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Background: Treatment with wearable cardioverter defibrillators (WCD) is a non-invasive, transient therapy option for prevention of 
sudden cardiac death (SCD) in patients with temporary contraindications for implantation of a permanent cardioverter defibrillator. 
Due to the constant risk of fatal arrhythmias, compliance is the fundamental requirement for effectiveness of a WCD, but this might be 
hindered by the poor quality-of-life (QoL) during WCD therapy. In this retrospective single-center study, we examined if 
a standardized WCD training and adherence surveillance programme could enhance compliance and QoL.
Methods: All patients with a prescription for WCD treatment from January 2017 to August 2019 were included and received 
a standardized WCD training programme. QoL was validated using the modified EQ-5D-3L questionnaire. The findings were 
compared to a historical, previously published, retrospective cohort from our center (WCD prescription period 03/2012–02/2016), 
not receiving the additional training programme. Endpoints comprised therapy adherence, arrhythmic episodes, and dimensions of 
QoL.
Results: Ninety-two patients underwent WCD treatment in the study cohort for a median of 49 days. Median daily wear time was 
enhanced in the study cohort (historical cohort vs study cohort 21.9 vs 23.3 hours/per day, p<0.01) and artefact alarms occurred less 
frequently (67.9% vs 48.9%, p 0.01). Major restrictions in QoL in the study cohort were found in mobility (48%), daily routine (44%), 
and sleep (49%), but the dimensions pain (36% vs 4%, p<0.01), mental health (43% vs 29%, p 0.03), and restrictions in daily routine 
(48% vs 30%, p 0.04) improved.
Conclusion: A standardized training and adherence surveillance programme might have beneficial effects on compliance and QoL. 
As these findings are essential for therapy success, they might potentially lead to a reduction in arrhythmic deaths in upcoming WCD 
trials.
Keywords: wearable cardioverter-defibrillator, sudden cardiac death, quality-of-life, ventricular tachycardia, ventricular fibrillation, 
life vest

Introduction
Approximately 50% of all cardiovascular deaths are due to sudden cardiac death and in most cases are caused by 
a malignant arrhythmia.1 Guidelines recommend Implantable Cardioverter Defibrillators (ICD) for patients with pre-
sumed high risk for malignant arrhythmias, but implantation is not always feasible at diagnosis due to recent myocardial 
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infarction where recovery of ejection fraction could be anticipated or temporary contraindication.1–5 Wearable cardio-
verter defibrillator therapy (WCD, Lifevest) is a non-invasive, bridging treatment option in these cases.6–12

Over the past years the effectiveness of the WCD has been described in several studies, including two large registry 
trials.7,13–17 However, the only randomized trial could not demonstrate a benefit on the primary outcome of arrhythmic death 
of wearing the WCD in high risk patients after myocardial infarction.6 A central limitation in this trial was the poor adherence 
in the intervention group: the WCD was worn a median of 18 hours per day during the trial period and WCD therapy was 
interrupted prematurely by the majority of patients. This was inferior to preceding, registry studies, with median daily use of 
23.1 hours15 and 22.5 hours,13 respectively. Due to the fact that WCD therapy is only effective if the vest is worn, compliance 
is the key to therapy success and clinicians should focus significant attention on achieving compliance.18

Although QoL displays a potential risk factor for reduced adherence during WCD treatment, only limited data is available. 
Previous trials have described premature treatment discontinuation due to comfort issues.16,19 One retrospective, single 
center study from our department showed a reduced QoL with impairment of mental health, mobility, daily routine, and freedom 
of pain during the investigational period, which might have led to limited therapy adherence as a consequence, with a mean daily 
wear time of 19.7 hours per day. Despite the low rates of inappropriate shock delivery (0.6–2.08%), fear of shock, discomfort of 
wearing the device, and a vast amount of inappropriate episodes may be associated with restrictions in daily life, whereas an 
actual life save only occurs in a few patients.6,9,13,15

In this study we investigated whether a standardized WCD training and adherence surveillance programme might 
improve daily wear time and device handling, and reduce inappropriate episodes due to enhanced recording quality. We 
further evaluated whether these improvements may reduce impairment of QoL.

