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Abstract

Aims The wearable cardioverter defibrillator (WCD) is
used for temporary protection of patients deemed to be
at high risk for sudden death. There is limited experience
regarding the clinical development of patients with tachy-
myopathy. We aimed to evaluate the clinical development of
tachymyopathy patients protected with a WCD in a single-
center non-randomized patient cohort.

Methods and results We fitted 130 consecutive patients
deemed to be at high risk for ventricular tachyarrhythmias
with the WCD. Of these, 20 patients (15%) presenting with
newly diagnosed heart failure in the setting of rapidly con-
ducted atrial fibrillation/flutter were suspected to suffer from
tachymyopathy. The control group consisted of the remain-
ing 110 patients with other indications for WCD therapy.
LVEEF increased by more than 10% in 13/20 (65%) tachy-
myopathy patients compared to 40/110 (36%) patients in
the control population (p=0.01). Similarly, BNP levels
decreased in 15/20 (75%) tachymyopathy patients com-
pared to 41/110 (37%) in the control group (p =0.05). ICD
implantation rates were lower in the tachymyopathy group
(3/20) compared to the control population (40/110; p =0.04).
On further follow-up (mean 12 + 8 months), patients with
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suspected tachymyopathy had no sustained ventricular
arrhythmias. Compared to 5/110 patients in the control
group, no tachymyopathy patient died.

Conclusion Most of the patients with suspected tachymyo-
pathy have a favorable clinical outcome. The WCD is useful
for temporary protection while LV function recovers.

Keywords Sudden cardiac arrest - Wearable cardioverter
defibrillator - Congestive heart failure - Tachymyopathy -
Tachycardiomyopathy - Atrial fibrillation

Introduction

Tachycardia-induced cardiomyopathy or tachymyopathy is
characterized by a potentially reversible impairment of LV
function [1]. Animal models revealed that chronic rapid pac-
ing produces a severe reversible cardiomyopathy sustained
by transient functional and structural changes of myocytes
[2, 3]. Similarly, RA and LV diameters increased up to 150%
along with elevated ANP-levels confirming the develop-
ment of heart failure due to AV-pacing in a goat model [4].
Compared to other patients with chronic atrial fibrillation,
patients with tachymyopathy due to atrial fibrillation or flut-
ter are reported to be younger, to have more often a short
duration of tachyarrhythmia, and to demonstrate significant
improvement of LV function and better survival after suc-
cessful rhythm control [5, 6]. However, there is conflicting
data whether patients with tachymyopathy have an increased
risk for ventricular arrhythmias and sudden cardiac death
[7], and hence deserve protection by means of an implant-
able defibrillator. The time period during which heart failure
treatment is attempted and during which recovery of LV
function may take place leaves patients unprotected [8—11,
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17, 18]. Current guidelines therefore recommend use of the
WCD in such patients [12].

To the best of our knowledge, this is the first study to spe-
cifically evaluate the effectiveness of the WCD in patients
with clinically suspected tachymyopathy due to atrial fibril-
lation or flutter.

Methods
Patient population

This prospective observational cohort study is based on data
of 130 consecutive patients deemed to be at high risk for
life-threatening ventricular arrhythmias receiving a WCD
at the J. W. Goethe University Hospital of Frankfurt. All
patients were fitted with a Life Vest™ system (Zoll, Pitts-
burgh, USA). Patients with newly diagnosed heart failure in
the setting of rapidly conducted atrial fibrillation/flutter were
suspected to suffer from tachymyopathy. Coronary artery
disease was ruled out invasively in 18/20 patients and non-
invasively in two patients. The control group consisted of
the remaining 110 patients with other indications for WCD
therapy (i.e., ischemic heart disease/non-ischemic heart dis-
ease/myocarditis/congenital heart disease). The study was
approved by the IRB of the J. W. Goethe University and
conforms to the ethical guidelines of the 1975 Declaration
of Helsinki.

