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Abstract
Permanent cardiac pacing is the only effective solution for patients with symptomatic bradycardia and heart block. About 
10% of patients undergoing implantation of the conventional pacing system develop complications related to the subcutane-
ous pocket or the leads and in pediatric patients lead problems may rise in up to 30% of the patients. The leadless pacemaker 
devices were developed in order to minimize some of those complications. We present a case of an 11-year-old patient who 
presented after the sudden death of his older brother, with recurrent episodes of syncope and documented prolonged sinus 
pauses. The patient underwent percutaneous implantation of a leadless Micra™ pacemaker device with optimal results.
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Abbreviation
VT	� Ventricular tachycardia

Introduction

For more than five decades permanent cardiac pacing 
remains the only effective solution for patients with symp-
tomatic bradycardia and heart block. The conventional car-
diac pacing systems consist of a pacemaker, which is sur-
gically implanted in a subcutaneous pocket in the chest or 
in the abdominal wall, and a set of one or more leads that 
conduct the pacing either intravenously to the endocard or 

surgically implanted as epicardial leads [1–3]. Throughout 
the decades, devices have shrunk in size and grown in their 
sophistication, but despite the incredible advancements in 
cardiac pacing systems, pacemaker—related adverse events 
still occur in 10% of patients and up to 30% children [3, 4]. 
These complications are mainly related to the subcutane-
ous pocket, such as hematoma, infections, endocarditis, and 
septicemia; others are lead-related complications such as 
pneumothorax, bleeding and hemothorax, cardiac perfora-
tion, and venous occlusion; and long-term complications 
such as tricuspid regurgitation, thromboembolism, and lead 
malfunction [2, 3].

The implanted leadless pacemaker device, which was 
recently developed, was proved to be safe and possesses the 
potential of reducing many of the above complications [5]. 
The leadless pacemaker is a miniaturized single-chamber 
pacemaker system that is delivered via a catheter through the 
femoral vein and implanted directly inside the right ventricle 
(RV). This new technology is feasible thanks to advances 
in miniaturization (high-density battery), low-power elec-
tronics, advanced catheter delivery systems, and electrodes 
being directly placed on the pacemaker capsule. This device 
eliminates the need for a subcutaneous pocket and insertion 
of a pacing lead, thereby eliminating an important source 
of complications associated with traditional pacing systems 
while providing similar benefits [1, 5].

The leadless pacing systems have been proved useful in 
the adult population [1–3, 5]. We present a case of leadless 
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pacemaker implantation in an 11-year-old patient with recur-
rent syncope episodes and documented prolonged sinus 
pauses.

Case Presentation

Our patient, OA, was presented to the pediatric electrophysi-
ology clinic at the age of 9 years for the evaluation after 
the sudden death of his older brother at the age of 14 years. 
The brother passed away unexpectedly while playing a video 
game on his computer with a remote friend 1 week after an 
episode of post-exercise syncope on a hot day. Prior to that 
episode the boy was completely healthy. Initial evaluation 
included repeated electrocardiograms (ECG), several Holter 
ECG monitors, and a stress test which were all concluded 
normal at the time. He also underwent an Epinephrine chal-
lenge test that showed bidirectional ventricular tachycardia 
(VT) as soon as a 0.01 mcg/kg bolus was given. It shortly 
organized into a uniform monofocal VT and resolved spon-
taneously shortly after. A thorough neurological consulta-
tion was concluded normal. Furthermore, the family and 
the deceased tissues underwent a thorough cardiogenetic 
consultation but no arrhythmic predisposition was found.

Treatment with beta-blockers was initiated due to the 
findings of the epinephrine test, which lead to a possible 
diagnosis of long QT syndrome albeit the genetic consulta-
tion, and during the following year repeated Holter ECG 
monitors and stress tests were normal. However, at the 
age of 10 the patient had a syncope event during class at 
school-time and subsequently, following a normal tilt test, 
a subcutaneous Reveal LINQ™ insertable cardiac monitor 
(Medtronic, plc Dublin, Ireland) was implanted. The patient 
continued his regular life and 6 months later, the insertable 
monitor recorded an asymptomatic 9 s sinus pause during 
sleep. The patient was asymptomatic and his treatment has 
not changed at that time.

