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Abstract
Sudden cardiac death is one of the leading causes of death in the older population. Compared with the general population, 
patients who experienced a myocardial infarction are four to six times more likely to experience sudden cardiac death. Though 
primary percutaneous coronary intervention considerably reduces mortality in patients who experienced a myocardial infarc-
tion, a non-negligible number of sudden cardiac deaths still occurs. Despite the high incidence rate of sudden cardiac deaths 
during the first month after myocardial infarction, prophylactic use of implantable cardioverter-defibrillators has so far failed 
to convey a survival benefit. Therefore, current clinical guidelines recommend that cardioverter-defibrillator implantation is 
contraindicated until 90 days after myocardial infarction. Wearable cardioverter-defibrillators were first approved for clini-
cal use in 2002 and are currently considered as a bridge to therapy in patients with myocardial infarction with a reduced left 
ventricular ejection fraction in whom cardioverter-defibrillator implantation is temporarily not indicated. However, there is 
insufficient recognition among interventional cardiologists of the use of wearable cardioverter-defibrillators for preventing 
sudden cardiac death after myocardial infarction. Hence, we reviewed the evidence of the efficacy of wearable cardioverter-
defibrillators used in patients following myocardial infarction to achieve better management of sudden cardiac death.

Keywords Sudden cardiac death · Myocardial infarction · Wearable cardioverter-defibrillator · Left ventricular 
dysfunction · Prognosis

Introduction

Sudden cardiac death (SCD) is a fatal complication in 
patients who have experienced a myocardial infarction 
MI [1]. In fact, epidemiologic studies have demonstrated 
that an estimated four to five million people die from SCD 
annually [2]. Among patients who experience MI, a low left 
ventricular ejection fraction (LVEF) is strongly associated 
with SCD soon thereafter [3]. One randomized clinical trial 
indicated that implantable cardioverter-defibrillators (ICDs) 
reduce the risk of SCD fourfold in patients who experience 
MI and LVEF when implantation is performed months to 
years after MI [4]. Later randomized controlled trials did 
not provide empirical support for ICD implantation dur-
ing the early phases, particularly within 40 days, after MI, 
because of an increased risk of non-arrhythmic death [5–7]. 
In cases where ICD implantation is not indicated, wearable 
cardioverter-defibrillators (WCDs) can serve as a bridge to 
definitive therapy.
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WCDs have been approved for clinical application in 
Japan since 2014 and are used in selected patients at high 
risk for SCD. Notably, WCDs have many advantages com-
pared to conventional ICDs, including the non-invasiveness 
of the procedure and the ease with which it can be termi-
nated as soon as it is considered unnecessary. Despite its 
feasibility and clinical utility, WCDs are little known among 
interventional cardiologists. Therefore, we reviewed the 
indications for and studies of WCDs in patients who experi-
enced an MI and are at high risk for SCD.

Prevalence of SCD after MI

The previous Japanese registry data showed that acute-
phase ventricular arrhythmia, which is a cause of SCD, 
was observed in one-fifth of MI patients and associated 
with higher incidence of in-hospital mortality [8]. From the 
results of observational and randomized controlled stud-
ies, the incidence rate of SCD after MI is 2–4% per year 
in Western countries [3, 9]. From the pooled data of two 
cohort studies in Japan, the incidence of SCD after MI is 
1.2% [10]. Importantly, the risk of SCD after MI is time-
dependent, with a tenfold higher risk in the first 30 days 
after MI, particularly in patients with an impaired LVEF; the 
risk decreases exponentially over the first 6 months and pla-
teaus after 12 months [3]. Although a combination of early 
revascularization and medication, including beta-blockers, 
statins, anti-platelet therapy, angiotensin-converting enzyme 
inhibitors/angiotensin receptor blockers, and mineralocorti-
coid receptor antagonists reduces the mortality risk in the 
early phases after MI, SCD remains a non-negligible cause 
of death [11–13]. A low LVEF after MI, particularly ≤ 30%, 
is a powerful independent predictor of SCD, and the mor-
tality risk in patients with a low LVEF after MI increases 
as a function of elapsed time from the MI [14, 15]. In the 

