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Abstract

Aims Myocarditis may lead to malignant arrhythmias and sudden cardiac death. As of today, there are no reliable predictors
to identify individuals at risk for these catastrophic events. The aim of this study was to evaluate if a wearable cardioverter
defibrillator (WCD) may detect and treat such arrhythmias adequately in the peracute setting of myocarditis.
Methods and results In this observational, retrospective, single centre study, we reviewed patients presenting to the Charité
Hospital from 2009 to 2017, who were provided with a WCD for the diagnosis of myocarditis with reduced ejection fraction
(<50%) and/or arrhythmias. Amongst 259 patients receiving a WCD, 59 patients (23%) were diagnosed with myocarditis by
histology. The mean age was 46 ± 14 years, and 11 patients were women (19%). The mean WCD wearing time was 86 ± 63 days,
and the mean daily use was 20 ± 5 h. During that time, two patients (3%) had episodes of sustained ventricular tachycardia
(VT; four total) corresponding to a rate of 28 sustained VT episodes per 100 patient-years. Consequently, one of these patients
underwent rhythm stabilization through intravenous amiodarone, while the other patient received an implantable
cardioverter defibrillator. Two patients (3.4%) were found to have non-sustained VT.
Conclusions Using a WCD after acute myocarditis led to the detection of sustained VT in 2/59 patients (3%). While a WCD
may prevent sudden cardiac death after myocarditis, our data suggest that WCD may have impact on clinical management
through monitoring and arrhythmia detection.
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Introduction

Myocarditis is estimated to be one of the most common
causes of sudden cardiac death (SCD) and has been found
in up to 30% of autopsies.1–3 Major efforts have been under-
way to predict major adverse cardiovascular events (MACE)
over the last decade. Recent studies using cardiac magnetic
resonance imaging (CMR) in patients with myocarditis
suggested predictors of MACE based on late gadolinium
enhancement.4,5 Furthermore, case series have shown that

QRS prolongation ≥ 120 ms on electrocardiogram (ECG) is
an independent predictor of death in myocarditis.6

However, individual predictions of MACE are still not
accurate enough, and wearable cardioverter defibrillators
(WCDs) have been increasingly introduced to protect
patients during the most vulnerable time after diagnosis of
myocarditis.7–9 The value of WCD has been demonstrated in
ischaemic or non-ischaemic cardiomyopathy,10,11 in the early
post-myocardial infarction period,12–14 and in patients with
peripartum cardiomyopathy.15
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In myocarditis, the potential benefit of a WCD has been
solely evaluated in subgroup analyses of larger trials as of
today.16–19 Therefore, descriptions of clinical patient charac-
teristics, methods of diagnosis, and a clinical trajectory of
patients with myocarditis have been limited in those studies.

We sought to address this issue by performing a retrospec-
tive study in patients who were diagnosed with myocarditis
[based on clinical presentation and endomyocardial biopsy
(EMB)] and who were prescribed a WCD. Comprehensive
clinical data were collected on all patients, including device
wearing time and clinical trajectory.

Methods

Study population

In this retrospective analysis, we reviewed all patients, who
had been prescribed a WCD for SCD prevention (LifeVest;
ZOLL, Pittsburgh, PA) from January 2009 to December 2017
at the Division of Cardiology of the Charité University Hospi-
tal Berlin, Campus Benjamin Franklin. Amongst those
patients, we selected individuals with a diagnosis of myocar-
ditis. Common indications for WCD use were severely re-
duced left ventricular ejection fraction (LVEF), episodes of
sustained ventricular tachyarrhythmia, and histological con-
firmation of giant cell myocarditis or cardiac sarcoidosis. An
overview of specific indications for the prescription of a
WCD in our cohort is listed in Table 1. The diagnosis of myo-
carditis was based on EMB with subsequent histological,
immunohistological, and molecular biological analysis follow-
ing the indications outlined by the European Society of Cardi-
ology (ESC) position statement8 in patients with classic
clinical symptoms, abnormalities on ECG, and/or elevated
high-sensitivity troponin-T.

