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A novel miniaturized adult pacemaker system for small
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neonates with congenital heart block
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Preterm or small babies with congenital heart block (CHB)
represent a unique challenge, as currently available pacing
systems are exceedingly large and lead placement often re-
quires a sternotomy. We present a case of CHB in a small
newborn who was treated with implantation of a novel mini-
aturized device that is well-suited for this particular patient
population.

CASE PRESENTATION

A 2.1-kg male neonate born at term was diagnosed in
utero with CHB secondary to maternal Sjogren syndrome.
Fetal echocardiogram demonstrated a structurally normal
heart with atrial rate of 115 to 137 and ventricular rate of
62 to 68 beats per minute. Birth history was otherwise un-
complicated. The patient initially remained hemodynami-
cally stable despite ventricular rates between 60 and 80
beats per minute, without requiring inotropic support.
Over the ensuing days, however, a downward trend of ven-
tricular rates to the mid-50s with adequate cardiac output
was observed, in conjunction with poor oral intake
requiring nasogastric tube supplementation. The decision
was then made to pursue epicardial pacemaker implanta-
tion. Given the patient’s size of 2.5 kg at age 19 days, we
opted to implant a bipolar ventricular lead and a miniatur-
ized, adult leadless pacemaker (Medtronic Micra) coupled
with an adaptor in order to use it as a generator for an epicar-
dial lead (Figure 1). Ad-hoc Food and Drug Administration
approval was obtained (compassionate use). The patient’s
mother provided written consent for this publication. Insti-
tutional review board approval was not required.

Intraoperatively, a limited sixth intercostal space left ante-
rior thoracotomy was performed, resulting in excellent
exposure of the ventricular apex and of the left ventricle pos-
terior to the left anterior descending coronary artery

86 JTCVS Techniques « February 2024

Miniaturized pacemaker system placed via left tho-
racotomy and abdominal counterincision.

CENTRAL MESSAGE

A novel, minimally invasive
approach to pacemaker implan-
tation; this technique is suitable
for small neonates with congen-
ital heart block and uses an
adapted adult transvenous lead-
less pacemaker.

(Figure E1). A 25-cm bipolar lead (Medtronic 4968-25) was
then sutured in place, with each of the 2 electrodes secured
to the epicardium with three 6-0 polypropylene sutures. The
lead was then tested and tunneled from the chest to the left hy-
pochondrium, where a limited counterincision had been per-
formed and a pocket developed anterior to the transversus
abdominis and ventral to the posterior rectus sheath. The
lead was placed into the socket of the adaptor and the gener-
ator lodged within the pocket, coiling some of the redundant
lead within the left chest. Pacemaker thresholds were interro-
gated again (Table 1) before wound closure (Figure E2).

The patient was discharged home on the sixth postop-
erative day. Most recent follow-up at 4 months demon-
strated optimal thresholds and projected battery life of
2.5 years.

DISCUSSION
Complete CHB is a rare yet serious diagnosis that
carries substantial morbidity and mortality." Surgical
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FIGURE 1. Miniaturized adaptor (Medtronic Micra) housing both a bipo-
lar lead socket (fop) and transvenous miniaturized pacemaker (bottom). Di-

mensions: 29.4 X 16.6 X 9.6 mm; weight: 5 g; volume: 3.5 cc.

treatment is made even more challenging by small body
size (<3 kg) and is associated with greater chronic stim-
ulation thresholds, greater lead failure/fracture rates with
somatic growth, and shortened battery life.” The primary
objective is that of achieving a stable and reliable heart
rate until the patients grows to a body weight adequate
for conventional transvenous pacemaker implantation.
Traditional epicardial pacemaker insertion involves
placement of at least a ventricular lead and, if possible,
an atrial lead to obtain atrioventricular synchrony.
Whereas epicardial ventricular leads can be placed
through a small subxiphoid incision, reaching the right
atrium can be challenging in small neonates without ex-
tending the incision to a full sternotomy. The issue also
becomes that of where to create a pocket large enough
to accommodate a bulky generator without the potential
risk of wound disruption. Larger generators can either
be placed in the epigastrium (therefore occupying a large
portion of the upper abdomen) or lodged within the left
chest over the left diaphragm (easier if approached via
a full sternotomy).’

Berul and colleagues” first reported in early 2023 the use
of the custom-designed Medtronic Micra device for emer-
gency use in 5 neonates with congenital complete heart
block. As per reported manufacturer’s data, this report

TABLE 1. Intraoperative results from transcutaneous pacemaker
interrogation

Programmed Pacing threshold P/R wave, Impedance
rate and output (@1.0 ms) mV (Q)
VVI 100 1.75 20 2410

35V @1.0ms

was followed to date (therefore excluding the patient
described herein) by another 9 patients, all approached
via a full sternotomy.

Through a left thoracotomy, access to the fragile left
atrial appendage could only be accomplished with a larger
thoracotomy. In a small newborn, this would also call for
2 bipolar leads to be retained into the diminutive space of
the left chest. Furthermore, adequate intermediate-term car-
diac output can be accomplished with ventricular pacing
only, and timing of reoperation will be dictated regardless
by duration of battery life.” If initially done via a thoracot-
omy, reoperation can be easily accomplished with atrial and
ventricular leads inserted through a nonreoperative field in
the larger child. Lastly, this approach is also cosmetically
pleasing and avoids the need for a full sternotomy in a small
newborn.
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FIGURE E1. Operative exposure of the left ventricular apex, showing the
left ventricle between left anterior coronary artery and left circumflex
branch (coursing horizontally in the photograph).

FIGURE E2. Limited anterior thoracotomy and abdominal counterinci-
sion at completion of the procedure.
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