WCD (wearable cardioverter-defibrillator)

Commercially available WCD devices were used. The WCD
consists of a garment containing three self-gelling defibril-
lation patch electrodes, two on the back and one in the front,
and four nonadhesive ECG electrodes connected to a moni-
toring unit. Worn around the chest like a vest, the WCD
provides continuous ECG monitoring and can automatically
deliver up to five posterior—anterior defibrillation shocks.
Once an arrhythmia is detected, an alarm sequence starts
with a silent vibration and is followed by escalating audible
siren alarms. The device detection algorithm incorporates
three inputs: heart rate, template matching, and persistence
of the event. The default ventricular tachycardia (VT) and
ventricular fibrillation (VF) detection rate thresholds are 150
and 200 beats/min, respectively. The algorithm also includes
a pair of response buttons that allows a conscious patient
to respond to the alarm by pressing down on the button
preventing an unnecessary WCD shock. The device uses a
biphasic shock waveform with programmable energy levels
of up to 150 J. The duration of the patient responsiveness
test is at least 25 s but may last longer if the response buttons
are activated or if ECG signal interference is detected. The
WCD broadcasts an asystole alarm (including voice alerts

to call for help and perform cardiopulmonary resuscitation)
and starts ECG recording when there is a severe bradycardia
detected.

Data collection and follow-up

All patients were clinically followed for at least 12 months
after initiation of WCD therapy. Data were prospectively
collected from the index hospitalization at the time of WCD
fitting. In addition to preventive WCD therapy, patients
received optimal pharmacological treatment adhering to
contemporary guidelines. Follow-up visits were performed
after 1, 3 and 12 months. Data collection included patient
characteristics, initial indication for WCD therapy, left
ventricular function at the time of WCD fitting and dur-
ing follow-up, and relevant comorbid conditions. Pertinent
medication use (beta blockers and antiarrhythmic therapy)
was documented and checked during follow-up. Data were
also collected from the ZOLL® LifeVest Network™. For
missing data, particularly in case of missed follow-up visits,
family members, treating physicians, or other hospitals were
contacted to retrieve the missing information.

Statistics

Statistical analysis was performed using SPSS version 24
program (IBM, USA). Baseline characteristics were com-
pared by the Wilcoxon Mann—Whitney U test or H Test of
Kruskal and Wallis for continuous variables and the Chi” test
or Fisher’s exact test for categorial variables. Survival analy-
sis was performed using Kaplan—Meier analysis. Survival
curves were compared using the log-rank test. Only two-
sided tests were used and p values p < 0.05 were considered
statistically significant.

Results
Patient population

This report is based on data from 130 consecutive patients
fitted with a WCD and followed for 12 + 8 months. The most
common clinical indication for WCD prescription was new
symptomatic congestive heart failure with impaired left
ventricular function (mean LVEF =28 + 11%; mean NYHA-
class=2.5+0.9), either related to ischemic (35%) or non-
ischemic cardiomyopathy (35%), followed by patients with
clinically suspected tachymyopathy (15%) (Fig. 1). Patient
characteristics are detailed in Table 1. All patients with
tachymyopathy had recently diagnosed heart failure in the
setting of rapidly conducted atrial fibrillation (p <0.001)
or atrial flutter (p =0.06). In the control group, 15 patients
(14%) were survivors of a prior event of sudden cardiac
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Fig. 1 Indications for WCD therapy

arrest, whereas no tachymyopathy patient had experienced
prior episodes of life-threatening ventricular arrhythmia.

Clinical development during WCD use

Median WCD use was 42 days (1-166 days; mean wear time
of 23 h per day). Over this time period, 13 tachymyopathy
patients (65%) improved their LV function by > 10% over
baseline compared to 40 patients (36%) of the control group
(p=0.01) (Table 2; Fig. 2a). Similarily, tachymyopathy
patients showed more often a lowering of their BNP levels
during WCD use (p=0.02) (Table 2; Fig. 2b).

Table 1 Patient characteristics and medication at baseline

Restoration and maintenance of sinus rhythm

At start of WCD use, five tachymyopathy patients had
already had sinus rhythm restored, whereas 13 patients
were still in atrial fibrillation and two patients in atrial flut-
ter. All 20 patients with suspected tachymyopathy received
beta blocker therapy for ventricular rate control, six patients
received amiodarone in addition. Three patients had docu-
mented LAA thrombi on TOE, hence rhythm control strate-
gies could not be immediately pursued. During WCD use,
12 patients were electrically cardioverted and a total of seven
patients (35%) underwent an ablative therapy (Table 2).

Arrhythmic events during WCD use

During WCD use, none of the tachymyopathy patients suf-
fered from sustained ventricular arrhythmias (log rank for
p=0.19). Only one tachymyopathy patient experienced one
episode of a non-sustained VT (Table 3).

In the control group, four patients had sustained ven-
tricular arrhythmias requiring WCD shock therapy in two
patients for ventricular fibrillation. Two patients aborted
WCD shock therapy by activation of the response button.
Episodes of asystole/long pauses were rare and occurred
in three patients. Two patients in the control group experi-
enced inappropriate WCD shock therapy, both for rapidly
conducted supraventricular tachycardia.