Histology of EMBs was performed by light microscopy for
evidence of myocardial necrosis and interstitial fibrosis and
for the presence of lymphocytic infiltrates. Antibodies di-
rected against surface antigens of human lymphocytes
(CD3, CD4, and CD8) were used for detection and quantifica-
tion of lymphocytic infiltrates in myocardial tissue.

Polymerase chain reaction/reverse transcription polymer-
ase chain reaction was performed for the detection of en-
teroviruses (including coxsackievirus and echovirus),
adenovirus, erythrovirus, human herpesvirus type 6, human
cytomegalovirus, and Epstein–Barr virus.

Furthermore, all patients underwent cardiac catheteriza-
tion to exclude relevant coronary artery disease (stenosis
> 50%).

Clinical data were retrieved from the electronic medical
record system. Compliance with wearing the WCD and
arrhythmic events were collected via the ZOLL database.

Recordings of all baseline ECGs and arrhythmic events
were individually examined by a specialist trained in
electrophysiology.

All patients received guideline-directed medical therapy
and comprehensive training in the use of the WCD to
optimize compliance.

This study was approved by the local ethics committee
(EA4/117/17) and conforms to the updated guiding principles
of the Declaration of Helsinki of 2013.20

All authors had full access to the data and have read and
agreed to the manuscript as written.

Statistical analysis

Continuous variables are expressed as mean ± standard
deviation and, if appropriate, as median and first and third
quartile, and categorical variables as absolute and relative
frequencies. Due to the skewed distribution of most of the
quantitative measurements, Mann–Whitney U-test was used
for comparisons between independent groups. Spearman’s
correlation coefficient was used for associations between
two quantitative variables. Categorical data were compared
using the χ2 test.

A P-value of ≤0.05 was considered statistically significant.
No Bonferroni correction has been performed due to the
explorative character of the study. For simple and multiple
logistic regression analyses, odds ratio (OR) and confidence
interval (CI) were used. Statistical analysis was performed
using SPSS statistics (Version 23).

Results

Study population

Between 2009 and 2017, a total of 259 patients received a
WCD at the Charité University Hospital Berlin. Patients with
cognitive impairment preventing the safe use of a WCD or
patients who refused this device were excluded.

Baseline characteristics are illustrated in Table 2. Myocar-
ditis was diagnosed based on histology in a total of 59
(65%) patients (Figure 1). Immunohistology of EMBs revealed

Table 1 Indications for wearable cardioverter defibrillator pre-
scription in patients with myocarditis

WCD indication n (%)

LVEF ≤ 35 ± prior VF/VT ± cardiac
sarcoidosis/giant cell myocarditis

41 (69.5)

VT/VF during hospitalization and LVEF > 35% 6 (10.2)
Sarcoidosis/giant cell and LVEF > 35% 2 (3.4)
LVEF 36–40% 4 (6.8)
Based on the physician’s discretion 6 (10.2)
LVEF, left ventricular ejection fraction; VF, ventricular fibrillation;
VT, ventricular tachycardia; WCD, wearable cardioverter
defibrillator.
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lymphocytic myocarditis in most cases (n = 45; 76%). The
most frequently detected virus was Parvovirus B19 (n = 42;
71%). Further subtypes of myocarditis detected based on
EMB are listed in Tables 3a and 3b.

Wearable cardioverter defibrillator use data

The mean WCD use was 86 ± 63 days, and the mean daily use
was 20 ± 5 h. There was a trend of a positive correlation be-
tween average daily wearing time and age (R = 0.193,
P = 0.144) (Supporting Information, Figure S1) and a trend
of a negative correlation between cumulative WCD prescrip-
tion time and age (R = �0.063, P = 0.636) (Supporting
Information, Figure S2).

Cardiovascular outcomes

Two patients (3%) had sustained haemodynamically stable
ventricular tachycardia (VT) (total of four events), corre-
sponding to a rate of 28 episodes of sustained VT per 100
patients-years. No shocks were delivered during WCD
wearing time.

