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KEY TEACHING POINTS

� Electrical cardioversion can lead to a loss of
stimulation in patients with a leadless pacemaker
system.

� Safety precautions for the management of
bradycardia or asystole must be taken before
performing cardioversion.

� Further investigation of the described case and its
potential ramifications for other patients is
necessary.
Introduction
Leadless cardiac pacemakers were introduced as a novel
approach to treat bradyarrhythmias, overcoming the risk of
lead- and pocket-associated complications of transvenous
pacemakers.1–3 Recently, a system with an accelerometer
capable of detecting mechanical atrial activity has been
introduced, offering the opportunity for atrioventricular
(AV) synchronous pacing.4–6 Owing to their intracardiac
position, leadless cardiac pacemakers are inevitably in the
path of electrical current during treatment with external
cardioversion. This might increase the risk for damage to
the implanted device. To our knowledge, this is the first
case report of pacemaker dysfunction of a leadless cardiac
pacemaker after external cardioversion.
Case report
History
A 76-year-old man with symptomatic atrial fibrillation was
referred to our outpatient arrhythmia clinic for external car-
dioversion. Twenty-one months prior, a transcatheter pacing
system (TPS) was implanted owing to complete AV block
and recurring bacteremia (Streptococcus equinus), avoiding
future risk of lead- or pocket-related infections (Micra�
AV; Medtronic, Inc, Minneapolis, MN). A chest radiograph
showing the device location is displayed in Figure 1. Rele-
vant preexisting comorbidities were coronary artery disease,
history of transcatheter aortic valve replacement owing to
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severe aortic stenosis, WHO grade III obesity (body mass in-
dex 43 kg/m2), arterial hypertension, type II diabetes, and
obstructive sleep apnea. Transthoracic echocardiography
showed a normal left ventricular ejection fraction without
additional pathologies. Medication included apixaban and a
6-fold combination of antihypertensive agents.
Treatment and course
The initial electrocardiogram showed atrial fibrillation with
permanent pacemaker stimulation (60 beats per minute
[bpm]) in the patient with complete AV block. The TPS
had been programmed to VVIR mode to avoid inadequate
triggering during the arrhythmia. Sedation with propofol
(230 mg fractionated) and exclusion of intracardiac thrombi
via transesophageal echocardiography was performed before
cardioversion. A first cardioversion attempt (200 J, biphasic,
synchronized) was made using defibrillator patches in an
anterior-lateral position. This impulse showed no effect.
Therefore, the second cardioversion attempt (200 J, biphasic,
synchronized) was performed via defibrillator paddles with a
high contact pressure. The paddles were positioned in the
anterior-lateral position. After delivery of the second im-
pulse, the arrhythmia was terminated and loss of pacemaker
stimulation was observed, leading to severe bradycardia
(,20 bpm) in the pacemaker-dependent patient (Figure 2).
Transcutaneous pacing was established. Few seconds later,
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Figure 1 Chest radiograph showing the leadless pacemaker located in the
right ventricular septal position.

Table 1 Technical device data of the leadless pacemaker system
(Micra AV; Medtronic, Inc) periprocedurally and at follow-up

Variable
Before
cardioversion

After
cardioversion

At 6-week
follow-up

Programmed mode VVIR VVIR VVIR
Battery voltage (V) 3.01 3.01 3.01
Sensing (mV) 14.2 4.5 17.3
Stimulation
threshold (V)

0.38 0.38 0.38

Impulse duration
(ms)

0.24 0.24 0.24

Impedance (U) 640 580 590
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pacemaker stimulation recommenced with a regular rate of
60 bpm. Directly after cardioversion, transient sinus arrest
was observed but resolved spontaneously. The total duration
of pacemaker dysfunction was estimated at 20 seconds. A de-
vice interrogation directly after the incident showed a
reduced sensing, but no signs of damage or dysfunction
(Table 1). After cardioversion, normal sinus rhythm with a
very low A4 signal was recorded, which is likely owing to
atrial cardiomyopathy. Therefore, AV synchronous pacing
could not be ensured, and the pacemaker was kept in VVIR
mode.

