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Abstract

Objective.—To synthesize the available evidence on the use of wearable cardioverter-

defibrillator (WCD).

Background.—Observational WCD studies for the prevention of sudden cardiac death (SCD) 

have provided conflicting data. The VEST trial was the first randomized controlled trial (RCT) 

showing no reduction in SCD as compared to medical therapy only.

Methods.—We searched PubMed, EMBASE, and Google Scholar for studies reporting on the 

outcomes of patients wearing WCD from 1/1/2001 through 03/20/2018. Rates of appropriate and 

inappropriate WCD therapies were pooled. Estimates were derived using DerSimonian and Laird’s 

method.
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Perspectives.

Competency in Patient Care. Observational studies on WCDs included mixed indications and high-risk patients. There was a high rate 
of appropriate and inappropriate WCD shock over 3 months, while mortality was uncommon. The rate was much higher in 
observational studies as compared to the only randomized trial to date.

Translational Outlook. More randomized, indication-specific clinical trials are needed to address the efficacy and cost-effectiveness of 
WCD and to justify its continued use.
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Results.—Twenty-eight studies were included (32,426 patients, 27 observational, 1 RCT-WCD 

arm). The incidence of appropriate WCD therapy was 5 per 100 persons over 3 months (95% CI 

3.0, 6.0, I2= 93%). In studies on ischemic cardiomyopathy, the appropriate WCD therapy 

incidence was lower in VEST trial (1 per 100 persons over 3 months, 95% CI 1.0, 2.0) as 

compared with observational studies (11 per 100 persons over 3 months, 95% CI 11.0, 20.0, I2= 

93%). The incidence of inappropriate therapy was 2 per 100 persons over 3 months (95% CI 1.0, 

3.0, I2= 93%). Mortality while wearing WCD was rare; 0.7 per 100 persons over 3 months (95% 

CI 0.3, 1.7, I2= 94%).

Conclusion.—The rate of appropriately treated WCD patients over 3 months of follow-up was 

substantial; higher in observational studies as compared with the VEST trial. There was significant 

heterogeneity. More RCTs are needed to justify continued use of WCD in primary prevention.

Condensed abstract.

We conducted a systematic review and meta-analysis on the outcomes of patients prescribed 

wearable cardioverter-defibrillators (WCDs). We included 28 studies (32,426 patients). The pooled 

incidence of appropriate WCD therapy was 5 per 100 persons over 3 months. Mortality while 

wearing the WCD was uncommon (0.7 per 100 persons over 3 months). There was significant 

heterogeneity. The rate of appropriately treated WCD patients over 3 months of follow-up was 

substantial, much higher in observational study than the WCD-arm of the VEST trial. More RCTs 

are needed to justify continued use of WCD in primary prevention.
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Introduction

In 2001, the United States Food and Drug Administration (FDA) approved the first wearable 

cardioverter-defibrillator (WCD)(1). However, until recently, there have been no randomized 

clinical trials (RCTs) to assess the effectiveness of this technology. ZOLL® (Pittsburgh, PA), 

the sole manufacturer of WCD (LifeVest®) worldwide, maintains a registry that includes 

patients who are prescribed the LifeVest. Most published studies are derived from this 

database. Current guidelines give IIa recommendation for the use of WCD in secondary 

prevention when ICD removal is required and IIb recommendation for all other scenarios, 

including primary prevention(2).

Studies on WCD have reported mixed findings(3–29). Except for the VEST (Vest Prevention 

of Early Sudden Death) trial(30), all these studies were observational using data provided by 

ZOLL(5,7,9–14,17–21,23,24,27–29). Most of the studies combined patients with different 

indications, making interpretation of the evidence difficult and leading to significant practice 

variation in prescribing WCDs. More recently, the VEST trial was the first RCT 

investigating the benefit of WCD in patients suffering a myocardial infarction and EF ≤ 35% 

as compared to medical therapy only, reporting no difference in mortality secondary to 

SCD(30). We performed a systematic review and meta-analysis of all published WCD 
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literature to synthesize the available evidence on the topic in a consistent manner accounting 

for variation in SCD risk in different diseases.

Methods

We performed a systematic review and meta-analysis of all studies reporting on the rate of 

shocks delivered by a WCD, following the Meta-analysis Of Observational Studies in 

Epidemiology (MOOSE) guidelines(31). We searched PubMed, EMBASE, Google Scholar, 

and references of the included articles for relevant studies from 1/1/2001 through 3/20/2018. 

