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KEY TEACHING POINTS

� Leadless pacemakers can sense atrial mechanical
signals from atrial pacing from a separate
pacemaker generator.

� Managing 2 pacemaker generators during implant is
challenging, and careful investigation to prevent
crosstalk is required.

� Patients with tetralogy of Fallot have unique
leadless pacemaker implant considerations and in
the 2 reported cases they typically have small A4
Introduction
Management of ventricular lead fractures in pacemaker-
dependent patients remains a clinical challenge for
electrophysiologists. We present the first reported case
involving the placement of an atrial sensing leadless ventric-
ular pacemaker following a ventricular lead fracture in a
patient with a pre-existing dual-chamber pacemaker. This
case is unique because it is the first to show that atrial pacing
from the pre-existing pacemaker can be mechanically sensed
by a leadless ventricular pacemaker. This case also highlights
special considerations of leadless pacemaker implant in an
adult patient with palliated congenital heart disease.
signals, which may reduce the ability for atrial
tracking.
Case report

We present the case of a 74-year-old woman who underwent
repair of tetralogy of Fallot at age 27 at our institution. She
did well for decades, with clinical symptoms only present in
association with atrial flutter, which was managed with abla-
tion. Because of progressive pulmonic valve regurgitation
and aortic root dilationwith aortic valve regurgitation, she sub-
sequently underwent a pulmonary valve replacement, aortic
valve replacement, and right ventricular outflow tract root
and aortic root repairs approximately 5 years prior to her cur-
rent presentation. The procedure was successful but was
complicated by complete heart block, requiring a dual-
chamber pacemaker (St. Jude Medical, Assurity DR Model
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ative period. During follow-up, the patient was noted to require
near 100% atrioventricular (AV) sequential pacing.

The patient continued to thrive, but 3 months prior to her
current presentation she developed evidence of ventricular
lead fracture with inappropriately sensed noise on the ventric-
ular lead, which resulted in inappropriate ventricular pacing
inhibition. Because she was initially asymptomatic, the de-
vice was programmed to the least sensitive programming
setting with unipolar sensing to reduce the inappropriate
sensed noise. Although this programming initially worked,
she subsequently developed presyncope corresponding with
oversensing on her pacemaker. In addition, the device’s
auto-threshold test showed occasional high thresholds,
suggestive of potential early capture failure.

Because she was dependent on the pacemaker with no
clinically stable escape rhythm, plans for expedited pace-
maker system revision were then undertaken. The patient
was initially offered 3 options: extraction and reimplanta-
tion of the right ventricular lead, addition of a new right
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ventricular lead with capping of the fractured lead, or up-
grade to a biventricular pacemaker system. All these tradi-
tional options involved standard pacemaker leads, and the
patient was appropriately concerned about repeat lead frac-
ture and the need for reoperation. We also discussed the op-
tion of implanting an atrial-sensing leadless pacemaker and
programming the pre-existing dual-chamber pacemaker to a
rate-responsive atrial pacing only mode, thus allowing her
to have a “hybrid” pacing system with 2 different pace-
maker generators. Despite the risks of crosstalk between
the 2 systems and the uncertainty in mechanical sensing
of an atrial-paced rhythm, this nontraditional option ap-
pealed most to the patient. Through a process of shared
decision-making, she elected to undergo an atrial-sensing
leadless pacemaker system implantation with reprogram-
ming of her pre-existing dual-chamber pacemaker.

After informed consent was obtained, the patient was
brought to the electrophysiology laboratory and the pre-
existing dual-chamber pacemaker was programmed to a
nontracking mode (DOO 80) to prevent inappropriate
sensing during the leadless pacemaker implant. Right ven-
tricular angiography was then performed, which confirmed
the right ventricular geometry and location of the pre-
existing right ventricular lead (See Supplementary Video).
Using the standard 27F sheath (Medtronic Micra Introducer;
Medtronic, Minneapolis, MN) and the transcatheter delivery
system (Medtronic Micra Integrated Delivery Catheter), the
atrial-sensing leadless pacemaker (Medtronic Micra AV
Model MC1AVR01) was initially delivered and deployed
to the right ventricular midseptal region. To test the leadless
pacemaker, the leadless pacemaker was programmed to an
asynchronous mode at maximum output (VOO 90 with an
output of 5 volts and a pulse width of 1.0 ms). The pre-
existing pacemaker was then programmed to AAI to allow
impedance and capture tests in the leadless pacemaker. Un-
fortunately, this initial site was suboptimal, with a high
threshold and borderline low impedance, perhaps related to
Figure 1 Posterior-anterior and lateral chest radiographs of the final dual-chamb
programmed to AAIR 60–90 beats/min and the leadless pacemaker was programm
the patch of the ventricular septal defect. Prior to recapture
of the pacemaker, the pre-existing leaded pacemaker was
programmed back to a dual-chamber asynchronous mode
(DOO 80). The leadless pacemaker was then programmed
off, recaptured, and repositioned multiple times until an api-
cal septal location was found. Testing in this location showed
adequate thresholds and impedances (threshold 1.13 volts at
0.24 ms and impedance of 860 ohms). The pre-existing dual-
chamber pacemaker was then programmed to an atrial pacing
mode at maximal output (7.5 volts at 1.5 ms) and no artifact
or inhibition was seen on the leadless pacemaker. Further-
more, when the leadless pacemaker was programmed to
maximal output, no oversensing was noted on the pre-
existing dual-chamber pacemaker. Given the adequate fixa-
tion and electrical performance of the leadless pacemaker
on the septal apical myocardium, with no oversensing noted
on either device, it was felt that her dual-generator system
would perform adequately. The tether was removed
from the leadless pacemaker without event. Figure 1 shows
the posterior-anterior and lateral chest radiograph
positioning of the new leadless pacemaker on the first
postprocedure day.