The first patient presenting with sustained VT was a
42-year-old man with severely decreased LVEF (30%). He
had atrial fibrillation and left bundle branch block (QRS
140 ms). EMB revealed borderline myocarditis, no signs of
necrosis, and only low levels of perivascular fibrosis. Parvovi-
rus B19 DNA was below level of detection for quantitative
measurement. There was no detectable mRNA, suggesting
the absence of viral genome transcription. Therefore, in
addition to guideline-directed medical therapy including
beta-blockers, angiotensin receptor blockers, and mineralo-
corticoid/aldosterone receptor antagonists, the patient
underwent treatment with immunosuppressive therapy for
6 months at which time repeat-EMB confirmed resolved in-
flammatory infiltrate. After 222 days, the patient developed
sustained haemodynamically stable VT over 32 s with a
heart rate of 200/min. At the time of the event, the patient
had an estimated LVEF of 38% and New York Heart Associa-
tion II symptoms. No transient or correctable causes of VT
could be identified. He underwent placement of an implant-
able defibrillator following a class IB indication according to
the ESC Guidelines.9

The second patient was a 30-year-old man with three
episodes of sustained VT. The patient reported episodes of
supraventricular tachycardia, which emerged 7 years prior.
There was a severely decreased LVEF (25%). EMB revealed
borderline myocarditis without necrosis and only slight
perivascular fibrosis. Molecular biological analysis detected
Parvovirus B19 DNA with a low viral load (53 DNA copies/
μg myocardial DNA) and virus-specific mRNA, indicating
active transcription of viral genome. Telbivudine was initi-
ated for 6 months in the framework of an ongoing study21

in combination with guideline-directed medical therapy
including beta-blocking agents, angiotensin-converting en-
zyme inhibitors, and mineralocorticoid/aldosterone receptor
antagonists. After 5 days, the patient developed VT. All VTs
were monomorphic, and heart rates varied from 140 to
160/min. By the time of VT onset, the LVEF was unchanged
compared with previous measurements, and the patient
referred symptoms equivalent to New York Heart Association
II. Amiodarone was used for rhythm stabilization. By the end
of WCD wearing time (259 days), LVEF had almost
normalized (LVEF 50%) and no cardioverter defibrillator
was implanted.

A comparison between patients with documented
non-sustained VT vs. patients without VT during WCD us-
age showed that patients with VT more frequently had
underlying health conditions such as atrial flutter (50.0%

Table 2 Baseline characteristics of the study cohort (n = 59)

Parameter Value ± SD (mean)

Age, years, mean ± SD 46 ± 14
Female, n (%) 11 (18.6)
Renal disease (KDIGO 2012), n (%) 15 (25.4)
Diabetes mellitus type II, n (%) 11 (18.6)
Arterial hypertension, n (%) 20 (33.9)
BMI, kg/m2, mean ± SD 27 ± 4
ECG on admission

Sinus rhythm, n (%) 47 (79.7)
Atrial fibrillation, n (%) 12 (20.3)
Left bundle brunch block, n (%) 11 (18.6)

Atrial fibrillation during hospital stay, n (%) 15 (25.4)
Paroxysmal, n (%) 7 (11.9)
Persistent, n (%) 7 (11.9)
Permanent, n (%) 1 (1.7)

Ventricular arrhythmias during hospital stay,
n (%)

11 (18.6)

Sustained VT, n (%) 9 (15.3)
VF, n (%) 2 (3.4)

Heart rate at diagnosis, b.p.m., mean ± SD 88 ± 24
LVEF at diagnosis, %, mean ± SD 32 ± 15
LVEDD at diagnosis, mm, mean ± SD 62 ± 9
TAPSE, mean ± SD, mm 19 ± 5
NYHA at diagnosis

I, n (%) 11 (18.6)
II, n (%) 22 (37.3)
III, n (%) 20 (33.9)
IV, n (%) 4 (6.8)

TnT-hs on admission, ng/L, mean ± SD 193 ± 493
NT-proBNP at diagnosis, ng/L, mean ± SD 7102 ± 13 168
Medication at discharge