Two investigators (AM and AMA) performed the search independently. The search included 

the following key terms: “wearable cardioverter defibri llator” or “LifeVest”. We reviewed 

abstracts of potential studies and full texts of included studies. The WCD-arm of the VEST 

trial was included initially as a conference abstract presentation and later the published 

manuscript was reviewed(30).

All studies reporting on patients using WCD were included regardless of indication. All 

studies had to report on appropriate shock rates for inclusion. If two or more studies reported 

on the same cohort, the study with the most comprehensive evaluation was included. We 

included all studies that analyzed data provided by ZOLL, given that we were not able to 

determine which ones had overlapping data. Wherever possible, studies were subdivided 

into more homogenous subgroups based on indication for WCD (e.g., ischemic 

cardiomyopathy (ICM), non-ischemic cardiomyopathy (NICM), ICD explant).

Two investigators (AMA and MAZ) extracted the relevant data. Any disagreement in 

reporting was further reviewed and validated by a third investigator (AM). Data collected 

included study characteristics, data source (ZOLL vs. hospital-level data), financial 

disclosures involving ZOLL (defined as any author declaring any financial conflict of 

interest related to ZOLL), age, gender, left ventricular ejection fraction (LVEF), percentage 

of patients with ICM and NICM (NICM subdivided into idiopathic and dilated, myocarditis, 

peripartum, tachycardia-mediated, and other/unclassified), average daily utilization of WCD 

(hours/day), and follow up duration. Primary outcome was the pooled incidence of patients 

treated appropriately and inappropriately by WCD (i.e if a single patient received 2 shocks, 

this was counted as a single event under the assigned outcome of WCD therapy – a s 

compared to shock rate which is the actual number of shocks delivered). Secondary 

outcomes included the pooled incidence of death while wearing WCD, and the pooled 

incidence of number of shocks delivered appropriately and inappropriately by WCD.

Statistical Analysis

Continuous variables are expressed as means or medians depending upon normal or non-

normal distribution, respectively. Categorical variables are expressed as percentages. The 

average time of follow up was taken to be the mean. When the mean was not available, the 

median was used. The follow-up time (person-months) was calculated by multiplying the 

total number of patients within each study multiplied by the mean follow up time in days 

and divided by 30.4. The rate of events was calculated as events/person-months and 

multiplied by 3 to provide the rate of events per 3 person-months. Subsequently, the rate was 

multiplied by a 100 for ease of interpretation. We used the term rate of events per person 
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over 3 months interchangeably with the rate of events per 3 person-months. The standard 

error of the logarithm transformation of the incidence rate (r) was calculated by using the 

following formula: SE = Sqrt ((1-r)/c)) – where SE is standard error of the inci dence rate, r 

is the incidence rate, and c is the number events in the category.

We pooled the study-specific incidence rates using random-effects model meta-analysis 

using the DerSimonian and Laird’s method to provide a single summary estimate(32). We 

provided pooled estimates along with corresponding 95% confidence intervals (CIs). Event 

rates could not be estimated for studies with zero events, thus, these studies did not 

contribute to the pooled estimate within each outcome. We sub-grouped the studies based on 

type of cardiomyopathy, initial indication for ICD placement, whether the data came from 

the ZOLL database, and whether authors had financial disclosures involving ZOLL, based 

on the a priori hypothesis that these factors may affect reported outcomes.

We assessed heterogeneity between studies using Q and I2 statistics. The I2 statistic(33). In 

general, I2 values of 25% or less, 50%, and 75% or more represent low, moderate, and high 

level of heterogeneity, respectively. We explored sources of heterogeneity based on the 

apriori defined subgroups of cardiomyopathy type, ICD indications, data source, financial 

disclosures involving ZOLL, study design and study size. Heterogeneity was further 

explored by performing meta-regression of study-specific incidence estimate on average age 

of participants, average ejection fraction, proportion of female participants, and average 

daily use of WCD (in hours per day). Subsequently, we performed single study influence 

analysis. This was achieved by computing pooled estimates serially by omitting one study at 

a time and displaying the results graphically. We assessed publication bias using Egger 

regression test P value for funnel-plot asymmetry(34). We further assessed for presence of 

publication bias by subgrouping the studies based on the study-size (using arbitrary cut-off 

of 500 participants) and comparing the pooled estimates for the various outcomes between 

the larger- and the smaller-sized studies (larger studies are thought to be less susceptible to 

publication bias). Statistical tests were two-sided and used a significance level of p < 0.05. 

Analyses were conducted with Stata 13 (Stata Corp LP, College Station, Texas, USA).

