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Background A new intracardiac leadless pacemaker (ILP) has been developed to ensure atrioventricular (AV) synchrony (AVS)
during ventricular pacing (VP). Recent studies have shown the feasibility and safety of accelerometer-based atrial
sensing and an improvement in AVS among patients with atrioventricular block implanted with the Micra AV ILP
(Medtronic Inc., Minneapolis, MN, USA). However, no data exists about the benefits of a VDD ILP in patients
wearing a still working VVI Nanostim ILP (St Jude Medical, St Paul, MN, USA). We describe the feasibility of the
procedure and the absence of device-related adverse events in the short-term follow-up.

...................................................................................................................................................................................................
Case summary We present the case of a 72-year-old man implanted with a VVI ILP (Nanostim, St Jude Medical, St Paul, MN,

USA) on May 2014, who has developed symptomatic high percentage of VVI asynchronous pacing and was treated
with an upgrade to synchronous AV pacemaker (PM) ILP—Micra AV (Medtronic Inc., Minneapolis, MN, USA),
which has improved symptoms and functional class.

...................................................................................................................................................................................................
Discussion Intracardiac leadless pacemakers represent the best current option for patients requiring PM implantation who are

at high risk of infection and bleeding. Our case shows that the new AVS ILP is a good alternative to VVI ILP in
patients with sinus rhythm and a strong need for VP.
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Learning points
• Intracardiac leadless pacemakers (ILPs) were developed to reduce the short- and long-term risk of lead and pocket complications but were

limited to single-chamber pacing.
• A new ILP ensures atrioventricular synchrony and reduces the risk of pacemaker (PM) syndrome.
• Concomitant presence of two different intracardiac leadless PMs in the right ventricle does not appear to be associated with adverse

events.
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Introduction

Permanent cardiac pacing delivered by conventional pacemaker (PM)
is the cornerstone of the treatment of bradycardia.1 Nevertheless,
complications related to transvenous pacing leads and subcutaneous
pockets may lead to device extraction and, consequently, to discon-
tinuous pacing therapy. Intracardiac leadless pacemakers (ILPs) have
been developed to overcome these events.2–4 Recently, a new ILP,
capable of ensuring atrioventricular synchrony (AVS) during ventricu-
lar pacing (VP) has been launched.5,6 Micra AV (Medtronic Inc.,
Minneapolis, MN, USA) is the first ILP that is able to use a three-axis
accelerometer-based algorithm to synchronize VP to the sensed
mechanical contraction of the right atrium. Recent studies have
shown the feasibility and safety of accelerometer-based atrial sensing
and an improvement in AVS among patients with atrioventricular
block (AVB) implanted with a Micra AV ILP.5,6

We present a case study of an implantation of an AVS ILP in a pa-
tient previously implanted with a VVI ILP who developed paroxysmal
complete AVB, showing a high percentage of asynchronous pacing
and symptoms that refer to a PM syndrome.

Timeline

Case presentation

A 72-year-old man suffering from type 2 diabetes with paroxysmal II
degree AVB, right bundle branch block, and normal left ventricular
ejection fraction was implanted with a VVI ILP (Nanostim, St Jude
Medical, St Paul, MN, USA) on May 2014. Following the patient’s
preference, it was decided to use an ILP instead of traditional pacing
system. The ILP was successfully implanted in the low septum of the
right ventricle. Routine device and clinical follow-up visits were per-
formed every 6 months, reporting stable electrical parameters (sens-
ing: 10 mV, Capture Threshold 1.3 v@ 0.24 ms and impedance:
870 Ohm), a low percentage of VP <5%, and a good clinical status.
The ILP was programmed in VVI mode at 40 beats per minute
(b.p.m.) to promote spontaneous conduction. On June 2020, during
a routine follow-up, the patient reported the onset of exertional as-
thenia and dyspnoea, and an increased percentage of VP (42%) was
detected. The electrocardiogram examination revealed a high per-
centage of VVI asynchronous pacing (Figure 1A). Cardiovascular
examination was normal.

A change of programming was attempted to enable rate respon-
siveness, but without any improvement. Moreover, we performed an
echocardiography examination that demonstrated a normal ejection
fraction of both the right and left ventricle without any valvular
abnormalities.

