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Abstract

Aim Wearable cardioverter defibrillator (WCD, LifeVest, and Zoll) therapy has become a useful tool to bridge a temporarily
increased risk for sudden cardiac death. However, despite extensive use, there is a lack of evidence whether patients with
myocarditis and impaired LVEF may benefit from treatment with a WCD.
Methods and results We conducted a single-centre retrospective observational study analysing patients with a WCD
prescribed between September 2015 and April 2020 at our institution. In total, 135 patients were provided with a WCD,
amongst these 76 patients (mean age 48.9 ± 13.7 years; 84.2% male) for clinically suspected myocarditis. Based on the results
of the endomyocardial biopsy and, where available cardiac magnetic resonance imaging, 39 patients (51.3%) were diagnosed
with myocarditis and impaired LVEF and 37 patients (48.7%) with dilated cardiomyopathy (DCM) without evidence of cardiac
inflammation. The main immunohistopathological myocarditis subtype was lymphocytic myocarditis in 36 (92.3%) patients,
and four patients (10.3%) of this group had an acute myocarditis. Three patients had cardiac sarcoidosis (7.7%). Ventricular
tachycardia occurred in seven myocarditis (in total 41 VTs; 85.4% non-sustained) and one DCM patients (in total one
non-sustained ventricular tachycardia). Calculated necessary WCD wearing time until ventricular tachycardia occurrence is
86.41 days in myocarditis compared with 6.46 years in DCM patients.
Conclusions Our data suggest that myocarditis patients may benefit from WCD therapy. However, as our study is not
powered for outcome, further randomized studies powered for the outcome morbidity and mortality are necessary.
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Introduction

Over the last years, wearable cardioverter defibrillator (WCD,
LifeVest, and Zoll) therapy has become a useful tool to bridge
a temporarily increased risk for sudden cardiac death (SCD).
According to the AHA/ACC/HRS guidelines, WCD therapy
has a class IIb indication in patients who are at high risk for
sudden death but do not meet other immediate indications
for ICD therapy.1 The first study suggesting efficacy of WCD

therapy included patients with congestive heart failure in
the WEAR-IT (wearable cardioverter defibrillator investiga-
tional trial) and patients post-MI or CABG at high risk for
SCD in the BIRAOD (bridge to ICD in patients at risk of
arrhythmic death) studies.2 Currently, the largest group of
patients with WCD therapy are patients with an LVEF ≤35%
post-myocardial infarction or patients with newly diagnosed
cardiomyopathy still undergoing optimal medical therapy
within 90 days after diagnosis.
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Despite extensive use, there is a lack of evidence whether
patients with myocarditis (MC) and impaired LVEF may bene-
fit from treatment with a WCD. Most WCD studies included
only a small subgroup of patients (<10) with myocarditis.3,4

The largest report on a subgroup of MC patients included
595 patients5; however, these data were retrieved from a reg-
istry maintained by the manufacturer of the WCD (Zoll,
Pittsburgh, PA) with limited information regarding clinical
work-up and outcome.

Myocarditis is a complex inflammatory disease of the myo-
cardium, usually secondary to viral infection or immune
dysregulating phenomena. The acute phase of viral MC is
characterized by pathognomonic myocyte necrosis induced
by virus replication. A subsequent activation of a cascade of
humoral and cellular immunologic processes independent of
myocardial genome presence may result in chronic
post-infectious MC.6 Ventricular arrhythmias were reported
in patients with both acute and chronic stages of MC often in-
dependent of impaired LVEF.7 This issue is particular relevant,
as ventricular arrhythmias are a significant cause of death es-
pecially in young MC patients.8

Methods

We conducted a single-centre retrospective observational
study analysing patients with a WCD prescribed between
September 2015 and April 2020 at our institution. The study
protocol was approved by the human ethics committee at
our institution (ethic application number: EA1/356/16) and
is in accordance with the 1975 Declaration of Helsinki. In to-
tal, 135 patients were provided with a WCD, amongst these
76 patients (mean age 48.9 ± 13.7 years; 84.2% male) for clin-
ically suspected MC. The main criterion for WCD prescription
was a severely impaired left ventricular ejection fraction
(LVEF ≤35%) at baseline. Out of 76 patients with clinically
suspected MC, seven patients were prescribed a WCD despite
an LVEF >35%. The reasons for WCD prescription in these
cases were non-sustained VTs (four patients) or sustained
VTs (two patients) and severe borderline myocarditis (one
patient). Baseline evaluation in all patients included transtho-
racic echocardiography, 12-lead electrocardiogram, and
endomyocardial biopsy (EMB) as gold standard for the defi-
nite diagnosis of MC.9,10 Coronary angiography was per-
formed in all patients. In addition, baseline laboratory
values with cardiac biomarkers (high-sensitive cardiac tropo-
nin and N-terminal pro-B-type natriuretic peptide) and in-
flammatory markers (leucocytes and C-reactive protein)
were obtained in most cases. Cardiac magnetic resonance im-
aging (CMR) was performed in 56.6% of the cases and
analysed based on the Lake–Louise criteria including native
T1 and T2 mapping.11 Follow-up data were collected both
through outpatient clinic visits as well as during

re-admission to the hospital. EMB-proved MC was defined
by histological, immunological, and immunohistochemical
criteria.9