During the implant, 2 important pacemaker programmer
issues were noted. First, during the placement of the
leadless pacemaker programmer’s (Medtronic CareLink
2090 Programmer) head on the chest wall, the pre-
existing dual-chamber pacemaker occasionally went into
magnet mode, as evidenced by asynchronous AV pacing
at a rate of 100 beats per minute. This was typically short-
lived and resulted in no adverse events. In addition, it was
noted that when the leadless pacemaker programmer’s
head was over the chest wall, the pre-existing pacemaker
programmer (St. Jude Merlin Medical Patient Care System
Model 3650; Abbott Cardiovascular) had difficulty initi-
ating a connection with the pre-existing pacemaker. Once
the head of the leadless pacemaker programmer (Medtronic
CareLink 2090 Programmer) was removed, the pre-existing
er pacemaker system. The pre-existing dual-chamber pacemaker system was
ed to VDD 55.



Figure 2 An example of the atrial mechanical sense test showing the programmedA3 and A4windows. Evan at maximal sensitivity, the A4 signal is small, just
above the 0.7 m/s2 that resulted in the occasional atrial undersensing.
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pacemaker programmer (St. Jude Merlin Medical Patient
Care System Model 3650) was able to adequately connect
with the preexisting pacemaker. This was likely caused by
the magnetic field in the programming head of the Med-
tronic CareLink 2090 Programmer.

After the leadless pacemaker completed the automatic set-
up process, it sensed and tracked 27% of the atrial paced
events. Manual atrial mechanical sensing tests were run,
and there was noted to be a small A4 component. To avoid
oversensing of the A3 signal, the A3 blanking window was
lengthened, and the A4 sensitivity was programmed to the
most sensitive value (0.7 m/s2). In addition, to increase the
A4 signal maximally, the accelerometer vectors (1 and 3)
were used in the sensing algorithm. With these manual
changes to the atrial sensing algorithm, the atrial tracking
and sensing on the leadless pacemaker increased to 74%.
Figure 2 shows an example of the small A4 signal. The final
pre-existing pacemaker was programmed to AAIR 60–90
beats per minute, and the leadless pacemaker was
Figure 3 An example of the rhythm strip of the final programming, with atriovent
synchrony. The first 2 stars and last 3 stars are examples of atrial mechanical trackin
acceleration algorithm “rate smoothing,” as evidence by a slightly longer atrial sens
synchrony that was serendipitous. The xmarks represent nontracked atrial events. Th
Pwaves occur in the ventricular refractory period. Note that even during the nontrack
ventricular rate.
programmed to VDD 55 beats per minute with an upper track
rate of 120 beats per minute. Figure 3 shows an example of a
rhythm strip of the final programming, with AV sequential
pacing from both pacemakers and a high percentage of atrial
tracking that used the leadless pacemaker’s atrial mechanical
sensing algorithm. In short-term follow-up, the threshold of
the leadless pacemaker decreased to 0.63 volts at 0.24 ms
and the patient noted no more presyncope or pacemaker
syndrome symptoms.