Beta-blockers, n (%) 56 (94.9)
ACE inhibitors, n (%) 54 (91.5)
Angiotensin receptor blockers, n (%) 3 (5.1)
Aldosterone antagonists, n (%) 47 (79.7)
Nephrolysin inhibitors, n (%) 1 (1.7)
Antiviral therapy, n (%) 5 (8.5)
Immunosuppressive therapy, n (%) 15 (25.4)

ACE, angiotensin-converting enzyme; BMI, body mass index; ECG,
electrocardiography; KDIGO, Kidney Disease Improving Global Out-
comes; LVEDD, left ventricular end-diastolic diameter; LVEF, left
ventricular ejection fraction; NT-proBNP, N-terminal prohormone
of brain natriuretic peptide; NYHA, New York Heart Association;
SD, standard deviation; TAPSE, tricuspid annular plane systolic ex-
cursion; TnT-hs, high-sensitivity cardiac troponin-T; VF, ventricular
fibrillation; VT, ventricular tachycardia.
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vs. 1.7%; P < 0.001) and pulmonary hypertension (50% vs.
3.3%; P = 0.002). However, these predictive data should be
interpreted with caution, because sample size was small.

Simple and multiple logistic regression analyses evaluating
the occurrence of VT were not performed due to the low
number of arrhythmic events in this cohort.

Figure 1 Study design: 259 patients were prescribed a WCD at our clinic from 2009 to 2017. In 32 cases, myocarditis was histologically proven. CMR,
cardiac magnetic resonance imaging; EMB, endomyocardial biopsy; WCD, wearable cardioverter defibrillator.

Table 3a Subtypes of myocarditis based on histology and detection of viral genome (n = 59)

Diagnosis
Number of

patients, n (%)
Number of patients with

detection of viral genome, n (%)
Number of patients with

borderline myocarditis, n (%)

Lymphocytic myocarditis 45 (76) 32 (54) 30 (51)
Eosinophilic myocarditis 2 (3) 2 (3) 0 (0)
Polymorphic myocarditis 7 (12) 6 (10) 3 (5)
Giant cell myocarditis 4 (7) 2 (3) 0 (0)
Cardiac sarcoidosis 1 (2) 0 (0) 0 (0)

Table 3b Virus types by diagnosis (n = 59)

Diagnosis PVB19, n (%) EBV, n (%) HHV6, n (%) Coxsackie B3, n (%)

Lymphocytic myocarditis 32a (53) 3a (5) 3a (5) 1a (2)
Eosinophilic myocarditis 2 (3) 0 (0) 0 (0) 0 (0)
Polymorphic myocarditis 6a (10) 0 (0) 1a (2) 0 (0)
Giant cell myocarditis 2a (3) 1a (2) 0 (0) 0 (0)
Cardiac sarcoidosis 0 (0) 0 (0) 0 (0) 0 (0)
EBV, Epstein–Barr virus; HHV6, human herpesvirus type 6; PVB19, Parvovirus B19.
aCoinfection.
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Clinical follow-up

Average clinical follow-up was 24 ± 22 months up to a maxi-
mum of 83 months.

Left ventricular ejection fraction improved from a mean
32 ± 15% at baseline to 43 ± 15% at the end of WCD wearing
time (Supporting Information, Figure S3). Differences between
LVEF values at the time of diagnosis and at the end of WCD
wearing time were highly significant (P < 0.01).

Twenty patients (34%) had recovered LVEF > 35% at the
end of the WCD wearing time and therefore had no indica-
tion for prophylactic implantable cardioverter defibrillator
(ICD) placement (Table 4). Two patients (3%) were lost to fol-
low-up.

Patients with an LVEF > 35% versus LVEF ≤ 35% after WCD
wearing time differed in left ventricular end-diastolic diame-
ter, LVEF, and left atrial volume at baseline. Also, borderline
myocarditis was more common in patients who improved.
Simple logistic regression analysis suggested that these pa-
rameters correlate with LVEF improvement (Table 5). Multiple
logistic regression including these three parameters revealed
baseline LVEF as the only independent predictor for LVEF im-
provement to >35% (Table 6). Initial LVEF was the best pre-
dictor for recovery [OR 1.15; 95% CI (1.02–1.30); P = 0.023].

