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Introduction 204 

The present rapid HTA report was carried out following the Agenas’ Manual of Procedures [Agenas, 205 

2014] and the procedures outlined in the Agency's Corruption Prevention and Transparency Plan 206 

(2017-2019) [http://www.agenas.it/images/agenas/hta/Manuale_procedure_HTA.pdf]. This 207 

document was developed following the EUnetHTA Core Model® version 3.0. The Core Model is 208 

divided into domains representing each a specific area of technology impact to be assessed. Each 209 

domain contains a series of research questions or Assessment Elements identified by a capital letter 210 

and number (e.g., A0001). To test the Core Model applicability, an adapted model was elaborated 211 

by Agenas (see APPENDIX 1 for a full description). The use of the Core Model is mirrored in the 212 

structure of this report, where each chapter corresponds to a domain and reports the Assessment 213 

Elements considered for the assessment. 214 

This Rapid Assessment relies on the procedures and methods presented in the Agenas HTA Manual 215 

and the EUnetHTA Core Model. The evaluation was carried out by Domains and for each of them a 216 

set of Assessment Elements from the Agenas version of the Core Model was selected. In each 217 

chapter’s methods paragraph a list of the selected Assessment Elements is provided together with 218 

the methodology to answer them. We focused on a reduced set of domains: technology, regulation, 219 

current use, effectiveness and safety, economic and patient and social aspects.  220 

  221 
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Summary 222 

Background 223 

The Wearable Cardioverter-Defibrillator (WCD) represents a novel therapy in primary and 224 

secondary prevention of sudden cardiac arrest (SCA). It is a defibrillation technology that is worn 225 

by the patient for most of the day, except when taking a bath/shower when a caregiver or a family 226 

member might be present. The WCD monitors the patient’s heart continuously and if it detects a 227 

life-threatening heart rhythm that it can restore, such as VT or VF, it delivers an automatic 228 

treatment shock. As a result, the WCD may reduce the risk of SCA by reverting the life-threatening 229 

ventricular tachycardia (VT)/ventricular fibrillation (VF) that are responsible for the majority of 230 

SCAs. It is primarily indicated as a temporary measure, inter alia, before the insertion of an 231 

implantable cardioverter defibrillator (ICD). 232 

The evidence regarding the WCD was assessed in 2016 by the LBI-HTA within a EUnetHTA 233 

“collaborative assessment” and by the Spanish Avalia-t in 2018 as an update assessment. Both 234 

reports highlighted the lack of sound scientific evidence and concluded that results from 235 

randomised controlled trials (RCTs) are necessary to prove the (comparative) effectiveness and 236 

safety of the device in a solid manner. 237 

Due to ongoing research and new results from a previously conducted RCT, there is a need for 238 

another assessment of the most recent evidence on the use of the WCD. This report is a rapid 239 

systematic review on the effectiveness and safety of the WCD conducted collaboratively by the 240 

Italian National Agency for Regional Health Services (AGENAS) and the Ludwig Boltzmann Institute 241 

for Health Technology Assessment (LBI-HTA). LBI manifested the intention of updating its 242 

previous EUnetHTA report  “WEARABLE CARDIOVERTER-DEFIBRILLATOR (WCD) THERAPY IN PRIMARY 243 

AND SECONDARY PREVENTION OF SUDDEN CARDIAC ARREST IN PATIENTS AT RISK” (Project ID: WP4-244 

ACB-CA-1). As Agenas was independently commissioned an assessment on the same topic, the two 245 

agencies decided to collaborate in the production of this report. 246 

 247 

 248 

 249 

 250 

 251 
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Methods 252 

The current use of the technology in Italy 253 

The current use of the technology LifeVest® 4000 in Italy was described by using information 254 

gathered by a structured questionnaire sent to manufacturers. We also searched information 255 

within the Flusso Consumi (the Italian databank for monitoring the use of medical devices) of the 256 

NSIS (New Health Information System). 257 

 258 

Systematic search 259 

Relevant studies were identified through a systematic literature search in the following databases: 260 

Cochrane (CENTRAL), Embase, Pubmed. PsycINFO was also consulted for the evaluation of 261 

patients perspective. In addition, a hand-search was conduct and manufacturers were contacted 262 

for further information. 263 

 264 

Selection criteria and selected outcomes 265 

Studies that enrolled patients using a WCD 4000 as a temporary measure (i.e., before implantation 266 

of an ICD, prior to or protection during pharmacological therapy, during prognostic stratification in 267 

post-MI patients with an increased risk of arrhythmic death, prior to heart transplantation in 268 

patients without ICD) were eligible to be included in this systematic review. For the evaluation of 269 

the effectiveness, only RCTs and observational studies with concomitant controls were considered 270 

for inclusion. The study inclusion criteria for assessing safety differed from the ones for assessing 271 

clinical effectiveness. In addition to RCTs and observational studies with concomitant controls, 272 

prospective studies without a control group were judged to be eligible to assess the safety of the 273 

WCD. 274 

The chosen indications and comparators of the intervention under investigation (WCD) were a 275 

result of a long consensus finding process between AGENAS and LBI-HTA. Finally, we decided to 276 

compare the use of WCD with whatever alternative was available in any setting (i.e. hospital or 277 

community on guideline-directed medical therapy - GDMT).  278 

For the evaluation of the effectiveness of the WCD, all-cause mortality and disease-specific 279 

mortality were selected as the primary outcomes of this systematic review. Secondary outcomes 280 

were incidence of VT/VF, ICD implantation, health-related quality of life (HRQoL), hospitalisation 281 

rate, satisfaction, and compliance. For the evaluation of the safety of the WCD, adverse events 282 

(AEs) and serious adverse events (SAEs) were selected as outcomes to assess the safety of the 283 

WCD. 284 

 285 
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 286 

 287 

Study selection, data extraction and quality appraisal 288 

The EUnetHTA Core Model® was used as the methodological framework. Two review authors (MO, 289 

GG) screened the abstracts independently and evaluated their eligibility to be included in the 290 

assessment. In case of disagreement, a third researcher was consulted (TJ). Risk of bias 291 

assessment was conducted by two researchers (GG, MO). For RCTs, the Cochrane risk of bias tool 292 

was applied, while the Institute of Health Economics (IHE) checklist was utilised to assess the risk 293 

of bias for observational studies. Data of the included studies was then extracted systematically by 294 

one researcher (MO) and verified by another researcher (GG). The strength of evidence was 295 

assessed using the Grading of Recommendations, Assessment, Development and Evaluation 296 

(GRADE) approach. 297 

 298 

Economic evaluation  299 

We carried out the economic evaluation of WCD researching the available evidence and analysing 300 

the Italian context. For the analysis of evidence we carried out the literature research, using the 301 

same search strategies used to evaluate efficacy and safety, consulting the following databases: 302 

Pubmed, The Cochrane Library (CENTRAL) and Embase; for the context economic analysis we 303 

consulted the Ministerial database (NSIS) - Flusso contratti to collect data on consumption and 304 

relative prices (purchase’ contracts of local trust) and we contacted the manufacturer to collect 305 

data on price/cost of the device through an ad hoc questionnaire. 306 

 307 

Patient and Social Aspects domain 308 

A systematic literature search on Pubmed, The Cochrane Library (CENTRAL), Embase and Psycinfo 309 

was made to answer the research question on patients perceptions. We  aimed at including 310 

literature involving adults who were real users of WCD. We read the full text of 15 titles and 311 

eventually included one of them, Lackermair et al. 2018, which is a preliminary study on QoL 312 

among patients using the WCD.  313 

 314 

Analysis 315 

For the evidence synthesis, a qualitative approach was selected. Because only 1 RCT was 316 

retrieved, it was not feasible to perform an inferential statistical analysis. 317 

 318 

 319 
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Results 320 

The current use of the technology in Italy 321 

As reported by the manufacturer, since the full launch in Italy in April 2015, 570 patients have 322 

been fitted with the device exceeding 1000 months of rental (with an estimated average of 2 323 

months of rental per patient). In Italy, 121 public hospitals are using the device, and only a few 324 

private hospitals. In the same period only eight Regions and Autonomous Provinces-PA (out of 325 

21), reported data on WCD use in the Flusso Consumi  database (Campania, Emilia Romagna, 326 

Lazio, Lombardia, Marche, Trento PA, Toscana and Veneto). There was only one center per Region 327 

reporting data of WCD use. 328 

 329 

Available evidence 330 

Overall, one study fulfilled the study inclusion criteria for assessing clinical effectiveness of the 331 

WCD. The study was a RCT, comparing the WCD in combination with GDMT to GDMT alone in 332 

patients with a recent myocardial infarction (MI) and an ejection fraction of 35% or less.  333 

For the evaluation of the safety of the WCD, the systematic literature search identified 1 RCT and 334 

further 10 prospective observational studies that met the less strict inclusion criteria to evaluate 335 

the safety of the WCD. 336 

 337 

Clinical Effectiveness 338 

One RCT was included for the evaluation of the clinical effectiveness of the WCD. The study 339 

compared the WCD in combination with GDMT with GDMT alone in patients with a recent MI and 340 

an ejection fraction of 35% or less.  341 

In total, 2,348 patients who had been hospitalised with an acute MI (and EF≤35%) were enrolled  342 

and randomised in a 2:1 ratio in the included study. Of those, 46 patients were excluded from the 343 

analysis, resulting in 2,302 patients included in the analysis (1,524 and 778 patients in the device 344 

and control group respectively). Patients in the device group received a WCD and GDMT, while the 345 

control group received GDMT alone. The mean follow-up time of the randomly assigned patients 346 

was 84.3 days (SD: 15.6). 347 

No statistically significant difference was found in the included study when comparing the primary 348 

outcome of the study, that is, arrhythmic death, between device and control group, with 25 out 349 

of 1,524 (1.6%) and 19 out of 778 (2.4%) arrhythmic deaths in those groups respectively (p = 350 

0.18). The included study did find a statistically significantly lower rate of the secondary outcome 351 

deaths from any cause in the device group when compared to the control group, with 48 out of 352 
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1,524 (3.1%) and 38 out of 778 (4.9%) deaths from any cause in those groups respectively (p = 353 

0.04)1. 354 

For the selected secondary outcomes of this assessment, the included RCT did not find statistically 355 

significant differences when comparing the rate of received ICDs between device and control 356 

group, with 67 out of 1,524 patients (4.4%) and 44 out of 778 patients (5.7%) receiving an ICD in 357 

those groups respectively (p-value = 0.18). 358 

Also, the included RCT found no statistically significant difference when comparing the incidence of 359 

VT/VF between device and control group, with VT/VF occurring in 24 out of 1,524 patients (1.6%) 360 

and 20 out of 778 patients (2.6%) respectively (p-value = 0.1).  361 

With respect to rehospitalisation rate, the RCT did not find a statistically significant difference 362 

when comparing the rehospitalisation rate between device group and control group, with 31.2% 363 

and 32.5% rehospitalised patients (any cause) in those groups respectively (p-value = 0.51). 364 

The compliance with the WCD was measured by the included RCT. In the device group, 1,481 365 

out of 1,524 patients (97.2%) wore the WCD2. Those patients wore the device on average 14 366 

hours per day (SD: 9.3). The median wear-time was 18 hours (IQR: 3.8-22.7). 367 

No evidence was found for the secondary effectiveness endpoints quality of life and patient 368 

satisfaction of the WCD. However, the included RCT did gather data on quality of life of the 369 

patients without reporting on it in the main publication. 370 

 371 

Safety 372 

The evidence base for the evaluation of safety of the WCD is 1 RCT and 10 observational studies. 373 

The RCT reported the following safety results: Three patients (0.2%) were hospitalized (two due 374 

to aborted shocks and one due to an inappropriate shock), and one patient (0.1%) died while 375 

wearing the device (deemed likely to not be an arrhythmic death). There were also 9/1524 (0.6%) 376 

inappropriate shocks in patients in the device group. AEs as rash and itching in the torso area 377 

were more common, and statistically significant differences between the device group and the 378 

control group were observed. The Unsuccessful shock rate was not reported by the RCT. 379 

The 10 observational studies reported the following safety results: six studies state that no 380 

inappropriate shock occurred, while 4 studies reported a ratio of inappropriate shocks between 381 

0.5% and 2%. Only 2/10 studies mentioned unsuccessful shocks describing that all the shocks 382 

delivered were successful. Five out of 10 studies reported the outcome of SAEs leading to death, 383 

reporting that no patients died wearing the WCD. One study reported allergic skin reactions in 2% 384 

                                                
1
 The p-value was not corrected for multiple testing, increasing the risk that this statistically significant difference was 

a chance finding (see section 4.7 Discussion for more information). 
2
 Also, some 20 patients in the control group (n=778) wore the WCD (2.6%) as well. Cross-overs were considered to be 

a protocol deviation in the included study. 



 

13 

 

of the patients. Two studies reported false alarms: one study reported that no patient received 385 

false WCD alarms, while another study reported that 57% of the patients experienced “false 386 

alarms’’ due to incorrect detection of electrocardiogram (ECG) episodes, defined as artifacts upon 387 

review. Palpitations, light-headedness, and fainting were reported by two studies and ranged from 388 

2% to 9% of the patients. Three studies reported discontinuation due to comfort and lifestyle 389 

issues that ranged from 4% to 18% of the patients.  390 

 391 

Upcoming evidence 392 

The search for ongoing studies in clinicaltrials.gov revealed that there may not be any RCTs or 393 

observational studies currently evaluating the effectiveness of the WCD for the patients in the 394 

scope of this assessment. Only uncontrolled ongoing studies (n=8) were identified that may not 395 

change the conclusions. The reader is referred to the APPENDIX 7 for the full list of identified 396 

ongoing studies. 397 

 398 

Economic evaluation  399 

We found 12 articles in our search in literature. After screening titles and abstracts, only one study 400 

(Healy 2015) potentially eligible was included. We also included another study (Sanders et al., 401 

2015) pointed out in the questionnaire by the manufacturer. After the reading of full texts we 402 

confirmed these two studies included. In the first study (Healy 2015), the authors carried out a 403 

cost-effectiveness evaluation of the WCD compared with other alternatives of management for the 404 

prevention of SCA in patients with infected ICD removed. The authors concluded that the WCD is 405 

likely a cost-effective treatment for the prevention of SCA in a significant number of at-risk 406 

patients. The analysis resulted that discharge home with a WCD was a cost-effective treatment 407 

strategy with an incremental cost-effectiveness of $20,300/LY and $26,436/QALY when compared 408 

to discharge home with no device. 409 

In the second study (Sanders et al., 2015) the authors developed a Markov model to assess the 410 

costeffectiveness of the WCD compared with the current standard of care for early post-MI 411 

patients. The aim was to identify an alternative approach to reduce the risk of SCD, considered 412 

elevated in the early post-MI period coupled with the lack of success of the ICD in this setting. The 413 

model assessed the survival of patient, quality-of-life, and costs. The study included direct costs of 414 

medical care associated with WCD use, EMS (emergency medical services), ICD implantation and 415 

follow-up, 416 

treatment of patients with standard care. 417 

The study results showed that the WCD strategy was more expensive than the standard-of-care 418 

strategy with estimated life-time discounted cost higher by $11,503. The WCD strategy had better 419 
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clinical outcomes, with an improvement in life expectancy of 0.261 life years or 0.190 QALYs. The 420 

authors concluded that the analysis suggest that WCD use could reduce the rate of SCD during the 421 

recovery period of patients who have had a recent MI and have reduced left ventricular function at 422 

a cost that appears to be economically attractive when compared with other generally accepted 423 

treatments in the United States. 424 

Regarding the economic analysis Zoll Medical Italia srl stated that the rental list price per month is 425 

€6,000 (plus 4% VAT), and the real average price in Italy is €3,600 per rental month. Morover, the 426 

manufacturer also reported in the questionnaire several services included and all items use for a 427 

single procedure. 428 

From the consultation of the database Flusso contratti of the Italian Ministry of Health, from 2015 429 

to 2017, and the fist semester of the 2018, we relieved a total of 32 WCD (units). Data were 430 

referred respectively to 6 Regions and 9 local health trusts. According to the manufacturer 431 

statement all prices are referred to “rental” price. The value of €3,400 is the price rental more 432 

common (> 60%) and the value of €3,500 is reported in 16% of cases. 433 

 434 

Patient and Social Aspects domain 435 

We assessed the quality of Lackermair et al. study which has a retrospective design, no control 436 

group and the cohort is very heterogeneous. We described it anyways as its results give some 437 

hints on how the WCD was perceived in terms of QoL and its different aspects. Aspects related to 438 

QoL and patients perception, besides compliance, need to be further analyzed via proper study 439 

designs and results presented in international journals (e.g. many congress abstracts were found 440 

in databases about QoL, but no articles related in international database).   441 

 442 

Conclusion 443 

Currently, the evidence from one RCT indicates that the use of the WCD in combination with 444 

guideline-directed medical therapy (GDMT) in patients with a recent MI and an ejection fraction of 445 

35% or less is not proven to be more effective when compared to GDMT alone based on the 446 

outcome arrhythmic mortality. In addition, the compliance with the WCD is currently low.  447 

For the evaluation of safety of the device, the evidence indicates that the WCD could be a 448 

relatively safe intervention. However, more data and more adequate reporting on AEs and SAEs 449 

are needed to confirm the safety of the device. 450 

More RCTs are needed to consolidate or question those evidence-based conclusions.  451 

 452 

 453 
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Sintesi in italiano 454 

 455 

Introduzione 456 

Il defibrillatore indossabile (Wearable Cardioverter-Defibrillator - WCD) rappresenta una nuova 457 

terapia per la prevenzione primaria e secondaria dell’arresto cardiaco improvviso (Sudden Cardiac 458 

Arrest-SCA). Il WCD è un dispositivo che viene indossato dal paziente per gran parte della 459 

giornata, tranne quando ha necessità di fare un bagno o una doccia: in questi casi è richiesta la 460 

sorveglianza da parte di un caregiver o di un membro della famiglia. Il WCD permette il 461 

monitoraggio cardiaco continuo del paziente e interviene quando rileva un ritmo potenzialmente 462 

letale causato da una tachicardia ventricolare (TV) o da una fibrillazione ventricolare (FV) 463 

responsabili della maggior parte dei eventi di SCA. È indicato principalmente come misura 464 

temporanea prima dell'inserimento di un defibrillatore cardiaco impiantabile (ICD). 465 

Lo studio delle evidenze relative al WCD è stato condotto, nel 2016, dal Ludwig Boltzmann 466 

Institute for Health Technology Assessment (LBI-HTA), nell'ambito di una "valutazione 467 

collaborativa" EUnetHTA e, nel 2018, dalla Galician Agency for Health Technology Assessment 468 

(AVALIA-T), come valutazione di aggiornamento. Entrambe le valutazioni hanno evidenziato la 469 

mancanza di solide prove scientifiche e hanno portato alla conclusione  che, per dimostrare 470 

l'efficacia (comparativa) e la sicurezza del dispositivo, sono necessari studi randomizzati controllati 471 

(RCTs).  472 

Le ricerche in corso e i nuovi risultati di un precedente RCT hanno indotto il Ministero della Salute 473 

a commissionare all'Agenzia Nazionale per i Servizi Sanitari Regionali (AGENAS) un'altra 474 

valutazione delle prove più recenti sull'uso del WCD.  475 

La revisione sistematica sull'efficacia e la sicurezza del WCD è stata condotta in collaborazione con  476 

il LBI-HTA che  ha manifestato l'intenzione di aggiornare il suo precedente rapporto EUnetHTA 477 

"WEARABLE CARDIOVERTER-DEFIBRILLATOR (WCD) THERAPY IN PRIMARY AND SECONDARY 478 

PREVENTION OF SUDDEN CARDIAC ARREST IN PATIENTS AT RISK” (ID progetto: WP4-ACB-CA-479 

1).  480 

 481 

Obiettivi 482 

Questo report ha l’obiettivo di valutare l’uso del WCD per la prevenzione primaria e secondaria 483 

dell’arresto cardiaco improvviso in pazienti a rischio, descrivendo lo stato regolatorio del 484 

dispositivo, le caratteristiche tecniche della tecnologia e dei suoi comparatori, la sua diffusione 485 
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all'interno del contesto nazionale ed effettuando una valutazione della sua efficacia, sicurezza e dei 486 

costi associati al suo utilizzo. 487 

 488 

Metodi 489 

Uso corrente della tecnologia in Italia  490 

Per la descrizione dell’uso corrente del LifeVest® 4000 in Italia sono state utilizzate le informazioni 491 

raccolte attraverso un questionario compilato direttamente dal produttore. Inoltre, è stata 492 

consultata la banca dati del Flusso Consumi del Nuovo Sistema Informativo Sanitario (NSIS) del 493 

Ministero della Salute.  494 

 495 

Descrizione della tecnologia e stato regolatorio  496 

Per la descrizione della tecnologia e delle caratteristiche tecniche sono state consultate diverse 497 

fonti, principalmente le informazioni contenute nel ‘collaborative report’ di EUnetHTA (Ettinger 498 

2016) e quelle fornite dal produttore Zoll Medical Italia srl. Per la descrizione delle informazioni di 499 

carattere regolatorio (marcatura CE e approvazione FDA) ci si è basati principalmente su quelle 500 

fornite da Zoll Medical Italia srl; le stesse sono state poi integrate da ricerche internet ad hoc e da 501 

ricerche condotte nei database degli enti regolatori nazionali e internazionali.  502 

 503 

Criteri di inclusione e outcome 504 

Gli studi rilevanti sono stati identificati attraverso una ricerca sistematica della letteratura nei 505 

principali database elettronici: la ricerca di efficacia e sicurezza è stata effettuata su Pubmed, 506 

Embase e Cochrane Controlled Register of Trials (CENTRAL), mentre per la ricerca sulle 507 

prospettive dei pazienti, in aggiunta a questi tre database, è stato consultato anche PsycINFO. 508 

Inoltre, è stata condotta una ricerca manuale ed è stato contattato il produttore per ottenere 509 

ulteriori informazioni. 510 

Nella revisione sistematica sono stati inclusi gli studi che hanno arruolato pazienti in cui il WCD 511 

4000 è stato utilizzato come misura temporanea, ad esempio:  prima dell'impianto di un 512 

defibrillatore impiantabile – ICD, come protezione prima o durante la terapia farmacologica, nella 513 

stratificazione prognostica dei pazienti con pregresso infarto miocardico e aumentato rischio di 514 

morte aritmica, o prima del trapianto cardiaco nei pazienti senza ICD. Per la valutazione 515 

dell'efficacia sono stati inclusi solo studi randomizzati e studi osservazionali prospettici con gruppo 516 

di controllo. I criteri di inclusione degli studi per la valutazione della sicurezza erano diversi da 517 

quelli per la valutazione dell'efficacia clinica. Per la valutazione della  sicurezza del WCD, oltre agli 518 
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RCT e agli studi osservazionali comparativi, sono stati inclusi anche gli studi osservazionali 519 

prospettici senza gruppo controllo.  520 

Le indicazioni e i comparatori scelti per il WCD sono il risultato di un lungo confronto tra AGENAS e 521 

LBI-HTA. Gli autori delle due Agenzie hanno, infine, deciso di selezionare un gruppo di indicazioni 522 

ristretto e più aderente alla pratica clinica. Di conseguenza si è deciso di confrontare l’uso del WCD 523 

con le alternative disponibili in qualsiasi contesto: ad esempio in ospedalizzazione o in terapia 524 

farmacologica al di fuori del contesto ospedaliero secondo linnee guida (guideline-directed medical 525 

therapy – GDMT).  526 

L’efficacia del WCD è stata valutata utilizzando come outcome primari la mortalità per tutte le 527 

cause e la mortalità correlata alla patologia. Gli outcome secondari sono stati l’incidenza di TV/FV, 528 

l’impianto evitato di ICD, la qualità della vita correlata alla salute (HRQoL), il tasso di 529 

ospedalizzazione, la soddisfazione e la compliance. Per la valutazione della sicurezza del WCD sono 530 

stati selezionati, come outcome, gli eventi avversi (AE) e gli eventi avversi gravi (SAE). 531 

 532 

Selezione degli studi, estrazione delle informazioni e valutazione della qualità 533 

Il modello EUnetHTA® è stato utilizzato come quadro metodologico di riferimento. Due revisori 534 

(MO, GG) hanno esaminato gli abstract in modo indipendente e hanno valutato la loro idoneità a 535 

essere inclusi nella valutazione. In caso di disaccordo, è stato consultato un terzo ricercatore (TJ). 536 

La valutazione del rischio di bias è stata condotta da due ricercatori (GG, MO). Per la valutazione 537 

del rischio di bias degli RCT è stato utilizzato il Risk of Bias (RoB) tool della Cochrane, mentre per 538 

valutare il rischio di bias degli studi osservazionali è stata applicata la checklist dell’Institute of 539 

Health Economics (IHE). I dati degli studi inclusi sono stati quindi estratti sistematicamente da un 540 

ricercatore (MO) e verificati dall’altro (GG). La qualità delle evidenze e la certezza nelle stime di 541 

effetto sono state valutate utilizzando il metodo Grading of Recommendations, Assessment, 542 

Development and Evaluation (GRADE). 543 

 544 

Analisi 545 

Per la sintesi delle evidenze è stato adottato un approccio di tipo qualitativo. Poiché è stato 546 

recuperato solo un RCT e quindi non è stato possibile eseguire un'analisi statistica inferenziale. 547 