Several months later, being almost 11 years old, the 
patient had experienced a syncope episode again during 
class. The patient was sitting quietly studying, suddenly 
stood up saying he was feeling bad and lost consciousness 
for several seconds with no convulsion, without any other 
symptoms. He recovered quickly and returned later to his 
regular condition. During that episode the insertable moni-
tor showed an 18 s sinus pause; the tracings are presented 
in Fig. 1. In light of the patient’s family history, and con-
sidering that no other arrhythmia was ever documented or 
suspected, we recommended pacing, and the option of Micra 
was offered.

As the boy was young but physically large weighing 65 
kg and having 165 cm height, the decision was to implant a 
leadless pacemaker. Under general anesthesia, an introducer 
was placed in the right femoral vein. An initial contrast 

fluoroscopy estimated the inferior vena cava diameter at 
11 mm, which was compatible with the 27F delivery sys-
tem. Then, under fluoroscopic guidance Micra™ transcath-
eter pacing system (TPS, Model MC1VR01, Medtronic plc, 
Mounds View, MN, USA) device was placed at the apex of 
the RV. Once three of the tines were shown to be attached 
to the endocardium with good sensing and pacing thresh-
olds, the device was released. Pacing was set at VVI 40, the 
minimal pacing needed. The insertable cardiac monitor was 
left in place and set to record under 45 beats per minute. 
Figure 2 shows the two devices in the boy’s chest, and their 
relative position.

The patient was discharged home 1 day after the proce-
dure and has been feeling well with no vascular sequelae at 
the pacemaker insertion site at 6 months’ time. Interestingly, 
several months after the implantation, the insertable car-
diac monitor depicted an event of bradyarrhythmia counting 
40 bpm. Figure 3 shows the episode in which the patient had 
bradyarrhythmia and pacing was documented. Clinically the 
patient’s parents reported OA complained during that day of 
a short episode of fatigue, he rested in the living room for 
a few minutes, and shortly after resumed his daily activi-
ties. The episode correlated chronologically to the episode 

Fig. 1   Documentation of the bradyarrhythmia depicted during a syn-
cope event during class by the insertable cardiac monitor. The device 
records a 27 s event though the longest pause was 18 s
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documented in Fig. 3 and we presume he had a vagal episode 
and syncope was prevented by pacing. It should be noted that 
the device measurements such as threshold and sensing were 
unchanged during that time after implantation.

Discussion

Even though vagal syncope is known to be a self-limiting 
phenomenon with no sequelae later in life, due to the wor-
risome patient’s family history a pacemaker implantation 
was recommended in this case. However, with the idea of 
minimizing the possible complications of conventional car-
diac pacemaker systems, we opted for a leadless pacemaker 
implantation despite the patient’s young age.

This device has proven in the past its safety and efficiency 
in treating adult patients, reducing the complications rate 
while achieving the therapeutic goals [2, 4]. Among the 
pediatric population, the major complications occurring 
with implantation of conventional pacemakers include lead 
fracture, vascular injury, and pocket infections [4, 6]. The 

Fig. 2   An AP fluoroscopy cine of the patient’s chest after the leadless 
pacemaker implantation showing the subcutaneous insertable cardiac 
monitor more superior and anterior and the leadless pacemaker infe-
rior and posterior

Fig. 3   Documentation of the 
a bradyarrhythmia episode in 
which the pacemaker started 
pacing
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Micra™ small size enabled the pacemaker to be implanted 
in the young, sparing of the veins during puberty and allow-
ing normal participation in sports without movement restric-
tions, thus avoiding the above complications while protect-
ing the child during severe vagal episodes. Furthermore, 
avoiding the subcutaneous surgical scar probably has some 
better psychological effects over the child, sparing body 
image complications and allowing the child to take of his 
shirt freely with no inconvenience.

Conclusion

The implantation of a leadless pacemaker device in the pedi-
atric population is a good and feasible solution and should 
be considered in children with suitable body dimensions.
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