Six weeks after cardioversion, a follow-up device interro-
gation was performed. All technical device parameters
Figure 2 Continuous electrocardiogram tracings during cardioversion.
Tracing 1 (top) shows a macroreentrant atrial tachycardia with permanent
ventricular pacing. On the right side, the shock artefact is visible. Tracing
2 (bottom) displays a loss of pacemaker stimulation, leading to severe brady-
cardia.
showed stable measurements and sensing had improved to
a value comparable to the status before cardioversion. There
were no signs of damage or dysfunction.

Given the transient nature of sinus arrest after cardiover-
sion and the history of lead-associated complications, we
deliberately decided against the implementation of atrial-
based pacing in this case.
Discussion
Electrical cardioversion is a standard treatment for the resto-
ration of sinus rhythm in patients with symptomatic atrial ar-
rhythmias. So far, data concerning the safety of cardioversion
and defibrillation in patients with TPS is scarce. In the few
cases described so far, electrical cardioversion of patients
with a TPS7,8 did not result in device dysfunction, even
with energies as high as 360 J.7 Generally, 2 mechanisms
could have led to device dysfunction: (1) a sensing defect re-
sulting in oversensing and inadequate inhibition of the pace-
maker system; and (2) the system’s inability to pace
effectively (exit block). An exit block after cardioversion
might occur owing to a rise in pacing thresholds or lead dislo-
cation. The leadless pacemaker system does not have a
capacitor, and thus capacitor saturation after cardioversion
is not a possible mechanism in this case.

The alternating sensing might be a result of the cardiover-
sion, indicating a potential sensing problem as the reason for
the device dysfunction. However, it could also be explained
by the sensing of different ectopic ventricular beats in this pa-
tient without sufficient intrinsic heart rhythm. Also, a tran-
sient exit block cannot be ruled out, as the pacing artefacts
are extremely small during pacing and might not be discern-
ible in the electrocardiogram recording of bradycardia
(Figure 2).

Both cases published so far cover the cardioversion/defi-
brillation of leadless pacemakers without AV synchrony.
We are not aware of any reports about cardioversions of sys-
tems with AV synchrony. Differences in the leadless pace-
maker models could render the latter more susceptible to
dysfunction by electrical current. The manufacturer was con-
sulted but is not aware of a higher risk for this specific model.

Filipovic and colleagues7 reported a case of external cardio-
version with defibrillator patches in the anterior-posterior po-
sition. Four shocks were required for successful cardioversion.
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There is conflicting evidence regarding the optimal patch po-
sition for cardioversion of atrial arrhythmias.9–12 If the patches
are placed anterior-posteriorly, a left parasternal position is
recommended for the anterior patch.9 For the anterior-lateral
variant, the anterior patch is placed in a right-parasternal posi-
tion.9 In this special case, choosing a left-parasternal patch po-
sition would have placed the anterior patch in direct proximity
to the leadless pacemaker system. Therefore, we deliberately
opted for the anterior-lateral patch placement, which allowed
us to use the right-parasternal position with more distance to
the pacemaker. A possible influence of the patch position
cannot be ruled out, but we are not aware of any data or rec-
ommendations supporting the anterior-posterior over the
anterior-lateral position regarding periprocedural safety. It is
our opinion that a leadless pacemaker system will inevitably
be in the path of the electrical current regardless of the patch
position. In the case reported here, defibrillator paddles were
used, while Filipovic and colleagues used defibrillator patches.
The high contact pressure applied through paddles might have
an influence on the effective intracardiac current. However,
Filipovic and colleagues applied more shocks with higher en-
ergy. Therefore, we consider this explanation to be unlikely.

To our knowledge, this is the first report of a device
dysfunction of a TPS after external cardioversion. So far,
the reason for this dysfunction remains unclear. Further
investigation and a high level of vigilance is necessary for
cardioversion of patients with leadless pacemakers.

Conclusion
External cardioversion can cause transient device dysfunc-
tion in patients with a TPS. Safety precautions for the man-
agement of bradycardia or asystole must be taken before
performing external cardioversion. Until further investiga-
tions have been performed, caution is advised in the cardiac
application of electrical impulses in patients with TPS.
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