 548 

Valutazione economica  549 

La valutazione economica del dispositivo WCD è stata condotta attraverso la ricerca dell’evidenza 550 

disponibile e l’analisi del contesto italiano. L’analisi della letteratura è stata effettuata usando la 551 

stessa strategia di ricerca utilizzata per la valutazione dell’efficacia e della sicurezza e, quindi, sono 552 

stati consultati i database Pubmed, The Cochrane Library ed Embase. Invece, per l’analisi 553 
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economica di contesto è stato consultato il database del Ministero della Salute (NSIS) – Flusso 554 

contratti e Flusso consumi, con la finalità di raccogliere dati relativi ai prezzi (contratti di acquisto 555 

relativi alle singole Aziende Sanitarie). I dati economici sono stati raccolti anche dal produttore che 556 

li ha forniti tramite la compilazione di un questionario.  557 

 558 

Aspetti sociali e legati al paziente  559 

Abbiamo condotto una ricerca sistematica di letteratura su Cochrane, Embase, Pubmed e Psycinfo, 560 

con l’obiettivo di includere solo la letteratura riguardante gli adulti che abbiano utilizzato il WCD. 561 

Abbiamo letto il testo completo di 15 titoli ed incluso un solo studio, Lackermair K. et al. (2018).  562 

 563 

Risultati 564 

Uso corrente del WCD in Italia  565 

Come dichiarato dal produttore, in Italia da aprile 2015 (periodo in cui è stato commercializzato 566 

LifeVest® 4000) ad oggi, 570 pazienti hanno utilizzato il dispositivo per circa 1000 mesi di noleggio 567 

(con una media stimata di 2 mesi di noleggio per paziente). LifeVest® 4000 è utilizzato in 121 568 

strutture ospedaliere prevalentemente pubbliche. Nello stesso periodo solo otto Regioni e Province 569 

Autonome (su 21), hanno riportato dati sull'utilizzo del WCD nella banca dati Flusso Consumi 570 

(Campania, Emilia Romagna, Lazio, Lombardia, Marche, Trento, Toscana e Veneto) coincidenti con 571 

un solo centro per Regione/PA.  572 

 573 

Evidenze disponibili 574 

Per la valutazione dell'efficacia clinica del WCD è stato incluso un solo RCT in cui si confrontava il 575 

WCD in combinazione con terapia farmacologica (guideline-directed medical therapy – GDMT) alla 576 

sola terapia farmacologica in pazienti con infarto miocardico recente (IM) e con una frazione di 577 

eiezione del 35% o inferiore.  578 

Per la valutazione della sicurezza del WCD, la ricerca sistematica della letteratura ha identificato un 579 

RCT e ulteriori 10 studi prospettici osservazionali.   580 

 581 

Efficacia clinica 582 

Un solo RCT è stato incluso per la valutazione dell’efficacia clinica del WCD. Lo studio confronta il 583 

WCD in combinazione alla terapia medica ottimizzata (GDMT) e la terapia medica da sola nei 584 

pazienti con recente infarto del miocardio e con una frazione di eiezione uguale o minore del 35%. 585 
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Nello studio incluso, 2.348 pazienti ospedalizzati per un infarto miocardico acuto (e EF ≤35%) 586 

sono stati arruolati e randomizzati in un rapporto di 2:1. Di questi pazienti, 46 sono stati esclusi 587 

dall'analisi: dei rimanenti  2.302 pazienti, 1.524 sono stati inseriti nel gruppo che ha utilizzato il 588 

dispositivo e 778 pazienti nel gruppo di controllo. I pazienti del gruppo di intervento erano anche 589 

in GDMT, mentre il gruppo di controllo ha ricevuto solo GDMT. Il tempo medio di follow-up dei 590 

pazienti assegnati in modo casuale è stato di 84,3 giorni (SD: 15,6). 591 

Nello studio incluso, confrontando l’endpoint primario, ovvero i casi di morte per aritmia, non è 592 

stata trovata alcuna differenza statisticamente significativa tra il gruppo trattato con il dispositivo e 593 

il gruppo di controllo, con 25 su 1.524 (1,6%) e 19 su 778 (2,4%) eventi rispettivamente, 594 

(p=0,18). Lo studio incluso ha rilevato un tasso statisticamente significativo più basso per 595 

l’endpoint secondario relativo ai decessi per qualsiasi causa nel gruppo trattato con dispositivo 596 

rispetto al gruppo di controllo, con 48 su 1.524 (3,1%) e 38 su 778 (4,9%) eventi rispettivamente, 597 

(p = 0,04)3. 598 

Per gli outcome secondari selezionati in questa valutazione, l'RCT incluso non ha fornito differenze 599 

statisticamente significative nel confrontare la percentuale di pazienti che ha ricevuto un impianto 600 

di defibrillatore cardiaco tra il gruppo di intervento e il gruppo di controllo, con 67 su 1.524 601 

pazienti (4,4%) e 44 su 778 pazienti (5,7%) rispettivamente, (p=0,18). 602 

Inoltre, l'RCT incluso non ha fornito differenze statisticamente significative nel confrontare 603 

l'incidenza di TV/FV tra il gruppo con il dispositivo e il gruppo di controllo, con TV/FV che si sono 604 

verificati in 24 su 1.524 pazienti (1,6%) e 20 su 778 pazienti (2,6%) rispettivamente, (p=0,1). 605 

Per quanto riguarda il tasso di ri-ospedalizzazione, l'RCT non ha riscontrato una differenza 606 

statisticamente significativa tra il gruppo con il dispositivo e il gruppo di controllo, con il 31,2% e il 607 

32,5% di pazienti riospedalizzati (per qualsiasi causa) (p=0,51). 608 

La compliance dell’uso del WCD è stata misurata dall'RCT incluso. Il gruppo che ha indossato il 609 

WCD è stato di 1.481 su 1.524 pazienti (97,2%). Questi pazienti hanno indossato il dispositivo in 610 

media 14 ore al giorno (SD: 9,3). Il tempo medio di utilizzo è stato di 18 ore (IQR: 3,8-22,7). 611 

Nessuna evidenza è stata trovata per gli endpoint secondari di efficacia relativi alla qualità della 612 

vita e alla soddisfazione del paziente. Tuttavia, l'RCT incluso ha raccolto dati sulla qualità della vita 613 

dei pazienti senza riportarli nella pubblicazione principale. 614 

 615 

Sicurezza 616 

Le evidenze scientifiche per la valutazione della sicurezza del WCD sono relative a un RCT e a 10 617 

studi osservazionali. 618 

                                                
3
 Il p-value non è stato corretto per test multipli, aumentando il rischio che questa differenza statisticamente 

significativa sia un valore casuale (per ulteriori informazioni vedere la sezione 4.7 Discussione). 
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Per i dati relativi alla sicurezza, l’RCT ha evidenziato che: 3 pazienti (0,2%) sono stati ricoverati in 619 

ospedale (due a causa di shock interrotti utilizzando i tasti di risposta del WCD e uno a causa di 620 

uno shock inappropriato) e un paziente (0,1%) è deceduto mentre indossava il dispositivo (gli 621 

autori ritengono che la causa di morte non sia per aritmia). Lo studio ha rilevato 9/1524 (0,6%) 622 

shock inappropriati nei pazienti del gruppo che indossava il dispositivo. Sono state rilevate 623 

differenze statisticamente significative tra il gruppo che ha indossato il WCD e il gruppo di controllo 624 

per gli eventi avversi più comuni come l’eruzione cutanea e il prurito nella regione toracica. Il tasso 625 

di shock inefficaci non è stato riportato nello studio. 626 

Per la valutazione della sicurezza, i 10 studi osservazionali hanno riportato i seguenti risultati: 6 627 

studi affermano che non si sono verificati shock inappropriati, mentre 4 studi hanno riportato una 628 

percentuale di shock inappropriati compresa tra lo 0,5% e il 2%. Solo 2/10 studi hanno 629 

considerato gli shock inefficaci, descrivendo che tutti gli shock erogati hanno avuto successo. 630 

Cinque studi su 10 hanno riportato l'esito fatale per eventi avversi gravi, segnalando che nessun 631 

paziente è morto indossando il WCD. Uno studio ha riportato reazioni allergiche cutanee nel 2% 632 

dei pazienti. Due studi hanno riportato falsi allarmi: uno studio ha riportato che nessun paziente ha 633 

ricevuto falsi allarmi, mentre un altro studio ha riferito che il 57% dei pazienti ha riscontrato falsi 634 

allarmi a causa di un errato rilevamento del tracciato ECG e definiti dagli autori dello studio come 635 

artefatti. Palpitazioni, sensazione di leggero stordimento e svenimenti sono stati riportati da due 636 

studi, ed hanno coinvolto dal 2% al 9% dei pazienti. Tre studi hanno riportato la sospensione del 637 

trattamento a causa di problemi legati al comfort e allo stile di vita che ha coinvolto dal 4% al 18% 638 

dei pazienti. 639 

 640 

Studi in corso 641 

La ricerca degli studi in corso, condotta su clinicaltrials.gov, ha fatto emergere che non ci saranno 642 

ulteriori studi randomizzati o studi osservazionali in cui sarà valutata l'efficacia del WCD nei 643 

pazienti individuati dal presente rapporto. Sono stati identificati solo studi non controllati (n=8) che 644 

potrebbero non modificare le conclusioni. Si rimanda all'APPENDICE 7 per l'elenco completo degli 645 

studi in corso individuati. 646 

 647 

Valutazione economica  648 

La ricerca in letteratura ha selezionato 12 studi. Dopo la lettura dei titoli e degli abstract è risultato 649 

potenzialmente eleggibile un solo studio; inoltre, è stato incluso un altro studio segnalato dal 650 

produttore attraverso il questionario. Successivamete gli studi sono stati inclusi dopo lettura 651 

dell’intero articolo.  652 
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Nel primo studio (Healy 2015) gli autori hanno effettuato una valutazione di costo-efficacia 653 

confrontando il WCD con alternative di trattamento per la prevenzione della morte improvvisa nei 654 

pazienti sottoposti alla rimozione di ICD per infezione. Il modello era finalizzato a raccogliere sia i 655 

dati di costo che di utilità e ha valutato la sopravvivenza, la qualità della vita e i costi per il sistema 656 

sanitario. Gli studi hanno concluso che il WCD è probabilmente un trattamento costo-efficace per 657 

la prevenzione della morte improvvisa in un numero significativo di pazienti ad alto rischio. 658 

Dall’analisi è risultato che la dimissione a casa con il WCD rispetto alla dimissione senza dispositivo 659 

è un trattamento costo-efficace con un costo incrementale di $20,300/LY e $26,436/QALY. 660 

Nel secondo studio incluso (Sanders et al., 2015) gli autori hanno sviluppato un modello di Markov 661 

per valutare la costo-efficacia del WCD confrontandolo con i trattamenti standard nei pazienti con 662 

recente infarto miocardico. Scopo dello studio era quello di identificare un approccio alternativo al 663 

fine di ridurre il rischio di morte improvvisa, poiché elevato nei pazienti con recente infarto 664 

miocardico e trattamento con ICD inefficace. Il modello ha valutato la sopravvivenza, la qualità 665 

della vita e i costi. Lo studio ha analizzato i costi diretti associati all’utilizzo del dispositivo WCD, i 666 

costi dei servizi di emergenza, i costi dell’impianto di ICD e il relativo follow-up e i costi relativi al 667 

trattamento standard. I risultati dello studio hanno mostrato che il trattamento con WCD era più 668 

costoso rispetto alla terapia standard, con un costo in termini di anni di vita guadagnati più alto di 669 

$11,503. Il trattamento con WCD ha migliori outcome clinici, con un miglioramento dell’aspettativa 670 

di vita di 0,261 anni o 0,190 QALYs. Gli autori  hanno concluso che l’uso del WCD potrebbe ridurre 671 

il tasso di morte improvisa durante il periodo di degenza nei pazienti che hanno avuto 672 

recentemente un infarto del miocardio e la cui funzione ventricolare sinistra risulta ridotta, con un 673 

costo che appare economicamente vantaggioso se confrontato con altri trattamenti utilizzati negli 674 

Stati Uniti.  675 

Con riferimento all’analisi di contesto il produttore ha dichiarato che il prezzo di listino per il 676 

noleggio del dispositivo è di €6.000 (IVA esclusa), mentre il prezzo medio reale in Italia è pari a 677 

€3.600/mese ed include una serie di servizi e tutte le componenti necessarie all’utilizzo del 678 

dispositivo.  679 

Per l’analisi di contesto è stata consultata la banca dati del Ministero della Salute – Flusso contratti 680 

(NSIS), dal 2015 al 2017 e il primo semestre del 2018. Dall’analisi sono stati rilevati 32 WCD 681 

(unità). In particolare, gli eventi di acquisto si riferiscono rispettivamente a 6 Regioni e 9 aziende 682 

sanitarie locali. Secondo quanto dichiarato dal produttore del WCD tutti i prezzi rilevati dal Flusso 683 

NSIS sono riferiti alla modalità di noleggio e non all’acquisto del dispositivo. In più del 60% dei 684 

casi, il prezzo riscontrato è pari a €3.400,00 e nel 16% dei casi a €3.500,00. 685 

 686 

 687 
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Aspetti sociali e legati al paziente  688 

L’unico studio incluso, Lackermair K. et al. (2018), è di tipo retrospettivo, senza gruppo di controllo 689 

e si basa su una coorte molto eterogenea. Tuttavia i principali risultati sono stati descritti perché 690 

forniscono alcune informazioni utili per studi futuri, ad esempio su come il WCD sia stato percepito 691 

in termini di QoL dai suoi effettivi utilizzatori. Gli aspetti relativi alla QoL e alla percezione dei 692 

pazienti andrebbero approfonditi utilizzando i risultati pubblicati su riviste internazionali (esistono 693 

molti abstract presentati in occasione di congressi sull’argomento ma nessuna 694 

pubblicazione/articolo in extenso nei database consultati).  695 

  696 

Conclusioni 697 

Ad oggi, dall’unico studio RCT emerge che, nella valutazione della riduzione della mortalità per 698 

aritmie nei pazienti con IM recente ed una frazione di eiezione del 35% o inferiore, l'uso del WCD 699 

in combinazione con la terapia farmacologica secondo le linee guida (GDMT), non si è dimostrato 700 

più efficace rispetto alla sola terapia GDMT. Inoltre, la compliance nell’utilizzo del WCD è 701 

attualmente bassa. Per la valutazione della sicurezza del dispositivo, le evidenze indicano che il 702 

WCD potrebbe essere un intervento relativamente sicuro. Tuttavia, per confermare la sicurezza del 703 

dispositivo sono necessarie più informazioni e un maggior numero di studi che riportano 704 

informazioni su AE e SAE. 705 

Sono necessari ulteriori RCT per consolidare o mettere in discussione le attuali conclusioni. 706 

 707 

 708 

 709 

 710 

 711 

712 
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1. OBJECTIVES: POLICY AND RESEARCH QUESTIONS 713 

The present report will focus on the assessment of the WCD for therapy in primary and secondary 714 

prevention of sudden cardiac arrest in patient at risk. We will provide an assessment on the WCD 715 

presenting regulatory status of the device, technical characteristics of the technology and its 716 

comparators, an analysis of its spread within national context, and an assessment of its 717 

effectiveness, safety, and costs.   718 

 719 

1.1 Policy question 720 

What is the advantage of introducing the WCD in subjects at risk of sudden cardiac arrest in terms 721 

of clinical outcomes and patient perspectives for the health service? 722 

 723 

1.2 Research questions 724 

The systematic literature review was conducted using the EUnetHTA Core Model® for rapid relative 725 

effectiveness assessment.  For each domain we report the Assessment Element (research 726 

question) with its Identification (ID).  727 

1.3 Inclusion criteria according to the PICOS framework 728 

Evidence inclusion has been performed according to the PICOS framework. The inclusion criteria 729 

are summarized in Table 1. 730 

 731 

 732 

 733 

 734 

 735 

 736 

 737 

 738 

 739 

 740 

 741 

 742 

 743 
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Table 1: Inclusion criteria according to the PICOS framework 744 

Population Adults over 18 years of age (according to CE mark) with the following indications: 

1. As a temporary intervention prior to the insertion of an ICD for: 

a. patients immediately after explantation of an ICD, if an immediate reimplantation 
of an ICD is not possible; 

b. patients in whom an immediate implantation of an ICD is indicated, but not 
possible due to temporary contraindications. 

2. As a temporary measure prior to optimal pharmacological therapy, or as a protection 

during pharmacological therapy optimisation when a heightened risk of SCD is 
present, but possibly resolvable over time or with treatment of left ventricular 

dysfunction; for patients with: 
a. ischaemic heart disease with envisaged or recent revascularization (90-day waiting 

period post revascularization with either CABG or PCI); 
b. secondary cardiomyopathy (tachycardia mediated, thyroid mediated, etc.) or 

induced arrhythmias (secondary to hypothermia, electrolyte imbalance, iatrogenic 

prolongation of the QT interval, etc.) in which the underlying cause is potentially 
treatable; 

c. with certain forms of structural heart disease associated with risk of malignant 
arrhythmias or primary electric diseases, prior to diagnostic tests such as MRI. 

3. Post Myocardial Infarction (MI) and LVEF of ≤ 35%, as a temporary measure during 

prognostic stratification in situations associated with increased risk of arrhythmic 
death within 40 d of MI. 

4. As a temporary measure prior to heart transplantation in patients without ICD. 

Intervention WCD/LifeVest® (WCD 4000), from ZOLL (Lifecor) Medical Corporation, Pittsburgh, PA, 
USA. 

Comparator Hospital observation; Guideline-Directed Medical Therapy (GDMT) 

Outcomes Effectiveness 
Primary endpoints: 

• Mortality: 
- All-cause mortality, 

- Disease-specific mortality. 

Secondary endpoints: 
• VT/VF 

• ICD implantation, 
• HRQoL, 

• Hospitalisation, 
• Satisfaction, 

• Compliance. 

Safety 
• AEs, device related and patient related (frequency of AEs, what are these, frequency of 

discontinuation due to AEs, frequency of unexpected AEs); 
• SAEs, device related and patient related (frequency of SAEs, what are these, frequency 

of SAEs leading to death). 

Study design Effectiveness: Randomised and observational studies with concomitant controls.  
Safety: Randomised and observational studies with concomitant controls; observational 

prospective studies and register studies. 
Patients aspects: qualitative studies (according to the EUnetHTA Core Model® 3.0). 

 

Publication 
Period 

2009-2018 
 

Language English 

 745 

  746 
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2. HEALTH PROBLEM AND CURRENT USE OF THE 747 

TECHNOLOGY (CUR) 748 

The information provided in this chapter, excluding information on Italian context, are based on 749 

the previous EUnetHTA report [1] published in 2016. Since no changes in information regarding 750 

the health problem and current use of the WCD has occurred meanwhile, it was possible to include 751 

the information with minor adaptations only.  752 

2.1 Methods 753 

The Assessment Elements of this domain were: 754 

     Element ID      Research question 

     A0002      What is the disease or health condition in the scope of this assessment? 

     A0003       What are the known risk factors for SCA? 

     A0004      What is the natural course of VT/VF and SCA?  

     A0005       What are the symptoms and the burden of SCA? 

     A0006      What are the consequences of SCA for the society?  

     A0024      How is the risk of SCA currently diagnosed according to published guidelines  

and in practice? 

     A0025      How is SCA currently prevented and managed according to published  

guidelines and in practice? 

     A0007       What is the target population in this assessment? 

     A0023      How many people belong to the target population? 

     A0011      How much are the WCDs utilised? 

 755 

The current use of the technology LifeVest® 4000 in Italy was described by using information 756 

gathered by a structured questionnaire sent to manufacturers (APPENDIX 2 – Questions for the 757 

manufacturer)  758 

We also searched information within the Flusso Consumi (the Italian databank for monitoring the 759 

use of medical devices) of the NSIS (New Health Information System). The database is fed by the 760 

Regions that gather data from public health care providers on their territory. At present, the 761 

database reaches a suitable coverage rate at national level but with differences among Italian 762 

Regions [2]. We extracted data related to the volume of WCDs using the National Classification of 763 

Medical Devices (CND) code associated to this kind of devices: “Z12030503 - DEFIBRILLATORI 764 
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AUTOMATICI”. The searches were carried out in November 2018. We identified the current use of 765 

WCD using the RDM/BD codes reported in the Italian National Medical Devices Inventory and 766 

Database (for more details see Chapter 3).  767 

 768 

2.2 Results 769 

Overview of the disease or health condition 770 

The LifeVest® is supposed to reduce the risk of sudden cardiac arrest (SCA), the health condition 771 

in the scope of this assessment. VF and VT, with a subset of Torsades de Pointes (TdP), are 772 

responsible for the majority of SCAs. Both of these rapid heart rhythms arise in the heart’s lower 773 

(pumping) chambers, the ventricles. While VT is a fast, but regular heart rhythm, VF is irregular 774 

and unsynchronised. When fibrillating, the heart stops pumping blood, which leads to SCA. Further 775 

causes of SCA are slow heart rate (extreme bradycardia, A-V III degree block), no cardiac 776 

electrical activity (asystole), or electromechanical dissociation pulseless electrical activity (PEA) 777 

post-acute MI or cardiac tamponade [3-6]. (A0002) 778 

Overall, the risk factors associated with SCA differ in young and older individuals. There is a 779 

predominance of myocarditis and substance abuse, channelopathies and cardiomyopathies in 780 

young patients, and chronic degenerative diseases in older patients (CAD, valvular heart diseases, 781 

and heart failure) [6]. In the older individuals, multiple chronic cardiovascular conditions contribute 782 

to the risk of SCA and hence it is difficult to determine which contributed most, while in the 783 

younger individuals, inherited channelopathies or drug-induced arrhythmias that are devoid of 784 

structural abnormalities may make the diagnosis of SCA elusive [6]. Dysfunction of the left 785 

ventricle (LV) is a significant determinant of the risk of SCA, but family history, diabetes mellitus, 786 

obesity, and heart rate profile during exercise make the determinants diverse and multifactorial 787 

[7]. Lifestyle is very important in prevention of SCA (e.g., no smoking, sports, healthy diet) [8]. 788 

Particular risk factors for VT/VF caused SCA are determined by respective indications. Patients 789 

with the following indications are at most risk according to the American Heart Association (AHA) 790 

and the European Society of Cardiology (ESC) [6, 9]: 791 

 Those who are awaiting ICD implantation after an explantation and in whom immediate 792 

reimplantation is not possible due to temporary contraindications or waiting time for the 793 

ICD implantation. 794 

 Those who are indicated for an ICD, but refuse it due to personal or other reasons. 795 

 Those who need optimisation of pharmacological therapy to resolve the left ventricular 796 

dysfunction such as ischaemic heart disease patients with envisaged or recent 797 
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revascularization  [(90-day waiting period post revascularization with either coronary artery 798 

bypass graft (CABG) or percutaneous coronary intervention (PCI)]; newly diagnosed non-799 

ischaemic cardiomyopathy (NICM) patients starting GDMT; secondary cardiomyopathy 800 

patients (tachycardia mediated, thyroid mediated, etc.) with induced arrhythmias 801 

(secondary to hypothermia, electrolyte imbalance, iatrogenic prolongation of the QT 802 

interval, etc.) in which the underlying cause is potentially treatable; or patients with 803 

certain forms of structural heart disease associated with the risk of malignant arrhythmias, 804 

and in those with significantly impaired left ventricular systolic function. 805 

 Those who are at risk of SCA and in the process of diagnosis. 806 

 Those who are post MI and have their Left Ventricular Ejection Fraction (LVEF) ≤ 35% and 807 

are awaiting therapy. 808 

 Those who are awaiting a heart transplant. (A0003) 809 

 810 

The natural course of a SCA is death. Survival with good neurological function occurs in a small 811 

minority of patients [1]. SCAs occur without warning, and because patients tend to lose 812 

consciousness within seconds, they cannot call for help. In the absence of timely defibrillation 813 

delivered within minutes, the SCA is typically life-threatening and with each passing minute, a 814 

patient’s chance of survival drop by 10% [1]. Around one-third of patients with significant left 815 

ventricular dysfunction recover and move to a lower SCA risk category, while those that do not are 816 

for the most part indicated for a permanent ICD implantation. Those patients in whom risk is not 817 

related to left ventricular dysfunction generally have a temporary contraindication for ICD 818 

placement that resolves over time [1]. Symptoms that indicate further evaluation for the risk of SCA 819 

are palpitations (or sensation of sudden rapid heartbeats), pre-syncope, and syncope [6]. The 820 

burden of disease for the patient is death or the consequences that follow a delayed intervention, 821 

mainly a permanent neurological deficit. (A0003, A0004, A0005) 822 

 823 

Effects of the disease or health condition 824 

Approximately 25% of all 17 million deaths worldwide related to cardiovascular disease are caused 825 

by SCA each year [1, 6]. In Europe, there are about 350,000 out of hospital SCAs per year [1] 826 

and in the US, it is estimated that 326,000 people experience out-of-hospital SCA each year, 827 

while the majority of these SCAs occur at home with half of the cases unwitnessed [1].  828 

Worldwide, there are 4.25 million deaths caused by SCA each year [1], however, the exact target 829 

population of this intervention is difficult to estimate. (A0023) 830 
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One approach would be to estimate based on the ICD usage. However, this approach is inaccurate 831 

because some patients who are indicated for an ICD may not receive one while some patients who 832 

receive an ICD may have a condition that would have improved without one [10]. 833 

In Italy, the exact target population of this intervention is difficult to estimate as well. 834 

Approximately 50,000 Italian people are affected by SCD every year in the age band 20-75 years 835 

[11]. In Austria, approximately 15,000 people are affected by SCD per year. One-third of SCDs 836 

happen unexpectedly outside of the hospital. Of these SCDs, two thirds occur at home, and the 837 

remainder of SCDs occur in the office or in public [12]. (A0006, A0007) 838 

 839 

Current clinical management of the disease or health condition 840 

Because of the limited ability to prevent SCAs, risk predictors remain the only reliable indicators. 841 

However, as low LVEF is one of the key indicators, it does not include 50% of SCA victims whose 842 

