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Carta cientifica

Is it important to have a reduced size

pacemaker for pediatric patients? An initial
Spanish experience of an adapted Micra leadless

pacemaker in a patient less than 3 kg with an

interventricular communication and a

congenital lobar emphysema

ZEs importante disponer de marcapasos de menor tamaiio en
pediatria? Experiencia inicial en Espaiia del implante del
marcapasos Micra™ sin cables adaptado a un paciente con
menos de 3 kg de peso intervenido de comunicacion
interventricular y enfisema lobar congénito

There is a lack of small devices for electrical cardiac stimula-
tion in the neonatal period. The devices currently available are
adult generators, which are implanted with great difficulty in the
abdominal wall.!

Pediatric patients are at risk of complete atrioventricular (AV)
block, due to an alteration of the conduction system in the
fetal period or due to damage to the AV node during cardiac
surgery. Despite advances in perioperative and intraoperative care,
around 2% of patients will require a pacemaker after cardiac
surgery.?

In recent years, adult pacemaker profiles have been reduced,
but they are still large enough to pose a risk of infection and ero-
sion when implanted in the first years of life.> In children below
15kg, due to limited vascular access, epicardial implantation of
pacemakers is the norm. The electrodes and generators available for
these patient profiles are the same as those used in adult patients,
adapted for basic stimulation. There have been no advances in elec-
trical cardiac stimulation for young patients in their first months of
life.*

The quality of life and life expectancy in pediatric patients with
cardiac stimulation is similar to the general population. As per pre-
liminary studies, specific adapted electrostimulation can reduce
the number of interventions and better preserve cardiac function.
Recently, in 2022, a small permanent pacemaker for the pedi-
atric population was manufactured. This device is the result of a
modification of the Micra leadless Medtronic® model designed for
adults.>® This pacemaker was initially designed for endocardial
stimulation without leads. It has been adapted for epicardial stim-
ulation with the incorporation of a polymer case, which allows an
IS-1 4968 Medtronic® connection. This allows for basic epicardial
VVI electrostimulation. This design is known as the Pediatric IPG
(implantable pulse generator).”

There is a considerable size difference compared to conven-
tional VVI permanent pacemakers: the profile of a Pediatric IPG
device is 27.5 mm x 15.3 mm x 8.15 mm, weighs 5 g, and has a vol-
ume of 3.5 cm3. These characteristics allow for easy implantation.
In our case, a 4 mm incision in the lateral abdominal wall was suf-
ficient. Regarding the software, the device uses the same platform
as the Micra with the same basic parameters. However, there is no
possibility for special advanced algorithms.

https://doi.org/10.1016/j.circv.2024.11.006

We present our experience with the first Pediatric IPG per-
manent pacemaker implanted in our institution and the second
implanted in Spain. In our case, the indication was made after a
literature review and as a compassionate use with prior authoriza-
tion from the Spanish Agency of Medicines and Medical Products.
Our patient is a 2.5-month-old infant, referred from another center
with a diagnosis of large, hemodynamically relevant interventric-
ular communication (VSD) and congenital lobar emphysema (CLE).
At 3 months of age and weighing 2.8kg, a VSD patch closure
was performed. The patient developed a postoperative complete
AV block. Ten days after the initial surgery, a Pediatric IPG was
implanted via re-sternotomy with the placement of a bipolar elec-
trode on the anterior surface of the right ventricle. In the operating
room, a stable threshold of 2V was registered with correct and
stable impedance. After the pacemaker implant, there was an
improvement in the symptoms of cardiac insufficiency; however,
the patient still needed oxygen therapy due to the large CLE. Dur-
ing the postoperative period, the patient progressively developed
unstable stimulation thresholds, especially during feeding. Despite
this, and under constant monitoring with telemetry, the patient
presented adequate electrostimulation. During the following
35 days, the patient gained weight with mixed feeding: breastfeed-
ing complemented with a hypercaloric formula administered via a
nasogastric tube.

The thresholds continued to increase, reaching output thresh-
olds of 4V (Figs. 1 and 2). A CT scan after the cardiac surgery
revealed that the CLE was in contact with the epicardial electrodes.
To eliminate confounding factors before the CLE surgery, and at
a weight of 4.5 kg, the Pediatric IPG generator was replaced with
a Medtronic® Sensia generator, maintaining the original epicardial
leads. Despite the generator replacement, the electrode values were
similar, with a gradual increasing threshold trend. Forty days after
the initial VSD correction, a lobectomy of the right medial lobe was
performed via a right thoracotomy without any incidents. Imme-
diately after the procedure, we observed a normalization of the
threshold values, reaching values of 1 V. The patient was discharged
5 days after the CLE resection.

At 12-month follow-up, the patient was asymptomatic, thriving,
and with good generator and lead parameters.

To this day, there is no similar case in the literature where a CLE
altered the normal function of an epicardial pacemaker, which was
resolved by the CLE resection.?

Despite the limitations of an initial experience, the Pediatric
IPG device allows safe electrostimulation in small children. It
enables the patient to reach an adequate size where stimulation can
be continued using adult-profile permanent pacemakers. During
our experience with the Pediatric IPG permanent pacemaker, we
observed that the battery life is less than the Micra model implanted
in adults. This is probably due to the epicardial mode of stimulation,
which requires more energy than the endocardial mode, explain-
ing the higher thresholds. We also have to consider that pediatric
patients have a higher cardiac frequency compared to adults, which
increases the stimulation rate.
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Currently, we do not have an adequate permanent pacemaker
for newborns. The use of leadless pacemakers in adult patients
has allowed us to obtain smaller-profile permanent pacemak-
ers, which, when adapted for epicardial use, can be employed
safely in patients weighing less than 4 kg. This allows basic car-
diac electrostimulation but does not allow for remote monitoring
or auto-capture of thresholds. Another limitation is the inability to
stimulate using unipolar leads, this leads to the need to implant
a bipolar lead in a small heart, which could be challenging in cer-
tain neonatal cases. Moreover, the Pediatric IPG, does not allow a
reliable stimulation beyond 5V, this was the reason in our case
for changing the generator when thresholds reached 4V. Finally,
the device is not compatible with magnetic resonance imaging
(MRI). Although the case is made from high-quality thermoplas-
tic polyether ether ketone, this material and the epicardial leads
have not been approved for MRI. Thus, this type of imaging cannot
be recommended for these patients.?

A salient feature of our case report is the rare association of
a hemodynamically relevant VSD with a respiratory relevant CLE.
Moreover, we report a mechanical interaction of the CLE, which
could negatively affect the normal function of epicardial leads and
should be taken into account when encountering unstable epicar-
dial lead thresholds in these patients.

Regardless of our initial experience with small-sized perma-
nent pacemakers, patients like the one presented here make a
case for innovation and investigation in reducing the profile of
these devices, especially in the neonatal period. This allows for
safe electrostimulation, reducing profile-related serious complica-
tions.
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Figs. 1 and 2. Detail of the CT scan, where congenital lobar emphysema is observed by moving the electrode.
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