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Althoughmost cases of Brugada syndromehave beendescribed in adults, pediatric patientswith the disease have
been reported since the original article from Josep and Pedro Brugada. Herein is presented the case series of
Brugada syndrome in pediatric population of the National Institute of Cardiology Ignacio Chavez. One boy and
two adolescent males had palpitations as clinical presentation of the disease. Atrial arrhythmias were docu-
mented in two, in the third case there was a high clinical suspicion and quinidine abolished symptoms. The
aim of this report is to highlight the importance of performing a detailed clinical history as well as the usefulness
of high precordial leads for the diagnosis of this entity.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Among the primary electrical diseases without cardiac structural al-
teration are long QT [1], short QT, and early repolarization syndromes,
as well as catecholaminergic polymorphic ventricular tachycardia [2].
Brugada syndrome (BrS) [3] had initially been considered part of this
group, because it was thought to be an exclusive result of an alteration
in the cardiomyocyte sodium channels. However, there is currently
clear evidence of an anatomical substrate in the BrS [4]. From the clinical
point of view, although electrocardiographic criteria and symptoms are
widely described in the literature [5], especially in the pediatric popula-
tion the diagnosis of many of the electrical diseases that predispose to
sudden cardiac death remains a challenge. In this paper, we included
the series of cases of pediatric presentation of BrS treated at the Instituto
Nacional de Cardiología Ignacio Chávez. A review of the literature was
made to highlight the broad spectrum of clinical manifestations and
the variation in the arrhythmic phenotype that this syndrome may
present in a pediatric population.
rdiología Ignacio Chávez, Juan
alpan, Ciudad de México, C.P.

M.F. Márquez).
Case presentation

Family 1 (index case)

A childwithout family history of sudden deathwas seen at our Insti-
tution in the year 2012 (Table 1). At the age of 5 years, he suddenly pre-
sented precordialgia and palpitations. He was taken to a hospital near
his home and was found hemodynamically unstable with tachycardia
of 240 bpm requiring assisted mechanical ventilation. He was then
dischargedwith amiodarone and propafenone and referred to our Insti-
tute. After a multifocal atrial tachycardia (AT) was documented,
propafenone was increased; However, it had to be stopped a few
weeks later due to onset of sinus node dysfunction. An electrophysio-
logical study (EPS) was performed in which AT ablation was attempted
without success and so verapamil was added. He continuedwith parox-
ysms of AT (one of them with syncope); a second EPS was thus carried
out. This time two atrial flutters were induced: one was left (peri-mi-
tral) and the other right (CTI dependent); they were both successfully
ablated. However, since the paroxysms of AT recurred, flecainide was
added and swiftly suspended a couple of days later, after nodal rhythm
at 35 bpm and the presence of a type 1 BrS (Fig. 1A) pattern in the high
precordial leads was documented. Because of frequent and persisting
paroxysms of AT, a third EPS was performed. A foci of ectopic activity
was found at the perimitral region and was successfully ablated. After
this procedure, episodes of nodal rhythm became more frequent, until
pauses of N3 s were documented. As a result, a DDDR pacemaker was
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Table 1
Clinical and electrocardiographic manifestations of three male children with Brugada syndrome.

Age of first
manifestation

Familial
history
of
sudden
death

SBr
ECG
pattern

First manifestation Syncope Atrial
arrhythmias

Ventricular
arrhythmias

Convulsive
crisis/fever
related
event

Sinus node
dysfunction

Pacemaker/ICD

Case 1 5 years NO Type 1 Palpitations YES Atrial
tachycardia, atrial
flutter

NO NO YES DDDR

Case 2 (family
case index 1)

13 years NO Type 1 Syncope YES Atrial flutter NO NO YES NO

Case 3 17 years YES Type 1 Palpitations, precordial pain
and dyspnea at rest

NO NO NO NO NO NO
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implanted. Finally his family was able to obtain quinidine which sub-
stantially reduced tachycardia episodes. Unfortunately, six months
later, the patient presented recurrence of AT. It was decided to perform
a fourth EPSwhere ATwas documented as a rightmacro re-entry; a suc-
cessful ablation was performed. On his last visit in 2019, only six self-
limited episodes of atrial fibrillation (asymptomatic) were found. Once
BrS was diagnosed, a screening was done to rule out the presence of
the disease in a first-degree relative; the disease was documented in
his older brother (case 2).

