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Abstract

Implantable loop recorders (ILRs) are effective tools for detecting arrhythmias by long-term continuous heart rhythm
monitoring. Benefits have been demonstrated even in pediatric patients. ILR with a long sensing vector has recently been
designed to improve signal quality in terms of P wave visibility and R wave amplitude. However, there are no data on its
use in pediatric patients. We considered a series of pediatric patients implanted with a long sensing vector ILR. Sensing
performance, including R wave amplitude and P wave visibility, device-related complications, and diagnostic yield were col-
lected. During follow-up, each patient guided by his/her parents/guardians was also asked to complete a brief questionnaire to
assess patient acceptability of the device. Twenty-five consecutive pediatric patients (mean age 11.3 +3.5 years, 72% male)
were enrolled. The insertion success rate was 100% on the first attempt with no complications. The median amplitude of the
R wave was 1.15 mV (interquartile range, 1.01-1.42) with no significant differences between patients aged <or> 10 years
(p=0.726) and between female and male (p =0.483). P wave was classified as ‘always visible’ in 24/25 patients (96%). ILR
was generally well accepted and tolerated by all involved patients. During a median follow-up of 297 days (117-317), we
achieved in 5 patients a correlation between symptoms and rhythm disorders (20%) and ruled out significant arrhythmias in
6 symptomatic children (24%). Long sensing vector ILR showed to be well accepted, with good signal quality and an excel-
lent safety profile even in pediatric patients.
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Introduction

Implantable loop recorders (ILRs) are subcutaneous devices
used as diagnostic tools to detect heart rhythm disorders
(brady or tachyarrhythmias) through long-term continuous
heart rhythm monitoring. They are helpful in establishing a
symptom—rhythm correlation in patients with recurrent and/
or unexplained syncope, palpitations, cryptogenic stroke,
or to record recurrences in patients undergoing catheter
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ablation for atrial fibrillation [1-4]. The reduction in device
size and the simplification of the insertion procedure have
facilitated their use even in the pediatric population; benefits
from ILR implantation have been demonstrated in patients
with or without congenital heart disease (CHD) or primary
cardiac electrical disorders [5-9]. The ILR with long sens-
ing vector is a novel device with a wider electrode spacing
thanks to the addition of a long flexible antenna to the rigid
case. It has been designed to overcome some issues of previ-
ous generation devices, as undersensing or noise artifacts,
achieving convincing results in terms of signal quality, sens-
ing parameters (P wave visibility and R wave amplitude),
arrhythmia detection performance, and acceptability in the
adult population [1-4]. No data are available on their use in
the pediatric population.

The aim of this single-center, observational study was
to assess the safety, device-related adverse events, sensing
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performance, and acceptability in a cohort of consecutive
pediatric patients implanted with a long sensing vector ILR.

Materials and Methods
Study Design

We reviewed the medical records of all patients
aged < 16 years who underwent long sensing vector ILR
implantation at the Pediatric and Congenital Heart Disease
Electrophysiology Laboratory of our Cardiology Depart-
ment (Monaldi Hospital, Naples, Italy) between Octo-
ber 2019 and August 2022. This study was conducted in
accordance with the Declaration of Helsinki and the Euro-
pean directive for data protection (General Data Protection
Regulation). Written informed consent was obtained from
the patient’s parents/legal guardians in each case.

Baseline evaluation consisted of comprehensive clinical
history, physical examination, 12 lead ECG, echocardiog-
raphy, and 24 h ECG Holter monitoring in each patient.
Indication for ILR implantation was provided according to
the most recent literature and the latest guidelines. Clini-
cal data were collected at the time of device implantation
and included age, sex, height, weight, indication for ILR
implantation and comorbidities. Further data on com-
plications, detected arrhythmias, signal amplitudes, and
patients’ acceptability were acquired by remote monitor-
ing, outpatient clinical evaluation, and telephone contact
(phone interviews).

