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Aims State-of-the-art pacemaker implantation technique in infants and small children consists of pace/sense electrodes attached

to the epicardium and a pulse generator in the abdominal wall with a significant rate of dysfunction during growth, mostly

attributable to lead failure. In order to overcome lead-related problems, feasibility of epicardial implantation of a leadless

pacemaker at the left ventricular apex in a growing animal model was studied.

Methods
and results

Ten lambs (median body weight 26.8 kg) underwent epicardial implantation of a Micra transcatheter pacing system (TPS) pace-
maker (Medtronic Inc., Minneapolis, USA). Using a subxyphoid access, the Micra was introduced through a short, thick-walled

tube to increase tissue contact and to prevent tilting from the epicardial surface. The Micra’s proprietary delivery system was

firmly pressed against the heart, while the Micra was pushed forward out of the sheath allowing the tines to stick into the

left ventricular apical epimyocardium. Pacemakers were programmed to VVI 30/min mode. Pacemaker function and integrity

was followed for 4 months after implantation. After implantation, median intrinsic R-wave amplitude was 5 mV [interquartile
range (IQR) 2.8-7.5], and median pacing impedance was 2235 Q (IQR 1725-2500), while the median pacing threshold was
213V (IQR 1.25-2.9) at 0.24 ms. During follow-up, 6/10 animals had a significant increase in pacing threshold with loss of capture

at maximum output at 0.24 ms in 2/10 animals. After 4 months, median R-wave amplitude had dropped to 2.25 mV (IQR 1.2—
3.6), median pacing impedance had decreased to 595 Q (IQR 575-645), and median pacing threshold had increased to 3.3 V (IQR
1.8-4.5) at 0.24 ms. Explantation of one device revealed deep penetration of the Micra device into the myocardium.

Conclusion

Short-term results after epicardial implantation of the Micra TPS at the left ventricular apex in lambs were satisfying. During

mid-term follow-up, however, pacing thresholds increased, resulting in loss of capture in 2/10 animals. Penetration of one

device into the myocardium was of concern. The concept of epicardial leadless pacing seems very attractive, and the current

shape of the Micra TPS makes the device unsuitable for epicardial placement in growing organisms.

Keywords

What’s new?

® Epicardial insertion of a leadless pacemaker (Micra, Medtronic Inc) at
the left ventricular apex in lambs was technically feasible.

® |nitially after implantation, capture thresholds and sensing were fa-
vorable but deteriorated during mid-term follow-up of 4 months
in most animals while 2/10 devices lost ventricular capture.

® Penetration of one of the devices into left ventricular myocardium
was of major concern.
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Background

Indication for permanent cardiac pacing in the young implies life-long
need for cardiac pacing with a life expectancy of >50-70 vyears.
Because transvenous pacemakers have a high risk of venous thrombosis
and vessel occlusion in small children,’ it is recommended to place
pacing leads at the epicardium in subjects <15 kg.z'3 However, this
implantation technique is more invasive compared with transvenous
systems and has a higher risk for lead failure due to fracture or dislodge-
ment.* As initial results after epicardial placement of a leadless pace-
maker were unfavourable,®> we modified our implantation technique
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Figure 1 Fluoroscopy after Micra implantation. The animal is still in the right-sided position with a horizontal path of X-ray, resulting in a lateral
projection. The electrode of the Micra is still placed at the LV apex with fixation of the tines within the epimyocardium. The body of the device is em-

bedded in the space between the diaphragm, sternum, and apex.

in order to improve midterm performance. This report describes our
experience using a modified, minimally invasive implantation technique
for epicardial leadless pacemaker implantation at the left ventricular
(LV) apex in lambs.

Animals, methods, and results

Ten lambs (German ‘Schwarzkopf sheep, median body weight 26.8 kg)
were used. Under general anesthaesia, lambs were placed in a right-sided
position and a 2 cm incision was performed just beneath the xyphoid
process. Chest wall, diaphragm, and connective tissue were carefully dis-
sected until the surface of the pericardium and the LV apex became vis-
ible. Two sutures (4.0 Prolene, Ethicon, USA) were stitched through the
pericardium at the LV apex, and the pericardium was opened between
these sutures. As the Micra within its proprietary delivery system could
not obtain a stable position at the beating apex of the heart (see
supplementary fluoroscopy), the delivery system was advanced through
a 3—4 cm long portion of an 8.0 mm endotracheal tube to the LV apex.
The tube was firmly pushed against the LV apex resulting in a visible im-
pression on fluoroscopy (see schematic diagram—Supplementary
material online, Figure S7). Subsequently, the Micra was slowly advanced
out of the delivery system, while the endotracheal tube was withdrawn.
This manoeuver allowed the tines of the Micra to penetrate the epimyo-
cardial aspect of the LV apex and to keep the pacemaker in a perpendicu-
lar position towards the LV surface (see Figure 1). After confirmation of a
pacing threshold < 3 V at 0.24 ms impulse width, the chest was closed.
Pacemakers were programmed to VVI 30/min mode, and animals
were extubated after recovery from anaesthesia.