An upgrade to synchronous AV PM was proposed to increase
AVS. The patient’s preference was for AV ILP. After an evaluation on
the safety and feasibility of extraction, it was decided to implant a new
ILP instead of retrieving the old one. During the procedure, the previ-
ous implanted VVI ILP was left to VVI 40 b.p.m. and the magnet mode
was switched off. Implantation was performed according to the manu-
facturer’s training recommendation via the right femoral access.
MicraTM Delivery Catheter (105-cm-long) inserted in the MicraTM

Introducer (27-Fr outer diameter) allowed to deploy the AVS ILP on
the mid-ventricular septum to avoid possible interference with the old
VVI ILP (Figure 2A and B). Electrical measurements were good [right
ventricular (RV) sensing: 6 mV, Capture threshold: 0.63 V @ 0.24 ms
and impedance: 700 ohm]. A pull and hold test was performed to con-
firm the stability of the ILP fixation. At the end of the procedure, the
previous VVI ILP was switched off. No complication occurred and the
electrical parameters were confirmed the day after. The AV-ILP was
programmed in VDD 40 b.p.m. (Figure 1B). At the 6th-month follow-
up visit, the electrical parameters were stable and the AVS was
achieved 72.6% of the time as showed by remote ILP control (Figure
3). No interactions were observed between the two devices. The pa-
tient-reported improvement in symptoms with a normal functional
class, without any bleeding and infectious complications.

Discussion

Intracardiac leadless pacemakers are an alternative to transvenous
PMs in patients with previous device-related infection, venous access
issues, previous device or leads extractions, comorbidities including
renal failure and diabetes. Until now, ILP devices were able to provide
only single-chamber pacing, therefore representing an acceptable so-
lution for a limited target of patients (i.e. subjects with AVB requiring
a low percentage of VP or sedentary patients2–4). The recently

May 2014 A 72-year-old man with paroxysmal II de-

gree atrioventricular block, right bundle

branch block, and normal left ventricular

ejection fraction was implanted with a

VVI intracardiac leadless pacemaker (ILP)

(Nanostim, St Jude Medical, St Paul, MN,

USA).

At that time, the patient preferred an ILP

implantation for aesthetic reasons.

June 2020 During a follow-up visit, the patient com-

plained of exertional asthenia and

dyspnoea.

An increased percentage of ventricular pac-

ing was detected during pacemaker (PM)

interrogation. The electrocardiogram

examination revealed a high percentage of

VVI asynchronous pacing.

Transthoracic echocardiogram was normal.

An upgrade to synchronous atrioventricular

leadless PM was performed according to

patient preference.

December 2020 Follow-up visit and PM interrogation were

accomplished.

Clinical examination revealed improvements

in patient symptoms whit a normal func-

tional class.

2 M. Moltrasio et al.
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..published MARVEL II study has demonstrated the safety and feasibil-
ity of atrial tracking by using the inbuilt 3D accelerometer. In particu-
lar, mean AVS during normal sinus rhythm was 89% and almost 80%
in patients with complete AVB and intact AV conduction, respective-
ly.5,6 In our case report, the need for VP increased over time and the
patient-reported symptoms which referred to a PM syndrome. The
PM syndrome results from atrial contraction occurring during ven-
tricular systole and is often a consequence of VP, so that we decided
to promote atrial tracking and ventricular synchronous pacing to
guarantee a higher percentage of AVS. This may lead to an increase in
stroke volume, lower incidence of PM syndrome, and improvement
in long-term cardiac functional status.7,8 In our case, AVS was
achieved in 72.6% due to the characteristic of Micra algorithm which
reduces unnecessary RV pacing. After 1 min working in VDD mode,
the device switches to VVIþ (40 b.p.m.) mode. If patient intrinsic AV
conduction is detected, the device keeps pacing with the same mode
until two out of four of the last ventricular events are paced, then it

returns to VDD mode. Micra AV tries to switch to VVIþ mode by
assessing the AV conduction at increasing intervals until a maximum
time of 8 h. Our report confirms no interference or adverse events
due to the contemporary presence of two ILPs in the RV chamber, as
previously reported.9,10 Our decision to leave the old ILP was made
according to a risk-benefit balance evaluation. We considered the
long time from the index procedure (>6 years), the unpredictable de-
gree of ILP encapsulation, the intrinsic risk of injury to the myocar-
dium and all potential complications. On the other hand, we assessed
the possible interference between the two devices and the need for
a third ILP. Considering the promising published evidence reporting
no complications associated with the concomitant presence of two
ILPs in the right ventricle,9,10 the second option seemed to be the
preferable one.

Intracardiac leadless pacemakers represent the best current op-
tion for patients requiring PM implantation who are at high risk for in-
fection and bleeding.

Figure 1 VVI RV low septal pacing (A) and VDD septal pacing (MICRA AV) (B).

Figure 2 Radiographs in the left and right anterior oblique projections (A and B) following implantation of the leadless pacemaker.
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..We present the first reported case of a new AV synchronous ILP
implanted in a patient wearing a functioning VVI ILP.

Our report confirms that no adverse event is associated with the
concomitant presence of two different ILPs in the right ventricle in
the short-term follow-up, and shows that the new AV synchronous
ILP is a good alternative to VVI ILP in patients with sinus rhythm and a
high need for VP.
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Reports online.
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