Follow-up after wearable cardioverter
defibrillator use

In 32 (54%) patients, 12 months of follow-up clinical data
were available. At that time, an additional seven patients
(12%) had recovered LVEF > 35% after ICD implantation.

Two patients had episodes of VT (terminated with anti-
tachycardia pacing) after 447 and 553 days after ICD implan-
tation, and one patient showed an episode of ventricular fi-
brillation (VF) with appropriate shock delivery 13 days after
ICD implantation.

The first patient with an episode of VT after ICD implanta-
tion was a 38-year-old man with giant cell myocarditis. LVEF
was still severely reduced after WCD wearing period but
gradually increased after ICD implantation, reaching 64% at
last follow-up.

The second patient with an episode of VT after ICD implan-
tation was a 47-year-old man who initially presented with se-
verely reduced LVEF of 25%. EMB revealed Parvovirus B19
associated lymphocytic borderline myocarditis with active
transcription of viral genome and high viral load (1882 cop-
ies/μg myocardial DNA). LVEF had not improved by the end
of WCD wearing time after 5 months but slowly increased
to 40% during follow-up.

The patient who received a shock due to an episode of VF
after cardiac resynchronization therapy-defibrillator implan-
tation was a 55-year-old woman, who presented with se-
verely impaired LVEF (29%). Histology of the EMB was
consistent with lymphocytic borderline myocarditis with de-
tection of low levels of Parvovirus B19 DNA (65 copies/μg
myocardial DNA) and active transcription of viral genome in
the molecular biological analysis. LVEF was 25% at last
follow-up after 17 months.

Clinical records of patients who have not undergone ICD
implantation after WCD wearing time showed that four addi-
tional patients had documented episodes of sustained ven-
tricular tachyarrhythmias, leading to subsequent ICD
implantation. Three patients suffered from episodes of VT,
and one patient had VF. Emergent treatment of these

Table 4 Follow-up

Parameter Value ± SD (mean)

Patients with LVEF2 > 35% at the end of LifeVest wearing time, n (%) 33 (55.9)
LVEF at the end of LifeVest wearing time, %, mean ± SD (median [25th; 75th percentile]) 43 ± 15 (41 [31; 52])
ΔLVEF at the end of LifeVest wearing time, %, mean ± SD (median [25th; 75th percentile]) 12 ± 11 (12 [1; 20])
Patients with LVEF > 35% at the longest follow-up, n (%) 40 (67.8)
LVEF at the longest follow-up, %, mean ± SD (median [25th; 75th percentile]) 46 ± 15 (45 [36; 60])
LVEF, left ventricular ejection fraction; SD, standard deviation.

Table 5 Simple logistic regression for prediction of left ventricular
ejection fraction improvement to >35%

Parameter Odds ratio 95% CI P-value

LVEDD at diagnosis 0.91 0.83–0.99 0.022
LAV at diagnosis 0.98 0.96–1.00 0.030
Initial LVEF 1.14 1.04–1.24 0.004
Borderline myocarditis 0.25 0.07–0.84 0.025
CI, confidence interval; LAV, left atrial volume; LVEDD, left ventric-
ular end-diastolic diameter; LVEF, left ventricular ejection fraction.

Table 6 Multiple logistic regression for prediction of left ventricu-
lar ejection fraction improvement to >35%

Parameter Odds ratio 95% CI P-value

Initial LVEF (backward selection) 1.15 1.02–1.28 0.018
Initial LVEF (forward selection) 1.15 1.02–1.28 0.018
CI, confidence interval; LVEF, left ventricular ejection fraction.
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patients and device implantation were performed at other
clinics and added to the patients’ clinical records at the fol-
lowing presentation at out clinic. In total, seven patients
(11.9%) suffered from sustained ventricular arrhythmias after
WCD termination, of whom four (6.8%) were not protected
by an ICD by the time of occurrence.