primary percutaneous coronary intervention (PCI) era, 
Halkin et al. [16] reported a risk score for predicting mor-
tality after MI, which they developed from the Controlled 
Abciximab and Device Investigation to Lower Late Angio-
plasty Complications (CADILLAC) trial and validated using 
data from the Stent-Primary Angioplasty in Myocardial 
Infarction trial. This scoring system is comprised of clini-
cal and angiographic parameters and is useful for predict-
ing short- and long-term mortality, including from SCD, 
in patients who experienced MI (Fig. 1). As a number of 
patients are at risk of SCD after MI, their optimal manage-
ment is warranted. Although, in the late post-MI period, ICD 
implantation yielded a survival benefit in patients with a low 
LVEF, ICD implantation for primary prevention of SCD in 
the early phases after MI failed to reduce overall mortality 
due to an increase in non-SCD and other adverse events, 
including infection, inappropriate shock, and heart failure 
[4–7]. Of note in those studies is the fact that a number of 
patients regained full cardiac function after the early phases 
after MI. Indeed, a recent prospective study demonstrated 
that, in patients with a LVEF ≤ 35% following MI, 57% of 
patients experienced an improvement in LVEF to > 35% 
within 3 months of the MI [17]. In other words, nearly 60% 
of patients with a LVEF < 35% during the acute phase of MI 
do not require ICD implantation. Therefore, an alternative to 
early ICD implantation is required during the first 40 days 
after MI in patients with a low LVEF.

Overview of WCDs

WCDs are a possible alternative to ICDs for preventing SCD 
in the early phases after an MI. The WCD (LifeVest, ZOLL 
Medical Corporation, Chelmsford, MA) is a unique medi-
cal tool, comprised of a detachable elastic vest with three 
non-adhesive defibrillation electrodes and four non-adhesive 

Fig. 1  CADILLAC risk score 
and mortality. The incidence of 
mortality increased steeply at 
a risk score of ≥ 10 (a). Three 
strata of risk score, defined as 
low, intermediate, and high, 
demonstrated prognostic utility 
throughout the 1-year follow-
up (b)



55Wearable cardioverter‑defibrillators after myocardial infarction: a review of its clinical…

1 3

sensing electrocardiogram electrodes fitted to the chest, as 
well as a monitor unit at the waist (Fig. 2) [18]. Similar to 
the conventional ICD, the WCD uses an arrhythmia detec-
tion algorithm before delivering a shock; the algorithm is 
based on heart rate, template matching, and persistence 
of arrhythmia [19]. After arrhythmia detection, the WCD 
alerts the patient with vibrations, LED signals, and an audi-
ble warning alarm. This gives the patient time to cancel the 
impending shock by pressing the response button of the 
monitor unit. If the response button is not pressed, the WCD 
starts the therapy by extruding gel from electrodes inside the 
vest and defibrillates the patient’s heart. In spite of its sim-
plicity, the device’s diagnostic sensitivity and specificity are 
reportedly comparable to those of ICDs [20–22]. To date, 
the efficacy of WCDs adapted to Japanese patients has not 
been established, although the Japan Wearable Cardioverter 
Defibrillator Registry (J-WCDR) is under way; it is a pro-
spective observational registry aimed to evaluate “the actual 
state of WCD use in Japan and its clinical consequences” 
(UMIN000040881).

Indication for WCD use in patients who 
experience MIs

As use of an ICD to prevent SCD during the first 30 days 
after an MI is not associated with a lower mortality rate, 
Japanese, American, and European guidelines state that ICD 
implantation should only be considered from one month 
after an MI occurred [3, 6, 7, 23]. In these guidelines and 
consensus documents, WCDs are recommended as a “bridg-
ing therapy” in patients at high risk for SCD during this 
1-month period [24–26] (Table 1).