Discussion
Traditional leaded pacemakers have a combined short- and
long-term system failure rate of up to 20% at 5 years, and
5% of these complications are lead-related—a conundrum
all too familiar to practicing clinical electrophysiologists.1

Leadless pacemakers have recently been shown to reduce
long-term complications by 66%, compared with traditional
pacemakers, in a large prospective registry of Medicare pa-
tients.2 Although the second-generation pacemaker can atrial
ricular (AV) sequential pacing from both pacemakers. The stars represent AV
g of the paced atrial rate. The third star likely shows an example of the atrial
ed–to–ventricular paced interval. The fourth through sixth stars represent AV
e first and third x marks are premature atrial contractions and all the x-marked
ed atrial events, the atrial acceleration algorithm prevents a sudden drop in the
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sense, many patients still require atrial pacing and may not be
traditional candidates for leadless pacemakers. The ability of
the atrial sensing algorithm to sense paced rhythms had not
been previously reported, and this case highlights that,
though difficult, it is feasible.

Although the AV synchrony was only 74% in our pa-
tient, the leadless pacemaker has a unique atrial acceleration
algorithm that provides stable ventricular rates even when
atrial undersensing occurs. This atrial acceleration algo-
rithm, called “Rate Smoothing” (Medtronic), measures
every atrial-sensed ventricular-triggered event and
constantly updates the rate. When atrial undersensing
occurs, the previous ventricular paced rate plus the
programmable rate smoothing interval (an interval from
50 to 200 ms) slightly extends the pacing interval, allowing
a faster rate than the programmed lower rate limit. This in-
creases AV synchrony above the atrial-mechanical sensing
algorithm. In the MARVEL 2 trial,3 this atrial acceleration
algorithm increased AV synchrony over what the device
reported by 9%; and an example of this algorithm in action
is seen on the third star in Figure 3. An important feature of
this algorithm is that it provides more stable ventricular
rates when tracking atrial rates above the lower rate limit
when atrial undersensing is more likely to occur. By slightly
extending the paced rate with atrial undersensing, this
algorithm also prevents overtracking of premature atrial
contractions or atrial tachycardias.

Major challenges with the implantation and follow-up of
this strategy involve having 2 pacemaker generators that do
not directly communicate, posing a high risk of crosstalk
between the devices. We did not see any evidence of this,
even when the atrial pacemaker was programmed at
maximal output. One might expect this to be the case, given
the relatively long postventricular blanking period
following ventricular pacing nominally programmed on
the atrial sensing leadless systems. The long A3 window
functions as a refractory period as well, which makes for
an exceptionally long postventricular blanking and refrac-
tory period, resulting in significantly less opportunity for
crosstalk to occur. In addition, the atrial sensing algorithm
is novel in that it does not sense electrical signals and
only senses mechanical “motion” on the accelerometer,
further reducing potential crosstalk. Despite these potential
advantages, the lack of 100% AV synchrony means that
atrial pacing could happen outside the postventricular atrial
blanking period. In addition, the automatic ventricular
threshold tests occur only in using a ventricular sensing
algorithm, which could also be at risk for crosstalk from
the atrial pacemaker. When the leadless pacemaker auto-
matic threshold test was run with atrial pacing at maximal
output, no oversensing was seen, and the same threshold
was seen during the manual test—suggesting that there
was no crosstalk between the pacemaker systems as pro-
grammed. Our patient’s right atrial and right ventricular
dilation also provided a large anatomic distance between
the leadless pacemaker and right atrial lead, which made
crosstalk less likely; however, in patients with smaller
hearts, this could be a significant concern.

Another unique aspect of this case was placement of the
leadless pacemaker in an adult with a repaired tetralogy of
Fallot. There are 2 case reports of leadless pacemakers in
pediatric patients,4,5 but there have been no large case series
in adults with congenital heart disease. Given the ventricular
septal defect repair, the pulmonic valve replacement, and the
right ventricular outflow tract revision, the deployment of
the leadless pacemaker was challenging in our patient, and
the right ventricular angiogram aided in procedural planning.

The MARVEL 2 trial3 showed that the average AV
synchrony at rest was nearly 90%. In the single patient in
this trial with repaired tetralogy of Fallot, the atrial sensing
was only 33.4%, similar to our patient’s nominal atrial
mechanical settings. Even with programming optimization,
our patient’s A4 remained small using all available sensing
vectors, which may be a result of the tetralogy of Fallot or
an intrinsic feature of septal or right atrial appendage depo-
larization of the right atrium. Additional cases will be
needed to more fully evaluate the atrial mechanical signals
seen on leadless pacemakers from atrial pacing.

Conclusions
We present the first case of atrial pacing being sensed on an
atrial mechanical-sensing leadless pacemaker system, which
shows a potentially novel method to treat heart block in
patients with concomitant sinus node dysfunction. Our case
highlights the difficultly in managing device-device interac-
tions and potential crosstalk associated with 2 operational
pacemaker generators. Finally, our case also underscores
the special considerations needed to place leadless
pacemakers in patients with repaired tetralogy of Fallot.
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