LV function is preserved [13].  843 

Further information on non-invasive/invasive evaluation methods and the diagnostic work-up for 844 

patients at risk of SCA can be found in a previously conducted EUnetHTA report [1]. (A0024) 845 

Nationwide screening for the risk of SCA is rare as only Italy and Japan have implemented ECG 846 

screening systems that may identify asymptomatic patients with inherited arrhythmogenic 847 

disorders [6]. There is a consensus among Europe and the US that there is a need for SCA 848 

screening in competitive athletes (as endorsed by the International Olympic Committee), even 849 

though a recent study in Israel reported no change in incidence rates of SCA in competitive 850 

athletes following implementation of screening programs [6]. 851 

The screening of families of SCA victims is of importance. The diagnosis of an inherited arrhyth-852 

mogenic disorder is established in up to 50% of the families with the sudden arrhythmic death 853 

syndrome, especially cardiomyopathies [14] and channelopathies, where currently only 40% of 854 

family members are screened [6]. 855 

For most patients at risk of SCA, implantation of an ICD is the solution of choice. Alternative 856 

solutions are the use of pharmacological therapy, catheter (radiofrequency) ablation, and the use of 857 

automated external defibrillators (AEDs). However, there remain to be specific high-risk patient 858 

groups whose protection is an unmet need, such as post-MI patients, who are recommended not 859 

to be implanted with the ICD <40 days post-MI with no revascularization, or patients requiring 860 

timely defibrillation by AEDs – for bystander use of the AED is not an effective method of 861 

protection for high risk patients [15] and relying on emergency medical service response also 862 

results in poor outcomes [16].  863 

The WCD is recommended on the basis of a low level of evidence by the ESC for adult patients 864 

with poor LV systolic function who are at risk of sudden arrhythmic death for a limited period, 865 
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but are not candidates for an ICD (e.g., as a stop gap measure to transplant and to transvenous 866 

implant, peripartum cardiomyopathy (PPCM), active myocarditis, and arrhythmias in the early 867 

post-MI phase) [6, 17]. The AHA also states that WCDs can serve as a temporary means of 868 

aborting arrhythmic death in patients with transient risk of SCD or those with indications for ICD 869 

implantation who have a transient barrier to permanent device implantation [9].  870 

The reader is referred to the original EUnetHTA report [1] for further description of prevention 871 

and management of SCA according to published guidelines and in practice. (A0025) 872 

 873 

The current use of the technology in Italy 874 

(A0011) As reported by the manufacturer, the LifeVest® 4000 is supplied in service with monthly 875 

fee payment. Since the full launch in Italy in April 2015, 570 patients have been fitted with the 876 

device exceeding 1000 months of rental (with an estimated average of 2 months of rental per 877 

patient). In Italy 121 public hospitals are using the device, and only a few private hospital 878 

(APPENDIX 3 – List of Italian Centers using WCD). Figure 1 shows the geographical distribution of 879 

the Italian regions in which the WCD is used and the relative number of user centers. 880 

 881 

 882 

 883 

 884 

 885 

 886 

 887 

 888 

 889 

 890 

 891 

 892 

 893 

 894 

 895 

 896 

 897 

 898 

 899 

 900 

 901 

 902 

Source: Information provided the manufacturer 903 

 904 

Figure 1: Italian Regions using UCD 
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With the aim of verifying the current use of WCD (in terms of number of months of rental) in 905 

Italian public health structures from 2015 to first half of 2018 (last data available), we searched 906 

information within the Flusso Consumi database of the NSIS. 907 

From January 2015 to the first half of 2018, the analysis showed that 51 events4 matched the 908 

BD/RDM registration codes. Table 2 showed the trend of months of WCD rental, reported in Flusso 909 

Consumi  database, from 2015 to first half of 2018. 910 

 911 

Table 2: Months of WCD rental per year 912 

Time 2015 2016 2017 2018(*) Total 

Number of months 10 21 14 6 51 

(*) First half of 2018 913 
Source: Agenas analysis based on Flusso Consumi  2015 – 2018 914 

 915 

In the same period only eight Regions and Autonomous Provinces-PA (out of 21), reported data 916 

on WCD use in the Flusso Consumi  database (Campania, Emilia Romagna, Lazio, Lombardia, 917 

Marche, Trento PA, Toscana and Veneto). In the period under review there was only one center 918 

per Region reporting data of WCD use; the months of WCD rental per center ranged from 2 to 919 

29 and almost all centers (n=7) used less than 5 months of WCD rental. 920 

 921 

2.3 Discussion 922 

As the WCD is CE marked very broadly, for patients 18 years of age and older who are at risk of  923 

SCA and are not candidates for or refuse an ICD, the device indications and the patients that 924 

benefit most from the device are not clearly defined [1]. As a consequence the list of indications 925 

considered in this report is the result of a long consensus finding process: after having consulted 926 

external experts from both AGENAS and LBI-HTA, the views regarding the indications for the use 927 

of the WCD that need to be included in this assessment were diverging. These varied from a 928 

broad indication list that was originally used in the previous EUnetHTA report [1] to use in a 929 

more realistic indication group (that is not identical to the broad CE-mark) as the expert 930 

consulted by AGENAS highlighted. After a meeting of both institutes, we finally chose the 931 

narrow, more realistic indication group that can be found in Table 1 in chapter 2. 932 

                                                
4 The full launch of LifeVest® 4000 was in April 2015. For this reason, both the LifeVest® 3100 and LifeVest® 4000 

models could be used during a portion of the period under review. 
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The previous EUnetHTA report highlighted further critical aspects of the use of the WCD that 933 

relate to off-label use, risk stratification, the WCD’s role as a prevention or treatment, and the 934 

lack of clarity in care pathways. The reader is referred to the EUnetHTA report [1] for further 935 

critical information on aspects of WCD use. 936 

  937 



 

32 

 

3. DESCRIPTION OF TECHNOLOGY (TEC) AND REGULATORY 938 

ASPECTS  939 

3.1 Methods  940 

The Assessment Elements of this domain were: 941 

 942 

     Element ID       Research question 

     B0001      What is the WCD technology and comparator(s)? 

     B0002      What is the claimed benefit of the WCD in relation to the comparator(s)? 

     B0003      What is the phase of development of the technology and implementation of the 

WCD and the comparator(s)? 

     B0004      Who administers the WCD and the comparators and in what context and level of 

care are they provided? 

     A0020      For which indications has the WCD received marketing authorization or CE 

marking? 

 943 

The technology and its technical characteristics were presented by using information from different 944 

sources: the “collaborative assessment“ report within the EU-project EUnetHTA [1], by a 945 

structured questionnaire [18] sent to the manufacturers Zoll Medical Italia srl in June 2018 946 

(APPENDIX 2- Questions for the manufacturer) supplemented by ad hoc internet searches, 947 

manufacturers’ websites, product brochures, instructions for use (IFU) documents [18, 19], and 948 

regulatory bodies’ databases. The regulatory status of the identified devices (CE marking and FDA 949 

approvals) was described by using information provided by Zoll Medical Italia srl [18] and 950 

supplemented by ad hoc internet searches on regulatory bodies’ websites and databases, and 951 

manufacturers’ press releases.  952 

 953 

3.2 Results 954 

Description of the technology  955 

The WCD is a device temporarily used in primary and secondary prevention of SCA. It is a 956 

defibrillator (B0001) worn by the patient for the most of the day, except when taking a 957 

bath/shower when the presence of a caregiver or a family member is recommendable [20] 958 

(B0004). The indications for WCD use are as a temporary measure before ICD implantation in 959 
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patients at risk of sudden cardiac death in the subacute phase of acute myocardial damage, those 960 

with accepted indicators for ICD implantation but also other contraindications (e.g., infection), or 961 

those waiting for a final decision regarding ICD implantation [21] (B0003). Patients who cannot 962 

undergo immediate device re-implantation have 4 alternative options until reimplantation is 963 

possible: 1) discharge home with a WCD; 2) discharge home without a WCD; 3) discharge to a 964 

skilled nursing facility (SNF); 4) remaining in hospital without a WCD [22] (B0002). 965 

The WCD monitors the patient's heart function and automatically delivers electrical therapy. If it 966 

detects a life threatening rhythm the device delivers treatment to restore normal rhythm. If 967 

patients are conscious, they can prevent the treatment by using the response buttons when the 968 

device alerts them that treatment is coming [18, 19].  969 

Currently, the LifeVest® – WCD 4000 (Zoll Medical Corporation, Pittsburg, USA) is the only 970 

commercially available WCD in Europe, The WCD is a Class IIb device. The first WCD version (the 971 

WCD 1) was commercialised in 1999, followed by WCD 2000 (in 2000), 3000 (in 2001) and 3100 972 

(in 2006) all manufactured by Zoll Medical Corporation (B0003). Figure 2 shows, the principal 973 

characteristics of WCDs including the previous generations [18]. 974 

 975 

Figure 2: Different generations of WCD  976 

 

 

 977 
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Source: information provided by the manufacturer 978 

The following description of the device is based upon the latest version LifeVest® – WCD 4000. In 979 

this report will interchangeably use the terms WCD LifeVest® 4000, LifeVest® or WCD. 980 

WCD consists of four main components:  981 

(1) The monitor is the main unit of the LifeVest system. It connects to the electrode belt for 982 

heart monitoring and to the plates through which energy is released for shock. It monitors 983 

the heart rhythm and delivers defibrillating treatment; 984 

(2) The garment and electrode belt, vest-type garment containing the electrode belt weighing 985 

approximately 0.5 kilograms that has an inner layer with the sensing and energy delivering 986 

electrodes against the patient’s skin in the chest area; 987 

(3) The charger which rechargers the battery and communicates wirelessly with the monitor 988 

(when the monitor is near the charger) and transmits clinical data for physician review 989 

(using the online patient management system -LifeVest network). The LifeVest network can 990 

be used mainly for evaluating the compliance, notification of patient events and ECG 991 

review. ECG information captured by LifeVest can help physicians to diagnose sustained 992 

VT/VF, non-sustained VT, atrial arrhythmias/supraventricular tachycardia (SVT) as well as 993 

severe bradycardia/asystole. At the same time technical data are sent to Zoll servers for 994 

the troubleshooting and monitoring device right working [18, 19]. These functionalities can 995 

be guaranteed only if the WCD is supplied in service. 996 

(4) The holster, designed to support the monitor, battery packs and other components that are 997 

not in direct contact with the patient’s skin, and these weigh approximately 0.6 kilograms 998 

[18]. 999 

The electrode belt connects to the monitor and provides digitised ECG data [18, 19]. The electrode 1000 

belt further contains a vibration box that vibrates when a fatal arrhythmia, as VT/VF, is detected 1001 

[18, 19]. The garment comes in various sizes and is worn under the patient’ s clothing to hold four 1002 

dry, nonadhesive sensing electrodes and three therapy pads on the electrode belt against the 1003 

patient’s skin [18, 23]. After taking out the set of electrodes, the garment should be washed every 1004 

one or two days [18]. The monitor contains response buttons, alarm system, defibrillator, and 1005 

batteries that last for 24 hours and can take up to 16 hours to charge [18]. The patient is provided 1006 

with two battery packs [18]. The monitor connects to the electrode belt and analyses ECG data 1007 

and communicates with the charger to provide encrypted data for viewing availability on LifeVest® 1008 

Network [18] (see Figure 3).  1009 

 1010 

 1011 

 1012 
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 1013 

Figure 3: WCD LifeVest® 4000 1014 

 1015 

Source: https://lifevest.zoll.com/patients/what-is-lifevest/  1016 

 1017 

The WCD monitors the patient’s heart continuously, and if it detects a life-threatening heart 1018 

rhythm that it can restore, such as VT or VF, it delivers an automatic treatment shock [18]. Once it 1019 

detects such treatable arrhythmia, an alarm rings to alert the patient. The patient is instructed to 1020 

sit or lie down to avoid injury in the event of loss of consciousness [1, 23]. In case of alarm, the 1021 

conscious patient can prevent the shock by pressing two response buttons found on the monitor 1022 

unit anytime during the treatment sequence. If, however, the patient does not respond or release 1023 

the response buttons, the WCD continues to give two alarms: a vibration and a siren alarm to 1024 

bystanders that a treatment shock is imminent [18]. Then, the device releases a Blue™ gel over 1025 

the therapy electrodes prior to delivering the treatment shock and in case a treatable arrhythmia 1026 

persists after the first shock, up to 5 shocks may be given in a treatment sequence [18]. 1027 

Healthcare professionals also monitor the patient by using the LifeVest Network. After receiving 1028 

WCD shock therapy, patients are instructed to call their doctor or seek medical attention, when 1029 

evaluation of arrhythmias that triggered the shock and replacement of the old electrodes should 1030 

be provided [1, 23]. The WCD delivers biphasic shocks with a maximum of 150J and can be 1031 

programmed to different VT or VF zones and can be adjusted to different times (time from 1032 

detection to defibrillation sequence activation) and shock energy (between 75 and 150J) [1, 23].   1033 

 1034 

1035 
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4. CLINICAL EFFECTIVENESS (EFF) 1036 

4.1 Methods 1037 

The Assessment Elements of this domain were: 1038 

     Element ID      Research question 

     D0001      What is the expected beneficial effect of the WCD on mortality (disease-specific 

and all-cause)? 

     D0005      How does the WCD affect symptoms and findings (severity, frequency) of VT/VF? 

     D0006      How does the WCD affect progression (or recurrence) of VT/VF? 

     D0011      What is the effect of the WCD on patients’ body functions? 

     D0016      How does the use of WCD affect activities of daily living? 

     D0012      What is the effect of the WCD on generic health-related quality of life? 

     D0013      What is the effect of the WCD on disease-specific quality of life? 

     D0017      Were patients satisfied with the WCD? 

     D0010      How does WCD modify the need for hospitalisation?  

     D0023      How does WCD modify the need for other technologies and use of resources?  

 1039 

The evidence synthesis of the comparative effectiveness of the WCD was conducted qualitatively. 1040 

Only RCTs and observational studies with concomitant controls were eligible for inclusion in the 1041 

evidence synthesis. In addition, the Grading of Recommendations Assessment, Development and 1042 

Evaluation (GRADE) framework was used to assess the quality of the evidence. The data was 1043 

based on the data-extraction-table (see APPENDIX 4). The research questions (assessment 1044 

elements) were then answered systematically in plain text format. The final conclusion of the 1045 

evidence on the comparative effectiveness of the WCD was based on the GRADE evidence profile 1046 

(see APPENDIX 5).  1047 

4.2 Systematic literature search 1048 

The systematic search was conducted on the 27th of August 2018 in the following databases: 1049 

 Pubmed 1050 

 Cochrane 1051 

 Embase 1052 



 

37 

 

The search was limited to articles published in English. Overall 714 hits were identified. The 1053 

specific search strategy employed can be found in APPENDIX 6. A hand-search on the internet and 1054 

contact with the manufacturers supplemented the search. 1055 

By hand-search, 2 additional studies were found, resulting in 570 hits after the deduplication. 1056 

Furthermore, to identify ongoing and unpublished studies, a search in one clinical trials register 1057 

(ClinicalTrials.gov) was conducted on the 19.09.2018 resulting in 8 potentially relevant hits for 1058 

ongoing studies. The reader is referred to APPENDIX 7 for the full list of identified ongoing studies. 1059 

 1060 

 1061 

  1062 
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4.3 Flow chart of study selection 1063 

Overall, after duplicates removal, 570 hits were identified. The references were screened by two 1064 

independent researchers (MO, GG) and in case of disagreement a third researcher (TJ) was 1065 

involved to solve the differences. The selection process is displayed in Figure 4. 1066 

 1067 
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Figure 4: Flow chart of study selection for Effectiveness analysis (PRISMA Flow Diagram) 
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4.4 Analysis 1101 

Relevant data from the selected study were extracted into data-extraction-table (see APPENDIX 4). 1102 

The single-data extraction method with verification of another researcher was used: one reviewer 1103 

(MO) extracted the data and another reviewer (GG) controlled the extracted data. 1104 

Two independent researchers (MO, GG) assessed the quality of evidence. The risk of bias 1105 

assessment of the included study was conducted by one reviewer (GG) and checked by another 1106 

reviewer (MO) using the Cochrane Risk of Bias (RoB) Tool [24] (see APPENDIX 8). 1107 

4.5 Synthesis 1108 

Due to the presence of a single RCT, no inferential statistical analyses were feasible. Therefore, a 1109 

qualitative evidence synthesis was conducted. Based on the data-extraction-table (see APPENDIX 1110 

4), data on each selected outcome category were synthesised across studies according to GRADE 1111 

(see APPENDIX 5). The research questions were answered in plain text format. 1112 

 1113 

4.6 Results 1114 

Included studies 1115 

For the assessment of the clinical effectiveness of the WCD, one RCT (the VEST study by Olgin et 1116 

al.) met the inclusion criteria [25]. The RCT assessed the efficacy of the Wearable Cardioverter-1117 

Defibrillator (WCD) during the period before implantable cardioverter-defibrillators (ICDs) are 1118 

indicated: the study compared the use of the WCD and guideline-directed medical therapy (GDMT) 1119 

to GDMT alone in patients who have had a MI and an ejection fraction of 35% or less.  1120 

The reader can consult the data extraction table in APPENDIX 4 for all retrieved information on the 1121 

included study, e.g., study characteristics, information on patient population, intervention, control, 1122 

and study design. 1123 

Study characteristics 1124 

The multicentre RCT [25] included sites in the United States (n=76), Poland (n=24), Germany 1125 

(n=6), and Hungary (n=2). Zoll Medical Corporation and the National Institutes of Health (NIH) / 1126 

National Heart Lung and Blood Institute (NHLBI) funded the study. In 2011, however, NIH / NHLBI 1127 

decided to end funding the study – 1 year prior to the end of the planned 5-year funding period 1128 

(see also Section 4.7).  1129 

In total, 2,348 patients who had been hospitalised with an acute MI (and EF≤35%) were enrolled 1130 

and randomised in a 2:1 ratio in the included study [25]. 46 participants were excluded from the 1131 

analysis due to irregularities found by the institutional review board at one of the sites. Thus, 2,302 1132 
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participants were included in the analysis, resulting in 1,524 and 778 patients in the device and 1133 

control group respectively. Regarding cross-overs, the use of a WCD by a control participant was 1134 

considered to be a protocol deviation. 20 patients in the control group received the WCD by 1135 

prescription outside of protocol by treating medical doctors.  Patients in the device group received 1136 

a WCD and GDMT, while the control group received GDMT solely. The mean follow-up time of the 1137 

randomly assigned patients was 84.3 days (SD: 15.6), and further 22 patients were lost to follow-1138 

up, with 10 out of 1,524 patients (0.7%) and 12 out of 778 patients (1.5%) in device and control 1139 

group respectively.  1140 

 1141 

Patient characteristics 1142 

The inclusion criteria from the VEST trial are [25]: patients who were hospitalised with an acute MI 1143 

and who had an ejection fraction of 35% or less were enrolled within 7 days after hospital 1144 

discharge. Patients who had/were undergoing one of the following were excluded [25]: ICD or 1145 

unipolar pacemaker, clinically significant valve disease, long-term haemodialysis, chest 1146 

circumference being too little or too large to accommodate the Wearable Cardioverter-Defibrillator, 1147 

pregnancy or discharge to a nursing facility with an anticipated stay of more than 7 days. 1148 

Previous interventions of the patients included CABG (8.7% and 9% of pts in device and control 1149 

group respectively) and PCI (24.6% and 26% of pts in the device and control group respectively).  1150 

The reader is referred to APPENDIX 4 for more information of the included study. 1151 

The mean age of the patients in the device group and control group was 60.9 years (SD: 12.6) and 1152 

61.4 years (SD: 12.3) respectively. The mean ejection fraction (EF) was 28.2% (SD: 6.1) for 1153 

patients in the device group and 28.2% (SD: 5.8) for patients in the control group. 1154 

 1155 

Mortality 1156 

Disease-specific mortality 1157 

(D0001) The VEST study [25] found no statistically significant difference between device and 1158 

control groups when comparing the primary outcome (arrhythmic death) between device and 1159 

control group, with 25 out of 1,524 (1.6%) and 19 out of 778 (2.4%) arrhythmic deaths in those 1160 

groups respectively (p = 0.18).  1161 

All-cause mortality 1162 

(D0001) The VEST trial by Olgin et al. [25] found a statistically significantly lower rate of the 1163 

secondary outcome deaths from any cause in the device group when compared to the control 1164 
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group, with 48 out of 1,524 (3.1%) and 38 out of 778 (4.9%) deaths from any cause in those 1165 

groups respectively (p = 0.04)5.  1166 

 1167 

Morbidity 1168 

Incidence of VT/VF 1169 

The VEST study [25] found no statistically significant difference when comparing the incidence of 1170 

ventricular tachycardia (VT) or ventricular fibrillation (VF) between device and control group, with 1171 

VT/VF occurring in 24 out of 1,524 patients (1.6%) and 20 out of 778 patients (2.6%) respectively 1172 

(p = 0.1).  1173 

Appropriate shocks 1174 

In the included study [25], 20 out of 1,524 patients (1.3%) in the device group received an 1175 

appropriate shock. Of those, 13 patients received 1 shock, and 7 patients received 2 or more 1176 

appropriate shocks. In the control group, 1 out of 778 patients (0.1%) received 2 or more 1177 

appropriate shocks6.  1178 

Withheld shocks 1179 

In the included study [25], withheld shocks were present in both the intervention and control 1180 

group. As such, 69 patients in the device group (4.5%) and 1 patient in the control group (0.1%) 1181 

withheld a shock by using the response button to delay therapy6. 1182 

First shock success 1183 

The included study [25] did not report on the first shock success rate. 1184 

 1185 

No evidence was found to answer the research question D0006, D0011, D0016. 1186 

Health-related quality of life 1187 

(D0012) No evidence was found to answer the research question. However, the authors of the 1188 

included trial [25] gathered data on quality of life of the patients without reporting it in the main  1189 

publication of the VEST study (see section 5.3 Discussion for more information). 1190 

(D0013) No evidence was found to answer the research question. 1191 

 1192 

Satisfaction 1193 

(D0017) No evidence was found to answer the research question. 1194 

 1195 

                                                
5
 The p-value was not corrected for multiple testing, increasing the risk that this statistically significant difference was 

a chance finding (see section 4.7 Discussion for more information). 
6
 20 patients in the control group received the WCD by prescription outside of protocol by treating medical doctors. 