Results

Study Selection

The search yielded 367 abstracts. After excluding duplicates and manuscripts that did not 

meet inclusion criteria, 27 studies were selected, and with the addition of the WCD arm 

from the VEST trial (targeting this subgroup as a prospective observational study rather than 

studying how it compared to the controlled arm, which was not included), a total of 28 

studies were included in the final analysis (Figure S1, online supplement). The studies by 

Singh et al(26), Beiert et al(5), Saltzberg et al(24), and Barsheshet et al(4) were each 

separated into 2 indication- specific sub-groups.

Qualitative Analysis

The 28 studies enrolled 32,426 patients. All were observational in nature (21 retrospective, 6 

prospective) except the WCD arm of VEST. As shown in Table 1, most studies had median 
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age > 50 years, predominantly comprised males, included patients with LVEF <35%, had 

variable compliance with WCD use, and included patients with short duration of WCD use 

(typically < 120 days). There were 18 studies in which one or more authors declared 

disclosures involving ZOLL. Twenty studies either used data from the ZOLL database 

ZOLL or were sponsored by ZOLL (fully or partially). Only 6 studies, all published between 

2015 and 2017, included independent data and had no disclosures involving ZOLL, 

collectively reporting on a total of 710 patients (Table 1). The VEST trial was funded by 

both the National Heart, Lung, and Blood Institute (NHLBI) and ZOLL. The specific 

indications for WCD in each study are summarized in Table 2. Few studies reported the 

outcomes of WCD by subgroups of ICD indication, such as primary vs secondary prevention 

or ischemic vs non-ischemic cardiomyopathy. Most studies reported on the incidence of 

referral for ICD after the WCD wear period, which ranged from 4.4% to 59% (Table S1).

Quantitative Analysis

Overall analysis.—The overall pooled incidence of appropriate WCD treatment was 5 per 

100 persons over 3 months (95% CI 3.0, 6.0; I2=93.1%, p<0.001), Figure 1. The pooled 

incidence rate for appropriate WCD shock was 7 per 100 persons over 3 months (95% CI 

5.0, 9.0; I2=95.9%, p<0.001), for inappropriately treated patients was 2 per 100 persons over 

3 months (95% CI 2.0, 4.0; I2=90.3%, p<0.001), and for inappropriate WCD shock was 2 

per 100 persons over 3 months (95% CI 1.0, 4.0, I2=93.7%, p<0.001) Figures S2, S3 and S4 

(Online Supplement), respectively. Death while wearing the WCD was relatively low; the 

pooled incidence was 0.7 per 100 persons over 3 months (95% CI 0.3, 1.7, I2=94%, 

p<0.001). There was significant qualitative and quantitative heterogeneity in all the analyses.

Exploring heterogeneity

Etiology of cardiomyopathy—The studies were sub-grouped into ICM, NICM, or 

mixed based on the etiology of cardiomyopathy provided in the reports (Figure 2). There 

was significant difference in the pooled incidence rates of appropriately treated patients with 

ICM (8 per 100 persons over 3 months, 95% CI 4.0, 15.0), NICM (6 per 100 persons over 3 

months, 95% CI 3.0, 12.0), or mixed indication (3 per 100 persons over 3 months, 95% CI 

3.0, 4.0; p=0.05). The interaction between cardiomyopathy sub-group and incidence rate of 

inappropriately treated patients, failed shock, and death while wearing WCD are presented 

in Figure 2. As compared to observational studies, the WCD arm of VEST reported lower 

average daily compliance (wear-time) of the WCD and had the lowest incidence of 

appropriately treated patients compared to the pooled ICM cohorts (1 per 100 persons over 3 

months as compared to 11 per 100 persons over 3 months; Figure 1).

Primary vs. secondary prevention—Most studies had mixed indications without 

explicit reporting of event rates based on primary vs secondary prevention strategies. Thus, 

we stratified studies based on the indication for a WCD into studies that included patients 

(irrespective of the percentage of patients with that indication) referred for primary 

prevention, secondary prevention, or ICD explants. The pooled incidence rates did not vary 

significantly by ICD indication (Figure 3).
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Further heterogeneity analyses—Subgrouping studies based on the use of ZOLL vs 

institutional data, authors’ financial disclosures involving ZOLL vs. none, and prospective 

vs. retrospective study design did not show different results of all prespecified outcomes; 

summary rates are presented in Figures S5–7 (Online Supplement), respectively. Meta-

regression analysis showed that the incidence of appropriately treated patients varied only by 

LVEF (continuous variable) of the included studies, in that higher LVEF was associated with 

greater incidence of appropriately treated patients. LVEF explained 54% of the variability in 

the incidence of appropriately treated patients (R2 = 0.54, p-value <0.01; Figure S8-A, 

Online Supplement). However, when the outlier study with an LVEF of 52% (75% of 

patients were for secondary prevention) was excluded(25), the association between higher 

LVEF and greater incidence of appropriately treated patients persisted but was weakened (R2 

= 0.19, p-value=0.04; Figure S8-B, Online Supplement). Treatment effect did not vary by 

the other tested factors, such as age, female sex, and average daily use. In influence analysis, 

we did not identify any single study which significantly influenced overall pooled estimate 

(Figures S9 A-C, Online Supplement).