Device Implantation

All patients were implanted with the BIOMONITOR III or
BIOMONITOR IIIm (BIOTRONIK SE & Co. KG., Ber-
lin, Germany), a recently introduced ILR with a peculiar
combination of long sensing vector, miniaturized profile,
and easy and fast insertion tool. The BIOMONITOR III
is an ILR with a rigid case and a flexible silicone antenna
that has been designed to increase the length of the sens-
ing vector up to approximately 70 mm. The total volume
and weight are 1.97 cm? and 5 g, respectively, and the
cross-sectional profile is 8.3 mm X 4.3 mm, similar to
other commercially available novel devices, as the Con-
firm Rx (Abbott Medical, Plymouth, USA) (9.4 X 3.1 mm),
the Lux-Dx (Boston Scientific, Massachusetts, USA)
(7.2 x4 mm) and the LinQ (Medtronic, Minneapolis, USA)
(7%x4 mm) (Fig. 1a). The device was implanted in two dif-
ferent insertion positions in this study: (1) parallel to the
heart’s long axis, at the left parasternal region of the chest;
(2) infraclavicular with the long flexible antenna directed
to the heart (Fig. 1b). All procedures were performed in

Fig.1 a The long sensing vector ILR (BIOMONITOR III, BIO-
TRONIK SE & Co. KG., Berlin, Germany) with the manufacturer-
provided equipment for subcutaneous insertion. b ILR implantation.
Infraclavicular position

the cardiac catheterization laboratory. Insertion position
was chosen based on of weight, chest dimensions and
thickness of the subcutaneous tissue of each patient. Infra-
clavicular insertion was preferred in children with very
thin subcutaneous tissue in the precordial area or in case
of concerned parents/guardians about the esthetic result
of the pectoral scar. All patients underwent deep sedation.
Prophylactic one-single weight-based dose of cefazolin
was administered intravenously in all patients prior to the
procedure. The skin was prepared with topical chlorhex-
idine and local anesthetic (lidocaine). The skin incision
and the injection of the device into the subcutaneous tis-
sue were easily performed using the custom scalpel and
the specific insertion tool provided by the manufacturer.
We used wax coated braided silk or braided absorbable
suture for the final skin suture, according to the operator’s
discretion. All patients were discharged the day after the
procedure.

Follow-Up

After ILR insertion, all patients received a CardioMessenger
mobile device for remote monitoring (Home Monitoring®,
BIOTRONIK SE & Co. KG., Berlin, Germany). All parents
were instructed about the use. Devices were programmed
for automatic transmission of events and subcutaneous
electrocardiogram (sECG). Patients were scheduled to a
programmed medical follow-up at our outpatient clinic at
1 week and at 6-month intervals. The mean R wave ampli-
tude was automatically determined by the device each day.
Remotely transmitted values in individual patients were
averaged for the follow-up period. The presence of P waves
was manually confirmed on a printout of periodic sSECG
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transmissions and sECG tracings of clinically relevant epi-
sodes by independent electrophysiologists as ‘always vis-
ible,” ‘intermittently visible’ (i.e., not visible in all available
beats), or ‘never visible’. The noise burden, defined as the
percentage of time during which the patient's rhythm cannot
be assessed due to artifacts, was also collected from device
diagnostics. Finally, a survey was conducted to assess the
acceptability of the device by patients and parents for both
physical and psychological components.

Data Analysis

Data are presented as mean + standard deviation or, if not
normally distributed, as median (interquartile range [IQR])
for continuous variables and percentages for dichotomous
variables. The R wave amplitude was compared between
subgroups with the Mann—Whitney test. Statistical analy-
sis was performed using STATA (version 17.0, StataCorp
LP, College Station, TX, USA). Statistical significance was
achieved with a p-value of <0.05.

Results
Patient Characteristics

Twenty-five consecutive pediatric patients were included
and completed the study follow-up. Baseline characteristics
of the study cohort are shown in Table 1. The mean age
was 11.3 £3.5 years (range 5-16). Eleven patients (44%)
were < 10 years old and 18 (72%) were male. The most
frequent indication for ILR implantation was unexplained
recurrent syncope (n= 14, 56%), followed by risk stratifica-
tion for channelopathies (n=5, 20%) and palpitations (n=3,
12%). Most of patients had no other comorbidities (n =09,
36%). A family history of sudden cardiac death (SCD) was
present in 20% of cases (n=35). Four patients had a diag-
nosis of CHD (16%). The success rate of the insertion was
100% on the first attempt with no periprocedural complica-
tions. Nineteen devices were inserted in a parallel position
to the heart’s long axis (76%). The remaining 6 devices were
inserted in an infraclavicular position (24%).