Clinical efficacy of WCD

There have been several studies in which the clinical efficacy 
of WCDs has been examined (Table 2); the use of WCDs 
was discovered to reduce mortality in selected patients 
at high risk for SCD following an MI. The WEARIT and 
BIROAD studies were retrospective studies of patients with 
symptomatic heart failure and a LVEF < 30% (WEARIT 
cohort) or those at high risk for SCD after an MI or bypass 
surgery (BIROAD cohort). In those studies, 289 patients 
were enrolled and used WCDs, with a 75% successful defi-
brillation rate [22]. In a prospective analysis of a large U.S. 
national registry, patients with a LVEF < 35% had a higher 
rate of early mortality after PCI compared to late mortality; 
moreover, WCD use was associated with a lower risk of both 
early and long-term mortality [27]. The WEARIT-II registry 
was the first prospective registry of the WCD in which the 
risk of fatal arrhythmias during WCD use was assessed and 
the rate of LVEF improvement at the end of WCD use deter-
mined in patients at high risk for cardiac events [28]. Inap-
propriate shocks administered by WCDs were reported in 
only 0.5% of cases. At the end of WCD use (after coronary 
revascularization), 41% of patients experienced an improve-
ment in LVEF and did not require ICD implantation 30 to 
90 days after MI. These results provide evidence that WCDs 
can improve survival for patients with a high SCD risk while 
they wait for ICD implantation, as well as reduce unneces-
sary ICD implantation.

The VEST trial was the only randomized controlled 
trial to date to evaluate the efficacy of WCDs in preventing 
arrhythmic and all-cause mortality in patients who experi-
enced an MI and had a reduced LVEF [29]. Of 2302 patients 
who experienced an MI and had a LVEF < 35%, 1524 were 

Fig. 2  Wearable cardioverter-
defibrillator
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randomized into a group receiving guideline-directed medi-
cal therapy with a WCD; the use of a WCD was not statisti-
cally significantly associated with a reduction of arrhyth-
mic SCD (Fig. 3). Despite careful power calculations in the 
VEST trial, relatively low compliance in wearing the WCDs 
reduced the power of the study for demonstrating a survival 
benefit of WCDs. Although the investigators assumed a 
device-adherence rate of 70% in their trial, that goal was 
only met or exceeded in the first 2 weeks. Over time, the 

proportion of patients using the WCD waned to approxi-
mately 40%. Notably, the majority of deaths in the WCD 
arm (36 of 48 deaths) in the VEST trial occurred in patients 
who were not wearing the WCD. However, in as-treated 
and per-protocol analyses (subject to effect-cause bias and 
confounding by propensity to adhere), which assessed the 
impact of early cessation of WCD use on SCD, WCD use 
during the first 3 months after an MI was associated with a 
relative risk reduction compared to non-WCD use (Fig. 3) 

Table 2  Clinical studies of wearable cardioverter-defibrillators for patients who experienced myocardial infarctions

CABG, coronary artery bypass grafting; CI, confidence interval; EF, ejection fraction; HF, heart failure; ICM, ischemic cardiomyopathy; IHD, 
ischemic heart disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction; NR, not reported; NYHA, New York Heart Associa-
tion; PCI, percutaneous coronary intervention; RR, relative risk; SD, standard deviation; WCD, wearable cardioverter-defibrillator

WEARIT/BIROAD WEARIT-II VEST

Study design Retrospective analysis Prospective observational registry Randomized trial
Number of patients 289 2000 (ICM group: n = 805) 2302 (WCD group: n = 1524)
Patients’ background (1) NYHA III/IV HF with 