Publication bias.—There was no evidence of publication bias in studies evaluating the 

incidence rate of appropriately treated patients (p-value=0.777, Figure S10, Online 

Supplement). Similarly, there was no evidence of publication bias when the outcomes of 

appropriate shocks, inappropriately treated patients, or inappropriate shocks were evaluated. 

Furthermore, larger and smaller studies generally yielded comparable pooled estimates, 

indicating lower likelihood of publication bias.

Discussion

In this systematic review and meta-analysis of studies reporting on the use of WCD, we 

found that the rate of appropriately treated patients was 5 per 100 persons over 3 months, 

while the rate of inappropriately treated patients was 2 per 100 persons over 3 months for all 

indications. Restricting analysis to studies reporting only on ICM showed a higher rate of 

appropriately treated patients as compared with NICM (8 vs 6 per 100 persons over 3 

months, respectively). Findings were similar if studies were separated based on primary vs 

secondary prevention indication, financial disclosures involving ZOLL, and the source 

database used. Only 6 studies had no author financial disclosures involving ZOLL and were 

not sponsored or used data provided by ZOLL(3,6,16,22,25,26). Those 6 studies totaled 710 

patients, of which 74% were from a single center study. However, on subgroup analyses, 

there was no difference in the outcome based on data being provided by ZOLL or having 

financial disclosures involving ZOLL. In the NICM sub-group, the pooled event rate is 

likely an over-estimation, given that 4 out of 8 studies had a zero-event rate and thus were 

not calculated into the pooled estimate(4,5,24,26).

Our study puts into perspective the overall published evidence evaluating WCD use. All 

studies were observational except VEST, in which the included WCD group was part of an 

interventional RCT(30). Qualitative analysis shows that most studies were not indication-

specific, thus diluting our knowledge on the indication-specific utility of WCD and in which 

patients it should be best used. Selection bias and including mixed indications in 

observational studies was likely the major determinant of the higher rate of appropriate 
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treatment in patients prescribed a WCD as compared with the WCD arm of the VEST 
trial(30). This was also evidenced by the results of meta-regression showing a higher 

incidence rate of appropriate WCD therapy in patients with higher LVEF.

In 2001, the FDA approved the first WCD manufactured by Lifecor (later acquired by 

ZOLL) based on 2 multi-center prospective observational studies (WEARIT and BIROAD), 

which enrolled 289 patients(35). Both studies were grouped into one analysis based on FDA 

request, with each study treated as a subgroup. Over 901 patient-months, 6 out of 8 episodes 

of VT/VF were successfully treated by the WCD(35). This was compared to historical 

controls who suffered SCD at home and called emergency services, in whom successful 

SCD resuscitation was 25%(35). FDA concluded that the WCD device had greater efficacy 

than bystander resuscitation in the historical control group(1). Besides the flaws of the 

design and the use of historical controls; only 27% of patients in WEARIT were taking a 

beta-adrenergic antagonist, 34% were on anti-arrhythmic medications, and 45% were on 

inotropes. As such, the patients included in those studies do not represent the patients who 

are currently being prescribed WCD while on optimal medical therapy during the mandated 

waiting period prior to ICD consideration(2).

The recently published NHLBI and ZOLL-sponsored randomized VEST (Vest Prevention of 

Early Sudden Death) Trial would be the first RCT in 17 years testing WCD efficacy by 

randomizing patients post myocardial infarction with LVEF ≤35% to WCD or usual care. 

However, there was slow enrollment into the trial (2008 – 2017), leading to a change in the 

primary end-point from all-cause mortality to the less clinically relevant endpoint of SCD, 

which allowed for a decrease in sample size(30).The primary endpoint that the study was 

powered for (i.e. SCD) was not different between WCD + medical therapy arm (1.6%) vs. 

medical therapy only arm (2.4%), p=0.18. The secondary endpoint of all-cause mortality 

was advertised during the trial presentation to be lower in the WCD group as compared with 

no-WCD (3.1% vs 4.9%, p=0.04) which appeared to be driven partly by lower stroke rate in 

the WCD (monitored for atrial fibrillation in an open label study) group. However, the trial 

was not powered for all-cause mortality and multiple-comparisons correction, such as 

Bonferroni correction, was not presented(30).