Methods
Study Cohort
Consecutive patients receiving WCD therapy (LifeVest Zoll Inc, PA, USA) in our department from January 2017 to August 2019 
were included. WCD was prescribed to patients with presumed high risk of arrhythmic death and a transient contraindication for 
ICD therapy at the discretion of the treating physicians. Clinical characteristics were obtained from electronic medical records at 
the time point of WCD prescription and device data during the trial period were extracted from the LifeVest network database. 
After WCD treatment every patient visited at least one more time for re-evaluation for permanent ICD therapy. No patient was 
burdened with additional examinations or treatment beyond routine clinical care. Our analysis was conducted in accordance with 
the declaration of Helsinki and was approved by the Ethics Committee of the Ludwig Maximilian University of Munich, because 
of the retrospective and anonymized data analysis and the confidentially patient data curation in the trial informed consent was 
waived (project number 17-662 and 20-641). Findings were compared to our previously published data evaluating QoL during 
WCD therapy (historical cohort).20 The design and methods have been described in detail previously, but to briefly summarize, 
patients were analyzed retrospectively with respect to compliance, appropriate and inappropriate therapy, and quality-of-life 
during WCD therapy, but without the additional training programme.20

Standardized Device-Related Training and Adherence Surveillance Programme
During the trial period all patients underwent an intensified device-related patient education performed by a medical technician of 
LifeVest. This contained an individual introductory lesson for patients and family members in regards to indication, proper 
handling, reactions to alarms, as well as the consequences of poor compliance. After registration in the LifeVest database, alarms, 
episodes, and daily wear time were validated on a daily basis via remote monitoring. In case of documentation of insufficient 
daily wear time (defined as wear time <95%) or high count of inappropriate episodes (defined as >1/day) due to mishandling the 
patient was contacted within 24 hours. The instruction was repeated as often as needed and if necessary was performed in the 
home environment in order to generate the best possible management with the device in the patient´s own environment. 
Additionally, components of the WCD system were replaced at home, if defective or misfitting.
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Quality-of-Life Assessment
We performed QoL assessment either in this setting or by phone with a standardized, non-disease-specific questionnaire 
for validating health-related QoL (EQ-5D-3L).21,22 Non-disease-specific QoL was assessed by five dimensions including 
mobility, self-care, daily routine, pain, and mental health, on a categorized rating scale. In addition, four device-specific 
polar questions were included.

Statistics
Continuous, normally distributed variables are described as median and interquartile range, all other continuous variables 
as mean±standard deviation (SD). Nominal variables are analyzed using the Chi-square-test, continuous variables are 
compared by the Wilcoxon and median test. A two-tailed p-value ≤0.05 was rated as statistically significant. All 
statistical analyses were conducted using SPSS© version 25 (IBM Corp., Armonk, NY, USA).

Results
Patient Characteristics
From January 2017 to August 2019, 92 patients received WCD therapy at our department. Patient characteristics are 
depicted in Table 1 with descriptive comparison with the prior published historical cohort; 15.2% of our patients were 
female and median age was 56.0 years. WCD treatment was mostly prescribed for primary prevention (85.9%). 

Table 1 Baseline Characteristics

Study Cohort (n=92) Historical Cohort (n=109)20

Female sex, n (%) 14 (15) 24 (22)

Age (years) 56±13 58±16

Risk factors

NYHA, n (%) I: 6 (7) I: 11 (10)
II: 19 (21) II: 44 (40)

III: 42 (46) III: 44 (40)
IV: 25 (27) IV: 9 (8)

Current MI, n (%) 15 (16) 16 (15)

Creatinin (mg/dL) 1.1±0.6 1.2±0.6

Underlying disease, n (%)

ICM, n (%) 35 (38) 46 (42)

NICM, n (%) 57 (62) 63 (58)

Indication

Primary prevention, n (%) 79 (86) 81 (74)

Secondary prevention, n (%) 13 (14) 38 (26)

Ejection fraction (%) 25±10 32±14

Medication

Betablocker, n (%) 88 (96) 103 (94)

Amiodarone, n (%) 8 (9) 7 (6)

Class IV antiarrhythmic drug, n (%) 1 (1) 0

Abbreviations: NYHA, New York Heart Association; MI, myocardial infarction; ICM, ischemic cardiomyopathy; 
NICM, non-ischemic cardiomyopathy.
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Underlying disease was ischemic cardiomyopathy (ICM) in 35 patients (38.0%). Median ejection fraction was 25% 
(Table 1).