Signal Analysis

Signal amplitude and noise burden analysis were performed
in all enrolled patients. At device interrogation, the median
R wave amplitude was 1.15 mV (IQR, 1.01-1.42 mV).
Furthermore, the R wave amplitude was similar between
patients aged <or> 10 years old (1.10 [1.00-1.36] vs. 1.18
[1.01-1.57], p=0.726) and between female and male (1.18
[0.6-1.42] vs. 1.13 [1.01-1.57], p=0.483). P wave was clas-
sified as ‘always visible’ on all periodic SECGs in 24/25
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Table 1 Characteristics of study cohort (n=25)

Mean age, years 11.3+3.5
Male gender 18 (72%)
Height, cm 148 +20
Weight, Kg 46.6+16.7
BMI, Kg/m? 20.3+4.1
Indication for ILR
Unexplained recurrent syncope 14 (56%)
Undocumented palpitations 3 (12%)
Brugada Syndrome 3 (12%)
Long QT Syndrome 2 (8%)
Second-degree AV block 1 (4%)
Sinus arrests 1 (4%)
Documentation of non-sustained ventricular tachycar- 1 (4%)
dia in CHD
Comorbidities
None 9 (36%)
Family history of sudden cardiac death 5 (20%)
Atrial septal defect 2 (8%)
Epilepsy 2 (8%)
Microcephaly and delayed motor development 2 (8%)
Ventricular septal defect after percutaneous closure 1 (4%)
Unrepaired ventricular septal defect 1 (4%)
Tetralogy of Fallot 1 (4%)
Alport syndrome 1 (4%)
Hydromyelia and psychomotor/behavioral disorders 1 (4%)

CHD congenital heart disease, /LR implantable loop recorder

patients (96%). The visibility of the P wave was intermittent
only in one case. The median noise burden retrieved from
device diagnostics was 0.5% (0-1.3%).

Device Acceptability

At the end of the study follow-up, all children guided by
their parents/guardians completed an evaluation question-
naire (Table 2). The implanted device resulted very well
tolerated in almost all patients. Pain, skin irritation, or move-
ment restrictions were described as absent (score 1) in>70%
of the children and were always ranked between 1 and 3. We
also asked their parents the impact of ILR implantation on
their daily life. The ILR was not perceived as intrusive to
privacy and was not of concern in almost all cases. On the
contrary, parents reported a high feeling of safety for their
children due to device implantation and continuous monitor-
ing of heart rhythm (90% of cases).

Follow-Up

During a median follow-up of 297 days (IQR 117-317),
no device-related complications or serious adverse events
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occurred in all children. The ILR position was anatomically
stable in all patients during follow-up. Thanks to remote
monitoring and automatic transmission, we achieved a corre-
lation between symptoms and rhythm disorders in 5 patients
(20%) (Fig. 2). One patient with unexplained palpitations

had a diagnosis of paroxysmal supraventricular tachycar-
dia (PSVT). Another one who complained of palpitations
showed brief episodes of ectopic atrial tachycardia (EAT)
during symptoms (Fig. 3a). In 3 children with unexplained
syncope, 2 patients had syncope episodes with asystole

Table 2 Results of patient’s

. o 1 (%) 2(%) 3(%) 4 (%) 5 (%)

evaluation questionnaire

(= none; 2=very little; The implanted device caused

r3;01;316; 4 =much; 5=very Pain 7 29 0 0
Skin Irritation 85 10 0 0
Movement restriction 95 0 0 0

The implanted device
Caused you any worries (e.g., social life, sports, 76 19 5 0 0
education, esthetics)
Makes you feel safer as you are always monitored 0 5 43 47
Was felt as intrusive on privacy 81 14 5 0 0
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Fig.2 a Paroxysmal supraventricular tachycardia in a child suffer-
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(AVNRT) was suspected due to regular and narrow QRS complexes
with abrupt onset and offset. Electrophysiologic study confirmed the
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block was excluded thanks to a good P wave visibility
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Fig.3 a Ectopic atrial tachycardia with negative P waves and long RP interval. Spontaneous resolution with “cooling down” phenomenon. b

Sinus tachycardia in a child symptomatic for recurrent palpitations
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(maximum recorded RR interval 3.2 s), while 1 patient had
a diagnosis of PSVT. A patient with PSVT started medical
therapy (sotalol) and was listed for an electrophysiologic
(EP) study. The other one underwent EP study and radi-
ofrequency catheter ablation of atrioventricular nodal reen-
trant tachycardia. Both children with asystole received a
clinical diagnosis of reflex cardioinhibitory syncope, so no
further therapeutic interventions were required. Six more
patients (24%) implanted for syncope episodes (n=3), recur-
rent palpitations (n=1), BrS (n=1), and LQTS (n=1) had
symptoms during follow-up (near syncope, n=1; dizziness,
n=2; palpitations, n = 3) but no significant arrhythmias were
detected (Fig. 3b). ILR was implanted in 5 patients (20%)
with inherited arrhythmia syndromes (BrS and LQTS) in our
cohort (Fig. 4). No malignant arrhythmias were observed
during follow-up in this high-risk group of children.