Results

Based on the results of the EMB and, where available CMR,
39 patients (51.3%) were diagnosed with MC and impaired
LVEF and 37 patients (48.7%) with dilated cardiomyopathy
(DCM) without evidence of cardiac inflammation.
Baseline characteristics of MC versus DCM patients are
shown in Table 1. There were no significant differences in
age, gender, medical history, clinical presentation, and echo-
cardiographic parameters between the two groups. However,
ST-segment elevations were significantly more common in
the MC compared to the DCM group (P = 0.038). Elevations
in troponin T were more common in MC compared with
DCM patients without achieving statistical significance. Mean
LVEF at baseline did not differ between MC (25.6% ± 11.7)
and DCM patients (25.1% ± 8.72) and was severely impaired
in 33 MC (84.5%) and 35 DCM (94.6%) patients. At the time
of WCD prescription, 27 patients showed ventricular arrhyth-
mia: non-sustained ventricular tachycardia in 11 MC and 13
DCM patients (P = 0.516) and sustained ventricular tachycar-
dia in two MC and one DCM patients (P = 0.587).

The main immunohistopathological MC subtype was lym-
phocytic MC in 36 (92.3%) patients, and four patients
(10.3%) of this group had an acute MC (clinical onset of
symptoms <30 days). Three patients had cardiac sarcoido-
sis (7.7%). Myocardial specimens were analysed for the
presence of viral genomes of enteroviruses, adenoviruses,
cytomegalovirus, Epstein–Barr virus (EBV), human herpesvi-
rus 6 (HHV6), parvovirus B19 (B19V), and Coxsackie B virus.
Testing of blood samples ruled out systemic virus infec-
tions. As it is well known that herpes viruses and B19V
are wildly distributed even in healthy hearts or other car-
diac pathologies, we found a viral genome presence of
HHV6, EBV, or B19V with low copy numbers in 66% of
the MC and 64.9% of the DCM patients.12,13 In the absence
of viral genome, MC patients were treated with immuno-
suppressive therapy, either prednisolone alone, predniso-
lone and azathioprine, or a combination of prednisolone,
azathioprine, and cyclosporine.13 All patients were treated
with optimized guideline-directed heart failure therapy.
Pharmacological antiarrhythmic treatment at discharge
consisted of beta-blocker (93.4% of all patients) and amio-
darone (7.9% of all patients). Patients with MC were more
likely to be treated with beta-blockers compared with DCM
patients (100% vs. 86.5%, P = 0.02). There was no signifi-
cant difference in the use of amiodarone between the
two groups. Late gadolinium enhancement (LGE) at CMR
was found in 44.2% (n = 19) of all CMR scans.
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Mean WCD wearing time was 90.8 ± 95.3 days (daily use
20.5 ± 4.7 h) in the MC and 63.7 ± 55.7 days (daily use
19.2 ± 5.8 h) in the DCM group (P = 0.326 and 0.289, respec-
tively) (Figure 1A). Ventricular tachycardia occurred in seven
MC (in total 41 VTs; 85.4% non-sustained) and one DCM pa-
tients (in total one non-sustained VT) (Figure 1C). Calculated
necessary WCD wearing time until VT occurrence is 86.4 days
in MC compared with 6.5 years in DCM patients. Noteworthy,
no malignant ventricular arrhythmic events occurred in pa-
tients in the absence of LGE in CMR scan. One MC patient re-
ceived two appropriate shocks after a WCD wearing time of
27 days. The patient was admitted to the hospital, and a car-
diac resynchronization device with a defibrillator function

(CRT-D) was implanted. Ventricular arrhythmic episodes in
MC patients showed no significant association with either
the histopathological type of MC, detection of viral DNA in
the heart, with QRS duration >120 ms at baseline ECG, or
LVEF. In addition, immunosuppressive drug therapy in MC pa-
tients had no effect on the onset of ventricular tachycardias
(P = 0.83). In relation to the entire study population, antiar-
rhythmic drug therapy at discharge had no statistically rele-
vant influence on the incidence of ventricular tachycardias
(P = 0.43). During WCD therapy, mean LVEF improved to
38.8% ± 12.8 in MC and 32.4% ± 10.1 in the DCM group
(P = 0.034). Ventricular function improved in MC patients re-
gardless of whether patients received immunosuppressive

Table 1 Characteristics of the patient population

Baseline characteristics of the study population Myocarditis (n = 39) Dilated cardiomyopathy (n = 37) P value

Demographics
Age (years) 47.5 ± 14.7 50.5 ± 12.6 0.326
Male gender 34 30 0.466

Medical history
CAD 2 3 0.600
Diabetes mellitus 4 4 0.937
Hypertension 16 11 0.304
Hyperlipoproteinaemia 8 6 0.629

