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We describe the case of a young woman with a dual-chamber implantable cardioverter-defibrillator for long-QT syn-

drome who was referred to our emergency department (Cardiovascular Research Centre of Aalst, Belgium) because of an

“arrhythmic storm” caused by atrial lead fracture. This case highlights the importance of the correct choice of both the

device type and the pacing modality. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case Rep 2022;4:438–442)

© 2022 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
INTRODUCTION

Implantable cardioverter-defibrillators (ICDs) are
indicated for the prevention of life-threatening ar-
rhythmias, both in primary and secondary prevention,
as well as in ischemic and nonischemic conditions.1,2

Although infections are still the most frequent and
dreaded complications of cardiac implantable elec-
tronic devices, lead failure is an increasingly frequent
condition that results from aging of the device re-
cipients, with consequent prolongation of “lead
life.”3,4 Because inserting dual-chamber devices
theoretically doubles the possibility of both infective
and mechanical problems and has only a relative
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To make a differential diagnosis on the basis
of endocavitary signals.
To choose the best device and pacing mo-
dality in patients with cardiomyopathy.
To think about uncommon causes of ven-
tricular arrhythmias.
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benefit in improved arrhythmia recognition, the use of
a single-chamber system may be preferred if atrial
sensing or pacing is not needed.5 Also worth
mentioning is the importance of optimal programmed
stimulation in each patient, to achieve a specific goal
(physiological activation vs fully paced rhythm).6

Here we describe a rare case of a young woman with
a dual-chamber ICD for long-QT syndrome who was
referred to our emergency department (Cardiovascu-
lar Research Centre of Aalst, Belgium) for an
“arrhythmic storm” caused by atrial lead malfunction.

HISTORY OF PRESENTATION

A 41-year-old woman was referred to our institution’s
emergency department after receiving numerous
defibrillator shocks.

PAST MEDICAL HISTORY

A dual-chamber ICD was implanted in the past for
secondary prevention after aborted sudden death in
the context of long QT syndrome (LQTS), genetically
confirmed by identification of a potassium voltage-
https://doi.org/10.1016/j.jaccas.2021.12.013
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AB BR E V I A T I O N S

AND ACRONYM S

AAI = atrial-pacing atrial-

sensing inhibited-response

DDD = dual-pacing dual-

sensing dual-response

EGM = electrogram

ICD = implantable

cardioverter-defibrillator

LQTS = long QT syndrome

VP = ventricular paced (beat)

VVI = ventricular-pacing

ventricular-sensing

inhibited-response
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gated channel subfamily Q member 1 (KCNQ1) muta-
tion. In the following years, she experienced several
ventricular arrhythmia episodes that were success-
fully treated by the ICD. Moreover, several reprog-
ramming sessions were performed to adapt the
pacing configuration to her specific characteristics,
most notably chronotropic incompetence. In partic-
ular, the dual-pacing dual-sensing dual-response
(DDD) stimulation with an atrial-pacing atrial-
sensing inhibited-response (AAI)-to-ventricular-pac-
ing ventricular-sensing inhibited-response (VVI) al-
gorithm (AAI with VVI pacing backup) with a lower
rate of 50 min-1 configuration was programmed to
allow for physiological cardiac activation. As a
consequence of episodes of vertigo and bradycardia
for which vagal hypertonia was suspected, the lower
rate was set to 65 min-1, and the AAI-to-VVI algorithm
was switched off.

DIFFERENTIAL DIAGNOSIS

In a patient with confirmed LQTS and previous ven-
tricular arrhythmias, the most probable diagnosis was
appropriate shocks on ventricular arrhythmias.
FIGURE 1 Telemetry Trace

Induction of ventricular tachycardia from 2 ventricular paced beats.
INVESTIGATIONS

A quick ICD interrogation confirmed the
presence of multiple ventricular arrhythmic
episodes during the last 2 days, all success-
fully treated by the ICD. For management of
the ongoing arrhythmic storm, the patient
was admitted to the critical care unit for
monitoring. During her subsequent hospital-
ization, the patient experienced numerous
consecutive ventricular episodes, always
correctly detected and appropriately treated
by the ICD. Cardiac telemetry showed that
unexpected ventricular paced (VP) beats

during sinus rhythm preceded the ventricular ar-
rhythmias (Figure 1).