WCD adherence and therapy are presented in Table 2. The device was worn for a median of 49 days and 23.3 (21.2–23.7) 
hours per day. Median daily wear time with WCD as a measure of compliance of each single patient of the study group is 
depicted in Figure 1. In our historical cohort the median wear time was 48 days, with 21.9 (18.1–23.1) hours per day (p<0.01).

In total, 1,495 episodes were recorded, of which 24 (1.6%) episodes were correctly annotated as ventricular arrhythmias: 
22 episodes of non-sustained ventricular tachycardia and two episodes of ventricular fibrillation. An appropriate shock was 
delivered in two patients, with three shocks within two episodes of ventricular fibrillation in one patient and one shock for 
ventricular fibrillation for the other patients. We did not detect a sustained ventricular tachycardia in our study cohort. In the 
historical cohort, 3,441 episodes were recorded, of which 0.7% were appropriate. Twenty-seven sustained VTs occurred 
(<1%), which terminated spontaneously or therapy was inhibited by the patient. In our study cohort at least one inappropriate 
alarm occurred in nearly half of all patients, significantly less frequent when compared to control (67.9, p 0.01).20 The reasons 
for inappropriate alarms in the study cohort were artefact sensing due to oversensing and noise (91.3%) and episodes of 
supraventricular arrhythmia (2.2%) and atrial fibrillation (6.5%) (Table 2).

At the time of ICD re-evaluation, the ejection fraction improved significantly from a median of 25% to 36% (p<0.01) 
and half of the study cohort had no persistent indication for ICD therapy, consecutively. A permanent cardioverter 

Table 2 WCD Adherence and Therapy

Treatment During Investigational Period Study Cohort (n=92) Historical Cohort (n=109)20 p-value

Prescription period (d) 49.0 (23.3–79.0) 48 (23.5–78) 0.98

Hours per day that wearable defibrillator was worn (h) 23.3 (21.2–23.8) 21.9 (18.1–23.1) <0.01*

Therapies and Alarms

Episodes in total 1495 3441

VF 2 0

VT 22 27

AF 7 –

No. of devices with at least one inappropriate alarm, n (%) 45 (48.9) 74 (67.9) 0.01*

Note: * p-values significant and in bold. 
Abbreviations: VF, ventricular fibrillation; VT, ventricular tachycardia; AF, atrial fibrillation.
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Figure 1 WCD compliance of the study cohort. This figure depicts the distribution of the median daily wear time of the wearable cardioverter defibrillator. 
Abbreviations: Q, Quartile; WCD, wearable cardioverter defibrillator.
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defibrillator was implanted in 37% of our patients, three individuals rejected implantation; in the control cohort 35 
patients (44.9%) received an ICD. One patient received heart transplantation during the investigational period and two 
patients died (one due to malignant disease, one died for unknown reason not wearing the WCD).

Assessment of QoL using the modified EQ-5D-3L questionnaire was available in 53 patients of our study 
cohort, with more than half of the patients not experiencing limitations in any QoL dimension. Major patient 
concerns were a mild impairment of mobility, daily routine, mental health, and sleep; 76% of all patients felt safe. 
Figures 2 and 3 illustrate the comparisons of the QoL restrictions between the current study and a historical 
control cohort, demonstrating significant improvement of the dimensions pain, mental health, and restrictions in 
daily routine.

Discussion
In this retrospective cohort trial we evaluated if a standardized WCD-related training and adherence surveillance 
programme affects compliance and restrictions in patients´ QoL. Several retrospective trials, including two large 
registry studies, identified potential benefits of the WCD on prevention of SCD in high risk patients.1,3,11–13,15 