Variables ALL n=130 WCD use for suspected tachy- WCD use for other indica- P value
myopathy n=20 tions n=110 P<0.05
significant
Age mean [years] 58+16 62+9 58+16 n.s
Male gender n (%) 102 (76) 16 (80) 86 (78) n.s
Recently diagnosed heart failure n (%) 78 (60) 20 (100) 58 (53) <0.001
CAD n (%) 56 (43) 0 () 56 (60) <0.001
Atrial fibrillation n (%) 40 (31) 17 (85) 23 (21) 0.001
Atrial flutter n (%) 54) 3 (15) 2(2) 0.06
Prior SCA n (%) 15 (12) 0(0) 15 (14) 0.05
QRS widths. 120 ms n (%) 38 (29) 5(25) 33 (30) n.s
Beta blocker n(%) 125 (97) 20 (100) 105 (95) n.s
Amiodarone n (%) 17 (13) 6 (30) 11 (10) 0.02
ACE inhibitors/ARB n (%) 113 (83) 20 (100) 93 (85) n.s
Aldosterone antagonists n (%) 90 (66) 19 (95) 71 (65) 0.03
Diuretics n (%) 91 (66) 17 (85) 74 (67) n.s
Statin n (%) 65 (47) 8 (40) 57 (52) n.s
NOAC n (%) 36 (26) 16 (80) 20 (18) <0.001
VKA n (%) 10 (7) 4 (20) 6 (6) 0.04

WCD wearable cardioverter defibrillator, CAD coronary artery disease, SCA sudden cardiac arrest, ARB angiotensin receptor blocker, NOAC new

oral anticoagulant, VKA vitamine K antagonist
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Table 2 Clinical outcomes during and after WCD use
Variables All n=130 WCD use for suspected WCD use for other indi- P value
tachymyopathy n=20 cations n=110 P<0.05
significant
LVEF baseline mean 28+11 26+6 29+12 n.s
LVEF follow-up mean 41+13 50+9 39+13 0.04
Improvement (>10%) 53 (41) 13 (65) 40 (36) 0.01
NYHA-class baseline mean 2.5+09 2.8+0.5 24+09 n.s
NYHA-class follow-up mean 1.7+0.6 1.5+0.5 1.7+0.6 n.s
Improvement (> 1 NYHA-class) 56 (43) 9 (33) 18 (55) 0.09
NT-pro BNP baseline median (in pg/nl) 2539 2040 2779 n.s
NT-pro BNP follow-up median (in pg/nl) 878 425 995 0.02
Improvement (< 10% of the baseline BNP) 56 (43) 15 (75) 41 (37) 0.05
Electric cardioversion n (%) (pg/nl) 15 (12) 12 (60) 333 <0.001
Ablation procedure n (%) 7(05) 7 (35) 0(0) <0.001
Defibrillator implantation n (%) 43 (33) 3(15) 40 (36) 0.04
Death n (%) 54) 0 (0) 505 n.s

WCD wearable cardioverter defibrillator, LVEF left ventricular ejection fraction, NYHA-Class New York Heart Association classification for
heart failure, NT-proBNP brain natriuretic peptide, /CD implantable cardioverter defibrillator

ICD implantation

Following WCD therapy, 43/130 patients (33%) were
implanted with an ICD since their LVEF did not improve
beyond 35% despite optimal medication or since there was
a secondary preventive indication (15/130; 12%) (Table 2).
Only three patients with tachymyopathy received an ICD
because LVEF did not improve.

Follow-up post-WCD use

After WCD therapy, all patients were further followed for
up to one year. A total of 43 patients (33%) received an
ICD. There were six ventricular arrhythmia episodes in ICD
recipients, of which four required ICD shock therapies. None
of the non-ICD recipients suffered from a clinical episode of
VT/VFE. During WCD use, none of the patients died. After
WCD use, five patients of the control group died, mainly
from progressive heart failure, whereas none of the tachy-
myopathy patients died (Table 4; appendix).

Discussion
Main findings

The present study is the first to prospectively evaluate the
usefulness of the WCD in patients presenting with suspected
tachymyopathy due new-onset heart failure in the setting of
atrial fibrillation or atrial flutter. WCD therapy proved to be
useful in identifying and temporarily protecting individu-
als who did not improve their LV function, and hence were

implanted with an ICD. In contrast to patients in the control
group, however, the majority of subjects with tachymyopa-
thy had a favorable clinical outcome.