The use of a WCD by a control participant was considered to be a protocol deviation.    
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Change-in-management  1196 

Rehospitalisation rate 1197 

(D0010) In the included study [25], the rehospitalisation rate was measured. The authors did not 1198 

find a statistically significant difference when comparing the rehospitalisation rate between device 1199 

group and control group, with 31.2% and 32.5% rehospitalised patients (any cause) in those 1200 

groups respectively (p-value = 0.51). 1201 

 1202 

ICD implementation 1203 

The included study [25] did not find statistically significant differences when comparing the rate of 1204 

received ICDs between intervention and control group, with 67 out of 1,524 patients (4.4%) and 1205 

44 out of 778 patients (5.7%) receiving an ICD in those groups respectively (p-value = 0.18). 1206 

 1207 

Resource utilisation 1208 

(D0023) No evidence was found to answer the research question. 1209 

 1210 

Other 1211 

Compliance 1212 

The included study [25] measured the compliance/patient adherence. In the device group, 1,481 1213 

out of 1,524 patients (97.2%) wore the WCD7. Those patients wore the device averagely 14 hours 1214 

per day (SD: 9.3). The median wear-time was 18 hours (IQR: 3.8-22.7).  1215 

Data on the overall WCD wear-time in days was not reported in the included study [25]. 1216 

 1217 

Improvement in ejection fraction (EF) 1218 

The included study [25] did not report on improvement in EF. 1219 

 1220 

Assessment of the methodological quality of the included study and quality of the 1221 

evidence 1222 

The methodological quality assessment of the RCT [25] was conducted using the Cochrane Risk of 1223 

Bias (RoB) tool. The quality of the RCT was affected by selective outcome reporting and by poor 1224 

compliance that could have distorted the effect estimates. Further information on the risk of bias 1225 

assessment of the included study can be found in APPENDIX 8. 1226 

 1227 

According to the GRADE assessment, there is moderate certainty to believe in the results of the 1228 

following endpoints: appropriate shocks, withheld shocks, rehospitalisation by any cause and ICD 1229 
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implantation. The true effect is likely to be close to the estimate of the effect, but there is a 1230 

possibility that it is substantially different. We downgraded the certainty to moderate for the 1231 

aforementioned outcomes primarily because of the low compliance in the study that could have 1232 

potentially distorted the effect estimates equally in this study. For the endpoints arrhythmic death, 1233 

all-cause mortality, and incidence of VT/VF we found low certainty to believe in the effect estimate. 1234 

We downgraded the endpoints arrhythmic death and incidence of VT/VF due to serious risk of bias 1235 

(see APPENDIX 4) and serious imprecision. We downgraded the endpoint all-cause mortality due to 1236 

the fact that no correction was made for multiple testing. Therefore, we judged the significant 1237 

result in all-cause mortality likely to be a chance finding. Also, we did not downgrade the endpoint 1238 

compliance, leading to high certainty to believe in this endpoint. The reader is referred to the 1239 

GRADE evidence profile to be found in APPENDIX 5 for more information. 1240 

 1241 

4.7 Discussion 1242 

Although the evidence was derived from a RCT with a sufficient sample size, further aspects 1243 

concerning the results, the funding of the study, the reported outcomes, and the compliance with 1244 

the device need to be discussed. 1245 

First, the RCT [25] found a statistically significant difference when comparing the secondary 1246 

outcome death from any cause between participants of the device group and the control group, 1247 

with 48 out of 1,524 (3.1%) and 38 out of 778 (4.9%) deaths from any cause in those groups 1248 

respectively (p=0.04). Over the past year, this result has been positively marketed (e.g., in 1249 

conferences and press releases8). The presentation of the results of what is a secondary outcome 1250 

was debated by experts and researchers internationally because a trial with negative results from 1251 

the primary outcome assessment appeared to market the secondary outcome in a way that led to 1252 

the (false) perception that there is evidence proving the (comparative) effectiveness of the WCD9. 1253 

In the study published recently in the New England Journal of Medicine (NEJM), however, the 1254 

conclusion was clear (i.e., no statistically significant difference when comparing the primary 1255 

outcome between intervention and control group) and the limitations regarding the statistically 1256 

                                                                                                                                                
7
 Also, some 20 patients in the control group (n=778) wore the WCD (2.6%) as well. 

8 See, for instance, 26. American College of Cardiology (ACC). Wearable Defibrillator Cuts Overall Mortality, 
But Not Sudden Deaths After Heart Attack. Press release. 2018  15.09.2018]; Available from: 

https://www.acc.org/about-acc/press-releases/2018/03/09/16/08/sat-9am-et-wearable-defibrillator-cuts-
overall-mortality-but-not-sudden-deaths-after-heart-attack, 27. ZOLL Medical Corporation. LifeVest 
Wearable Defibrillator Reduces Total Mortality By 36 Percent At 90 Days. The Landmark VEST Trial Shows 
90-Day Use of LifeVest WCD Reduces Total Mortality After Heart Attack. 2018  15.09.2018]; Available from: 
https://www.prnewswire.com/news-releases/lifevest-wearable-defibrillator-reduces-total-mortality-by-36-

percent-at-90-days-300611957.html.. 
9 See, for instance, 28. Mandrola, J.M. The VEST Trial Failed, and So Did the Press Release. 2018; Available 

from: https://www.medscape.com/viewarticle/893756#vp_1 [Accessed: 15/09/2018]..  
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significant result of the secondary endpoint were also sufficiently described. The statistically 1257 

significant difference of the secondary outcome (death from any cause) in favor of the WCD was 1258 

only mentioned in the discussion section, reporting that the p-value (0.04) was not corrected for 1259 

multiple testing, leading to a high likelihood that this result was a chance finding.  1260 

Second, the study [25] mentioned that the National Institutes of Health (NIH) / National Heart 1261 

Lung and Blood Institute (NHLBI) ended funding the VEST trial 1 year earlier than anticipated. As a 1262 

result, Zoll Medical Corporation was the only funder that continued funding the VEST trial. Also, 1263 

Zoll Medical Corporation added funding for a VEST Register [25]. Our project team was unclear on 1264 

the reasons for the NIH decision to end funding earlier than anticipated but in a meeting with ZOLL 1265 

Medical Corporation, we were told that this was because of slow recruitment in the United States 1266 

and the NIH was apparently not prepared for a permanent commitment.  1267 

Third, selective outcome reporting may have been present in the included study [25]. In the 1268 

protocol of the VEST study10, quality of life (QoL) is mentioned as a secondary outcome – 1269 

measured using the SF-36 tool. This tool also measures anxiety – an outcome that is of great 1270 

importance considering the risk of SAEs (e.g., inappropriate shocks) when using the WCD. We 1271 

contacted the primary investigator of the VEST study to clarify the questionable way of selectively 1272 

reporting on some, but not all, of the outcomes that have been selected as outcomes in their study 1273 

protocol. He clarified that QoL data was assessed in the VEST study without including it in the 1274 

NEJM publication. He pointed out that the QoL data analysis is not finished yet. A further 1275 

publication is planned that includes a QoL and cost analysis of the data gathered within the VEST 1276 

study. However, it was unclear to the authors why the report of the VEST study that was published 1277 

in the NEJM neither reported on, nor indicated of having measured QoL data. 1278 

Fourth, patients wore the WCD less often than anticipated: The patients wore the device on 1279 

average 14 hours per day (SD: 9.3) and the median wear-time in the included study [25] was 18 1280 

hours (IQR: 3.8-22.7). The distribution of the data on the wear time of the WCD in the device 1281 

group leads to the impression that patients seemed to have an “all or nothing”-approach towards 1282 

wearing the WCD. Half of the patients wore the device less than 18 hours a day, while the more 1283 

compliant other half of the sample wore the device longer than 18 hours a day. More strikingly, the 1284 

least compliant quartile of patients wore the WCD less than 3.8 hours per day, while the most 1285 

compliant quartile of patients within the sample wore the WCD more than 22.7 hours a day. The 1286 

low-compliance is also evident when looking at how many patients actually wore the WCD at time 1287 

of death or event leading to death: only 12 out of the 48 patients who died in the device group 1288 

                                                
10 The protocol can be found in the supplementary appendix of 25. Olgin, J.E., et al., Wearable 
Cardioverter–Defibrillator after Myocardial Infarction. New England Journal of Medicine, 2018. 379(13): p. 
1205-1215.. 
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actually wore the device at the time of death (any cause). Hence, the “all or nothing”-approach 1289 

towards wearing the WCD may have been a factor that distorted the results. 1290 

It appears that the compliance of the WCD of the patients enrolled in the RCT [25] may be worse 1291 

than in the included 10 observational studies [29-38]. As such, the mean daily use of the WCD in 1292 

the observational studies ranged from 19.5 to 23.4 hours/day; the median wearing time ranged 1293 

from 18.0 to 23.5 hours/day. In those observational studies, the overall population included in all 1294 

studies was 2,616 patients (mean: 262, range: 8-2000). The reader is referred to the data-1295 

extraction table of observational studies for more information on those studies (see APPENDIX 9). 1296 

Non-compliance of the WCD is a problem related to the WCD in Europe. As such, a previous survey 1297 

[39] conducted in 2016 by the European Heart Rhythm Association suggests, inter alia, that the 1298 

compliance with the WCD remains low in Europe. Non-compliance and incorrect use of the WCD 1299 

were, among others, judged to be significant problems related to the WCD. 1300 

The reasons for the poor compliance are unknown and at this moment in time, one can only 1301 

speculate about factors having influenced the compliance. After a consultation with ZOLL, we were 1302 

told that older models of the WCD were used in the RCT as well. There may be a difference in 1303 

compliance between models. As all ECG tracks were recorded it is possible to identify who was 1304 

wearing the WCD and then ask why they had not worn it. For instance, it is possible that there was 1305 

a difference in compliance between models of the WCD or that the consent form indicating the 1306 

proper use may have been unclear.  1307 

In addition, results from a focus group [1] involving 5 patients may be used to formulate some 1308 

further hypothesis regarding the reasons for not wearing of the WCD: the possibility to receive 1309 

inappropriate shocks may lead to fear and anxiety. Based on the results of the focus group that 1310 

was conducted within the previous EUnetHTA report [1], the respondents perceived the WCD as 1311 

potentially having an impact on quality of life. They felt potentially restricted in their working life, 1312 

when driving a car, or doing sports, and would fear removing the WCD. However, these views 1313 

must be taken with caution since they are based on results from a relatively small focus group [1] 1314 

involving 5 participants only who had undergone heart transplantation, with no practical experience 1315 

in using the WCD and no prior knowledge regarding this technology. Thus, the insights gained are 1316 

valuable to formulate hypotheses. 1317 

For the sake of answers to explain factors contributing to the low compliance, further data analysis 1318 

is mandatory. The data on quality of life are available and can be analysed to identify factors for 1319 

the low compliance in the RCT and consequently improve the scientific evidence regarding the 1320 

effectiveness of the WCD.  1321 
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In addition, the search for ongoing studies in clinicaltrials.gov revealed that there may not be any 1322 

RCTs or other comparative designed studies underway. Eight uncontrolled ongoing studies were 1323 

identified. The reader is referred to APPENDIX 7 for the full list of identified ongoing studies. 1324 

 1325 

4.8 Conclusion 1326 

For the assessment of the clinical effectiveness of the WCD, one study [25] was eligible to be 1327 

included in this assessment: the RCT compared the use of the WCD and GDMT with GDMT alone. 1328 

Based on the selected effectiveness outcomes, no statistically significant differences were found for 1329 

disease-specific mortality, the incidence of VT/VF, rehospitalisation rate, and ICD implementation. 1330 

A statistically significant difference was found for all-cause mortality – though this difference may 1331 

be a chance finding or influenced by low compliance. Quality of life and patient satisfaction with 1332 

the WCD were not reported. The researchers involved in this assessment judged the compliance to 1333 

be low in the included study.  1334 

Currently, the evidence indicates that the use of the WCD in combination with GDMT in patients 1335 

with a recent MI and an ejection fraction of 35% or less is not proven to be more effective when 1336 

compared to GDMT alone in affecting arrhythmic mortality. The evidence base for this conclusion is 1337 

one RCT. Evidence from new RCTs and cohort studies with concurrent controls may influence the 1338 

effect estimate considerably. 1339 

  1340 
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5. SAFETY (SAF) 1341 

5.1 Methods 1342 

The Assessment Elements of this domain were: 1343 

Assessment 

Element ID 

Research question 

 

C0008 How safe is the WCD in relation to the comparator(s): 
 - What is the frequency and what are serious adverse events (SAEs) of the WCD in 

relation to the comparator(s)? 
 - What are the most frequent AEs of the WCD in relation to the comparator(s)? 

 - What is the frequency of discontinuation of the WCD due to AEs of the technology in 

relation to the comparator(s)? 
- What is the frequency of unexpected AEs in WCD and comparison groups? 

C0002 Are the harms related to dosage or frequency of applying the WCD? 

C0004 How does the frequency or severity of harms change over time or in different settings? 

C0005 What are the susceptible patient groups that are more likely to be harmed through the 

use of the WCD? 

C0007 Are the WCD and comparator(s) associated with user-dependent harms? 

B0010 What kind of data/records and/or registry is needed to monitor the use of the WCD and 

the comparator(s)? 

 1344 

Evidence analysis for safety domain has been performed according to the PICOs framework 1345 

defined in Table 1. RCTs, observational studies with concomitant controls, observational 1346 

uncontrolled prospective studies and register studies were deemed eligible for inclusion in the 1347 

evidence synthesis. The characteristics of included studies were extracted and described in 1348 

APPENDIX 4 (RCT) and APPENDIX 9 (Observational Studies). The methodological quality 1349 

assessment of the RCT [25] was conducted using the Cochrane Risk of Bias (RoB) tool [24] (see 1350 

APPENDIX 8), while the observational studies were assessed through the 20-items checklist 1351 

developed by the IHE [40] (see APPENDIX 10). In addition, the GRADE framework was used to 1352 

assess the quality of the evidence and the certainty in the effect estimates. The data was based on 1353 

the data-extraction-tables (see APPENDIX 4 and 9). The research questions (assessment 1354 

elements) were then answered systematically in plain text format. The final conclusion of the 1355 

evidence on the safety of the WCD was based on the GRADE evidence profile (see APPENDIX 5).  1356 

 1357 

5.2 Systematic literature search 1358 

The systematic search of the literature has been already described in the EFF domain. 1359 

 1360 

 1361 

 1362 

 1363 
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5.3 Flow chart of study selection 1364 

Overall, after duplicates removal, 570 hits were identified. The references were screened by two 1365 

independent researchers (MO, GG) and in case of disagreement a third researcher (TJ) was 1366 

involved to solve the differences. The selection process is displayed in Figure 5. 1367 

 1368 
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Figure 5: Flow chart of study selection for Safety analysis (PRISMA Flow Diagram) 
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5.4 Results 1406 

Included studies 1407 

For the safety analysis, 11 studies [25, 29-38] were included; one study [25] was the RCT already 1408 

included for the clinical effectiveness analysis, while the remaining 10 studies [29-38] were 1409 

observational prospective studies or prospective register studies. The characteristics of the included 1410 

studies for safety are described in the APPENDIX 4 and APPENDIX 9. 1411 

Randomised study: The characteristics of the included RCT are described in the clinical 1412 

effectiveness analysis. 1413 

 1414 

Observational studies  1415 

Ten observational studies [29-38] were included in the safety analysis: eight were prospective case 1416 

series [29-33, 35, 37, 38], and two were register studies [34, 36]. Seven studies were single-center 1417 

[29, 31-33, 35, 37, 38] (4 from Germany [32, 33, 35, 37], 1 from Australia [31], 1 from France 1418 

[29], and 1 from Japan [38]); three studies were multi-center [30, 34, 36] (2 from USA [34, 36] 1419 

and 1 from USA/Israel [30]), all funded by ZOLL Medical Corporation. The overall population 1420 

included in all studies was 2,616 patients (mean 262, range 8-2,000). The patient’s mean or 1421 

median age ranged from 51 to 69 years; the percentage of male participants in the included 1422 

studies ranged from 69% to 92%. The LVEF ranged from 22% to 52%. The mean/median follow-1423 

up time range was 3-19 months. Patients lost to follow-up were 7/89 (8%) in Kao et al. [34], 1424 

9/114 (8%) in Röger et al. [37], none in five studies [29, 31-33, 38], and not reported in three 1425 

studies [30, 35, 36]. 1426 

All studies clearly reported inclusion criteria that widely differed between the studies, while only 4 1427 

studies [29, 30, 34, 38] reported exclusion criteria that mainly referred to having a previous ICD 1428 

placement or having cognitive impairment. 1429 

 1430 

Serious Adverse Events (SAEs)  1431 

(C0008) RCT: The only comparative study included [25] reported the safety outcomes described 1432 

below: four SAEs related or potentially related to the WCD occurred. Three of them were patient 1433 

hospitalizations (two due to aborted shocks and one due to an inappropriate shock), and one was a 1434 

patient that died while he was wearing the device. The authors state that it was deemed likely not 1435 

to be an arrhythmic death (no tachyarrhythmia was recorded by the device and emergency medical 1436 

technicians noted pulseless electrical activity on arrival). 1437 

Other SAEs were inappropriate shocks (one was the hospitalized patient already described above) 1438 

that occurred in 9/1524 (0.6%) patients in the device group vs none in the control group.  1439 
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Observational studies: The observational studies without a control group (comparator), reported 1440 

the AEs occurring to patients wearing the WCD described below. In the studies AEs were reported 1441 

for the overall population and not reported separately for patients with ischemic cardiomyopathy 1442 

(ICM), non-ischemic cardiomyopathy (NICM), or other subgroups. 1443 

The SAEs reported were inappropriate shocks, unsuccessful shocks, and frequency of SAEs leading 1444 

to death. 1445 

All the studies reported on inappropriate shocks. Six studies [29-31, 34, 35, 38] state that no 1446 

inappropriate shock occurred. One study [37] reported that one inappropriate shock occurred in 1447 

1/105 patient (1%). This patient was a 74-year-old female with mild cognitive defects and newly 1448 

diagnosed ICM. She received an inappropriate WCD shock that was triggered by artifactual voltage 1449 

fluctuations misinterpreted by the WCD as ventricular arrhythmia. She ignored both tactile and 1450 

audible alarms and failed to press the response button of her WCD. 1451 

One study [33] reported 2/102 (2%) inappropriate WCD shocks due to atrial fibrillation/flutter with 1452 

rapid ventricular conduction. Although hemodynamically stable, both patients did not abort WCD 1453 

therapy pushing the button. One study [32] reported two inappropriate WCD shocks that occurred 1454 

in 2/130 (2%) patients, both due to rapidly conducted supraventricular tachycardia. The multi-1455 

center, prospective, registry study by Kutyifa et al. [36] involving 2000 patients reported 10 (0.5%) 1456 

inappropriate shocks because of ECG artifacts. Inappropriate shocks did not induce VT or VF. Only 1457 

two studies [35, 36] out of 10 reported the outcome of unsuccessful shocks, reporting that all the 1458 

shocks delivered were successful. Five studies [31, 34-36, 38] out of 10 reported the outcome of 1459 

SAEs leading to death, describing that no patients died wearing the WCD.  1460 

 1461 

Adverse events (AEs)  1462 

RCT: Statistically significant differences between the device group and control group were 1463 

observed for rash and itching in the torso area. Rash occurred in 184 (13.0%) patients in the 1464 

device group vs 27 (3.8%) patients in the control group, p<0.001. Itch occurred in 205 (14.5%) 1465 

patients in the device group vs 22 (3.1%) patients in the control group, p<0.001.  1466 

Differences between the two groups for other AEs as dizziness, fainting, and palpitations were not 1467 

statistically significant. Dizziness occurred in 344 (24.4%) patients in the device group vs 166 1468 

(23.4%) patients in the control group, p=0.64. Fainting occurred in 59 (4.2%) patients in the 1469 

device group vs 36 (5.1%) patients in the control group, p=0.34. Palpitations occurred in 327 1470 

(23.1%) patients in the device group vs 182 (25.7%) patients in the control group, p=0.19.  1471 

Observational studies: The AEs reported in the 10 observational studies were: skin rash and 1472 

itching; false alarms; palpitations, lightheadedness, and fainting; discontinuation due to comfort 1473 

and lifestyle issues. 1474 
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Erath et al. 2017 [33] reported that 2/102 (2%) patients developed allergic skin reactions due to 1475 

nickel hypersensitivity that could not be controlled with local or systemic steroid therapy, leading to 1476 

stop wearing WCD.  1477 

Two studies [29, 33] reported on false alarms. Barraud et al. [29] reported that no patient received 1478 

false WCD alarms; Erath et al. 2017 [33] reported that 58/102 (57%) patients experienced “false 1479 

alarms’’ (vibration, siren or bystander warning) due to incorrect detection of ECG episodes, defined 1480 

as artifacts upon review. 1481 

Palpitations, light-headedness, and fainting were reported by only two studies [34, 38]. Sasaki et 1482 

al. [38] reported that 1/50 (2%) patient had a sustained VT for which lifesaving shock therapy was 1483 

delivered; he lost consciousness during VT and therefore did not feel any pain on shock delivery. 1484 

Kao et al. [34] described that 2/89 (2%) patients reported palpitations, and 5/89 (6%) patients 1485 

reported light-headedness or fainting during WCD use. 1486 

Three studies [29, 34, 37] reported on discontinuation due to comfort and lifestyle issues. Röger et 1487 

al. [37] described that 8/114 (7%) patients returned their WCD during the first hours after 1488 

initiation because of unwillingness or inability to handle it. Barraud et al. [29] reported that 1/24 1489 

(4%) patient, after having had an alarm due to a sustained VT, pressed the response buttons to 1490 

withhold the shock and then decided to remove his WCD. Kao et al. [34] reported 16/89 (18%) 1491 

discontinuations: 3/89 (3%) patients dropped out after wearing the WCD for a couple of hours; 1492 

6/89 (7%) patients refused to wear the WCD due to discomfort and other reasons, and 7/89 (8%) 1493 

other patients due to unknown/other reasons. No studies reported adverse events by WCD model. 1494 

 1495 

(C0002) Although it could be reasonable to associate some AEs as skin rash and itching with the 1496 

WCD wearing time, none of the included studies specifically addressed this issue. 1497 

 1498 

(C0004) The available evidence on the WCD did not address specifically whether the frequency or 1499 

severity of harms changed over time or in different settings of use.   1500 

 1501 

(C0005) Patients with cognitive impairment could be at higher risk of inappropriate shocks, due to 1502 

their possible inability to press the response buttons [37]. 1503 

 1504 

(C0007) The most important potential user-dependent harm is related to compliance in wearing the 1505 

WCD. Compliance is crucial for patients to be protected from SCA caused by VT/VF. Patients must 1506 

wear the WCD as many hours/day as possible, taking it off just to have bath or shower. Poor 1507 

compliance could result in a raised risk of sudden death. In the RCT by Olgin et al. [25], the 1508 

compliance was poor, with a mean wearing time of 14.0 (SD 9.3) hours/day [median 18 (IQR 3.8–1509 
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22.7) hours/day]. In the observational studies included, the mean wearing time ranged from 19.5 1510 

to 23.4 hours/day; the median wearing time ranged from 18.0 to 23.5 hours/day.  1511 

Another issue related to user-dependent harms is the appropriate use of the response buttons. 1512 

There are two main possible sources of harms. Firstly, patients might push the buttons when it is 1513 

not clinically appropriate and avert a possible life-saving treatment; also, bystanders could wrongly 1514 

push the buttons averting a possible life-saving shock. Secondly, for various reasons, conscious 1515 

patients could fail to push the response buttons, receiving an inappropriate shock, that could 1516 

induce VT or VF [36, 37]. 1517 

Lastly, also professionals might cause harm because of their responsibility of setting up the monitor 1518 

and choosing the settings for each patient. However, the default setting can also be used [19]. 1519 

 1520 

(B0010) Register studies are set in an everyday context of use, in patients wearing the WCD with 1521 

different diagnoses (ICM, NICM, dilated cardiomyopathy, etc.) and collecting data on their medical 1522 

history, comorbidities, and other baseline clinical characteristics, as well as clinical effectiveness 1523 

and safety outcomes associated with the use of WCD. However, according to our PICOS, no 1524 

conclusions can be drawn on the effectiveness from register studies. 1525 

In this report, we included two prospective register studies [34, 36] on the device WCD. The study 1526 

by Kutyifa et al. [36] included 2,000 patients having ICM (40%), NICM (46%), and with congenital 1527 

or inherited heart disease (14%). This study collected data on the patient’s compliance, clinical and 1528 

arrhythmic events during WCD use. At 3 months follow-up after the WCD use, it was further 1529 

assessed whether the patients were implanted with an ICD or they had an improved ejection 1530 

fraction. However, clinical effectiveness data as patient’s satisfaction with technology, HRQoL, 1531 

hospitalisation rate, and safety data as skin rash and itching, false alarms, palpitations, light-1532 

headedness, and fainting, were missing. 1533 

The other register study by Kao et al. [34] reported the experience of 89 patients wearing the WCD 1534 

(7 patients were excluded from final analysis due to loss to follow-up and early discontinuations). 1535 

This study included heart failure (HF) patients listed for heart transplantation, patients with dilated 1536 

cardiomyopathy (DCM), and patients using inotropes. Data collected were compliance, defibrillation 1537 

events, arrhythmia detection, ECG recordings, and some safety outcomes (palpitations, light-1538 

headedness, and fainting). Other data results were missing: patient’s satisfaction with technology, 1539 

HRQoL, hospitalisation rate, safety data as skin rash and itching, and false alarms. 1540 

In conclusion, regarding safety issues, these two register studies and in particular the larger study 1541 

[36], did not report adequately all the important safety outcomes related to the WCD use.  1542 

 1543 
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Assessment of the methodological quality of the included studies and quality of the 1544 

evidence 1545 

RCT: The methodological quality assessment of the RCT by Olgin [25] was described in the 1546 

effectiveness analysis. 1547 

According to the GRADE assessment (APPENDIX 5), there is moderate certainty to believe in the 1548 

results of the following safety endpoints: rash and itch in the torso area, dizziness, fainting, 1549 

palpitations, and inappropriate shocks. We downgraded the certainty from high to moderate for 1550 

these safety outcomes because of serious risk of bias due to low compliance in the study that could 1551 

have potentially distorted most of the effectiveness and safety effect estimates. The other items of 1552 

the certainty assessment (inconsistency, indirectness, imprecision, and other considerations) were 1553 

considered not to present serious risk of bias. 1554 

 1555 

Observational studies: The methodological quality assessment of the observational studies was 1556 

made through the 20-items checklist developed by the IHE [3] (APPENDIX 10). Applying the IHE 1557 

checklist, 8 studies [29, 30, 32-37] were at high risk of bias, while 2 studies [31, 38] were at very 1558 

high risk of bias. The main concerns for risk of bias were: 7/10 studies were single-centre with a 1559 

limited sample size; patients entered the study at a similar point in the disease only in 1/10 study; 1560 

in all studies outcome assessors were not blinded to the intervention that patients received; losses 1561 

to follow-up were reported only in 3/10 studies; AEs were fully reported only by one study, while 7 1562 

studies reported them partly, and 2 studies did not reported them at all.  1563 

The GRADE assessment (APPENDIX 5) for safety outcomes showed a very low certainty in the 1564 

estimated proportions of AEs due to serious or very serious risk of bias for all the safety outcomes, 1565 

and serious imprecision (due to small sample size, the estimated proportions of AEs have wide 1566 

confidence intervals) for some of the safety outcomes (allergic skin reactions, false alarms, 1567 

palpitations, light-headedness or fainting). 1568 

 1569 

5.5 Discussion 1570 

The available evidence on the safety of WCD derives from one RCT and ten observational studies. 1571 

In most of the included studies, there was a lack of reporting on AEs. 1572 

The RCT showed relatively few SAEs occurring in the device group, as hospitalizations or 1573 

inappropriate shocks, while AEs as rash and itching in the torso area, dizziness, or palpitations 1574 

were more common. However, the quality of the RCT was affected by selective outcome reporting 1575 

and poor compliance. The certainty in the outcome estimates was judged low for the outcome 1576 

death from any cause, and moderate to high for the other outcomes by the GRADE assessment. 1577 
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The observational studies showed a low rate of SAEs as well, with a ratio of inappropriate shocks 1578 

between 0.5% and 2%. This ratio is in line with that reported by the RCT (0.6%). 1579 

Regarding AEs, only one study reported allergic skin reactions in 2% of the patients. This ratio is 1580 

much lower than the occurrence of skin rash reported by Olgin et al. (13%).  1581 

Two studies reported on false alarms: one study reported that no patient received false WCD 1582 

alarms, while another study reported that 57% of the patients experienced “false alarms’’ due to 1583 

incorrect detection of ECG episodes, defined as artifacts upon review. This discrepancy is quite 1584 

surprising and could be interpreted as selective reporting of this outcome in the included studies 1585 

leading to potentially biased results. 1586 

Palpitations, light-headedness, and fainting were reported by only two studies and ranged from 1587 

2% to 9% of the patients. These ratios are lower than those reported by the RCT, ranging from 1588 

4% to 24%. 1589 

Three studies reported discontinuation due to comfort and lifestyle issues that ranged from 4% to 1590 

18% of the patients. These discontinuations could have derived from a lack of the perceived 1591 

quality of life of patients wearing the WCD, even if we did not find specific data about QoL in the 1592 

included studies. 1593 

The overall quality of the observational studies was judged to be at high or very high risk of bias, 1594 

and the GRADE assessment for safety outcomes showed a very low certainty in the estimated 1595 

proportions of AEs in the WCD patients. 1596 

Studies that could have reported on an overlapping sample are those by Erath 2017 [33] and by 1597 

Erath 2018 [32]. In fact, these studies were performed in the same institution (J. W. Goethe 1598 

University Hospital, Frankfurt), had a very similar sample size (124 vs 130 patients), and in Erath 1599 

2018 [32], the start and the completion dates were not reported. Another two studies could have 1600 

considered an overlapping sample [30, 36]. Barsheshet et al. [30] reported on 50 patients from 1601 

the University of Rochester Medical Center (NY, U.S.A.) and they did not report the start and the 1602 

completion dates, while Kutyifa et al. [36] reported on a multicenter registry (WEARIT-II) of 1603 

patients from USA sites (patients were enrolled from August 2011 to February 2014) and the 1604 

coordination and data center was the University of Rochester. The other included studies were 1605 

performed in different countries or time frames. 1606 

As emerged from a previous survey [39] and focus group [1] involving physicians and/or patients, 1607 

wearing the WCD could cause fear and anxiety of possible inappropriate shocks. WCD use could 1608 

also negatively affect perceived quality of life [1]: patients would feel restricted in their working 1609 

life, when driving a car, or doing sports, and could have fear removing the WCD. However, the 1610 

focus group [1] involved only 5 participants who undergone heart transplantation, with no 1611 

practical experience in using the WCD and no a priori knowledge regarding this technology. 1612 
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5.6 Conclusions 1613 

The available evidence indicates that the WCD could be a relatively safe intervention for patients 1614 

at risk of SCA. However, the quality of evidence was at high or very high risk of bias and the 1615 

certainty in the safety endpoints according to GRADE was very low. There was a lack of reporting 1616 

of AEs and SAEs in most of the studies. More data from high quality studies with a more complete 1617 

reporting on AEs and SAEs are needed to confirm the safety of the device. 1618 

  1619 
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6. ECONOMIC EVALUATION (ECO) 1620 

The following information are based on the literature research and context analysis. In particular, 1621 

we carried out the literature research, using the same search strategies used to evaluate efficacy 1622 

and safety reported in APPENDIX 6, to collect the information useful to answer to the research 1623 

questions reported in the following methods.  1624 

6.1 Methods 1625 

For the context economic analysis we consulted the Ministerial database (NSIS) on consumption 1626 

and relative prices and we contacted the manufacturer to collect further information through an ad 1627 

hoc questionnaire (APPENDIX 2) (E0001). 1628 

 1629 

     Element ID      Research question 

E0001      What types of resources are used when delivering the assessed technology and its 
comparators (resource-use identification)? 