LVEF < 30%
(2) IHD after PCI/CABG with 

LVEF < 30% or ventricular 
arrhythmia

ICM
Non-ICM
Congenital

MI with LVEF < 35%

Mean ± SD age, years 55 ± 12 62 ± 16 61 ± 12
Male sex, % 82 70 73
Mean ± SD baseline EF, % 23 ± 10 25 ± 10 28 ± 6
Mean (± SD) follow-up duration, 

days
90 84 ± 16

WCD use during follow-up, days 93 (mean) 90 (median) 58 (median)
Median hours per day wearing the 

WCD
NR 22.5 18.0

Arrhythmic death NR 0.2% WCD vs. Control: 1.6% vs. 2.4%
RR (95% CI) 0.67 (0.37–1.21)

All-cause mortality 4.2% 0.2% WCD vs. Control: 3.1% vs. 4.9%
RR (95% CI) 0.64 (0.43–0.98)

Appropriate shocks, % 2.1 1.1 1.3
Inappropriate shocks, % 2.1 0.5 0.6

Fig. 3  Kaplan–Meier analysis 
in the VEST trial. In intention-
to-treat analysis, the incidence 
of sudden cardiac death and 
ventricular tachycardia/ventric-
ular fibrillation was comparable 
between the wearable cardio-
verter-defibrillator (WCD) and 
control groups (a). Conversely, 
in the post hoc per-protocol 
analysis, the use of WCD was 
statistically significantly associ-
ated with a lower incidence of 
arrhythmic death compared 
with the control group (b)
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[30]. Eventually, although the main analysis of the VEST 
trial failed to show clinical benefit of WCD, the recent meta-
analysis has demonstrated the clinical efficacy of WCD for 
terminating fatal ventricular arrhythmia in patients with 
elevated risk of SCD [31].

Unresolved issues

Since the preventive effect of WCD is only conferred to 
patients when the device is worn, compliance with WCD use 
is a critical issue. The VEST trial demonstrated markedly 
lower daily wearing times compared to previous observa-
tional and prospective studies [20]. Indeed, by the end of the 
90-day follow-up period in the VEST trial, the mean ± stand-
ard deviation daily wearing time decreased from 16.3 ± 9.8 h 
on day 1 to 8.3 ± 10.6 h [29]. Notably, in the VEST trial, the 
majority of mortalities among patients randomized to the 
WCD group occurred when participants were not wearing 
the WCD. It is desirable that medical professionals guide 
patients toward appropriate WCD use. The recent report 
demonstrated the novel ‘WCD training team’ approach 
for maintaining high WCD wearing compliance and this 
approach could be widely adapted for Japanese patients [32].

The cost of WCDs is one major barrier in the way of 
its widespread clinical application. The reimbursement for 
renting a WCD had not been covered completely by health 
insurance, resulting in a net expenditure by healthcare facili-
ties. Therefore, the rental fee was revised in April 2020, 
resolving the imbalance. To receive this reimbursement, it 
is essential that clinicians assess patients’ condition monthly 
at the out-patient office.

Due to lack of awareness among interventional cardiolo-
gists, WCD is still under-recognized and has difficulty for 
routine use to prevent SCD in high-risk population during 
acute-phase. We hope this review will promote appropriate 
use of WCD in the modern PCI era.

Conclusions

SCD after an MI remains a concern even in the era of pri-
mary PCI; therefore, optimizing the preventive strategy 
against SCD is essential, particularly in patients with a low 
LVEF following an MI. As conventional ICD implantation 
is not indicated during the early phases (within 3 months) 
after an MI, WCD could be used as a bridge to definitive 
therapy in such cases. However, the only randomized trial 
that has been conducted in this field could not demonstrate a 
statistically significant reduction of arrhythmic death in the 
post-MI population, which might have been due to the low 
patient adherence rate. In future, the importance of wearing 
the WCD should be clearly conveyed to participants; it will 

not only likely improve survival rates, but also the statisti-
cal power of trials. To promote patient compliance, medical 
providers, including interventional cardiologists, should be 
familiar with the appropriate use of the WCD; this should 
improve the prognosis in the post-MI population with left 
ventricular dysfunction.
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