Discussion
Indications for ILR in Pediatric Patients

Unexplained recurrent syncope was the most common indi-
cation for ILR implantation (56%) in this study. According
to the latest guidelines, ILR is recommended in high-risk
patients with unexplained syncope, without indication for
pacemaker or ICD, and is reasonable in patients with recur-
rent syncope of uncertain origin, but without a high risk
of SCD [9]. ILR implantation should be considered when
arrhythmogenic syncope is suspected but not proven [9, 10].

Other indications were palpitations with non-diagnostic
non-invasive evaluation and documented episodes of brady
and tachyarrhythmias with unclear symptoms. In our series,
two children (8%) underwent ILR implant due to unclear

symptoms (dizziness, near syncope) and previously docu-
mented episodes of bradyarrhythmia. ILR may be useful in
the monitoring of bradyarrhythmias and their correlation
with clinical symptoms or in patients at risk for intermit-
tent or progressive atrioventricular (AV) block [9]. A patient
with corrected CHD, unclear symptoms and non-sustained
ventricular tachycardia (nsVT) in our series was implanted
to exclude episodes of sustained VT, as ILR may identify
subclinical arrhythmias that may warrant changes in patient
management, especially in children with cardiac diseases
associated with increased arrhythmic risk [9].

ILR was implanted in 5 patients (20%) with inherited
arrhythmia syndromes (BrS and LQTS) in our cohort [9].
According to the latest Italian recommendations [11], ILR
was implanted in asymptomatic patients with BrS and high-
risk family history (ICD implantation, SCD) and in symp-
tomatic patients not eligible for ICD implantation due to
unclear symptoms (e.g., history of palpitations or lipothy-
mia). ILR was also implanted in children with a diagnosis
of LQTS and palpitations to rule out uncovered ventricular
arrhythmias [9-11] (Fig. 4). In our series, no arrhythmic
events were observed after ILR implant during follow-up in
this high-risk group of patients. It confirms that symptoms
are often not a reliable marker of arrhythmias in pediatric
patients, and this is even more important in children with
inherited arrhythmia syndromes because symptoms are
included in risk stratification algorithms [7]. ILR and auto-
matic transmission may be considered to uncover subclinical
arrhythmias when caring for these little patients to guide
clinical decision-making, regarding the start of therapy,
titrating activity levels, addition of medications, or indica-
tion to ICD implantation, also providing a psychological
support to parents or guardians [7, 11-13].
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Device Performance in Adults and Pediatric Patients

The BIOMONITOR III ILR represents a novel device for
prolonged heart rhythm monitoring with smaller hardware,
greater longevity, and improved sensing algorithms com-
pared to previous generation devices [1-4]. First-generation
devices were burdened with problems such as device dimen-
sions, artifacts, and low diagnostic power. The BIOMONI-
TOR III demonstrated high diagnostic accuracy and sensing
performance with low noise burden in the adult population
[1-4]. The implantation technique was found to be safe and
fast with a low complication rate (e.g., wound infection,
device displacement or protrusion, post-implant pain and/
or discomfort). Acceptability was high for the overwhelming
majority of patients.

To the best of our knowledge, this study represents the
only study to date investigating the safety and acceptability
of the long sensing vector ILR (BIOMONITOR III) in pedi-
atric patients. The primary aim was to investigate the safety
of device implantation in this population. In our cohort,
insertion procedure was safe and easy, irrespective of the
patient characteristics or the implant position. No children
experienced acute complications or adverse events during
follow-up. The secondary aim was to evaluate the sensing
performance and acceptability. We confirmed the high signal
quality of this device in terms of R wave amplitude and noise
burden also in pediatric patients. We achieved a high mean
R wave amplitude (1.15 mV [1.01-1.42 mV]) with a good
minimum measured value (0.5 mV). The size of the R wave
can change in children over time, due to growth in weight
and height and changes in body habitus. We did not observe
significant changes on the R wave in amplitude and mor-
phology during the follow-up period. However, the median
follow-up period was less than one year in this study, and it
could have affected our findings. Further studies with longer
follow-up are warranted to confirm our preliminary results.

Considering the greater mobility and restlessness of
pediatric patients in daily activity compared to adults (e.g.,
physical activities at school, sport, games), the median
noise burden we found was very low (0.5%), with no patient
exceeding 5%. The capability to detect P waves is of high
clinical relevance in establishing the type of arrhythmia. P
waves could be identified in all patients in our study, with
stable and constant P wave detection in 24/25 children
(96%). Furthermore, neither noise burden nor P and R wave
sensing appeared to be influenced by patient characteristics.