E0002      What amounts of resources are used when delivering the assessed technology and its 

comparators (resource-use measurement)? 

E0009      What were the measured and/or estimated costs of the assessed technology and its 
comparator(s) (resource-use valuation)? 

D0023      How does the technology modify the need for other technologies and use of 
resources? 

G0007      What are the likely budget impacts of implementing the technologies being compared?  

E0005      What is (are) the measured and/or estimated health-related outcome(s) of the 

assessed technology and its comparator(s) (outcome identification, measurement and 
valuation) and in practice? 

E0006       What are the estimated differences in costs and outcomes between the technology 

and its comparator(s)? 

E0010       What are the uncertainties surrounding the costs and economic evaluation(s) of the 
technology and its comparator(s)? 

E0013       What methodological assumptions were made in relation to the technology and its 
comparator(s)?  

 1630 

 1631 

6.2 Results 1632 

(E0001) From research literature, consulting the databases Pubmed, The Cochrane Library and 1633 

Embase, resulted 12 articles and after screening of titles and abstracts we included only one study 1634 

potentially eligible [22]. We also included another study pointed out by manufacturer [40] in the 1635 

questionnaire. After the read of full text we confirmed these two studies included. 1636 
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(E0009, D0023, E0005) [22] carried out a cost-effectiveness evaluation of the WCD compared with 1637 

other alternatives of management for the prevention of SCA in patients with infected ICD 1638 

removed.  1639 

The analysis is focused on the patients cannot undergo immediate device re-implantation. For 1640 

these patients are available 4 options: 1) discharge home with a WCD until re-implantation; 2) 1641 

discharge home without a WCD until re-implantation; 3) discharge to a skilled nursing facility 1642 

(SNF) without a WCD until re-implantation; 4) remaining in the hospital without a WCD until re-1643 

implantation.  1644 

Exist the uncertainty related to the window after device removal and re-implantation, due to 1645 

different reasons, and WCD could be considered to an alternative approach to inpatient monitoring 1646 

for the prevention of SCA.  1647 

The authors developed a decision model, a Markov process, to compare the cost-effectiveness on 1648 

use of the WCD to several different strategies for patients who undergo to ICD removal. The 1649 

model aimed to capture both cost and utility and assessed event as: survival, quality of life, costs 1650 

to the healthcare system; its considered the societal perspective for costs and benefits, discounted 1651 

at 3% annually. The model compared WCD with: Strategy 1) No WCD and discharge home; 1652 

Strategy 2) no WCD and discharge to a skilled nursing facility; Strategy 3) No WCD and patients in 1653 

hospital stay. To compare the effectiveness among strategies the authors considered both life-1654 

years (Lys) and quality-adjusted life-years (QALY).  1655 

The costs were adjusted to 2014 dollars using an inflation rate of 3% to reflect inflation in the 1656 

consumer price index. The monthly cost for the WCD was $2,754 and was applied on weeks 1 and 1657 

5 (the analysis considered a range of 1 to 8 weeks before ICD re-implantation). 1658 

Other costs considered were: cost of ambulance service and postarrest care, telemetry unit stay, 1659 

cost of medical care for inappropriate shocks from the WCD (by 2014 Medicare Payment Schedule 1660 

and professional Feeds or published data). Besides loss of income and productivity for pre-mature 1661 

death was also considered by adding the age-specific average annual wages from the Bureau of 1662 

Labor Statistics.  1663 

It is important to notice that the sensitivity analysis showed that SCA event rate had a profound 1664 

impact on the cost-effectiveness of the WCD strategy; at high SCA event rates the WCD strategy 1665 

had both lower cost and better clinical outcome than all alternative therapies, but WCD cost-1666 

effectiveness decreased as SCA event rates decreased. The WCD remained cost-effectiveness as 1667 

long as the 2-month SCA risk was at least 4.2% less than the 4.55% per patient-month observed 1668 

previously (by ZOLL Registry). 1669 

Other variable that impacts on cost-effectiveness is WCD treatment efficacy. The base-case 1670 

scenario estimated efficacy of 84.5% resulted in an ICER of $26,436/QALY. The ICER was as low 1671 
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as $15,392/QALY if the WCD successfully terminated 95% of SCA events and exceeded the 1672 

$50,000/QALY WTP if the efficacy was <69%.  1673 

The authors concluded that the WCD is likely a cost-effective treatment for the prevention of SCA 1674 

in a significant number of these at-risk patients. The analysis resulted that discharge home with a 1675 

WCD was a cost-effective treatment strategy with an incremental cost-effectiveness of $20,300/LY 1676 

and $26,436/QALY when compared to discharge home with no device.  One of authors declared to 1677 

be a consultant of manufacturer. 1678 

The study of Sanders et al. [2015] developed a Markov model to assess the cost-effectiveness of 1679 

the WCD compared with the current standard of care for early post-MI patients. The model 1680 

assessed the survival of patient, quality-of-life, and costs. 1681 

The population was patients who have had a recent myocardial infarction (MI) with a reduced left 1682 

ventricular ejection fraction (LVEF) and that cannot undergo to implant within 40 days post MI or 3 1683 

months of revascularization.    1684 

The ratio of this study is to identify an alternative approach to reduce the risk of SCD, considered 1685 

elevated in the early post-MI period coupled with the lack of success of the ICD in this setting.  1686 

The study based on data of population from VALIANT study [41] and it included direct costs of 1687 

medical care associated with WCD use, EMS (emergency medical services), ICD implantation and 1688 

follow-up, treatment of patients with standard care.  1689 

Per WCD strategy the costs included were: WCD use, equal to $2,754/month, and additional 1690 

physician visit for patients who received an inappropriate shock. Per standard care strategy the 1691 

costs included were: EMS cost, equal to $18,500 for EMS service, and subsequent hospitalization. 1692 

The patients survivor of SCA, for both strategies, received additional costs related to ICD 1693 

implantation. In particular, for ICD implantation the costs included were: initial ICD implantation; 1694 

generator replacement; lead replacement. The costs included were based on 2014 fiscal year and 1695 

updated to 2014 US dollars using the gross domestic product deflator. The sensitivity analyses is 1696 

performed and costs were varied by 25%. 1697 

The study’ results showed that the WCD strategy was more expensive than the standard-of-care 1698 

strategy with estimated life-time discounted cost higher by $11,503. The WCD strategy had better 1699 

clinical outcomes, with an improvement in life expectancy of 0.261 life years or 0.190 QALYs. The 1700 

ICER of the WCD compared with usual care was $44,100/LY or $60,600/QALY.   1701 

The authors concluded that the analysis suggest that use of a WCD could reduce the rate of SCD 1702 

during the recovery period of patients who have had a recent MI and have reduced left ventricular 1703 

function at a cost that appears to be economically attractive when compared with other generally 1704 

accepted treatments in the United States. The study was supported by manufacturer and the 1705 

authors have been paid as consultant.  1706 
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 1707 

(E0001, E0002) For the context economic analysis we sent a questionnaire to the manufacturer to 1708 

collect data on price/cost of the device and also we performed an context analysis consulting 1709 

database of Italian Ministry of Healthcare  NSIS - Flusso contratti, containing the purchase’ 1710 

contracts of local health trust. Regarding to the information from manufacturer in the 1711 

questionnaire he stated that the rental list price per month is €6,000  plus VAT equal to 4%, and 1712 

the real average price in Italy is €3,600 per rental month.  1713 

He reported the service includes, as below reported: 1714 

- patient training on how to wear and handle the device;  1715 

- activation and addition of the patient in the LifeVest network system, which enables the 1716 

treating physician to analyse the patients ECG; 1717 

- possible replacement of all the pieces constituting the device in case of malfunctioning; 1718 

- online telephone service 24 hours per day and 7 days a week for assistance; 1719 

- withdrawal of the device after use termination with the obligation from the client to inform 1720 

ZOLL; 1721 

and also all items use for a single procedure, as below reported: 1722 

- 1 monitor; 1723 

- 2 rechargeable batteries; 1724 

- 1 electrode belt; 1725 

- 1 holster; 1726 

- 1 charger/transmitter; 1727 

- 2 disposable garments;  1728 

- 2 gel packs (electrodes);  1729 

- Patient Instruction Manual. 1730 

Regarding to the context analysis we consulted the database Flusso contratti for the period from 1731 

2015 to 2017;  we also collected data of 2018, if data consolidated (year ongoing). 1732 

The analysis relieved a total number of WCD equal to 32 units in 6 Regions and 9 local health trust 1733 

(see Table 3). (E0010, E0013) We observed that in the Flusso contratti database not always the 1734 

contracts reported the data of purchasing modality in right way; for this reason we assumed, 1735 

according to the manufacturer statement, that all prices are referred to “rental” price.  1736 

 1737 

Table 3: Number of WCD rental in the period 2015-2018 1738 

 1739 

Souce: Flusso contratti NSIS/Italian Ministry of Health and elaborated by Agenas – November 2018 1740 

Q P Q P Q P Q P

Total 4 0 14 0 10 0 4 0 32

2015 2016 2017 2018
TOTAL
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 1741 

The rental price, in all years, was constant with a range from €3,400 to €3,500, and consistent 1742 

with the manufacturer's statement; we relieved only one case, one unit, rented to €4,950. 1743 

We relieved two cases with a rental price equal to €10,000, for two units rented; given the 1744 

average price and the statement of manufacturer we considered this value as outlier. We also 1745 

relieved an potential data entry error for 4 units in which the price was equal to €350 per month 1746 

and another for which nothing price is reported. So, at final the value of €3,400 is the price rental 1747 

more applied (more 60%) and the value of €3,500 is reported in 16% of cases. 1748 

 1749 

 1750 

     1751 
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7. Patient and Social Aspects domain 1752 

7.1 Methods 1753 

The Assessment Elements of this domain were: 1754 

 1755 

     Element ID      Research question 

     H0006      How patients act and react to WCD? 

 1756 

A systematic literature search on Cochrane, Embase and Psychinfo was made to answer the 1757 

research question on patients perceptions11. We excluded case studies, expert opinions, conference 1758 

abstracts and included qualitative literature involving adults real users of WCD and quantitative 1759 

studies which used quantitative measures of patients quality of life - QoL using the WCD and 1760 

compliance. We selected for the full text reading all the studies that included these outcomes. 1761 

Eventually, since in the effectiveness chapter one important outcome was the “compliance” (time of 1762 

wearing) and their study designs inclusion criteria did not fit ours (i.e. we also considered 1763 

retrospective studies), we decided not to extract that endpoint (see Chapter 4 - Clinical 1764 

Effectiveness). We screened and selected records in double and solved disagreements by 1765 

discussion. The included study’s quality was evaluated via Quality Appraisal Checklist for Case Series 1766 

Studies [41] (see APPENDIX 11). 1767 

 1768 

7.2 Results  1769 

A search strategy (see APPENDIX 12) was performed on the above mentioned database at the end 1770 

of August 2018 and resulted in 108 records. After screening of title and abstract we excluded 94 1771 

records (43 as conference abstracts and 51 as not on our technology or as expert opinion/case 1772 

studies). We read the full text of 15 titles (APPENDIX 13) and eventually included one of them [43] 1773 

(see Figure 6 Flow chart of study selection). 1774 

 1775 

                                                
11This report was thought initially to be a simple adaptation of the EUnetHTA Collaborative Report coordinated by LBI. 
Since they had involved Austrian and German patients organizations, we first thought to follow LBI’s steps. Nonetheless 
we aimed to reach patients who had a direct real experience of using WCD and, due to the time and resources we had, 
this was done by involving cardiologists and through them, the real users.  We asked to cardiologists who had 
volunteered to collaborate to this assessment after a call on Agenas’ web site. Many of them unfortunately responded 
that they had never prescribed the WCD, so we could have involved very few patients (namely 2) for the interview. 
Since we could not reach the saturation of information principle [42. Fusch, P.I. and L.R. Ness, Are We There Yet? 
Data Saturation in Qualitative Research. The Qualitative Report, 2015. 20(9): p. 1408-1416.] systematic literature 
search was made to answer the research question on patients perception. Since it was not possible to perform interviews  
with patients as a source of primary context specific evidence, we focused on assessment element H0006.  
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 1808 

The Lackermair et al.’s [43] work is a preliminary study on QoL among patients using the WCD. It 1809 

is a single-centre study which involved 109 consecutive patients who were prescribed with a WCD 1810 

form 2012 to February 2016 in an unspecified clinics/settings, supposedly in a Munich Hospital (as 1811 

this is the authors’ affiliation). It is a retrospective study, there is no control group and cohort is 1812 

very heterogeneous so its final results are far to be generalizable. We assessed the quality of this 1813 

study using the Quality Appraisal Checklist for Case Series Studies [41] (See APPENDIX 11). We 1814 

describe it anyways as it is the only study that gives some suggestions on how this device affects 1815 

QoL.  1816 

 1817 

Figure 6: Flow chart of study selection for Patient and Social Aspects domain (PRISMA Flow Diagram) 
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Authors define the study as retrospective as they investigated patients who were prescribed with 1818 

WCD from 2012 to 2016. Data were collected from routine clinical management of in-hospital 1819 

patients and also in outpatient settings. Patients prescribed with WCD were at high risk for SCD 1820 

and not eligible for ICD therapy at the time of diagnosis. Baseline characteristics were raised at the 1821 

initial presentation before beginning of WCD therapy and at the end of WCD wear time. In this 1822 

cohort, 78 patients received a WCD without existing prior ICD therapy. At this time patients, within 1823 

the scope of anamnesis, were administrated with  standardized questionnaire for the assessment 1824 

of QoL, the EQ-5D-3L modified by adding  dichotomous questions concerning fear of shock, feeling 1825 

safe, sleep disturbance, and impairment of usual activities subjectively caused specifically by WCD 1826 

therapy.  1827 

About the five dimension of QoL assessed by the EQ-5D main results are as follows.  Mobility 1828 

resulted to be severely reduced in 2% and mildly in 30%, while for 68% none reduction was 1829 

declared.  The ability of self-care was severely diminished in 1%, mildly 16% and for 83% it was 1830 

not diminished.  For Daily routine activities (e.g., job, housekeeping) 1% of patients reported 1831 

having severe problems in accomplishing them and 24% had mild problems, while 75% did not 1832 

perceived any problems. As regard Pain dimension, 5% reported to have severe pain, while mild 1833 

pain was felt by 31% and none by 64%. For Mental Health (e.g,. depression and anxiety) no 1834 

patient reported severe mental health issues, while 43% reported mild problems.  The overall 1835 

subjective state of health, on a visual analogue scale from 0 to 100 points, was averagely 70 1836 

points. The dichotomous questions specifically addressing the subjective perception during WCD 1837 

therapy revealed that 29% were afraid of receiving shock therapy. WCD related sleep disturbance 1838 

or impairment of daily routine activities was reported by 48% and 64% felt protected by the WCD.  1839 

The influence of the number of warning signals on the dichotomous items was analyzed by 1840 

authors and, among other results, it was shown that more warning signals was significantly 1841 

associated with increased fear of shock therapy (18 versus 40%; p=0.03). Thirty-five (35) of 78 1842 

patients without prior ICD therapy received an ICD after the WCD therapy. Compared to patients 1843 

with ICD implantation, patients without ICD implantation at the end of WCD therapy reported 1844 

having felt more safe (77 versus 51%; p<0.01) without significant differences of the fear of shock 1845 

(35 versus 26%; p=0.39), WCD related sleep disturbance (51 versus 49%; p=0.8), and restriction 1846 

of daily activities (58 versus 40%; p=0.11).  1847 

 1848 

7.3 Conclusion  1849 

The selected study has a retrospective design, there is no control group and cohort is very 1850 

heterogeneous. We described it anyways as its results give some hints on how the WCD was 1851 

perceived in terms of QoL and its different aspects. Aspects related to QoL and patients 1852 



 

64 

 

perception, besides compliance, need to be further analyzed via proper study designs and results 1853 

presented in international journals (e.g. many congress abstracts were found in databases about 1854 

QoL, but no articles related in international database).    1855 
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8. CONCLUSIONS 1856 

The WCD represents a novel therapy in primary and secondary prevention of sudden cardiac arrest 1857 

(SCA).  1858 

The first WCD received CE mark in 1999, while WCD 4000 which received CE mark in 2011, 1859 

represents the fifth generation and also the most recent model in the market. There was an mainly 1860 

improuvement in the algortims elaborating heart signars and waveform (from monofasic to 1861 

bephasic) followed by an improuvements in the weight of the controller and plates and garment 1862 

materials. 1863 

Currently, the evidence indicates that the use of the WCD in combination with guideline-directed 1864 

medical therapy (GDMT) in patients with a recent MI and an ejection fraction of 35% or less is not 1865 

proven to be more effective when compared to GDMT alone based on the outcome arrhythmic 1866 

mortality. The evidence base is one RCT. In addition, the compliance with the WCD is currently 1867 

low.  1868 

For the evaluation of safety of the device, the evidence indicates that the WCD could be a 1869 

relatively safe intervention. However, more data and more adequate reporting on AEs and SAEs 1870 

are needed to confirm the safety of the device. 1871 

More RCTs and studies with concurrent controls are needed to consolidate or change question 1872 

those evidence-based conclusions.  1873 

  1874 
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APPENDIX 1 - The Agenas adaptation of the EUnetHTA Core 1995 

Model® 1996 

 1997 

Health Technology Assessment (HTA) is the multidisciplinary evaluation of one or more health 1998 

interventions in their context of use. Since 2006 Agenas has been involved in the European HTA 1999 

network EUnetHTA (http://www.eunethta.eu/contactus/all/356/all). EUnetHTA’s main aim is to 2000 

increase collaboration and avoid inefficiencies and duplications by using shared, standardised and 2001 

agreed methods. These in a continuous development cycle. 2002 

One of the methods produced and used is the HTA Core Model® (https://www.eunethta.eu/wp-2003 

content/uploads/2018/03/HTACoreModel3.0-1.pdf).  2004 

The idea behind the Model is the provision of a standard method for HTA evidence synthesis, 2005 

structuring and presenting in a standard format to facilitate its use by network agencies and 2006 

others. 2007 

The Core Model is divided into domains which represent the various aspects of the assessment of 2008 

health technologies’ research. Each domain contains a series of research questions or Assessment 2009 

Elements. Ver 3.0 of the EUnetHTA Core Model is divided into domains: 2010 

1. Health problem and current use of technology (CUR) 2011 

2. Description and technical characteristics of technology (TEC) 2012 

3. Safety (SAF) 2013 

4. Clinical effectiveness (EFF) 2014 

5. Costs and economic evaluation (ECO)  2015 

6. Ethical analysis (ETH)  2016 

7. Organisational aspects (ORG)  2017 

8. Social aspects (SOC)  2018 

9. Legal aspects (LEG) 2019 

  2020 
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APPENDIX 2 - Questions for the manufacturer 2021 

 2022 

 2023 

                  2024 

 2025 

Agenas is carrying on an adaptation report on “Weareable cardioverter-defibrillator (WCD) therapy in 2026 

primary and secondary prevention of sudden cardiac arrest in patient at risk”. You are receiving this 2027 

request in order to integrate information and data relative to the LifeVest to be used in our report for the 2028 

Italian Ministry of Health (MoH). This will be a public document, so we ask you not to release any 2029 

confidential information. Please also be aware that the aim of the HTA or HS activities is to conduct a 2030 

factual assessment of the performance of this class of devices. We are interested in the factual accuracy of 2031 

the document but the interpretation of those facts is our role.  Thank you for your help. Your help will be 2032 

acknowledged according to your indications in the final report that will be published, after the public 2033 

consultation phase, on the MoH  and Agenas websites. 2034 

 2035 

Manufacturer/Distributor: 2036 

Name of technology: 2037 

Contact Person: 2038 

 2039 

Questions for the manufacturer/distributor 2040 

 2041 

Health problem and current use of technology 2042 

1. Which group(s) of patients represents the target population for LifeVest? 2043 

2. Which other devices or therapies can be considered as the main comparators12 of LifeVest? 2044 

3. Are there specific ICD9-CM (ICD10-CM) codes that identify the use of the LifeVest (and comparators) in 2045 

the hospital discharge database? Are there specific codes in outpatient care? 2046 

4. At today, how many LifeVest have been used in Italy both in acquisition and/or in rental? How many 2047 

around the world? 2048 

5. At today, how many Italian hospitals use your technology? (Please specify if private or public 2049 

providers). 2050 

 2051 

 2052 

 2053 
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Description and technical characteristics of technology 2054 

6. What is the current phase of development of the model on the market? 2055 

7. How many versions/evolutions of the device have been launched to the last version? 2056 

8. [In case of two or more versions] Could you describe the differences between the [n] generations of 2057 

your device? 2058 

9. Which is the risk classification the technology?  2059 

10. Could you describe the principle of action and the main characteristics of the technology? 2060 

11. What is/are the indication(s) of use of the technology? 2061 

12. What are the warnings, precautions, contraindications for the use of the technology? 2062 

13. What disposables and supplies are needed to use the LifeVest? 2063 

14. Does the technology require specific equipment/tools? If yes, please provide descriptions and CND 2064 

codes for all of them. 2065 

15. Are there similar devices/ therapies/procedures that can be considered as “competitors”* of your 2066 

LifeVest? (please specify device names and manufacturers) 2067 

 2068 

Regulatory aspects 2069 

16. Has your device obtained the CE mark? If yes, When? (please report month and year for first and last 2070 

model) 2071 

17. Has your device been approved by the FDA? 2072 

14.a If yes, when? (Please report month and year) 2073 

14.b If not, please report details on the FDA approval status (if any). 2074 

18. When was your device launched in Italy? And which is the medical devices’ repertory number of the 2075 

Italian Ministry of Health? 2076 

19. What is the reimbursement status of the technology in Italy? 2077 

20. Are you aware of any difference in the reimbursement of the technology across the Italian regions? If 2078 

yes, please provide specific regional reimbursement status. 2079 

21. Are you aware of any difference in the reimbursement of the technology across Europe? If yes, please 2080 

provide specific national reimbursement status. 2081 

22. Does the technology require further specific regulations (eg. environmental safety) ? 2082 

 2083 

Clinical Effectiveness and Safety 2084 

23. Are there comparative clinical studies (on humans) published/ongoing aimed to compare your device 2085 

versus other treatments? (if yes, please report full references) 2086 

24. Are there non-comparative clinical studies (on humans) published/ongoing aimed to report on 2087 

effectiveness and safety of your device? (if yes, please report full references) 2088 

25. Is there any register for data collection and patient’s follow-up? If yes, who runs it? (please specify 2089 

web-link and/or key-person name and e-mail address) 2090 

26. Can you specify the ID number(s) of the ongoing trial(s)? 2091 

 2092 

Costs and economic evaluation 2093 

27. What is the list price of your technology? (please, indicate the price, VAT excluded, for all the 2094 

equipment needed for the implantation procedure) 2095 

28. Please fill the table below with all the relevant items for a single procedure: 2096 

 2097 

                                                                                                                                                
12

 Comparator is the standard intervention against which the intervention under assessment is compared. The 
comparator can be no intervention, for example best supportive care. 
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Item Number of units Price per unit (VAT excluded) 