Yet, the only randomized trial on WCD therapy did not reveal a lower rate of arrhythmic death compared to the 
control during the trial period of 90 days after myocardial infarction and an ejection fraction of 35% or less, but 
daily wear time of the WCD was notably lower in this study than in other registry trials.6 Because of the constant 
risk of cardiac arrhythmias, compliance is the fundamental requirement for effectiveness of a wearable cardio-
verter-defibrillator.18 One retrospective analysis from our center addressed the impact of WCD therapy on daily 
patient life and displayed a remarkable reduction of QoL during the trial period,20 which might cause poor therapy 
adherence. Therefore, we conducted a standardized WCD training and adherence surveillance programme to 
optimize patient compliance and evaluate the effect on daily wear time and QoL and compared the results with 
the above-mentioned retrospective cohort from our center.
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Figure 2 Impairment of quality-of-life (non-disease-specific questions; EQ-5D-3L): comparison of the study and the historical control cohort (percentage of patients). 
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The major finding was a benefit of our standardized training programme on daily wear time of the WCD: With 
a median of 23.3 hours per day a desirable therapy adherence was achieved, which was significantly improved over the 
lower daily wear time (21.9 hours per day) in our historical cohort. The enhanced compliance was comparable to two 
large registry trials (WEARIT-II Registry and a German nationwide registry for WCD therapy) with a median daily wear 
time of 22.5 and 23.1 hours per day, respectively. In these registry trials a safe and valuable use of WCD therapy in high 
risk patients was noted in a non-randomized pattern. The VEST trial revealed poor therapy adherence with a median 
daily wear time of 18.0 hours per day – a fact that the authors discussed as the main limitation for WCD effectiveness, as 
the hypothesized prevention of arrhythmic deaths could not be confirmed in this study.6 Our findings on compliance are 
furthermore in line with the median wearing time of 23.5 hours from the Austrian WCD registry, in which a nurse-based 
training programme was integrated to support the patient during treatment.23

A further aspect that might be associated with intensified training and thereby improved patient management was the 
significantly lower rate of artefact alarms in patients receiving the training and adherence surveillance programme. Only 
half of the study cohort was exposed to at least one episode of an artefact alarm compared to more than two thirds in our 
control cohort. These findings in our historical cohort are in line with a notably larger number of artefact alarms in the 
VEST trial, where 9.6% of the patients experienced more than 100 alarms over the trial period. In our cohort no 
inappropriate shocks were delivered, a remarkable improvement when compared to an inappropriate shock rate of 0.4– 
0.6% in previously published data.6,13,15 Of all detected arrhythmic episodes, 1.6% were correctly annotated arrhythmias, 
an increased ratio when compared to <1% appropriate episodes in our historical control cohort.20 Since correct fitting of 
the device and adequate handling of artefact alarms are essential for error-free recording of the WCD and therapy 
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effectiveness, an intensified training and adherence surveillance programme might be a major advantage for the 
prevention of arrhythmic death.

Still, WCD therapy had a persisting impact on QoL despite the comprehensive assistance and training: major 
restrictions were found in mobility, daily routine, and sleep. Notably, nearly no patient experienced pain wearing the 
device and when compared to our historical cohort our current data may indicate a benefit on the dimensions pain, mental 
health, and restrictions in daily routine.20

To summarize, WCD therapy still has a persistent impact on the QoL of our cohort. Patients are continuously 
reminded of the existing risk of sudden cardiac death, as wearing the device leads to discomfort, restrictions in daily 
routine, eg, personal care and daily mobility and exposition to artefact alarms. Yet, a significant improvement of 
QoL dimensions as a result of our standardized training and adherence surveillance program could be demonstrated, 
as patients may have felt sufficiently supported and the need of the daily wear time could be repeatedly clarified. 
Nevertheless, as no inappropriate shock was delivered and two life saves occurred in our cohort, WCD therapy is 
considered to be a safe and non-invasive treatment option for patients being at transient high risk for arrhythmic 
deaths.

Our study has several important limitations: First, QoL assessment could not be gathered from every subject, which 
might affect the results because QoL assessment, especially from the more distressed patients, may be missing. Second, 
since inclusion was performed in a non-randomized, non-matched design and at different time points, statistical 
comparisons to the historical cohort were limited and as a consequence as was generalizability of the effect of the 
WCD training and adherence surveillance programme on compliance and QoL. Furthermore, the impact on QoL and 
compliance might be altered by evolving therapy of heart failure over time, whereas WCD therapy was unchanged during 
both time points of inclusion. These circumstances underline the need for larger, preferably randomized trials on this 
topic.

Conclusion
Therapy adherence is the fundamental determinant for the effectiveness of treatment with a wearable cardioverter- 
defibrillator. We could demonstrate that a standardized training and adherence surveillance programme has a beneficial 
effect on adherence. Nevertheless, limitations in quality-of-life during WCD therapy abide.

Abbreviations
SCD, sudden cardiac death; ICD, implantable cardioverter-defibrillator; WCD, wearable cardioverter-defibrillator; QoL, 
quality-of-life; SD, standard deviation; ICM, ischemic cardiomyopathy.
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