Our pediatric study cohort demonstrated convincing
results in view of previous reports that evaluated the sens-
ing performance of the BIOMONITOR III in adults. Deneke
et al. [1] reported a mean R wave amplitude of 0.73+0.4 mV
with a gross P wave visibility of 95.1% and a median noise
burden < 10 min/day in a large adult population (653 adult
patients followed for a median of 274 days). Reinsch et al.

[2] obtained a mean R wave amplitude of 0.81 +0.39 mV
with a median noise burden <2% after a mean follow-up of
107 +59 days. Mariani et al. [3] reported a mean R wave
amplitude of 0.7 +0.37 mV with a median noise burden of
0.19% and good P wave visibility (89 +£24%) after a mean
follow-up period of 35.2+18.5 days. Furthermore, our
results appear to be satisfactory in light of recent reports in
the literature evaluating the performance of other currently
available next-generation ILRs in pediatric patients [14—16].

In the present study, records obtained from automatic
transmissions and remote monitoring after ILR implantation
were useful to achieve a diagnosis in 5 symptomatic children
(20%) and to rule out arrhythmias in 6 symptomatic patients
(24%). No significant arrhythmias were detected among the
other children. Thanks to the ILR, three patients achieved
diagnosis of SVT after negative conventional diagnostic
work-up: sporadic or non-sustained episodes of SVT in chil-
dren sometimes may result to be uncovered by non-invasive
diagnostic testing, such as prolonged Holter monitoring.
The increased P wave visibility and R wave amplitude can
be useful to discriminate the type of arrhythmia, evaluat-
ing P wave morphology, RP interval, narrow or wide QRS
complexes, also guiding the medical management. In two
children with undiagnosed syncope episodes and inconclu-
sive non-invasive tests, including inconclusive head-up tilt
test, the increased P wave visibility represented a significant
advantage to confirm the clinical suspect of reflex syncope:
a typical cardioinhibitory response with sinus pauses and
junctional rhythm was observed during the clinical episode
on automatic SECG transmissions, excluding paroxysmal
AV block.

The patients’ and parents’ acceptability of the BIOMONI-
TOR III resulted excellent. None of the patients reported sig-
nificant device-related problems or discomfort. With regard
to psychological components, no significant worries about
esthetics or interference with social life, sports, or education
were found. Most parents were not concerned after device
implantation and felt safer because their children were con-
stantly monitored.

Remote Monitoring

In our experience, remote monitoring allowed us to fol-
low-up our little patients, avoiding unnecessary in-person
visits and in-hospital device interrogations, by monitoring
diagnostics remotely, especially during the COVID-19 out-
break. It was useful in communicating effectively with their
families by phone contact or email, reassuring parents or
guardians about the health of their children. We suppose
that it played an important role in the high sense of safety
that resulted from our questionnaires. Despite clinical ben-
efits, remote monitoring requires an increased work overload
to physicians, nurses, and hospital stuff to check regularly
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automatic transmissions and to communicate with families
during follow-up if symptoms occur or arrhythmias are
detected [17-19]. More studies are required to better assess
the impact of remote monitoring on the early detection of
arrhythmias and the symptom-rhythm correlation in the
pediatric population.

Limitations

Limitations of this study include the retrospective and
single-center design with a small number of patients and
a heterogeneous population. A low number of significant
arrhythmic events were encountered in our study, so detec-
tion performance needs to be re-assessed after a larger
number of arrhythmia episodes. The lowest age used for
this device was 5 years and lowest weight was 23 kg in this
study. Therefore, our results could not be generalizable to
the entire pediatric population, especially for very small chil-
dren. The influence of device insertion position on sensing
performance and noise burden was not evaluated in view of
the small population. In our experience, it appeared to be
negligible, but larger investigations are required to find the
best position for this new ILR in this setting. Further studies
are warranted to compare current generation ILRs with dif-
ferent vector length in the pediatric population and to better
define the benefit of long sensing vector ILR implantation.

Conclusion

Based on our preliminary experience, the use of a long sens-
ing vector ILR (BIOMONITOR III) was well accepted, with
a good signal quality and excellent safety profile in a cohort
of pediatric patients. The amplitude of the R wave was good
regardless of age or gender, with good P wave visibility and
a very low noise burden, confirming the excellent sensing
performance demonstrated in the adult population.
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