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Summary The wearable cardioverter defibrillator
(WCD) is a temporary treatment option for patients
with potentially reversible risk of sudden cardiac
death. This case demonstrates a pitfall during WCD
usage in a pacemaker-dependent patient as well as
a possible solution allowing continuation of WCD
therapy. Bipolar stimulation may lead to double
counting of the WCD detection algorithm resulting in
false alarm or inappropriate therapy.
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Case report

A 52-year-old man was referred to our institution with
progressive dyspoea on exertion (New York Health As-
sociation NYHA class III). Echocardiography revealed
severely depressed ejection fraction (EF) of 16% as
well as severe left ventricular dilatation (left ventric-
ular end diastolic diameter of 70mm). The family
history was negative for cardiovascular diseases, sud-
den cardiac death and syncope. The patient did not
take any medications before admission. A dual-cham-
ber pacemaker (Ensura MRI™ Surescan® Pacemaker,
Medtronic, Dublin, Ireland) was implanted 3 months
prior to admission due to third degree atrioventricular
(AV) block of unknown cause which resulted in syn-
cope. During follow-up, the patient was pacemaker-
dependent (right ventricular pacing 100%, no intrinsic
QRS complexes at an intervention rate of 30/min) and
since echocardiography had shown a newly detected

M. Manninger, MD (�) · T. Odeneg, MSc · F. Fruhwald, MD,
FESC · H. Brussee, MD · D. Scherr, MD, FHRS, FESC
Division of Cardiology, Department of Medicine, Medical
University of Graz, Auenbruggerplatz 15, 8036 Graz, Austria
martin.manninger-wuenscher@medunigraz.at

severely reduced ejection fraction, the patient was re-
ferred to our institution for coronary angiography and
endomyocardial biopsy.

Coronary artery disease was ruled out by angiog-
raphy. Right ventricular endomyocardial biopsy was
performed in the same session. Treatment with beta
blockers, angiotensin-converting enzyme (ACE) in-
hibitors and spironolactone was initiated. Histologic
work-up of the biopsies showed acute myocarditis
with cardiomyocyte necrosis and suspected giant cell
myocarditis (positive gene profile) plus myocardial
infection with human herpesvirus type 6 (HHV-6 ri-
bonucleic acid assay). As soon as the biopsy results
were available, immune suppression with azathio-
prine, cyclosporine, methylprednisolone as well as
antiviral therapy with valaciclovir were commenced.
Due to the possible reversible cause of myocarditis,
the patient received a WCD (LifeVest®, Zoll Medi-
cal, Chelmsford, MA, USA). The WCD’s ventricular
tachycardia (VT) detection zone was programmed to
150 bpm, while the ventricular fibrillation (VF) detec-
tion zone was programmed to 220 bpm. Within the
first 24 h of wearing the WCD, the device alarm went
off 10 times after detecting VT/VF events. Record-
ings from the LifeVest Network showed oversensing
of sinus tachycardia with large P waves and broad
QRS complexes due to ventricular stimulation be-
tween 90 and 110 bpm during all alarm episodes (VAT
mode, bipolar pacing at 3.0 V/0.4ms at a thresh-
old of 0.375 V/0.4ms) (Fig. 1). Pacemaker interro-
gation showed a mean heart rate of 80 bpm and
episodes of sinus tachycardia at maximum tracking
rate of 130 bpm. During these episodes, tracings from
LifeVest Network showed false alarms due to double
counting during ventricular pacing by the WCD. The
patient adequately terminated all alarms by pressing
the response button and no inappropriate therapy
was delivered.
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Fig. 1 The recorded trac-
ingonLifeVestNetwork (Zoll
Medical, Chelmsford,MA,
USA) showssinus tachy-
cardia at 101 bpmwithPM
activity inVATmode. Red
tracings indicate adetected
VTevent leading to analarm
(yellow iconsbetween two
channels side-sideSSand
front-backFB).Blue lines
indicate themeasurescycle
lengthof 0.59seconds (S)
equivalent to aheart rate
of 101beatsperminute
(BPM).P-wavesare in-
dicatedbyaplus (+)and
pacedQRScomplexes
withasterisks (*), bothwere
countedasventricular ac-
tivity, leading to a sensed
heart rateof 202/min. Time
of the recording in seconds
isplottedon thex-axis,
signal amplitudeson the
y-axis. Recording speed is
25mm/s, amplitudesare
plottedat 1mV/10mm

During the following days, mean heart rate, peak
heart rates as well as WCD alarms reduced after
up-titration of beta blocker therapy (bisoprolol 2 ×
5mg) and addition and up-titration of ivabradine
(2 × 7.5mg). The WCD was programmed to a VT
detection zone at 200 bpm and the VF detection zone
to 250 bpm before the patient was discharged from
hospital 2 weeks after admission with an EF of 20%
and in NYHA class II.