Following implantation, median R-wave amplitude was 5.0 mV [inter-
quartile range (IQR) 2.8-7.5] and median pacing threshold was 2.1 V
(IQR 1.25-2.91) at standard impulse width of 0.24 ms. After 7 days, me-
dian R-wave amplitude dropped to 2.85 mV (IQR 2.0-4.8). Pacing

threshold exceeded maximum amplitude (>5 V) at standard impulse
width of 0.24 ms in 1/10 animals, while median threshold was 1.63 V
(IQR 1.3-29) at 024 ms in the remaining 9/10 animals. After
20 days, pacing threshold exceeded maximum amplitude in another ani-
mal (see Supplementary material online, Figure S2). After maximum
follow-up of 120 days, median R-wave was 2.25 mV (IQR 1.2-3.6)
and median pacing threshold was 3.1V (1.8—4.5) at an impulse width
of 0.24 ms in 8/10 animals, while loss of capture at maximum output
of 5V was still present in 2/10 animals. At that time, animals had
reached a median weight of 53.8 (IQR 50.4-55.6) kg. Explantation of
a Micra was attempted in one animal. However, as the device was found
to have deeply penetrated the LV myocardium, the respective animal
suffered from severe bleeding and had to be sacrificed. The heart to-
gether with the Micra was explanted for histological analysis (see
Supplementary material online, Figure S3). Explantation of more than
one device together with the respective heart had been banned by
the animal protection authorities, and the remaining animals were given
to an animal sanctuary after pacemakers were programmed to OVO.

Discussion

Moore’s law significantly impacts our way of life with new and mostly
miniaturized technologies becoming part of our daily life. However, in
our professional care, we use pacemaker systems in small children im-
plementing a technique that has not significantly changed during the last
4 decades.” Because the market share of specifically paediatric pace-
makers is not large enough to pay the cost for development, advance-
ment, and certification of such badly needed devices, our youngest
patients depend on devices that are developed for elderly subjects.
As we know that strain on the lead and the connectors are the
Achilles’ heel of extracardiac pacemaker systems,>*¢ it seems to be
crucial to investigate the feasibility of new leadless and miniaturized
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techniques. Currently available leadless pacing systems though are de-
signed for transvenous implantation and therefore are bullet-shaped
with the electrode located at the distal tip of the device.” As the epicar-
dial surface of the heart has a convex shape, implantation at this location
necessitates a perpendicular position of the pacemaker with a small
contact area between electrode and epicardium and a much larger con-
tact zone of the device’s body with surrounding structures. In a previ-
ous animal study, we implanted leadless Micra pacemakers at the lateral
aspect of the ventricular epicardium and found that adhesions of the
device with the thoracic wall were responsible for failure of the pace-
makers during midterm follow-up.®

With the herein described modified approach, we used a subxyphoi-
dal access allowing the Micra to be nested in the pericardial recess at the
left ventricular apex which has been reported to be the most favourable
epicardial pacing site in infants and small children.® This approach was
technically easy to perform and resulted in reasonable initial results.
However, during mid-term follow-up, pacing threshold increased in
most animals to unacceptable high values as in our previous study.”

Explantation of one of the devices revealed deep ingrowth of the
electrode tip into the left ventricular myocardium most probably due
to perpendicular push and pull of the device. This observation may re-
sult in abandoning device Micra implantation in the current shape at the
epimyocardium. Moreover, this finding must be considered whenever
implanting a leadless pacemaker endocardially in young subjects, as
the retrieval of the device after battery depletion or the implantation
of additional devices remain arguable. It is another approach to use
the miniaturized body of the Micra pacemaker in combination with a
short lead that connects to an epicardial electrode.” Though this would
be a great leap forward to a pacemaker designed for children, it still car-
ries all the disadvantages of the lead. To overcome this limitation and to
create a leadless epicardial pacemaker, a different device shape with
enhanced contact zone, a low profile like a coin, and an active fixation
of the electrode (e.g. with a helix) seems preferable.

Supplementary material

Supplementary material is available at Europace online.
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