   

 2098 

29. What is the real cost of your technology (VAT excluded)? 2099 

30. Are there economic evaluation studies published/ongoing reporting on LifeVest? (if yes, please report 2100 

full references) 2101 

 2102 

Organisational aspects 2103 

31. Which professionals decide on the use of the LifeVest? 2104 

32. Which professionals (nurses, doctors, and other professionals) use the LifeVest? Describe the staff 2105 

involved in terms of skills and number of units. 2106 

33. Is there the need of training for the staff members?  2107 

25.a If yes, who provides it?  2108 

25.b How much does this training cost and who funds it? 2109 

34. Do you have any report about the learning curve of the procedure? (please report full reference). 2110 

35. How does the procedure using your device differ from the standard of care in terms of need of 2111 

additional/special equipment/tool, complexity, dedicated human resources? 2112 

 2113 

Patient/Participant Sphere 2114 

 2115 

Integrations (after first feedback or face-to-face meeting) 2116 

  2117 
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APPENDIX 3 – List of Italian Centers using WCD 2118 

Information provided by Zoll Medical Italia srl. 2119 

Id Center City Italian Region 

1 Ospedale SS Annunziata Chieti Abruzzo 

2 Ospedale Floraspe Renzetti Lanciano Abruzzo 

3 Ospedale Spirito Santo Pescara Abruzzo 

4 Ospedale San Giuseppe Moscati Avellino Campania 

5 Ospedale Sacro Cuore di Gesu Benevento Campania 

6 Ospedale Maria SS Addolorata Eboli Campania 

7 Casa di Cura Privata Montevergine S.p.A. Mercogliano Campania 

8 Azienda Ospedaliera Vincenzo Monaldi Napoli Campania 

9 Azienda Ospedaliera Vincenzo Monaldi cardio 1 Napoli Campania 

10 Azienda Ospedaliera Vincenzo Monaldi cardio pediatrica Napoli Campania 

11 Ospedale Umberto I Nocera inferiore Campania 

12 Presidio Ospedaliero S. Maria Delle Grazie Pozzuoli Campania 

13 Casa Di Cura Villa Del Sole Salerno Campania 

14 Azienda Ospedaliera S. Giovanni di Dio e Ruggi d'Aragona Salerno Campania 

15 Osp. Civile S. Agostino-Estense Baggiovara Emilia Romagna 

16 Policlinico Sant'Orsola Malpighi Bologna Emilia Romagna 

17 Ospedale Ramazzini Di Carpi  Carpi Emilia Romagna 

18 Ospedale di Castel San Giovanni Castel San Giovanni Emilia Romagna 

19 Ospedale Maurizio Bufalini Cesena Emilia Romagna 

20 Ospedale Guglielmo da Saliceto Piacenza Emilia Romagna 

21 Arcispedale Santa Maria Nuova Reggio Emilia Emilia Romagna 

22 Ospedale Infermi di Rimini Rimini Emilia Romagna 

23 Ospedale Maria Degli Angeli Pordenone Friuli Venezia Giulia 

24 Ospedale Santa Maria della Misericordia Udine Friuli Venezia Giulia 

25 Ospedale “Santa Maria Goretti” Latina Lazio 

26 Policlinico Casilino Roma Lazio 

27 Policlinico Tor Vergata Roma Lazio 

28 Ospedale Sandro Pertini Roma Lazio 

29 Ospedale Santo Spirito in Saxia Roma Lazio 

30 Az. Ospedaliera San Giovanni Addolorata Roma Lazio 

31 Ospedale S. Andrea Roma Lazio 

32 Ospedali Villa Scassi Genova Liguria 

33 Ospedale Genova Sestri Ponente Genova Liguria 

34 Ospedale di Imperia Imperia IM Liguria 

35 ASL 5 - Spezzino La Spezia, SP Liguria 

36 Ospedale San Paolo Savona Liguria 

37 Ospedale S. Antonio Abate Gallarate Lombardia 

38 Ospedale Giuseppe Fornaroli Legnano Lombardia 

39 Ospedale Giuseppe Fornaroli Magenta Lombardia 

40 Azienda Ospedaliera Carlo Poma Mantova Lombardia 

41 Centro Cardiologico Monzino Milano Lombardia 

42 Fondazione Salvatore Maugeri Pavia Lombardia 

43 Fondazione IRCCS Policlinico San Matteo Pavia Lombardia 

44 Multimedica Sesto San Giovanni Lombardia 

45 Ospedale Civile - Vigevano Vigevano Lombardia 

46 Ospedale di Vimercate Vimercate Lombardia 

47 Ospedali Riuniti di Ancona-Torrette Univ Ancona Marche 

48 Ospedali Riuniti di Ancona-Torrette Cardio Ancona Marche 

49 Ospedale Mazzoni Ascoli Piceno Marche 

50 Ospedale Generale Provinciale Macerata Macerata Marche 

51 Azienda Sanitaria Unica Regionale Civitanova Marche Marche 

52 Ospedale di Rete Engles Profili"" Fabriano Marche 

53 Ospedale di Fermo Fermo Marche 

54 Ospedale Carlo Urbani Jesi Marche 

55 AO Ospedali Riuniti Marche Nord Pesaro Marche 

56 Ospedale Civile di Urbino Urbino PU Marche 

57 Ospedale Cardinal Massaia Asti Piemonte 

58 ASL di Biella Biella Piemonte 

59 Presidio Ospedaliero S.S. Pietro e Paolo Borgosesia VC Piemonte 

60 Ospedale S. Biagio Domodossola (VB) Piemonte 

61 Ospedale Santa Croce di Moncalieri Moncalieri (Torino) Piemonte 

62 Ospedale Castelli Pallanza, Verbania Piemonte 

63 Ospedale Maria Vittoria Torino Piemonte 
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Id Center City Italian Region 

64 Ospedale Martini Torino Piemonte 

65 Azienda Ospedaliera Ordine Mauriziano Torino Piemonte 

66 Ospedale San Giovanni Bosco Torino Piemonte 

67 Ospedale Molinette Torino Piemonte 

68 Ospedale S. Andrea Vercelli Piemonte 

69 Ospedale Policlinico Consorziale Bari Puglia 

70 Azienda Sanitaria Locale di Taranto Taranto Puglia 

71 Azienda Ospedaliera G. Brotzu Cagliari Sardegna 

72 Ospedale Santissima Trinità Cagliari Sardegna 

73 Ospedale San Francesco Nuoro Sardegna 

74 Ospedale Giovanni Paolo II Olbia Sardegna 

75 Ospedale San Martino Oristano Sardegna 

76 Ospedale Nostra Signora di Bonaria San Gavino Monreale (VS) Sardegna 

77 Ospedale S. Giovanni di Dio Agrigento Sicilia 

78 Aziende Sanitaria Provinciale di Siracusa Augusta Sicilia 

79 Ospedale “Gravina e Santo Pietro” di Caltagirone Caltagirone CT Sicilia 

80 Azienda Osp. Universitaria POL Catania Sicilia 

81 Distretto Ospedaliero Enna 1 - U.O.C Enna Sicilia 

82 Azienda Ospedaliera Universitaria Policlinico G.Martino Messina Sicilia 

83 Ospedale Civico Arnas Palermo Sicilia 

84 Azienda Ospedaliera Villa Sofia - Cervello Palermo Sicilia 

85 Ospedale civile di Ragusa Ragusa Sicilia 

86 Ospedale Giovanni Paolo II Sciacca Sicilia 

87 Ospedale Umberto I di Siracusa Siracusa Sicilia 

88 Ospedale San Donato Arezzo Toscana 

89 Ospedale Santa Maria Annunziata Bagno a Ripoli Toscana 

90 Ospedale Castelnuovo Garfagnana Castelnuovo Garfagnana Toscana 

91 Ospedale San Giuseppe Empoli Toscana 

92 Ospedale San Giovanni di Dio Firenze Toscana 

93 Azienda Ospedaliero-Universitaria Careggi Firenze Toscana 

94 Ospedale Santa Maria Nuova Firenze Toscana 

95 Ospedale Della Misericordia Grosseto Toscana 

96 Azienda U.S.L. N 6 Livorno Livorno Toscana 

97 Ospedale San Luca Lucca Toscana 

98 Nuovo Ospedale Apuano Massa Toscana 

99 Ospedale SS. Cosma e Damiano di Pescia Pescia Toscana 

100 Fondazione Toscana Gabriele Monasterio Pisa Toscana 

101 Azienda Ospedaliero Universitaria Pisana Pisa Toscana 

102 Ospedale San Jacopo Pistoia Toscana 

103 Nuovo Ospedale di Prato - S. Stefano Prato Toscana 

104 Azienda Ospedaliera Universitaria Senese Siena Toscana 

105 Ospedale Versilia Versilia Toscana 

106 Ospedale Di Rovereto Rovereto Trentino Alto Adige 

107 Ospedale Santa Chiara Trento Trentino Alto Adige 

108 Ospedale San Giovanni Battista Foligno Umbria 

109 Azienda Ospedaliera Santa Maria Terni Terni TR Umbria 

110 Ospedale San Bassiano Bassano del Grappa Veneto 

111 Ospedale Civile Pietro Cosma Camposampiero Veneto 

112 Ospedale di Cittadella - ULSS 6 Euganea Cittadella Veneto 

113 Ospedale Santa Maria dei Battuti Conegliano Veneto 

114 Ospedale Mater Salutis di Legnago - ULSS 9 Scaligera Legnago Veneto 

115 Azienda U.L.S.S. N. 3 Mirano Veneto 

116 Ospedale di Monselice - ULSS N.6 Euganea Monselice Veneto 

117 Azienda Ospedaliera Di Padova Padova Veneto 

118 Ospedale Fracastoro - San Bonifacio San Bonifacio Veneto 

119 ULSS 2 Ospedale di Treviso Treviso Veneto 

120 Ospedaliera Borgo Trento Verona Veneto 

121 Ospedale San Bortolo Vicenza Veneto 

 2120 

 2121 



 

75 

 

 2122 

APPENDIX 4 - Data extraction table (RCT) 2123 

First author, year Olgin 2018 

STUDY CHARACTERISTICS 

Study name VEST 

Study registration number  NCT01446965 

Countries of recruitment U.S.A., Poland, Germany, and Hungary13 

Sponsor National Institutes of Health (NIH) / National Heart Lung and Blood Institute (NHLBI)14 and Zoll Medical 

Comparator Guideline-directed medical therapy 

Study design Multicenter, randomized, controlled trial 

Study duration (start and 

completion date) 

07/2008 - 04/2017 

Objectives To determine the efficacy of a Wearable Cardioverter–Defibrillator during the period before ICDs are indicated in 
patients who have had a myocardial infarction and have a reduced ejection fraction. 

PATIENTS CHARACTERISTICS 

Number of pts 2,30215 (1,52416 device group and 77817 control group). 

Age in yrs (range) ± SD Device group, mean ± SD: 60.9 ± 12.6. Control group, mean ± SD: 61.4 ± 12.3. 

Sex (female/male) Device group: 27%/73%. Control group: 25%/75%18  

EF in % (range) ± SD Device group, mean ± SD: 28.2 ± 6.1. Control group: 28.2 ± 5.8. 

Inclusion criteria Patients who had been hospitalized with an acute myocardial infarction and who had an ejection fraction of 35% or 

less were enrolled within 7 days after hospital discharge. 

Exclusion criteria Patients were excluded if they had an ICD or unipolar pacemaker, had clinically significant valve disease, were 
undergoing long-term hemodialysis, or had a chest circumference that was too small or too large to accommodate the 

Wearable Cardioverter-Defibrillator. Patients were also excluded if they were pregnant or had been discharged to a 

nursing facility with an anticipated stay of more than 7 days. 

                                                
13 76 sites in the United States, 24 in Poland, 6 in Germany, and 2 in Hungary 
14 NIH/NHLBI stopped funding the study. 
15 2,348 patients were initially randomized. 46 participants at one U.S.A. site were excluded after randomization, owing to irregularities found by the institutional review board at 

that site; therefore, 2,302 participants were included in the analyses. 
16

 43/1524 (2.8%) patients in the device group never wore the WCD after randomization. 
17

 20/778 (2.6%) patients in the control group wore the WCD (2.6%) outside the protocol. Cross-overs were considered to be a protocol deviation. 
18 From the Table 1, 3 pts from the device group and 6 pts from the control group were missing in the male/female data. 
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First author, year Olgin 2018 

Follow-up time in months (range), 

mean ± SD 

Mean ± SD: 84.3 ± 15.6 days. 

Loss to follow-up, n (%) 68 pts (2.9%)19  

Diagnosis Patients with acute myocardial infarction and who had an ejection fraction of 35% or less 

Previous treatments Previous CABG Device group: 133/1521 (8.7), Control group: 70/776 (9.0); Previous PCI Device group: 374/1520 
(24.6), Control group: 202/776 (26.0). 

OUTCOMES: CLINICAL EFFECTIVENESS 

Mortality, n (%) 

 All-cause mortality20 

 

Device group: 48 (3.1); control group: 38 (4.9). Relative risk (RR): 0.64 (95% CI, 0.43–0.98); p=0.04. 

 Disease-specific mortality21 Device group: 25 (1.6); Control group: 19 (2.4). RR: 0.67 (95% CI, 0.37–1.21); p=0.18. 

Incidence of VT/VF n/in n (%) pts  Device group: 24 (1.6); control group: 20 (2.6). RR: 0.61 (95% CI, 0.34–1.10); p=0.10. 

 Appropriate shocks  Device group: 20 (1.3%)22. Control group: 1 (0.1%)23. P=0.008 

 Withheld shocks24 Device group: 69 (4.5%)25. Control group: 1 (0.1%)26. 

First shock success (%)  NA 

Health-Related Quality of Life 
(HRQL) 

NA27  

Hospitalisation rate Rehospitalisation by any cause, n (%): Device group: 475 (31.2), Control group: 253 (32.5). RR: 0.96 (95% CI, 0.85–

1.09). P=0.51. 

Satisfaction with technology  NA 

Compliance/ patient adherence 

 WCD wear-time in days (range), 

median 

 

NA28 

                                                
19 46 (2%) from the U.S.A. site excluded; 10/1524 pts (0.7%) in the device group; 12/778 (1.5%) in the control group. 
20 All-cause mortality was a secondary outcome. 
21 Disease-specific mortality was the primary outcome. 
22 13 pts had 1 shock; 7 pts had ≥ 2 shocks. 
23 This patient had ≥2 shocks. 
24 Due to patients using the response button to delay therapy. 
25 1 shock 43 (2.8%), 2-5 shocks 11 (0.7%), ≥5 shocks 15 (1.0%). 
26 1 shock (0.1%). 
27 Quality of life was a planned secondary outcome in the study protocol, but it was not reported in the final study. 
28 Over the course of the 90 days, the proportion of participants who wore the WCD on a given day fell from 80.8% (CI: 78.8-82.8) just after randomization to 41.3% (CI 37.5, 

44.9) at 90 days. 
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First author, year Olgin 2018 

 WCD daily use in hours (range), 

median  

Device group29, mean ± SD: 14.0 ± 9.3 [Median (IQR): 18.0 (3.8–22.7)]; Control group30, mean ± SD: 0.4 ± 2.7 

[Median (IQR): 0.0 (0.0–0.0)].  

Avoidance of ICD implantation Device group: 67 pts received ICD (4.4%), Control group: 44 pts received ICD (5.7%), p=0.18. 

% of improvement in EF 

in mean ± SD (range)  

NA 

OUTCOMES: SAFETY 

AEs in n (%) of pts:  

 Skin rash and itching 

 

Rash on torso, n (%): Device group: 184 (13.0%), Control group: 27 (3.8%). RR: 3.42 (95% CI, 2.31-5.08), 
p<0.00131.  

Itch on torso, n (%): Device group: 205 (14.5%), Control group: 22 (3.1%). RR: 4.68 (95% CI, 3.04-7.20), p<0.00132. 
 False alarms NA33 

 Palpitations, light-headedness, 

and fainting 

Dizziness, n (%): Device group: 344 (24.4%), Control group: 166 (23.4%). RR: 1.04 (95% CI, 0.89-1.22), p=0.64.  
Fainting, n (%): Device group: 59 (4.2%), Control group: 36 (5.1%). RR: 0.82 (95% CI, 0.55-1.23), p=0.34.  

Palpitations, n (%): Device group: 327 (23.1%), Control group: 182 (25.7%). RR: 0.90 (95% CI, 0.77-1.06), p=0.19. 

Frequency of discontinuation due 
to AEs in n (%) of pts:  

 Discontinuation due to comfort 

and lifestyle issues 

 
 

NA 

Frequency of unexpected AEs in n 

(%) of pts  

NA 

Hospitalisation related to WCD use 3/1524 (0.2%)34 

Serious Adverse Events (SAEs), n 
(%) 

 Inappropriate shocks 

 
9 (0.6%) [7 pts had 1 shock; 2 pts had ≥ 2 shocks] 

 Unsuccessful shock  NA 

                                                
29 1481/1524 (97.2%) worn the device. 
30 20/778 (2.6%) worn the device. 
31 Rash in any location, n (%): Device group: 216 (15.3%), Control group: 50 (7.1%), p<0.001.  
32 Itch in any location, n (%): Device group: 243 (17.2%), Control group: 45 (6.4%), p<0.001. 
33 Among 41 participants with an alarm indicating asystole, 6 events (all in the device group) were adjudicated as having had a true asystole event.  
34 Two due to aborted shocks and one due to an inappropriate shock. 
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First author, year Olgin 2018 

Frequency of SAEs leading to death 

in n (%) of pts 

NA35 

U.S.A., United States of America; ICD(s), implantable cardioverter-defibrillator(s); pt(s), patient(s); yrs, years; SD, standard deviation; EF, ejection fraction; 2124 

CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; NIH, National Institute of Health; RR, relative risk; CI, confidence intervals; VT, 2125 

ventricular tachycardia; VF, ventricular fibrillation; NA, not available; HRQL, Health-Related Quality of Life; WCD, Wearable Cardioverter-Defibrillator; IQR, 2126 

interquartile range; AEs, adverse events; SAEs, serious adverse events. 2127 

 2128 

 2129 

 2130 

 2131 

 2132 

 2133 

 2134 

 2135 

 2136 

 2137 

 2138 

 2139 

 2140 

 2141 

  2142 
                                                
35 One patient died while he was wearing the device. The authors state that this death could be possibly related to the WCD use. The authors also state that it was deemed likely 

to not be an arrhythmic death. 
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 2143 

APPENDIX 5 - GRADE Evidence Profiles Table 2144 

Certainty assessment № of patients Effect 

Certainty 
Importanc

e № of 

studies 

Study 

design 

Risk of 

bias 
Inconsistency Indirectness Imprecision 

Other 

consideration
s 

WCD + 

GDMT 
GDMT 

Relative 

(95% 
CI) 

Absolute 

(95% 
CI) 

Randomised Control Trial : EFFECTIVENESS OUTCOMES 

Arrhythmic death 

1 1 randomised 
trials  

serious a not serious not serious serious b none 25/1524 
(1.6%)  

19/778 
(2.4%)  

RR 0.67 
(0.37 to 
1.21)  

8 fewer 
per 

1.000 
(from 5 
more to 

15 fewer)  

⨁⨁◯◯ 

LOW  
CRITICAL 

Death from any cause 

1 1 randomised 
trials  

very 
serious c 

not serious not serious not serious none 48/1524 
(3.1%)  

38/778 
(4.9%)  

RR 0.64 
(0.43 to 
0.98)  

18 
fewer 

per 
1.000 
(from 1 
fewer to 
28 fewer)  

⨁⨁◯◯ 

LOW 
CRITICAL 

Incidence of VT/VF  
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Certainty assessment № of patients Effect 

Certainty 
Importanc

e 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

consideration
s 

WCD + 
GDMT 

GDMT 
Relative 

(95% 
CI) 

Absolute 
(95% 

CI) 

1 1 randomised 
trials  

serious a not serious not serious serious b none 24/1524 
(1.6%)  

20/778 
(2.6%)  

RR 0.61 
(0.34 to 

1.10)  

10 
fewer 

per 
1.000 
(from 3 
more to 

17 fewer)  

⨁⨁◯◯ 

LOW 
CRITICAL 

Appropriate shocks 

1 1 randomised 
trials  

serious a not serious not serious not serious none 20/1524 
(1.3%)  

1/778 
(0.1%)  

not 
estimabl

e  

- ⨁⨁⨁◯ 

MODERAT
E 

CRITICAL 

Withheld shocks 

1 1 randomised 
trials  

serious a not serious not serious not serious none 69/1524 
(4.5%)  

1/778 
(0.1%)  

not 
estimabl

e  

- ⨁⨁⨁◯ 

MODERAT
E  

IMPORTANT 

Rehospitalization by any cause 

1 1 randomised 
trials  

serious a not serious not serious not serious none 475/1524 
(31.2%)  

253/778 
(32.5%)  

RR 0.96 
(0.85 to 
1.09)  

13 
fewer 

per 
1.000 

(from 29 
more to 

49 fewer)  

⨁⨁⨁◯ 

MODERAT
E 

CRITICAL 

WCD daily use in hours 
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Certainty assessment № of patients Effect 

Certainty 
Importanc

e 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

consideration
s 

WCD + 
GDMT 

GDMT 
Relative 

(95% 
CI) 

Absolute 
(95% 

CI) 

1 1 randomised 
trials  

Not 
serious 

not serious not serious not serious none 1524  
Mean 

hours/ 
day ± SD: 
14.0±9.3 

778  
Mean 

hours/ 
day ± 
SD: 

0.4±2.7 

-  -  ⨁⨁⨁⨁ 

High  

CRITICAL 

ICD implantation 

1 1 randomised 
trials  

serious a not serious not serious not serious none 67/1524 
(4.4%)  

44/778 
(5.7%)  

RR 0.78 
(0.54 to 
1.13)  

12 
fewer 

per 
1.000 
(from 7 
more to 

26 fewer) 

⨁⨁⨁◯ 

MODERAT
E 

IMPORTANT 

Randomised Control Trial: SAFETY OUTCOMES 

Rash on torso 

1 1 randomised 
trials  

serious a not serious not serious not serious none 184/1421 
(12.9%)  

27/714 
(3.8%)  

RR 3.42 
(2.31 to 
5.08)  

92 more 
per 

1.000 
(from 50 
more to 

154 
more)  

⨁⨁⨁◯ 

MODERAT
E 

IMPORTANT 

Itch on torso 
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Certainty assessment № of patients Effect 

Certainty 
Importanc

e 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

consideration
s 

WCD + 
GDMT 

GDMT 
Relative 

(95% 
CI) 

Absolute 
(95% 

CI) 

1 1 randomised 
trials  

serious a not serious not serious not serious none 205/1421 
(14.4%)  

22/714 
(3.1%)  

RR 4.68 
(3.04 to 

7.20)  

113 
more 

per 
1.000 

(from 63 
more to 

191 
more)  

⨁⨁⨁◯ 

MODERAT
E  

IMPORTANT 

Dizziness 

1 1 randomised 
trials  

serious a not serious not serious not serious none 344/1421 
(24.2%)  

166/714 
(23.2%)  

RR 1.04 
(0.89 to 
1.22)  

9 more 
per 

1.000 
(from 26 
fewer to 
51 more)  

⨁⨁⨁◯ 

MODERAT
E  

IMPORTANT 

Fainting 

1 1 randomised 
trials  

serious a not serious not serious not serious none 59/1421 
(4.2%)  

36/714 
(5.0%)  

RR 0.82 
(0.55 to 
1.23)  

9 fewer 
per 

1.000 
(from 12 
more to 

23 fewer)  

⨁⨁⨁◯ 

MODERAT
E  

IMPORTANT 

Palpitations 
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Certainty assessment № of patients Effect 

Certainty 
Importanc

e 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

consideration
s 

WCD + 
GDMT 

GDMT 
Relative 

(95% 
CI) 

Absolute 
(95% 

CI) 

1 1 randomised 
trials  

serious a not serious not serious not serious none 327/1421 
(23.0%)  

182/714 
(25.5%)  

RR 0.90 
(0.77 to 

1.06)  

25 
fewer 

per 
1.000 

(from 15 
more to 

59 fewer)  

⨁⨁⨁◯ 

MODERAT
E 

IMPORTANT 

Inappropriate shocks 

1 1 randomised 
trials  

serious a not serious not serious not serious none 9/1524 
(0.6%)  

0/778 
(0.0%)  

not 
estimabl

e  

not 
estimable 

⨁⨁⨁◯ 

MODERAT
E 

CRITICAL 

Observational Studies: SAFETY OUTCOMES 

Allergic skin reactions 

1 2 observation
al studies  

serious d not serious not serious serious e none 2/102 
(2.0%)  

-  -  -  ⨁◯ ◯ ◯ 

VERY LOW  
IMPORTANT 

False alarms 

1 2, 6 observation
al studies  

serious f not serious not serious serious g none 58/126 
(46.0%)  

-  -  -  ⨁◯ ◯ ◯ 

VERY LOW  
CRITICAL 

Palpitations, lightheadedness and fainting 
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Certainty assessment № of patients Effect 

Certainty 
Importanc

e 
№ of 

studies 
Study 
design 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other 

consideration
s 

WCD + 
GDMT 

GDMT 
Relative 

(95% 
CI) 

Absolute 
(95% 

CI) 

2 3, 4 observation
al studies  

very 
serious h 

not serious not serious serious i none 8/132 
(6.1%)  