During follow-up, the patient had significantly less
false alarms due to oversensing and no sustained
VTs. The pacemaker was regularly interrogated for
episodes of VT below the WCD’s programmed VT
detection zone. The patient is followed up regularly
for levels of cyclosporine A and WCD treatment is
planned for 6 months before deciding on upgrading
to a cardiac resynchronisation therapy device with
defibrillator (CRT-D).

Discussion

Treatment with a WCD may be considered in patients
with poor ejection fraction at high risk of sudden

cardiac death who are currently not candidates for
an implantable cardioverter defibrillator (ICD; i. e.
bridge to transplantation, peripartum cardiomyopa-
thy, active myocarditis or postmyocardial infarction;
[1]). The prospective WEARIT II registry enrolled
2000 patients with postmyocardial infarction, post-
percutaneous coronary intervention/coronary artery
bypass graft or with non-ischemic cardiomyopathy
and showed a VT/VF incidence of 1.1% during a me-
dian wearing duration of 90 days, which were all
successfully terminated by the WCD. Inappropriate
shock rate was 0.5% but no episodes of oversensing
during pacemaker stimulation have been reported [2].

The LifeVest uses four electrodes to record two sur-
face leads (front-back and side-side). The obtained
bipolar recordings are analyzed for the presence of
VT or VF using the TruVector DSP™ algorithm. This
algorithm automatically discards one of the leads in
case of artefacts or clipping. Heart rate is calculated
by QRS detection and analysis of a Fournier transfor-
mation frequency plot. Additionally, QRS morphology
is analyzed as a vectorcardiogram, which is compared
with a template recorded at baseline. Similar to ICDs,
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the algorithm also uses stability (use of heart rate sta-
bility to discriminate between supraventricular tachy-
cardias [SVTs] and VTs) and onset (use of sudden ar-
rhythmia onset to discriminate between sinus tachy-
cardia, SVTs and VTs) criteria [3]. In this case, the
proximity of the end of the T wave and the P wave
during VAT pacing resulted in double counting result-
ing in false alarms, which might have been caused by
template mismatching. Although misdetection of the
LifeVest’s algorithm has been reported during unipo-
lar pacing, this is the first report of double counting
during bipolar ventricular stimulation [3].

This case shows an important limitation of the
WCD, since the device allows no re-programming in
sensing thresholds or blanking periods by the treat-
ing physician. Multiple false alarms could lead to
reduced compliance and early termination of WCD
treatment by the patient at risk of sudden cardiac
death. In addition, misdetection may lead to inap-
propriate shocks by the device. Special attention has
to be paid to the heart rate profile in patients with im-
planted pacemakers who receive a WCD regardless of
stimulation polarity. In the case presented here, strict
heart rate control resolved further misdetections and
prevented early termination of the WCD treatment by
the patient.

Funding Open access funding provided by Medical Univer-
sity of Graz.

Conflict of interest M. Manninger, T. Odeneg, F. Fruhwald,
H. Brussee, and D. Scherr declare that they have no compet-
ing interests.

Open Access This article is distributed under the terms of
the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which per-
mits unrestricted use, distribution, and reproduction in any
medium, provided you give appropriate credit to the origi-
nal author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

References

1. Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N,
Borggrefe M, Camm J, et al. 2015 ESC Guidelines for
the management of patients with ventricular arrhythmias
and the prevention of sudden cardiac death: The Task
Force for the Management of Patients with Ventricular
Arrhythmias and the Prevention of Sudden Cardiac Death
of the European Society of Cardiology (ESC). Endorsed
by: Association for European Paediatric and Congenital
Cardiology(AEPC).EurHeartJ.2015;36(41):2793–867.

2. KutyifaV,MossAJ,KleinH,BitonY,McNittS,MacKecknieB,
et al. Use of thewearable cardioverterdefibrillator in high-
risk cardiac patients: data from the Prospective Registry
of Patients Using the Wearable Cardioverter Defibrillator
(WEARIT-IIRegistry). Circulation. 2015;132(17):1613–9.

3. LaPage MJ, Canter CE, Rhee EK. A fatal device-device in-
teraction between a wearable automated defibrillator and
aunipolarventricularpacemaker. PacingClinElectrophys-
iol. 2008;31(7):912–5.

912 Oversensing of the wearable cardioverter defibrillator during bipolar ventricular stimulation K

http://creativecommons.org/licenses/by/4.0/

	Oversensing of the wearable cardioverter defibrillator during bipolar ventricular stimulation
	Summary
	Case report
	Discussion
	References