Case 2 (relative of index 1 case)

This case is about the older brother of the case 1 patient, nowadays a
17-year-old teenager. Asymptomatic cardiovascular until the age of
13 years when he presented with a syncope without prodromes,
which was not studied. At the age of 15 years, he began with
Fig. 1. Standard12-lead ECGandhighprecordial leads of pediatric patientswith Brugada syndro
required).
palpitations, asthenia, dyspnea, and dizziness during physical activity.
Thus, he went to another hospital documenting typical atrial flutter.
He was admitted and started intravenous amiodarone. Then, he was
dischargedwith oral amiodarone. Three days later, hewas first assessed
at the Institute. Theflutterwas still persistent, and amiodaronewas con-
tinued. Four months later, he returned to the clinic and was in sinus
rhythm. Ten days later, the patient presented with tachycardia (pulse
170 bpm), so propafenone was added. Two weeks later, he sought con-
sultation for dizziness, asthenia and adynamia; a sinus bradycardia of
50 bpm was documented in the ECG. An electrophysiological study
was carried, in which CTI-dependent atrial flutter was induced and suc-
cessful ablation with bidirectional CTI block was performed; extrinsic
sinus node dysfunction was also documented. A month later, he started
with dizziness andwent to assessment; sinus bradycardia with pulse of
40 bpm was documented again; high precordial leads were recorded
documenting a type 1 BrS pattern (Fig. 1B).
me.A) Index-1 case. B) Family of index-1 case. C) Index-2 case (no highprecordial leads are
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Case 3 (index 2 case)

Adolescent not related to the previous cases, with a familial history
of sudden death of a 16-year-old brother and a mother with interven-
tricular septal defect. At 17 years of age, he began with medium-effort
dyspnea, profuse diaphoresis and rapid and irregular palpitations (last-
ing 3 min) associated with oppressive precordial pain. He visited a pri-
vate physician who found a type-1 BrS pattern in the resting ECG
(standard leads) and ruled out any structural anomaly with an echocar-
diogram scan. He presented another episode of transient palpitations
associated with precordial pain and dyspnea at rest, and so, the patient
visited to the Institute. The standard ECG showed the pattern of a type 1
BrS (Fig. 1C). A treatment with quinidinewas thus initiated with a good
response: the episodes of palpitations disappeared.

Discussion

In this work, our objective was to highlight the importance of semi-
ology in the diagnosis of BrS in children. Just as in adults, this disease
carries a high risk of ventricular arrhythmias, cardiogenic syncope and
sudden cardiac death; in the case of the pediatric population, some
cases of sudden infant death syndrome could be attributed to the BrS
[6]. Although cases of BrS have been described from an age of 2 years
[7], their presentation in children is rare, with an extremely low preva-
lence (0.0098%) compared to the adult population (0.14% to 0.7%) [8];
however, this syndrome is responsible for 4–12% of all cases of sudden
cardiac death [7]. Prior to this study, only one pediatric case has been re-
ported inMexico: a child who started with symptoms in his first year of
life, inwhom the type 1 patternwas evident during a febrile episode [9].
Recently, Michowitz and collaborators reported a series of 57 patients
obtained from 23 European and 4 Asian centers, diagnosed with BrS be-
fore the age of 21 years. They also found a higher prevalence of sinus
dysfunction and atrial arrhythmias as in the present series. In addition,
the authors reported that sinus node dysfunction, atrial arrhythmias
and interventricular conduction defects are risk factors for the develop-
ment of ventricular tachyarrhythmias [10].

Diagnostic challenges

Regarding the syndrome diagnosis, a great difference was observed
in how it was established in each of the patients presented. The first
case required a thorough evaluation by multiple doctors. The diagnosis
was not evident atfirst since, clinically, itsmainmanifestationwas atrial
arrhythmiaswhich turned out to bemultiple. In addition, the diagnostic
patternwas not evident in conventional leads, so it was necessary to use
the high precordial leads to unmask it. In comparison to these first two
cases, from the initial evaluation of case 3, a clear pattern of type 1 BrS
was found in the standard ECG that did not even require the completion
of the high precordial leads [11].

In relation to syncope in children with BrS, it is described that, char-
acteristically, syncopal episodes occur at rest during the night and are
often caused by fever, including cases related to vaccination [8]. In
fact, a study of 30 pediatric cases from 13 European institutions identi-
fied fever as the main precipitating factor of malignant arrhythmic
events in children [8]. Therefore, it is recommended to perform a
12‑lead ECG during fever episodes in children with a family history of
BrS, sudden death and in all children with febrile seizures [12].
Table 2
Prediction model of potentially lethal events. (Modified from Gonzalez-Corcia, et al., 2018).