Prior findings on tachymyopathy

Little is known about the causal relationship why some
patients without structural heart disease are more suscep-
tible to develop heart failure in the setting of an incessant
supraventricular or ventricular arrhythmia compared to other
patients with chronic arrhythmias [1, 14]. This clinical phe-
nomenon called tachymyopathy has been studied in experi-
mental models [2—4, 16] and in humans [5-7, 15]. Patients
with clinically suspected cardiomyopathy due to atrial fibril-
lation are more likely to be male [5, 15] and to have a shorter
history of persistent atrial fibrillation [5]. Acute tachyar-
rhythmia induces immediate hemodynamic changes such as
loss of atrial contraction contributing to the left ventricular
filling period, resulting in reduced cardiac output and oxygen
uptake [14]. Chronically elevated filling pressures provoking
atrial stretch and dilation have been described in several per-
taining animal models [2—4]. Similar observations have been
made in clinical studies [1, 5, 16]. For instance, a study of
659 patients undergoing pulmonary vein isolation for atrial
fibrillation comparing heart failure patients with tachymy-
opathy patients and controls demonstrated a significantly
worse LVEF, larger left atrial diameters (LAD) and larger
LVEDD in patients with tachymyopathy [5]. Following abla-
tion, significant improvement of LVEF, LAD and LVEDD
was noted in tachymyopathy after 6 months [5]. Our findings
are consisted with these observations. During WCD use,
tachymyopathy patients were more likely to improve their
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Fig. 2 a Box plot graph showing improvement of LV function during
WCD use. b Box plot graph showing decrease of BNP levels during
WCD use

LVEEF than patients with other causes of heart failure. In
addition, neurohumoral activation, electromechanic changes
[16] and fibrosis due to tachymyopathy lead to progressive
heart failure associated with increased blood levels of ANP
in an experimental goat model [4]. This is further empha-
sized by the observation that elevated NT-pro BNP levels in
tachymyopathy patients showed a strong trend to normal-
ize during a relatively short follow-up. The present study
also confirms prior findings indicating particularly effective
therapy of catheter ablation of atrial fibrillation [5, 15].

WCD as a means of risk stratification

The WCD is used as a shock device to temporarily protect
patients deemed to be at an increased risk for sudden car-
diac death and to help to avoid unnecessary ICD implanta-
tions [8, 17]. Although patients are protected against life-
threatening arrhythmias, the treating physician can optimize
pharmacological and non-pharmacological (i.e., catheter
ablation) therapies. Once this is achieved, changes in the
clinical status allow risk assessment to decide whether the
patient is in need of permanent ICD therapy. To the best of
our knowledge, this is the first study to describe WCD use
in tachymyopathy patients. During WCD use, four patients
in the control group had documented sustained ventricular
arrhythmia requiring WCD shock therapy in two patients.
None of the tachymyopathy patients had sustained ventricu-
lar arrhythmias; only one patient had a documented non-
sustained VT. After WCD use, significantly more ICDs were
implanted in the control group. Only three tachymyopathy
patients continued to have a primary prevention ICD indica-
tion of whom two patients had persistent atrial fibrillation
despite all efforts to establish rhythm control. Nerheim and
colleagues studied 24 patients with tachymyopathy with a
similar LVEF at baseline as our patients [7]. During a total
follow-up time of 12 months, three patients died despite
improvement of LV function. In these patients, the tach-
yarrhythmia preceding heart failure recurred prior to their
demise [7]. Our study is in agreement with these observa-
tions and suggests that the majority of afflicted individuals
with tachymyopathy improve their LV function, and hence
do not have to undergo defibrillator implantation. During

Table 3 Documented

. . Arrhythmic events no. of patients
arrhythmias during WCD use

WCD use for suspected tachymyo- ~ WCD use for other

pathy n=1 indications n =20
Any sustained VI/VF 0 4
WCD therapy for VI/VF 0 2
Sustained VT 0 2
Non-sustained VT 1 7
Asystole 0 3
Inappropriate WCD therapy 0 2
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subsequent follow-up over 1 year, none of these patients died
or suffered from VT or VF.

Conclusions

Patients with tachymyopathy due to atrial fibrillation or flut-
ter showed a more favorable outcome compared to patients
with other indications for WCD therapy and needed less
often permanent ICD therapy.
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