data are needed on efficacy and 

safety of WCDs in order to determine the patient groups that 

would derive highest benefit from the intervention.
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