-  -  -  ⨁◯ ◯ ◯ 

VERY LOW  
IMPORTANT 

Discontinuation due to comfort and lifestyle issues 

3 3,5,6 observation
al studies  

serious j not serious not serious not serious none 25/227 
(11.0%)  

-  -  -  ⨁◯ ◯ ◯ 

VERY LOW  
CRITICAL 

Inappropriate shocks 

10 
2,3,4,5,6,7,8,9,1

0,11 

observation
al studies  

very 
serious k 

not serious not serious not serious none 15/2346 
(0.6%)  

-  -  -  ⨁◯ ◯ ◯ 

VERY LOW  
CRITICAL 

Unsuccessful shocks 

2 7,10 observation
al studies  

serious l not serious not serious not serious none 0/2024 
(0.0%)  

-  -  -  ⨁◯ ◯ ◯ 

VERY LOW  
CRITICAL 

SAEs leading to death 

4 3,4,7,10, 11 observation
al studies  

very 
serious m 

not serious not serious not serious none 0/2178 
(0.0%)  

-  -  -  ⨁◯ ◯ ◯ 

VERY LOW  
CRITICAL 

CI: Confidence interval; RR: Risk ratio; WCD: Wearable Cardioverter-Defibrillator; GDMT: guideline-directed medical therapy; VT/VF: ventricular tachycardia 2145 

or ventricular fibrillation; ICD: implantable cardioverter defibrillator; SAEs: serious adverse events. 2146 

 2147 
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Explanations 2148 

a. This outcome was reported by one RCT judged to be at high risk of bias through the Cochrane Risk of Bias tool due to selective outcome reporting bias and 2149 
other bias related to the poor compliance that could have influenced the comparative effect estimates for effectiveness outcomes and the estimated 2150 

proportions of adverse events for safety outcomes. 2151 
b. In the study occurred few events leading to a quite wide CI around the estimate of the effect. 2152 

c. The endpoint “death from any-cause” was set as a secondary outcome in the included RCT. In addition, the study did not statistically correct the analysis for 2153 

multiple testing. As a result this significant difference is likely to be a chance finding. 2154 
d. This outcome was reported by only one observational study (Erath 2017) having the following possible source of bias: it was a single centre study with 2155 

limited study population (102 patients); inclusion criteria were only implicitly formulated (exclusion criteria were not mentioned); patients did not enter the 2156 
study at similar point in the disease; outcome assessors were not blinded to the intervention that patients received; losses to follow-up were not reported.  2157 

e. This outcome was reported by two observational studies (Erath 2017 and Barraud 2018) having the following possible source of bias: they were single 2158 

centre studies with limited study population (126 patients); inclusion criteria were only implicitly formulated (exclusion criteria were not mentioned); patients 2159 
did not enter the study at similar point in the disease; outcome assessors were not blinded to the intervention that patients received; losses to follow-up 2160 

were not reported.  2161 
f. The study population is limited leading to a quite wide CI: 2.0% (0.2%-6.9%).  2162 

g. The study population is small with a wide CI: 46.0% (37.1%-55.1%).  2163 

h. The outcome of palpitations, lightheadedness and fainting was reported by two observational studies (Kao 2012 and Sasaki 2014) having the following 2164 
possible source of bias: patients were not recruited consecutively; patients did not enter the study at a similar point in the disease; outcome assessors were 2165 

not blinded to the intervention that patients received; additional interventions were not clearly described; it was unclear if relevant outcome measures 2166 
established a priori and if they were made before and after the intervention; it was unclear if follow-up was long enough for important events and outcomes 2167 

to occur; losses to follow-up were not reported.  2168 
i. The study population is limited leading to a quite wide CI: 6.1% (2.7%-11.6%).  2169 

j. The outcome discontinuation due to comfort and lifestyle issues was addressed by three observational studies (Kao 2012, Röger 2018, and Barraud 2018) 2170 

having the following possible source of bias: patients were not recruited consecutively; the eligibility criteria for entry into the study were not clearly stated; 2171 
patients did not enter the study at a similar point in the disease; outcome assessors were not blinded to the intervention that patients received; one of the 2172 

study not provided estimates of random variability in the data analysis of relevant outcomes; adverse events were partly reported.  2173 
k. The outcome inappropriate shocks was reported by ten observational studies (Barraud 2018, Barsheshet 2017, Bhaskaran 2016, Erath 2017, Erath 2018, 2174 

Kao 2012, Kondo 2015, Kutyifa 2015, Röger 2018, and Sasaki 2014) having the following possible source of bias: patients were not recruited consecutively; 2175 

the eligibility criteria for entry into the study were not clearly stated (or partly stated); patients did not enter the study at a similar point in the disease; 2176 
outcome assessors were not blinded to the intervention that patients received; losses to follow-up were not reported; adverse events were partly or not 2177 

reported.  2178 
l. The outcome unsuccessful shocks was reported by two studies (Kutyifa 2015 and Kondo 2015) having the following possible source of bias: patients were not 2179 

recruited consecutively; the eligibility criteria for entry into the study were partly stated; patients did not enter the study at a similar point in the disease; 2180 
additional interventions were not clearly described; outcome assessors were not blinded to the intervention that patients received; losses to follow-up were 2181 

not reported; adverse events were partly reported.  2182 

m. The outcome SAEs leading to death was reported by five observational studies (Kao 2012, Kondo 2015, Kutyifa 2015 , Sasaki 2014, and Bhaskaran 2016) 2183 
having the following possible source of bias: patients were not recruited consecutively; patients did not enter the study at a similar point in the disease; 2184 
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outcome assessors were not blinded to the intervention that patients received; additional interventions were not clearly described; was unclear if relevant 2185 

outcome measures were established a priori and if the relevant outcome measures were made before and after the intervention; it was unclear if follow-up 2186 

was long enough for important events and outcomes to occur; losses to follow-up were not reported.  2187 

 2188 
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APPENDIX 6 - Search strategy for the effectiveness, safety and 2210 

economic domains of the WCD 2211 

 2212 

Pubmed 2213 

#1. "life vest" OR "life vests" OR lifevest or lifevests OR lifecor 2214 

#2. wcd[Title/Abstract] OR wcds[Title/Abstract] OR zoll[Title/Abstract] 2215 

#3 wearable AND (cardioverter OR defibrillator OR cardioverters OR defibrillators) 2216 

#4 portable AND (cardioverter OR defibrillator OR cardioverters OR defibrillators) 2217 

#5 “defibrillator jacket” OR “defibrillator vest” OR “defibrillator jackets” OR “defibrillator vests” 2218 

#6 #1 OR #2 OR #3 OR #4 OR #5 2219 

#7 #6 AND human AND english 2220 

Hits: 291 2221 

 2222 

Cochrane 2223 

#1 “life vest“ (Title, abstract, keyword) 2224 

#2 lifevest OR lifevests (Title, abstract, keyword)  2225 

#3 lifecor (Title, abstract, keyword) 2226 

#4 (wearable or portable) near (cardioverter* OR defibrillator*) 2227 

#5 wcd (Title, abstract, keyword) 2228 

#6 zoll (Title, abstract, keyword) 2229 

#7 “wearable-cardioverter defibrillator” OR “wearable-cardioverter defibrillators” 2230 

#8 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7) NOT NCT 2231 

#9 #8 AND human AND english 2232 

Hits: 15 trials 2233 

Embase 2234 

#1 wcd  2235 

#2 lifevest OR lifevests 2236 

#3 'wearable cardioverter defibrillators' 2237 

#4 'wearable cardioverter-defibrillators' 2238 

#5 'wearable cardioverter defibrillator' 2239 

#6 'life vest' OR “life vests” 2240 

#7 lifecor 2241 

#8 'portable defibrillator' OR “portable defibrillators” 2242 

#9 “portable cardioverter defibrillator” OR “portable cardioverter defibrillators” 2243 

#10 'portable cardioverter-defibrillator' OR “portable cardioverter-defibrillators” 2244 

#11 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 2245 

Hits: 408 2246 

2247 
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APPENDIX 7 - List of ongoing studies 2248 

Identifier / 

Trial name 
Condition 

Study type 

and design 

Intervention 

/ 

Comparison 

Primary Outcome 

Actual/estima

ted enrolment 

participants 

Start date 

/ 

Estimated 

completion 

date 

Sponsor 

Status: Active, not recruiting 

NCT02700880 / 

WEARIT-III 
Subjects with ischemic 

cardiomyopathy and 

heart failure 

Observational 

Cohort, 

prospective 

Device: 

LifeVest 

Number of clinical 

events in heart 

failure patients with 

ischemic 

cardiomyopathy 

prescribed Wearable 

Cardioverter-

Defibrillator (WCD) 

250 June 2014 / 

February 

2019 

Zoll 

Medical 

Corporation 

Status: Not yet recruiting 

NCT03388905 Patients hospitalized 

with newly diagnosed 

severe left ventricular 

dysfunction (LVEF ≤ 

35%) 

Interventional 

Single Group 

Assignment 

Device: Life 

Vest Wearable 

Cardioverter-

Defibrillator 

Left ventricular 

recovery following 

WCD use. 

30 January 

2018 / 

December 

2019 

Sheba 

Medical 

Center 

Recruiting 

NCT03319160 Sudden Cardiac 

DeathLeft Ventricular 

DysfunctionCardiac 

EventCardiac 

Arrythmias 

Observational 

[Patient 

Registry] 

Cohort, 

prospective 

Device: 

Defibrillation 

Appropriate shocks 

Inappropriate 

shocks 

1,163 February 

2017 / 

December 

2018 

Zoll 

Medical 

Corporation 

NCT03016754 Sudden Cardiac 

DeathSudden Cardiac 

ArrestHeart 

FailureHeart Failure 

Low Output 

Observational 

Cohort, 

prospective 

Device: 

Wearable 

Cardioverter-

Defibrillator 

Do not require ICD 

implant 

Continue WCD use 

Meet GDMT 

750 March 2017 

/ January 

2019 

Zoll 

Medical 

Corporation 

NCT02073942 Myocardial 

InfarctionVentricular 

DysfunctionMyocarditis 

Observational 

[Patient 

Registry] 

Case-Only, 

prospective 

Wearable 

Cardiac 

Defibrillator 

(WCD) 

Number of 

arrhythmic events 

and arrhythmic risk 

factors during 

bridging therapy 

with wearable 

defibrillator 

100 February 

2014 / 

March 2018 

University 

of Cologne 

Completed 

NCT02149290 Heart Failure Observational 

Case-Only, 

prospective 

Device: 

Trends-

equipped 

LifeVest 4000 

Precision of Heart 

Failure (HF) metrics 

measurements 

200 February 

2014 / 

December 

2017 

Zoll 

Medical 

Corporation 

NCT01326624 Heart 

FailureVentricular 

DysfunctionSudden 

DeathSudden Cardiac 

ArrestVentricular 

TachycardiaVentricular 

Fibrillation 

Observational 

Cohort, 

prospective 

Device: 

wearable 

defibrillator 

(LifeVest) 

Defibrillation for 

life-threatening 

ventricular 

tachyarrhythmias 

 

Assess magnitude 

and complexity of 

ventricular and 

atrial arrhythmias 

during use 

25 March 2011 

/ December 

2017 

Zoll 

Medical 

Corporation 

Terminated 

NCT01448005 Sudden Cardiac 

DeathVentricular 

FibrillationVentricular 

TachycardiaVentricular 

DysfunctionMyocardial 

Ischemia 

Observational 

Cohort, 

prospective 

Device: 

wearable 

defibrillator 

(LifeVest) 

number of patients 

who experience 

sudden cardiac 

death 

69 February 

2011 / 

October 

2014 

Zoll 

Medical 

Corporation 

 2249 

 2250 
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APPENDIX 8 - Risk of Bias assessment: Risk of bias – study level (randomised studies) 

 

Trial Random sequence 

generation 

(selection bias) 

Allocation 

concealment 

(selection bias) 

Blinding of 

participants and 

researchers 
(performance bias) 

Blinding of 

outcome 

assessment 
(detection bias) 

Incomplete 

outcome data 

(attrition bias) 

Selective 

reporting 

(reporting bias) 

Other bias 

Olgin, 2018  Low risk Low risk Low risk Low risk36 Low risk High risk37 High risk38 

 

  
                                                
36 Although the study is open label, the primary outcome (arrhythmic death) and many secondary outcomes (death from any cause; non-arrhythmic death; 
hospitalization for myocardial infarction, atrial fibrillation, congestive heart failure, stroke, or sustained ventricular tachyarrhythmia, etc.) are not deemed likely to 

be influenced by lack of blinding. 
37 Several secondary outcomes planned in the study protocol were not reported in the final study. Most strikingly, it appears that the study gathered data on 

quality of life without reporting on it in the published article. This form of reporting bias is a serious problem since it leads to the impression that valuable patient 

relevant data are available but hidden from the public. The first author was e-mailed for clarification and he said that data on quality of life were collected but 
not analysed.  
38 Compliance is a potential confounder that may have distorted the effect estimates. 



 

90 

 

APPENDIX 9 - Data extraction table (observational studies) 

First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

STUDY CHARACTERISTICS 

Study name NA NA NA NA NA SWIFT NA WEARIT-II 
Registry 

WIF NA 

Study 
registration 
number  

NA NA NA NA NA NCT0132662
4 

NA NA NA NA 

Country/ies of 
recruitment 

Germany Germany France Japan Germany U.S.A. and 
Israel 

Australia U.S.A. U.S.A. Germany 

Sponsor NA NA NA NA NA ZOLL Medical 
Corporation 

NA ZOLL Medical 
Corporation 

ZOLL Medical 
Corporation 

unclear 

Comparator None none none none none none none none none none 

Study design Prospective 

case series 

Prospective 

case series 

Prospective 

case series 

Prospective 

case series 

Prospective 

case series 

Multi-centre, 

prospective 
case series 

Prospective 

case series 

Multi-centre, 

prospective 
register 

Multi-centre, 

prospective 
register 

Prospective 

case series 

Study duration 
(start and 
completion 
date) 

4/2012 - 
9/2016 

NA 09/2015 - 
09/2016 

04/2014 - 
12/2015 

2012-2015 NA 11/2013 -  08/2011 – 
02/2014 

07/2007-
02/2010 

08/2010-
11/2014 

Objectives To determine 
the value of 
the WCD for 
therapy 
optimization 
of heart 
failure pts. 

To evaluate 
the clinical 
development 
of 
tachymyopat
hy pts 
protected 
with a WCD 
in a single-
center non-
randomized 
pt cohort. 

Evaluate VA 
occurrence 
rate and pts 
compliance 
with the 
WCD during 
the first 90 
days 
following 
myocardial 
revasculariza
tion with PC) 
in pts with 
LVEF <30%. 

To report a 
single center 
experience of 
WCD use 
describing its 
utilization for 
in-hospital 
acute phase 
care of pts at 
high risk of 
VA and its 
potential 
roles. 

To evaluate 
the efficacy, 
safety, and 
compliance 
of/to WCD 
use and 
subsequent 
medium-term 
outcome of 
pts in a 
single-center. 

To provide 
clinical data 
on the safety 
and efficacy 
of the WCD 
among high-
risk cardiac 
pts with 
advanced 
HF39. 
 

Report the 
single centre 
Australian 
experience. 

1. Characterise 
pts currently 
prescribed with 
WCD.  
2. Assess the 
risk for 
sustained VT 
events among 
WCD pts by 
disease 
aetiology. 
3. Identify the 
rate of EF 
improvement 

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

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

                                                
39 Other objectives: to evaluate comprehensive data regarding VT in the study population; to assess a management strategy in pts that involves initial stabilization during WCD use 

followed by delayed reassessment for primary ICD implantation. 
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First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

and the need for 
subsequent ICD 
implantation.  

PATIENTS CHARACTERISTICS 

Number of pts 11440 13041 24 5042 10243 75 pts44 8 200045 8946 24 

Age in yrs  
[mean (range) 
± SD; median 
(IQR)] 

All pts (n. 
105): Median 
(IQR): 60 
(26–79). ICM 
pts (n. 43): 
62 (43–78) 

All pts, mean 
± SD: 58 ± 
16 
• Cases: 62 
± 9 
• Controls: 
58 ± 16 (ns) 

Mean ± SD: 
56 ± 10 

Median 
(IQR): 56 
(49-66) 

All pts, mean 
± SD: 59 ± 
11. ICM pts: 
66 ± 12. 

All pts, mean 
± SD: 51.4 ± 
13.9. ICM 
pts, mean ± 
SD: 60.7 ± 
14.4. 

NA All pts, median 
(IQR): 62 (16). 
ICM pts, median 
(IQR): 65 (14).  

Mean (range) 
± SD: 61.0 
(37-83) ± 
11.1 

Mean ± SD: 
69 ± 12 

Sex: female / 
male 

All pts: 22% 
/ 78%.  
ICM pts: 

19% / 81% 

All pts: 22% 
/ 78% 
• Cases: 

20% / 80% 
• Controls: 
22% / 78% 

17% / 83% 8% / 92% All pts: 28% 
/ 72%.  
ICM pts: 

15% / 85% 

All pts: 31% 
/ 69%.  
ICM pts: 

32% / 68%. 

NA All pts: 30% 
/70%. ICM pts: 
23% / 77%.  

28% / 72% 8% / 92% 

EF in %  
[mean (range) 
± SD; median 
(IQR)] 

All pts 
(n.105), 
mean ± SD: 
28.3 ± 9.8. 
ICM pts (n. 
43): 28.9 ± 
6.0 

All pts, mean 
± SD: 28 ± 
11  
• Cases: 26 
± 6 
• Controls: 
29 ± 12 
(ns) 

Mean ± SD: 
27.3 ± 4.7 

Median 
(IQR): 52.2 
(34.7-63.7). 
Pts primary 
prevention, 
median 
(IQR): 26 
(22-29) 

All pts, mean 
± SD: 30 ± 
11. ICM pts: 
28 ± 6. 

All pts, mean 
± SD: 21.5 ± 
10.4. ICM 
pts: 25.5 ± 
12.4. 

Mean ± SD: 
35.9 ± 17.8 

All pts, median 
(IQR): 25 (10). 
ICM pts, median 
(IQR): 26 (15). 

Mean (range) 
± SD: 23.9 
(7.5-65) ± 
9.4 

Median 
(IQR): 30 
(20-36)  

                                                
40 8 patients returned their WCD during the first hours after initiation because of unwillingness or inability to handle it; one more patient was lost to follow up, leaving 105 patients 

considered for data analysis. 43/105 patients had ICM. 
41 20 pts in cases group, and 110 pts in control group. 
42 38 hospital use, and 12 use outside the hospital. 
43 ICM patients: 27/102. 
44 50 pts from United States and 25 pts from Israel; 25/75 (33%) of these were ICM pts. 65 pts enrolled a hospital setting, 10 (13 %) pts outpatient setting. 
45 ICM pts: 805 (40%). NICM pts: 927 (46%). Congenital/Inherited pts: 268 (14%). 
46 Out of 89 pts, data on 82 pts collected, 4 pts lost to follow-up, 3 pts dropped out after wearing the WCD for a couple of hours. 
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First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

Inclusion 
criteria 

All 
consecutive 
pts receiving 
a WCD at a 
tertiary care 
University 
Center 

• Cases: 
consecutive 
pts with 
clinically 
suspect 
tachymyopat
hy and high 
risk of 
ventricular 
arrhythmias 
• Controls: 
consecutive 
pts with high 
risk of 
ventricular 
arrhythmias 
and another 
option for 
use of vests 

• Pts with 
acute 
myocardial 
infarction 
• LVEF < 30 
% 
• myocardial 
revasculariza
tion > 7 days 
with PCI 

Pts at 
increased 
risk for SCD 
for a limited 
period and 
not 
candidates 
for an 
implantable 
defibrillator 

Pts at high 
risk of VT/VF 

NYHA 
functional 
class III-IV in 
the last 
month and 
one or more 
of the 
condition 
reported in 
the 
footnote47  

Bridging 
therapy to an 
ICD 

Low EF and high 
risk of SCA post 
MI or post 
coronary 
revascularization 
or new onset 
nonischaemic 
DCM or high risk 
for SCA until 
stabilisation or 
inherited or 
congenial heart 
disease  

Pts listed (or 
being 
considered) 
for heart 
transplantati
on, pts with 
DCM (with 
VT or EF ≤ 
40%), pts 
receiving 
inotropes 

Pts with high 
risk of SCA 
but not 
eligible for 
immediate 
implantation 
of an ICD; 
Pts in early 
post-MI 
phase. 

Exclusion 
criteria 

NA NA • previous 
ICD 
placement  
• indication 
of ICD 
implantation 
for secondary 

prevention 
• cognitive 
impairment 

Elderly pts at 
high risk of 
VA 

NA • presence of 
an ICD prior 
to enrolment 
• advanced 
cerebrovascu
lar disease  
• non-cardiac 

terminal 
illness 
• No pts with 
NYHA class 
<III at 
baseline 

NA NA HF pts were 
excluded 
from the 
study if they 
had an active 
ICD or if they 
were 

impaired 
such that 
they could 
not use the 
device. 

NA 

                                                
47 Hospitalisation for cardiac decongestion and stabilization; advanced HF managed in an outpatient setting; acute myocardial infarction; Killip class III/IV; coronary 

revascularization within 3 calendar months prior to enrolment; pts awaiting cardiac transplantation 
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First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

Follow-up time 
in months  
[mean (range) 
± SD; median 
(IQR)] 

Mean ± SD: 
18.6 ± 12.3 

12 months of 
follow-up (1, 
3 and 12 
months) 

90 days NA Mean ± SD: 
11 ± 8 

3 months 
after 
discharge, 3 
yrs (on 
mortality 
data). 

NA Median (IQR): 
3.0 (2.1)48  

3 months Median 
(IQR): 8 (4-
16) 

Loss to follow-
up, n (%) 

9 (8) 0 0 0 0 NA 0 NA 7 (8) NA 

Diagnosis Newly 
diagnosed 
ICM, LVEF ≤ 
35% (n=43); 
Newly 
diagnosed 
NICM, LVEF 
≤ 35% 
(n=41); ICD 
explant 
(n=15); 
Newly 
diagnosed 
CMP (n=6). 

Pts with 
symptomatic 
congestive 
HF with 
impaired LV 
function 

Pts with LVEF 
<30% who 
had recent 
(<7 days) 
myocardial 
revascularisa
tion with PCI 
for an acute 
MI 

Secondary 
prevention 
for VA 38 pts 
(76%), 
including 28 
resuscitated 
from VF. 
Primary 
prevention 
12 pts 
(24%), most 
common 
reason was 
recent MI 
(N=5) 

Newly 
diagnosed HF 

Acute 
decompensat
ed HF. All 
pts: NYHA 
III: 62 
(83%), NYHA 
IV: 13 
(17%). ICM 
pts: NYHA 
III: 23 
(92%), NYHA 
IV: 2 (8%). 

Pts with an 
explanted 
infected ICD 
(3 pts); 
Idiopathic 
DCM (2 pts); 
Postpartum 
cardiomyopat
hy (1 pt); 
Valvular 
heart disease 
(1 pt); 
Myocarditis 
(1 pt). 

(Non-) ischemic 
DCM, 
congenital/inheri
ted heart 
disease 

DCM with 
low EF 
(<40%) 

ST elevation, 
PCI, CABG 

Previous 
treatments 

Medications 
(betablocker, 
ACE-I/ARB, 
MRA, ARNI, 
procoralan, 
diuretic, 
amiodarone) 

Medications 
(betablocker, 
amiodarone, 
ACE 
inhibitors/AR
B, 
aldosterone 
antagonists, 
diuretics, 
statin, NOAC, 
VKA) 

Medications 
(β-blocker, 
antiplatelet 
agents, oral 
anticoagulant 
therapy, ACE 
inhibitor, 
loop diuretic, 
aldosterone 
antagonist, 
statin) 

NA Medications 
(β-blocker, 
amiodarone) 

Medications 
(β-blocker, 
ACE inhibitor 
or ARB, 
aldosterone 
antagonist, 
statins) 

NA NA Active 
pacemaker, 
past/inactive 
pacemaker, 
prior/inactive 
ICD Beta 
Blockers, 
ACE 
inhibitors, 
ARBs, 
amiodarone, 
inotropes 

NA 

OUTCOMES: CLINICAL EFFECTIVENESS 

                                                
48 Patients were sent follow-up questionnaires at 1, 3, and 12 months. 



 

94 

 

First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

Mortality, n (%) 
 All-cause 

mortality 

 
3 (3%) 

 
No deaths 
during the 
use of vest49. 
 
 

 
NA 

 
NA 

 
No deaths 
during the 
use of vest50. 

 
1 (1%) NICM 
pt died at 3 
months 
follow-up 
(non-cardiac 
cause)51. 

 
0 

 
3 (0.2)52 

 
0 (after WCD 
use, 6 pts 
died of 
unknown 
causes) 

 
0 (due to an 
asystole 
event and 
none due to 
VT/VF). 

 Disease-
specific 
mortality 

0 • Controls: 5 
(5%) 

NA NA 4 (4%) NA 0 0 0 0 

Incidence of 
VT/VF n/in n 
(%) pts  

5 (4.8%) 21/5 (4%)53 2 (8.3%)  7/4 (8%) 157/48 
(47.1%) 

8/5 (7%). Of 
the 5 pts, 3 
were ICM 
and 2 were 
NICM. 

19/2 (25%) 120 events/41 
pts (2.1) 

0 3/2 (8) 

 Appropriate 

shocks  

All pts (n. 

105): 5 
(4.8%). ICM 
pts (n. 43): 3 
(7%). 