The WCD is one example in which evidence-based practice falls short. In certain practices, 

the WCD has become the de facto standard of care for patients post MI with an EF ≤ 35% 

during the mandated 3 months waiting period for an ICD implantation for primary 

prevention. An online report in 2015 stated that >200,000 WCD have been prescribed(36). 

This practice pattern is likely driven by the finality of SCD and partly by fear of litigation, 

despite the absence of data to support it. IRIS and DINAMIT both showed no overall 

mortality benefit to early ICD implantation(37,38) and DANISH showed no benefit of ICD 

on overall mortality over 5.6 years follow-up in NICM(39). The primary finding of our study 

is that the available evidence from observational studies is fraught with poor methodology, 

selection bias, and confounding concerns. The available evidence from the VEST trial shows 

that the rate of appropriate treatment by WCD was low (1 in 100 persons over 3 months) and 

that WCD was not associated with a decreased risk of SCD(30). These findings suggest that 

WCD should not be used in primary prevention until further RCT data support its use.
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Our study has several limitations. First, this was a systematic review and meta-analysis of 

study-level data, and the authors did not have access to patient-level data. Second, studies 

were heterogenous with variable inclusion criteria and mostly mixed indications. Third, 

studies that used the database sponsored by ZOLL had overlapping data that made it 

impossible to identify which patients or cohort were reported on repeatedly. Fourth, we did 

not have data on the specific financial disclosures involving ZOLL. Fifth, the event rate of 

appropriate shock (i.e. aborted SCD) was low, rendering point estimates imprecise. Sixth, 

given that the rates of WCD therapy in observational studies were higher than the only RCT 

(VEST); casual inference based on these data is not possible.

Conclusion.

In this systematic review and meta-analysis of studies on the use of WCD, the rate of 

appropriately treated patients over 3 months of follow-up was substantial and higher in 

observational studies as compared with the WCD arm of the VEST trial. There was 

significant heterogeneity across the studies, and most of the studies included data provided 

by the WCD manufacturer or had financial disclosures involving ZOLL. Our analyses 

highlight the limitations of the published data that justified the continued use of WCD for 

years. More RCT data, including cost analyses, are needed to justify the continued use of 

WCD in primary prevention.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Pooled incidence rate per 1 person over 3 months of appropriately treated patients while 

wearing the wearable cardioverter-defibrillator. The vertical line represents the summary 

pooled estimate across all studies shown. Multiply rate by a 100 to get incidence rate per 

100 persons over 3 months. ICMP: ischemic cardiomyopathy; NICMP: non-ischemic 

cardiomyopathy; mixed: mixed indication for the wearable cardioverter-defibrillator; CI: 

confidence interval. Event rates could not be estimated for studies with zero events 

(Bhaskaran 2015, Kao 2012, Saltzberg 2012 PPCMP), thus, these studies did not contribute 

to the pooled estimate within each outcome.
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Figure 2. 
Pooled incidence rate per 1 person over 3 months of appropriately and inappropriately 

treated patients, appropriate and inappropriate shock, failed shock, and death while wearing 

the wearable cardioverter-defibrillator, stratified by type of cardiomyopathy into ischemic 

cardiomyopathy, non-ischemic cardiomyopathy, and mixed indications. Multiply rate by a 

100 to get incidence rate per 100 persons over 3 months. Rx: treatment; ICMP: ischemic 

cardiomyopathy; NICMP: non-ischemic cardiomyopathy; mixed: mixed indication for the 

wearable cardioverter-defibrillator; WCD: wearable cardioverter-defibrillator; CI: 

confidence interval; n_studies: number of studies included; n_cases: total number of events 

in the included studies.
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Figure 3. 
Pooled incidence rate per 1 person over 3 months of appropriately and inappropriately 

treated patients, appropriate and inappropriate shock, failed shock, and death while wearing 

the wearable cardioverter-defibrillator, stratified by primary prevention, secondary 

prevention, and internal cardioverter-defibrillator explant. Multiply rate by a 100 to get 

incidence rate per 100 persons over 3 months. Rx: treatment; prev: prevention; ICD: internal 

cardioverter-defibrillator; WCD: wearable cardioverter-defibrillator; CI: confidence interval; 

n_studies: number of studies included; n_cases: total number of events in the included 

studies.
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