Clinical presentation
Pericardial chest pain 5 6 0.929
Fever 3 2 0.688
HR (b.p.m.) 82.5 ± 17.5 81.3 ± 21.9 0.539

Medication
ACE inhibitor 21 13 0.101
ARB 10 8 0.680
Beta-blocker 39 32 0.018
Loop diuretics 35 26 0.052
Digitalis 3 2 0.688
ARNI 8 15 0.057
MRAs 21 17 0.491
Amiodarone 5 1 0.102
Ivabradine 5 4 0.786

ECG
PQ (ms) 161.1 ± 26.9 168.6 ± 27.5 0.291
QRS (ms) 117.1 ± 27.2 119.1 ± 34.6 0.708
QTc (ms) 461.8 ± 34.3 454.6 ± 55.8 0.492
ST segment elevation 4 0 0.038
ST segment depression 0 0 -
T wave inversion 13 12 0.741

Baseline laboratory values
Troponin T (ng/L) 193.4 ± 485.5 39.1 ± 35.0 0.375
CK (U/L) 121.6 ± 98.5 159.0 ± 132.1 0.195
CK MB (U/L) 20.5 ± 7.6 19.9 ± 8.2 0.824
NT-proBNP (ng/L) 4040.5 ± 4629.9 3896.5 ± 4921.5 0.398
CRP (mg/L) 20.4 ± 37.8 12.7 ± 16.9 0.723
Leukozyten (per nL) 8.8 ± 2.8 8.5 ± 2.7 0.589

Echocardiographic parameters
LVEF (%) 25.6 ± 11.7 25.1 ± 8.2 0.623
LVEDD (mm) 61.8 ± 9.1 63.1 ± 7.7 0.501
LVESD (mm) 54.9 ± 7.4 49.7 ± 4.8 0.137
Pericardial effusion 6 7 0.639

Values are given as n, or mean ± SD.
ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; CAD, coronary
artery disease; CRP, C-reactive protein; HR, heart rate; LVEDD, left ventricular enddiastolic diameter; LVEF, left ventricular ejection fraction;
LVESD, left ventricular endsystolic diameter; MRAs, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro B-type natriuretic
peptide; SD, standard deviation.
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therapy (P = 0.52). Figure 1D shows the histopathology and
immunopathology of a patient with chronic lymphocytic MC
before and after immunosuppressive therapy. At the end of
WCD therapy, 16 patients were implanted with an ICD (six
MC and 10 DCM patients), and 10 with a CRT-D (six MC and
four DCM patients).

In our study population, no device implantation-associ-
ated adverse events (hematoma, pneumothorax, and
pocket infection) occurred. During a mean follow-up of
31.6 ± 19.3 month, no adverse events related to the
generator (pocket infection and pocket erosion) or leads

(lead dislodgement, pacing threshold increase or sensitivity
decrease, and endoplastitis) were documented.

Study limitations

The main limitation of this single-centre retrospective obser-
vational study is the relatively small number of patients.
Thus, the incidence of sustained VTs and hard end points
such as WCD shock delivery was low.

Figure 1 (A) Box-and-whisker plot for total WCD wearing time and wearing time per day. Vertical lines within boxes denote median values. The whis-
kers and each half of the box represent 25% of the data. (B) Short-axis cardiac magnetic resonance (late gadolinium enhancement) of a patient with
chronic lymphocytic myocarditis shows circumscript transmural scar tissue and focal thinning of the midventricular anteroseptal left ventricular and
right ventricular wall (*). (C) Ventricular arrhythmia events during WCD use. (D) Histopathology and immunopathology of chronic lymphocytic myo-
carditis before and after immunosuppressive therapy. Left column: haematoxylin-eosin (HE); middle column: staining with anti-CD3 antibody (pan T
lymphocyte marker); right column: staining with MHCII (major histocompatibility complex class II) antibody.
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Conclusions

The indications for ICD implantations in patients with myo-
carditis are the same as those for patients with
non-ischaemic DCM.14 Of note, results from the DANISH
Study suggest that many patients with non-ischaemic DCM
do not benefit from ICD implantation.15 However, as illus-
trated by our single-centre observational study, ventricular
arrhythmias (sustained and non-sustained) are significantly
more common in patients with MC than in patients with
DCM. As immunosuppression and heart failure medication
may resolve inflammation and achieve left ventricular reverse
remodelling in patients with active myocardial inflammation,
WCD therapy enables a watchful waiting strategy. However,
long-term data on the mortality or morbidity of patients with
a history of myocarditis are missing. CMR scans are useful in
MC patients to detect replacement fibrosis and thus to iden-
tify patients at potentially increased arrhythmic risk.

In conclusion, our data suggest that MC patients may ben-
efit from WCD therapy. However, our data are not powered

for outcomes, and further randomized controlled trials
powered for the outcome morbidity and mortality are
needed.
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