Rehospitalization rates during WCD wearing time and
follow-up were similar, both averaging 0.9 rehospitalizations
per patient-year. Patients with a history of atrial fibrillation
were more likely to be readmitted to the hospital
after WCD wearing period [OR 1.51; 95% CI (1.11–2.05);
P = 0.010]. Furthermore, histologically confirmed giant cell
myocarditis was associated with more frequent hospital read-
mission after the WCD wearing period (P = 0.011). There
were no fatal outcomes during the course of this study.

Patients with giant cell myocarditis

There were four patients (6%) with giant cell myocarditis on
immunosuppressive treatment. Three patients had a severely
to moderately decreased LVEF at baseline (22%, 25%, and
40%, respectively). All of them underwent ICD implantation,
and only one of them showed long-term improvement of
LVEF during follow-up. One patient developed VT, as de-
scribed in detail earlier.

Discussion

There is currently a major unmet clinical need to identify and
protect patients with myocarditis who are at highest risk for
developing MACE including SCD. While attempts have been
made using various clinical diagnostic tools such as pattern
recognition of ECGs6,22,23 and CMR,4,24,25 as well as identifica-
tion of risk markers in peripheral blood,26–29 individual risk
prediction is still not sufficiently accurate with up to 30% of
cases with myocarditis found amongst autopsy studies in
young adults.1–3

It has been recognized that the risk for arrhythmia is par-
ticularly high during the acute phase of myocarditis,30,31 par-
ticularly in the context of severely reduced LVEF (<35%).32,33

The majority of patients with myocarditis have a good
long-term outcome with improvement of left ventricular
function.30,34,35 Therefore, it is recommended by the ESC po-
sition statement that ICD implantation will be deferred dur-
ing the acute episode.8,9

Even though it has become common practice to at least
provide patients with complex arrhythmias (such as frequent
ectopy or VT), with a WCD for a minimum of 3 months, liter-
ature contains limited data on the outcomes of this practice
and whether WCD changes clinical management. The current
recommendations of WCD use in patients with myocarditis as
stated by the ESC position paper in 20138 originated from a

case report from Prochnau et al.36 Since then, myocarditis
has evolved to become the second most common reason
for WCD prescription in Europe.37

No additional studies investigated the benefit of a WCD in
this particular group of patients to the best of our knowl-
edge. The only randomized controlled WCD trial to date en-
rolled exclusively patients in early stages after myocardial
infarction and focused solely on the mortality due to ar-
rhythmic events. Therefore, its applicability to other cardio-
myopathies such as myocarditis is limited.14 Most WCD
studies contained only a small subgroup of patients with
myocarditis ranging from a single38–40 or up to nine
patients.19,41,42 Klein et al. identified 35 patients with a diag-
nosis of myocarditis that was based on clinical presentation
without the use of CMR or EMB.43 Subgroup analyses had
been performed in patients with myocarditis, and WCD
was based on data extracted from the ZOLL database
(https://lifevestnetwork.zoll.com).17,44

To evaluate the benefit of a WCD after a diagnosis of myo-
carditis, in a well-characterized cohort of patients based on
histology, we performed a retrospective observational single
centre study in patients who were provided with a WCD
between 2009 and 2017; they were followed for up to
83 months. All patients were rated to be at high risk for
SCD and thus fitted with a WCD. Although the focus of
WCD lies in SCD prevention, we additionally used the data
gathered by the WCD for non-invasive arrhythmia detection.
Although, for the sole reason of arrhythmia detection, an im-
plantable loop recorder may be a less invasive option, the
WCD could be beneficial in patients at risk for ventricular ar-
rhythmias, as it simultaneously has the ability to provide
treatment if indicated.

Our study included 59 patients with myocarditis, two of
which had a total of four arrhythmic events, corresponding
to a rate of 28 episodes of sustained VT per 100 patient-
years.

Previous WCD studies including patients with myocarditis
described events of sustained VT as the main reason for
shock delivery in these patients.17,19,43 Although no WCD
shocks were delivered in our cohort, episodes of sustained
VT were the most common type of recorded ventricular ar-
rhythmia, which is in line with previous findings.