The ICD was ulteriorly interrogated in the elec-
trophysiology unit. Surprisingly, it was observed
that ventricular arrhythmias were always anticipated
by episodes of noise on electrograms (EGMs) recor-
ded from the atrial lead, probably resulting from
atrial lead fracture. Episodes of noises were tracked
and followed by double VP beats with delays of 363
milliseconds (165 beats/min) representing the



FIGURE 2 Endocavitary Signals and Shock Electrogram at the Onset of the Ventricular Arrhythmia

On the atrial channel (first channel), it is possible to recognize 2 short episodes of noise misinterpreted as premature atrial contractions (PACs) because of undersensing

(note also undersensing of the atrial signal between the 2 episodes of noise). On the ventricular channel (second channel), during the second episode of atrial noise,

there are 2 ventricular paced (VP) beats with a delay of 363 milliseconds (VP-VP-MT) that represents the maximal ventricular paced tracking rate. This sequence of

“short-long-short intervals” induced ventricular arrhythmia. AN ¼ atrial noise; AS ¼ atrial sense; ATR ¼ atrial tachycardia response; FB ¼ fallback; MT ¼ maximum

tracking rate; PVP ¼ post ventricular atrial refractory period after premature ventricular complex; V-Epsd ¼ ventricular episode; VF ¼ ventricular Fibrillation;

VT ¼ ventricular Tachycardia.
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maximal tracking rate. This sequence of “short-long-
short intervals” induced ventricular arrhythmia
(Figure 2). Device interrogation showed normal pa-
rameters of the right ventricular coil lead (sensing,
9.8 mV; pace impedance, 300 U; threshold, 1.6 V at
0.4 milliseconds; shock impedance, 62 U). Regarding
the atrial lead, sensing of the A-wave and pacing
threshold were normal (4 mV and 0.9 V at 0.4 mil-
liseconds, respectively); pacing impedance, howev-
er, displayed an abrupt increase (>3,000 U).
Fluoroscopy investigation ruled out macrofractures
of any lead.

MANAGEMENT

The therapeutic decision was made not to perform
lead extraction because of the risk of dislodgment or
lesion of the right ventricular coil lead and the
perceived futility of the atrial pacing, thus post-
poning this intervention until generator replacement
is needed. Rather, the ICD was reprogrammed to the
VVI pacing modality during hospitalization. The pa-
tient was discharged the next day.

DISCUSSION

This case describes a very rare condition in which
fracture of the atrial lead induced ventricular ar-
rhythmias, that were—fortunately—always correctly
treated by an ICD. The addition of an atrial lead in
dual-chamber ICDs could theoretically reduce inap-
propriate shocks by improved detection capabilities,
thereby allowing better identification of supraven-
tricular arrhythmias. However, this potential benefit
has not been assessed in randomized clinical trials.
Moreover, a meta-analysis showed that the rates of
inappropriate ICD shocks were not different between
single- and dual-chamber devices.5 In addition, car-
diac pacing was historically recommended as a
potentially useful preventive strategy in LQTS
because it was thought to prevent “pause-depen-
dent” ventricular tachycardia induction.7 Although
this is no longer a recommendation in contemporary



FIGURE 3 Electrocardiogram Intervals

Note the prolonged QTc interval of 517 milliseconds during spontaneous sinus rhythm.
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guidelines, dual-chamber pacing is still commonly
observed in patients with previously implanted ICDs.
In terms of complication risk, the placement of an
atrial lead requires a longer procedural time and is
associated with higher rates of peri-implant compli-
cations and generator replacements.8 In the case
detailed here, several factors created the perfect
substrate for the development of ventricular ar-
rhythmias. The sequence started with fracture of the
atrial lead, followed by undersensing of the “extra
waves” on the atrial EGM without switching from the
DDD to the VVI configuration. The latter condition is
caused by both undersensing and the shorter length
of noise episodes. In addition, the programmed
maximum tracking rate at 165 beats/min led to a
coupled interval of 363 milliseconds. Finally, an
arrhythmic substrate was present with a particularly
long QTc interval of 517 milliseconds (Figure 3) that
made the tissue especially susceptible to the induc-
tion of arrhythmias.

FOLLOW-UP

During subsequent follow-up, also with home moni-
toring, the patient did not experience any problems,
and no device malfunction was observed.
CONCLUSIONS

This case report highlights the importance of a
correct choice of both the type of device and the
pacing modality. In retrospect, in this case, from
the beginning a single-chamber device should
have been selected. In addition, different types of
pacing modalities (ie, AAI, DDI, VVI) or different
algorithms could have avoided such a complication.
Finally, in patients with LQTS with historical
insertion of a bradyarrhythmia-only dual-chamber
pacing system, a risk exists for induction of poten-
tially lethal ventricular arrhythmias after atrial lead
failure.
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