Risk Score Clinical presentation

Low 0 Asymptomatic without conduction abnormalities
Intermediate 1–3 Asymptomatic with conduction abnormalities
High 4–5 Syncope with or without single electrical anomaly
Very high ≥6 Nonfatal cardiac arrest and/or syncope with multiple
Risk stratification

As for the arrhythmic phenotype, the incidence of life-threatening
arrhythmias in children with BrS is reported around 10% [8]. It is thus
noteworthy that in the three cases of this series only atrial arrhythmias
were presented; arrhythmias such as ventricular tachycardia or ventric-
ular fibrillation were not documented [8]. There is no doubt that the
placement of an ICD is the only therapeutic measure with which we
can manage ventricular arrhythmias and prevent sudden death in the
symptomatic patients with BrS; Nevertheless, the large number of com-
plications and inappropriate discharges limit the patients that are given
this preventive measure [13]. Gonzalez-Corcia and collaborators devel-
oped amodel that predicts thedevelopment of life-threatening arrhyth-
miaswith high statistical value (C=0.93). Table 2 shows how the score
is awarded according to clinical variables and how these patients are
classified. The model awards 4 points to the presence of symptoms
(nonfatal cardiac arrest or syncope), 3 points to spontaneous type 1 pat-
tern, 2 points to sinus node dysfunction and/or atrial tachycardia, and 1
point to conduction abnormalities. With these clinical variables, it was
identified that the risk of suffering a potentially lethal event in 5 years
is 30% with 4 points or more and 53% (≥6 points) [14]. The calculated
risk for the study patients with this model would be 53% for cases 1
and 2 (9 points) and 30% for case 3 (4 points).

High precordial leads

The first description of the utility of the high precordial leads (above
the fourth intercostal space [ICS]) was reported by Naccarella in 1993
[15](Fig. 3A). Naccarella raised the 6 precordial leads by one ICS, so
that V1was positioned in the3rd right ICS. In his publication, he showed
a clear example of how a suspicious pattern of BrS in standard leads (4th
ICS) was "converted" to a typical pattern in high leads. This fact went
unnoticed until Shimizu et al. [16](Fig. 3B). simultaneously recorded
the ECG of 87 leads and the standard ECG of 12 leads in 25 patients
with BrS and 40 controls. They found that in most patients (18 out of
25) the maximum ST segment elevation was found in standard leads
V1 and V2 (4th ICS). In spite of this, there were 7 patients (28%) in
whom the diagnostic pattern (elevation typical of the ST segment)
was only identified in the “high” leads recorded above standard V1
and V2 in the second or third ICS. A year later, Sangwatanaroj et al.
[17](Fig. 3C) published a modified technique to obtain the high precor-
dial leads. Themethod consisted in using only V1, V2 and V3 electrodes
for recording, but located in the 2nd and 3rd ICS (Fig. 3D). They referred
to the leads in the 3rd ICS as -V1, -V2 and -V3, while the leads obtained
in the 2nd ICS were called -2V1, -2V2 and -2V3. Our group described a
simpler method that consists in the simultaneous use of all the precor-
dial electrodes (V1-V6) on both sides of the sternum (parasternal)
(Fig. 2); V1 to V3 are placed in the right parasternal region and corre-
spond to the right parasternal register in 2nd, 3rd and 4th ICS; elec-
trodes V4 to V6 are placed in the left parasternal region in 2nd to 4th
ICS. In this way, V3 and V6match standard V1 and V2, while the others
correspond to the high leads.

The role of cascade screening

Case 2 was discovered while performing a family screening of
index 1 case, which highlights the importance of this strategy. In
Event probability in 5 years ICD indication

0 NO
0 NO
30% Yes

conduction abnormalities 53% Yes



Fig. 2.High parasternal electrocardiographic leads (Márquez et al., 2007). In the 3 × 2 format (3 leads for each column [2]) electrode placement follows the anatomy of ICS. Electrodes V1,
V2 and V3 are placed in the right parasternal area (RP) at the 2nd, 3rd and 4th ICS respectively. Likewise, electrodes V4, V5 andV6 are placed on the left parasternal area (LP)mirroring the
right electrodes.
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order to support the clinical diagnosis, molecular genetic studies
are undertaken. These studies have a limited availability in
Mexico and are useful in the screening of similar cases, as well
as other sudden death syndrome cases [6]. At least one ECG should
be performed on all children with a familial history of sudden
death or those with febrile seizures to make a timely diagnosis
of BrS.
Fig. 3. Evolution of high precordial lead models. A) Nacarella (1993), B
Conclusion

It is extremely important to recognize the different inherited syn-
dromes associated with sudden death in pediatric age, as well as the
broad spectrum of their clinical manifestations. To unmask this syn-
drome, we find that the high precordial leads are useful, and these can
readily obtained with the technique described by our group.
) Shimizu (1999), C) Sangwatanaroj (2001), D) Márquez (2007).
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