Patients who suffered an episode of VT during WCD wear-
ing time had common findings on histology of EMBs. In both
biopsy specimens, an increase in CD3 positive lymphocytes
along with elevated levels of HLA-1 and CD54/ICAM-1 was
noticeable. Perforin positive T cells were absent, and there
were no signs of necrosis. In both patients, Parvovirus B19
DNA was detected. However, Parvovirus B19 is commonly
found in tissues of healthy individuals, and its pathogenicity
is currently not well established.

In addition to similarities on histology, both patients had
severely impaired LVEF and previously known episodes of
supraventricular tachycardia.
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Three patients had recorded events of ventricular arrhyth-
mias after WCD use and ICD implantation. One of them was
diagnosed with giant cell myocarditis, which is known to im-
plicate a higher risk for arrhythmic events and SCD.45

Patients with giant cell myocarditis were on average
38 years old, which is considerably younger than the rest of
the study population and had a less favourable overall out-
come, as it has frequently been outlined in literature.45–47

Notably, all patients with episodes of ventricular arrhyth-
mia during WCD wearing time and follow-up, except for
one patient with giant cell myocarditis, shared the diagnosis
of borderline myocarditis. This emphasizes the assumption
that the risk of SCD is unrelated to high levels of myocardial
inflammation.48,49

Parvovirus B19 was detectable in 71% of patients and
therefore by far the most common virus in our cohort. All pa-
tients in our cohort, who developed episodes of ventricular
arrhythmia during follow-up, were positive for Parvovirus
on histology. Research shows high prevalence of Parvovirus
genome in patients with impairment of left ventricular
function,50 but also healthy individuals,51,52 rendering the sig-
nificance of this finding questionable.

In summary, our study has demonstrated that WCD was
able to identify ventricular arrhythmias in two patients (3%
of the cohort), which would not have been captured other-
wise. Prospective trials will be valuable to further investigate
the weight of our findings.

Conclusions

We are presenting the results of a retrospective observa-
tional single centre study, in which we evaluated the value
of a WCD after the diagnosis of myocarditis. WCD use led
to the detection of sustained ventricular arrhythmia in two
patients (3%) of our cohort. Both patients were diagnosed
with only minor changes on EMB consistent with borderline
myocarditis, emphasizing the challenge of predicting patients
at risk for SCD and the importance of protecting those pa-
tients with a WCD. Based on the data presented, we believe
the WCD to be a valuable tool that can combine arrhythmia
detection and protection from SCD in patients with myocardi-
tis deemed to be at high risk for sustained ventricular ar-
rhythmia, especially in the context of myocarditis
representing one of the leading causes of SCD based on au-
topsy reports.1–3 Furthermore, our results support the cur-
rent ESC position statement to defer ICD placement after
myocarditis, as a considerable amount of patients will re-
cover left ventricular function.

Limitations

A limitation of this study is its sample size and the associated
low occurrence of ventricular arrhythmias. However, even in

this small cohort of patients with myocarditis, clinical man-
agement changed due to the use of a WCD, emphasizing its
clinical value. Compared with prior research, this is the first
study in which the focus was on WCD use in patients with
myocarditis who also had comprehensive diagnostic workups
including EMB in the majority of cases and long-term follow-
up with a maximum of 83 months.
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Figure S1. Correlation of age with daily use of WCD, There
was a small positive correlation between a patients age and
daily WCD wearing hours, suggesting a trend to more diligent
use of WCD with increasing age (R = 0.193; P = 0.144).
Figure S2. Correlation of age with cumulative WCD wearing
time, There was a small negative correlation between a pa-
tients age and the duration of WCD prescription, indicating
longer WCD prescriptions for younger patients, although
not statistically significant. (R = �0.063; P = 0.636)
Figure S3. Improvement of left ventricular ejection fraction
(LVEF), Changes in LVEF from the time of diagnosis to the
end of wearable cardioverter-defibrillator (WCD) wearing
time. Patients with improvement of LVEF are marked in
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green. Red color highlights patients with decreasing LVEF.
Patients without change of LVEF are indicated in black.

The purple line illustrates the mean change in LVEF for all
patients.
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