2 pt in the 

control group 
(2%) 

1 pt (4.2%)  6 (4 

sustained VT 
and 2 VF) 
(12%) 

4 pts (4%)54  1 (1%) (ICM 

pts) 

NA 30 events/22 

pts (1.1) 

NA 3/2 (8) 

 Withheld 
shocks55 

NA NA 1 pt (4.2%)  1 pt (2%) NA 1 (1%) (ICM 
pts) 

NA 90 events/22 
pts (1.1) 

NA NA 

First shock 
success (%)  

100% NA 100% 5 (83.3 %) NA NA NA 100% NA 100% 

Health-Related 
Quality of Life 

NA NA NA NA NA NA NA NA NA NA 

Hospitalisation 
rate 

NA NA NA NA 13 pts 
hospitalised 
pts due to 
cardiac 

NA NA NA NA NA 

                                                
49 Deaths after the use of the vest: All pts: 5 (4%); Cases: 0; Controls: 5 (5%) (ns). 
50 6 (6 %) after the end of treatment with vest [of these, 2/27 (7%) were ICM pts]: 5 ICD and 1 not-ICD. 
51 17 pts died during 3 years of follow-up. 
52 2 patients (8.3%) had a fatal non-arrhythmic event within 3 months after MI 
53 General: 5 (4 %). Cases: 1 not-sustained VT. Control: 20 arrhythmias: 4 not-sustained VT/VF, 2 vest-therapy TV/VF, 2 sustained TV, 7 not-sustained TV, 3 asystole. 
54 Patients were adequately shocked for ventricular fibrillation (seven episodes) or for ventricular tachycardia (one episode). 
55 Due to patients using the response button to delay therapy. 
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First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

causes 

Satisfaction 
with technology  

NA NA NA NA NA NA NA  NA NA NA 

Compliance/ pt 
adherence 
 WCD wear-

time in days 
[mean (range) 
± SD; median 
(IQR)] 

 
 
All pts (n. 
105), mean 
± SD: 68.8 ± 
50.4. ICM pts 
(n. 43): 57.8 
± 42.6 

 
 
All pts, 
median 
(IQR): 42 (1-
166) 

 
 
Mean ± SD: 
3.0 ± 1.3 
months 

 
 
Median 
(IQR): 16 
days (8-33), 
with a 
maximum of 
171 days56. 

 
 
All pts, 
median: 54 
days (1-166). 
ICM pts, 
median: 54 
days (1–
121). 

 
 
All pts, 
median 
(IQR): 59 
(17-97) days. 
ICM pts: 59 
(27–105). 

 
 
Median 
(range): 77 
days (5-
180)57 

 
 
Median (IQR): 
90 (65) 

 
 
Mean ± SD: 
79.5 ± 57.8 
days 
(median: 79, 
range: 1–
277)58 

 
 
Median 
(IQR): 33 
(20-67)59 

 WCD daily use 

in h/day  
[mean (range) 
± SD; median 
(IQR)] 

All pts (n. 

105), mean 
± SD: 21.5 ± 
3.5. ICM pts 
(n. 43): 21.0 
± 3.8 

All pts, 

mean: 23 
h/day 

• Mean 21.5 

h/day 
• Median 
23.5 h/day 
-18 pts 
(75%) > 22 
h/day 
-5 pts 10-22 
h/day 
-the other 
pts > 10 
h/day 

No significant 

difference 
(out-hospital 
median 23.5 
h/day vs in-
hospital 
median 23.6 
h/day, p = 
0.74) 

All pts: 

median 23.0 
h/day (7-24). 
ICM pts: 
median 23.0 
h/day (12–
23.9) 

All pts: 

median 
(IQR): 18 
(13-22) 
h/day. ICM 
pts: 18 (14–
22). 

Mean ± SD: 

23.4 ± 0.6 

Median (IQR): 

22.5 (2.7)60 

Mean ± SD: 

19.5 ± 4.6 
h/day 
(median: 
21.8; range: 
3.7-23.7)61 

Median 

(IQR): 23.1 
(21.6-23.6) 

                                                
56 Wearing duration (median): 81 days out-of-hospital vs 12 days in-hospital use, p < 0.0001. Wearing duration (median): pts with ICD (9 days) vs pts without ICD (31 days), p = 
0.005. 
57 One pt only used the WCD only in the home environment. 
58 Two pts were still wearing the device at the end of the study. 
59 One pt was excluded because of irregularities in device use. 
60 No significant difference in the daily use among the subgroups of ischemic, nonischemic, or congenital/inherited heart disease. 
61 Calculated based on pts who wore the device for 7 days or greater (n=75). 
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First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

ICD 
implantation 

All pts (n. 
105): 51 
(48.6%). 
ICM pts (n. 
43): 22 
(51.2%) 

All pts: 87 
(67%) 
• Cases: 17 
(85%) 
• Controls: 
70 (64%) 

12 pts (50%) Overall, 22 
pts received 
ICD62. 

Overall, 
56/102 pts 
(55 %) 
received 
ICD63. Of the 
ICM pts, 
13/27 (48%) 
received ICD. 

All pts: 21 
(28%) 
received an 
ICD. ICM pts: 
9 (36%). 

4 pts:  
• 2 pts 
decline ICD 
• 1 pt does 
not need ICD 
• 1 pt under 
evaluation 

40% 28 pts (34%) 
received an 
ICD implant64 

unclear65 

% improvement 
in EF 
[mean (range) 
± SD; median 
(IQR)] 

All pts (n. 
105): 28.3 ± 
9.8 
(baseline) VS 
36.1 ± 11.5 
(end of WCD 
use), 
difference 

+27.6% 
(P<0.001). 
ICM pts (n. 
43): 28.9 ± 
6.0 
(baseline) VS 
36.3 ± 10.3 
(end of WCD 
use), 
difference 

+25.6% 
(P<0.001). 

LVEF 
baseline 
mean: 
ALL: 28±11  
Cases: 26±6  
Controls: 
29±12; diff: 
ns 

 
LVEF follow-
up mean  
ALL: 41 ± 13  
Cases: 50 ± 
9  
Controls: 39 
± 13 
(p=0.04) 
 

Improvement 
(≥ 10%) 
ALL: 53 (41)  
Cases: 13 
(65)  
Controls: 40 
(36) 

12 (50%) pts 
(27.3±4.7% 
vs 
39.8±4.8%, 
p=0.0001)  

NA All pts: LVEF 
follow-up 
mean: 39 ± 
14 (+30% 
compared to 
baseline); 
improvement 
in 52 (51 %) 

pts.  
ICM pts: 
LVEF follow-
up mean: 39 
± 11 (+39% 
compared to 
baseline); 
Improvement 
in 19 (70 %) 
pts.  

All pts: LVEF 
improvement 
in 23 pts 
(31%). ICM 
pts: LVEF 
improvement 
in 8 pts 
(32%). 

Mean ± SD: 
39.1% ± 
17.1 

End-of-use EF 
improvement: 
ICM 41%, NICM 
42%, 
congenital/inheri
ted 31%  

Mean ± SD: 
13.5 ± 15.7 
(final data 
from 70/89 
pts) 

5% of 
improvement 
in median 
[from 
baseline 30% 
(20–36%) to 
35% (25–
40%)] 

                                                
62 Primary prevention: 4/12 (33.3 %) received ICD; Secondary prevention: 24/38 (63.2 %) received ICD. 
63 The improvement of LVEF is the main reason for not implanting the ICD (HR 0.37, IC 95 % [0.19-0.73] p=0.004). 
64 At WCD discontinuation: 41.5% of pts were considered much improved due to improved EF (defined as EF≤35%), acute allograft rejection resolved, or feeling better and one 
unknown reason. 34.1% went on to receive an ICD implant. Not receiving an ICD does not imply a WCD’s success as presumably not all pts were indicated for an ICD. 
65 42% of pts without implanted ICD however, ICD implantation during 40 days post MI is not recommended by guidelines, hence implantation might not directly be associated to 
the success of the WCD. 
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First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

(p=0.01) 

OUTCOMES: SAFETY 

AEs in n (%) of 
pts:  
 Skin rash and 

itching 

 
 
NA 

 
 
NA 

 
 
NA 

 
 
NA 

 
 
2 pts (2%) 

are allergic 
to nickel 

 
 
NA 

 
 
NA 

 
 
NA 

 
 
NA 

 
 
NA 

 False alarms NA NA 0 NA 58 (57%)  NA NA NA NA NA 

 Palpitations, 
lightheadedne
ss, and 
fainting 

NA NA NA 1 pt lost 
consciousnes
s during the 
shock 

delivery of 
WCD 

NA NA NA NA 766 (9%) NA 

Discontinuation 
due to comfort 
and lifestyle 
issues 

Eight pts 
(7%)67  

NA 1 pt (4%) 
leaves the 
vest after 
having an 
alarm 

NA NA NA68 NA NA 16 (18%)69    NA 

Serious Adverse 
Events (SAEs), 
n (%) 
 Inappropriate 

shocks 

 
 
 
1 (1%) (ICM 
pt) 

 
 
 
2 in the 
control group 
(2%) 

 
 
 
0 

 
 
 
0 

 
 
 
2 (2%) 

 
 
 
0 

 
 
 
0 

 
 
 
10 (0.5)70 

 
 
 
0 

 
 
 
0 

 Unsuccessful 
shock  

NA NA NA NA NA NA NA 0 NA 0 

                                                
66 Two (2%) patients reported palpitations, and five (6%) patients reported light-headedness or fainting during WCD use 
67 They returned their WCD during the first hours after initiation because of unwillingness or inability to handle it. 
68 25/75 (33%) pts ended to use WCD due to noncompliant/uncomfortable/denied by insurance/unspecified reasons. 
69 Three pts dropped out after wearing the WCD for a couple of hours; 6 pts due to discomfort and other reasons plus 7 pts due to unknown/other reasons. 
70 Due to ECG artefacts. Inappropriate shocks did not induce VT or VF. 
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First author, 
year 

Röger  
2018 

Erath 
 2018 

Barraud  
2018 

Sasaki  
2017 

Erath  
2017 

Barsheshet 
 2017 

Bhaskaran  
2016 

Kutyifa  
2015 

Kao  
2012 

Kondo 
 2015 

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

NA NA NA 0 NA NA 0 0 0 0 

NA, not available; pt(s), patient(s); yrs, years; SD, standard deviation; IQR, interquartile range; ICM, ischemic cardiomyopathy; ns, not significant; EF, 

ejection fraction; WCD, Wearable Cardioverter-Defibrillator; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; SCD, sudden 
cardiac death; VT, ventricular tachycardia; VF, ventricular fibrillation; NYHA, New York Heart Association; ICD, implantable cardioverter-defibrillator; SCA, 

sudden cardiac arrest; MI, myocardial infarction; DCM, dilated cardiomyopathy; HF, heart failure; NICM, non-ischemic cardiomyopathy; CMP, cardiomyopathy; 

LV, left ventricular; VA, ventricular tachyarrhythmias; CABG, coronary artery bypass graft; VS, versus; AEs, adverse events. 
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 APPENDIX 10 - Risk of bias – study level (case series) 

Quality Appraisal Checklist for Case Series Studies by IHE 

Study  

reference/ID 

Barraud 

2018 

Barsheshet 

2017 

Bhaskaran 

2016 

Erath 

2017 

Erath 

2018 

Kao  

2012 

Kondo 

2015 

Kutyifa 

2015 

Röger 

2018 

Sasaki 

2017 

Study objective  

1. Was the hypothesis/aim/objective of 

the study clearly stated? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Study design  

2. Was the study conducted 
prospectively? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

3. Were the cases collected in more 

than one centre? 

No Yes No No No Yes No Yes No No 

4. Were patients recruited 
consecutively? 

Yes Unclear71 No Yes Yes No Yes No Yes Yes 

Study population  

5. Were the characteristics of the 
patients included in the study 

described? 

Yes Yes No Yes Yes Yes Yes Yes Yes Yes 

6. Were the eligibility criteria (i.e. 
inclusion and exclusion criteria) for 

entry into the study clearly stated? 

Yes Yes No Partial72 Partial72 Yes Partial72 Partial72 No Yes 

7. Did patients enter the study at a 
similar point in the disease? 

No No No No No No Yes No No No 

Intervention and co-intervention  

8. Was the intervention of interest 
clearly described? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

9. Were additional interventions (co-

interventions) clearly described?73 

Partial Partial No Yes Yes Yes No Partial Yes No 

Outcome measures  

                                                
71 It was not clearly stated whether patients were recruited consecutively. 
72 Inclusion criteria were only implicitly formulated. Exclusion criteria were not mentioned. 
73 “Partial”: if some sort of heart medication (e.g., beta blockers) were mentioned; “No”: if no co-interventions were mentioned. 
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Study  
reference/ID 

Barraud 
2018 

Barsheshet 
2017 

Bhaskaran 
2016 

Erath 
2017 

Erath 
2018 

Kao  
2012 

Kondo 
2015 

Kutyifa 
2015 

Röger 
2018 

Sasaki 
2017 

10. Were relevant outcome measures 

established a priori? 

Yes Yes Unclear74 Yes Yes Yes Unclear74 Yes Yes Unclear74 

11. Were outcome assessors blinded to 

the intervention that patients 

received? 

No No No No No No No No No No 

12. Were the relevant outcomes 

measured using appropriate 
objective/subjective methods? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

13. Were the relevant outcome 

measures made before and after the 
intervention? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear 

Statistical Analysis  

14. Were the statistical tests used to 
assess the relevant outcomes 

appropriate? 

Yes Yes Partial75 Yes Yes Yes Yes Yes Yes Yes 

Results and Conclusions  

15. Was follow-up long enough for 
important events and outcomes to 

occur? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear76 

16. Were losses to follow-up reported? Yes No Yes No No Yes No No Yes No 

17. Did the study provided estimates of 

random variability in the data 
analysis of relevant outcomes? 

No Yes No Yes Yes Yes Yes Yes Yes Partial 

18. Were the adverse events reported? Partial77 No Partial77 Yes No Partial77 Partial77 Partial77 Partial77 Partial77 

19. Were the conclusions of the study 
supported by results? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Competing interests and sources of support  

20. Were both competing interests and 

sources of support for the study 

Yes Yes Yes Yes Yes Yes Partial78 Yes Yes Yes 

                                                
74 There was increased uncertainty whether relevant outcome measures were established a priori. 
75 Statistical analysis was limited to reporting on absolute numbers and relative frequencies. 
76 Length of follow up was not reported in the study.  
77 It is deducible that only some but not all potential adverse effects are reported. 

78
 Source of support was not mentioned. 
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Study  
reference/ID 

Barraud 
2018 

Barsheshet 
2017 

Bhaskaran 
2016 

Erath 
2017 

Erath 
2018 

Kao  
2012 

Kondo 
2015 

Kutyifa 
2015 

Röger 
2018 

Sasaki 
2017 

reported? 

Overall Risk of bias High High 
Very 
 high 

High High High High High High 
Very 
high 

Overall RoB: low – moderate – high – very high 
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APPENDIX 11 - Quality Appraisal Checklist for Case Series Studies 

Quality Appraisal Checklist for Case Series Studies by IHE 

Study  

reference/ID 

Lackermair K et al., 2018 

Study objective 

1. Was the hypothesis/aim/objective of the study clearly stated? Yes 

Study design  

2. Was the study conducted prospectively? Unclear 

3. Were the cases collected in more than one centre? No 

4. Were patients recruited consecutively? Yes 

Study population 

5. Were the characteristics of the patients included in the study described? Yes 

6. Were the eligibility criteria (i.e. inclusion and exclusion criteria) for entry into the study clearly stated? Yes 

7. Did patients enter the study at a similar point in the disease? No 

Intervention and co-intervention 

8. Was the intervention of interest clearly described? Yes 

9. Were additional interventions (co-interventions) clearly described? No 

Outcome measures 

10. Were relevant outcome measures established a priori? No 

11. Were outcome assessors blinded to the intervention that patients received? Unclear 

12. Were the relevant outcomes measured using appropriate objective/subjective methods? Partial 

13. Were the relevant outcome measures made before and after the intervention? No 

Statistical Analysis 

14. Were the statistical tests used to assess the relevant outcomes appropriate? Yes 

Results and Conclusions 

15. Was follow-up long enough for important events and outcomes to occur? Unclear 

16. Were losses to follow-up reported? Unclear 

17. Did the study provided estimates of random variability in the data analysis of relevant outcomes? No 

18. Were the adverse events reported? Yes 

19. Were the conclusions of the study supported by results? Yes 

Competing interests and sources of support 

20. Were both competing interests and sources of support for the study reported? Yes 
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APPENDIX 12 - Search strategy for patients and social aspects on 
the WCD 

Last update on the 27th August 2018  

Pubmed  

   

#1. "life vest"  OR "life vests" OR "lifevest" or "lifevests"  OR lifecor  
#2. wcd[Title/Abstract] OR wcds[Title/Abstract] OR zoll[Title/Abstract]  

#3 wearable AND (cardioverter OR defibrillator or cardioverters or defibrillators) 
#4 portable AND (cardioverter OR defibrillator or cardioverters or defibrillators) 

#5 “defibrillator jacket” OR “defibrillator vest” OR “defibrillator jackets” OR “defibrillator vests” 
#6 #1 OR #2 OR #3 OR #4 OR #5       431 items  291 items con limiti humans e English 

#7  QoL[Title/abstract] OR 

#8 “Quality of life” title/abstract OR 
#9“ “Social activieties” title/abstract OR  

#10 wellbeing title/abstract OR 
#11 "Patient Compliance” MESH term OR 

#12 "Patient Participation” MESH term OR 

#13 "Patient Preference” MESH term OR 
#14 "Patient Satisfaction” MESH term OR 

#15 "Quality of Life” MESH term OR 
#16 "Patient Acceptance of Health Care” MESH term OR 

#17 "Adaptation,Psychological ” MESH term 
 #18 “Patient compliance” Title/AbstracT 

#19 “Patient Participation” Title/Abstract  

#20 “Patient Preference” Title/Abstract 
#21 "Patient Satisfaction"Title/Abstract  

#23 “Patient Acceptance” Title/Abstract 
#24 “Patient Acceptance” Title/Abstract 

#25    #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR   

         OR #20 OR #21 OR #22 OR #23 OR #24    717.773 Items 
#26  (#6 AND #25) 88 Items; limits: humans e English 

 
 

Cochrane  

 
#1  “life vest“ (Title, abstract, keyword) 

#2  lifevest OR lifevests (Title, abstract, keyword)  
#3  lifecor (Title, abstract, keyword) 

#4  (wearable or portable) near (cardioverter* or defibrillator*)  
#5  wcd (Title, abstract, keyword) 

#6  zoll (Title, abstract, keyword) 

#7 “wearable-cardioverter defibrillator” OR “wearable-cardioverter defibrillators” 
#8  (#1 OR #2 or #3 or #4 or #5 or #6 or #7)  15 items  

#9 “QoL (Title, abstract, keyword) OR 
#10 “Quality of life” (Title, abstract, keyword) OR 

#11 Patient Compliance” MESH term OR 

#12 "Patient Participation” MESH term OR 
#13 "Patient Preference” MESH term OR 

#14 "Patient Satisfaction” MESH term OR 
#15 "Patient Acceptance of Health Care” MESH term OR 

#16 "Adaptation,Psychological ” MESH term 
#17 “Patient compliance” (Title, abstract, keyword) 

#18 “Patient Participation” (Title, abstract, keyword) 

#19 “Patient Preference” (Title, abstract, keyword) 
#20 "Patient Satisfaction" (Title, abstract, keyword) 
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#21 “Patient Acceptance” (Title, abstract, keyword) 

#22 “Patient Acceptance” (Title, abstract, keyword)  

#23  (#9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR   
         OR #20 OR #21 OR #22)   60.711 Items 

#24  (#8 AND #23) 12 Items 
 

 

Embase 
 

#1 wcd  
#2 lifevest or lifevests 

#3 'wearable cardioverter defibrillators' 

#4 'wearable cardioverter-defibrillators' 
#5 'wearable cardioverter defibrillator' 

#6 'life vest' OR “life vests” 
#7 lifecor 

#8 'portable defibrillator' OR “portable defibrillators” 
#9 “portable cardioverter defibrillator” OR “portable cardioverter defibrillators” 

#10 'portable cardioverter-defibrillator' OR “portable cardioverter-defibrillators” 

#11         (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10)  Items 501 
(All results), Items 408 (limits: human, english) 

#12  "Patient Compliance"/exp EMTREE term OR  
#13  “Patient Attidude”/exp EMTREE term: OR 

#14  "Patient Participation":ab,ti OR  

#15  "Patient Preference" :ab,ti OR  
#16  "Patient Satisfaction" :ab,ti OR  

#17  "Quality of Life"/exp EMTREE term OR  
#18  "Patient Acceptance of Health Care” 

#19  "Patient Adaptation":ab,ti 
#20   (#12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19)    769.580 Items       

#21  (#11 AND #20)  Items 68 (limits: human, english) 

 
 

 
Psychinfo was consulted with 0 risults 

 

All results  168, 108 with deduplication  
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APPENDIX 13 - PSA List of studies read in full text included and 
excluded (with reasons for exclusion) 

 

1. Lackermair K, Schuhmann CG, Kubieniec M, Riesinger LM, Klier I, Stocker TJ, et al. 
Impairment of Quality of Life among Patients with Wearable Cardioverter Defibrillator Therapy 
(LifeVest®): A Preliminary Study. BioMed Research International. 2018; 

Included  
 
2. Barraud J, Pinon P, Laine M, Cautela J, Orabona M, Koutbi L, et al. Ventricular Arrhythmia 

Occurrence and Compliance in Patients Treated With the Wearable Cardioverter Defibrillator 
Following Percutaneous Coronary Intervention. Heart Lung and Circulation. 2018;27(8):984-8. 

Reasons for exclusion: not data reported on QoL   
 
3. Wan C, Szymkiewicz SJ, Klein HU. The impact of body mass index on the wearable cardioverter 

defibrillator shock efficacy and patient wear time. Am Heart J. 2017;186:111-7. 

Reasons for exclusion: not data reported on QoL   
 
4. Ettinger S, Stanak M, Szymański P, Wild C, Haček RT, Erčević D, et al. Wearable cardioverter 

defibrillators for the prevention of sudden cardiac arrest: A health technology assessment and 
patient focus group study. Medical Devices: Evidence and Research. 2017;10:257-71. 

Reasons for exclusion: not our target population   
 
5. Chung MK, Szymkiewicz SJ, Shao M, Zishiri E, Niebauer MJ, Lindsay BD, et al. Aggregate 

national experience with the wearable cardioverter-defibrillator: event rates, compliance, and 
survival. J Am Coll Cardiol. 2010;56(3):194-203. 

Reasons for exclusion: not data reported on QoL   
 
6. Kaspar G, Sanam K, Gholkar G, Bianco NR, Szymkiewicz S, Shah D. Long-term use of the 

wearable cardioverter defibrillator in patients with explanted ICD. International Journal of 
Cardiology. 2018. 

Reasons for exclusion: not data reported on QoL   
 
7. Daimee UA, Vermilye K, Moss AJ, Goldenberg I, Klein HU, McNitt S, et al. Experience with the 

wearable cardioverter-defibrillator in older patients: Results from the Prospective Registry of 
Patients Using the Wearable Cardioverter-Defibrillator. Heart Rhythm. 2018;15(9):1379-86. 

Reasons for exclusion: not data reported on QoL   
 
8. Quast AFBE, van Dijk VF, Wilde AAM, Knops RE, Boersma LVA. Outpatient treatment with the 

wearable cardioverter defibrillator: Clinical experience in two Dutch centres. Netherlands Heart 
Journal. 2017;25(5):312-7. 

Reasons for exclusion: not data reported on QoL   
 
9. Opreanu M, Wan C, Singh V, Salehi N, Ahmad J, Szymkiewicz SJ, et al. Wearable cardioverter-

defibrillator as a bridge to cardiac transplantation: A national database analysis. J Heart Lung 
Transplant. 2015;34(10):1305-9. 

Reasons for exclusion: not data reported on QoL   
 
10. Kutyifa V, Moss AJ, Klein H, Biton Y, McNitt S, MacKecknie B, et al. Use of the wearable 
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cardioverter defibrillator in high-risk cardiac patients: data from the Prospective Registry of 
Patients Using the Wearable Cardioverter Defibrillator (WEARIT-II Registry). Circulation. 
2015;132(17):1613-9. 

Reasons for exclusion: not data reported on QoL   
 
11. Knops RE, Kooiman KM, Ten Sande JN, de Groot JR, Wilde AAM. First experience with the 

wearable cardioverter defibrillator in the Netherlands. Netherlands Heart Journal. 
2012;20(2):77-81. 

Reasons for exclusion: case report 
 

12. Salehi N, Nasiri M, Bianco NR, Opreanu M, Singh V, Satija V, et al. The Wearable Cardioverter 
Defibrillator in Nonischemic Cardiomyopathy: A US National Database Analysis. Can J Cardiol. 
2016;32(10):1247.e1-.e6. 

Reasons for exclusion: not data reported on QoL   
 
13. Naniwadekar A, Alnabelsi T, Joshi K, Obasare E, Greenspan A, Mainigi S. Real world utilization 

and impact of the wearable cardioverter-defibrillator in a community setting. Indian Pacing and 
Electrophysiology Journal. 2017;17(3):65-9. 

Reasons for exclusion: not data reported on QoL   
 
14. Erath JW, Vamos M, Sirat AS, Hohnloser SH. The wearable cardioverter-defibrillator in a real-

world clinical setting: experience in 102 consecutive patients. Clin Res Cardiol. 
2017;106(4):300-6. 

Reasons for exclusion: not data reported on QoL   
 
15. Klein HU, Meltendorf U, Reek S, Smid J, Kuss S, Cygankiewicz I, et al. Bridging a temporary 

high risk of sudden arrhythmic death. Experience with the wearable cardioverter defibrillator 
(WCD). Pacing Clin Electrophysiol. 2010;33(3):353-67. 

Reasons for exclusion: not data reported on QoL  
 
 


