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Introduction
Brugada syndrome (BS) was reported for the first time in
1992 and is associated with an ST-segment elevation in the
right precordial leads in the absence of any demonstrable
structural heart disease, as well as with sudden cardiac death
due to ventricular fibrillation (VF).1 A patent type 1 electro-
cardiogram (ECG) is diagnostic of BS and is characterized
by a coved ST-segment elevation of Z2 mm followed by a
negative T wave in 41 right precordial lead (V1 to V3) in
the presence or absence of a sodium channel–blocking agent,
and in conjunction with 1 of the following: documented VF,
polymorphic ventricular tachycardia (VT), a family history
of sudden cardiac death at o45 years of age, coved-type
ECGs in family members, inducibility of VT/VF with
programmed electrical stimulation, syncope, or nocturnal
agonal respiration.2 An autosomal dominant disease with
incomplete penetrance, BS has been linked to mutations in
SCN5A, the gene encoding the alpha subunit of the cardiac
sodium channel. Still, SCN5A mutations have been reported
in only approximately 20% of patients with BS diagnosed on
the basis of clinical criteria, suggesting that other genetic
defects or other disease mechanisms may give rise to this
clinical picture.3

Noninvasive ECG imaging reveals that the abnormal
electrophysiological substrate is localized in the right ven-
tricular outflow tract (RVOT). Both abnormal repolarization
and abnormal conduction are present in the substrate.2,3

The presence of structural cardiac disease as part of the
phenotype of BS has been suggested repeatedly but never
demonstrated conclusively. The relationships in BS between
the clinical manifestations, the presence of SCN5A gene
mutations, and structural heart disease are highly complex.
Frustaci et al4 used an optical microscope to observe
hypertrophy and vacuolization of cardiac myocytes in
endomyocardial biopsies of the septoapical region of the
right ventricle from 3 patients. This study suggests that right
ventricular biopsy is the more sensitive approach to identi-
fying structural heart disease in patients with a phenotype of
BS. In this regard, more studies need to be done to clarify the
mechanistic links between the electrical substrate in BS and
the presence of a structural substrate.

The aim of the present study was to investigate whether
concealed cardiac abnormalities are present in a patient
diagnosed with BS and whether there is a correlation
between functional analysis and possible ultrastructural
alterations. We report the results of an endomyocardial
biopsy, guided by voltage and electroanatomic mapping of
the RVOT, with transmission electron microscopy (TEM)
analysis and the correlation of these results with clinical,
electrophysiological, and ECG findings. The present results
shed new light on the pathophysiology of the disease and
may help to account for its arrhythmic manifestations.

Case report
A 38-year-old white woman, a nurse who experienced
frequent syncopal episodes, was admitted to our hospital in
April 2014. At admission, a clinical and family history was
collected, and the patient underwent physical examination
and noninvasive studies that included 2-dimensional echo-
cardiography, tilt test, computed tomography of the brain,
electroencephalography, Holter monitoring, human immu-
nodeficiency virus testing, laboratory testing, myocardial
perfusion scan, and cardiac magnetic resonance imaging.
The study protocol was approved by the institutional ethics
committee. Systemic diseases, Chagas disease, drug abuse,
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electrolyte imbalance, and echocardiographic abnormalities
of the heart valves, the right and left ventricular dimensions,
and contractility were excluded. The patient had no family
history of BS or sudden cardiac death, but we found an
asymptomatic 17-year-old daughter with an induced patent
type 1 ECG. The diagnosis of BS was suspected after we
documented a patent type 2 ECG with saddleback appear-
ance, with a high takeoff ST-segment elevation of 42 mm
followed by a biphasic T wave in either lead V1 or lead V2 in
the second intercostal space (ICS) and we also noted the
presence of end-QRS slurs in the DI and aVL leads, with a
J-point peak ofZ0.2 mV and ST segment descending in the
DI lead and horizontal in the aVL lead, corresponding to an
early repolarization. BS was definitively diagnosed when the
patent type 2 (saddleback) ECG was converted to type 1 after
challenge with a sodium-channel blocker (flecainide 400 mg,
orally), in precordial lead V1 to V3 in the second ICS,
which was associated with a final R wave of aVR of 3 mv,
prolonged QRS duration in V2 of 150 milliseconds
(Figure 1), and documented VF induced with programmed
electrical stimulation. The patient did not accept an implant-
able cardiac defibrillator.

After obtaining written informed consent, we performed
an electrophysiological study, electroanatomic and voltage
mapping, endomyocardial biopsy, and catheter ablation
procedure. The study was conducted with the patient in a
fasting, drug-free, and sedated state. Under fluoroscopic
guidance, a 6F quadripolar catheter (St Jude Medical, St
Paul, MN) and a 7F deflectable decapolar catheter (Livewire
TC, St Jude Medical) were introduced into the His bundle
region and coronary sinus, respectively, via the femoral
veins. Detailed mapping was performed in the RVOT using a
7F Safire quadripolar ablation catheter with an 8-mm distal
electrode, an embedded thermistor, and a deflectable tip
(St. Jude Medical). Endocardial potentials were filtered to
recording frequencies of 30 to 500 Hz and recorded on a
computer system (Feas Electrónica AR, Córdoba, Argen-
tina). During the procedure, the baseline interval AH was
110 milliseconds, HV-DI was 60 milliseconds, HV-V2 was
40 milliseconds, QRS duration in DII was 90 milliseconds,
and QRS duration in V2 was 150 milliseconds (Figure 2A).
The protocol of programmed electrical stimulation from
RVOT was performed (2 drive and r3 extrastimuli from
RVOT). An S1-S2 interval was applied after 8 beats of drive
pacing at basic cycle lengths of 600 to 400 milliseconds. The
S1-S2 interval was decreased in 20-millisecond steps until
the effective refractory period of the right ventricle, which
was 180 milliseconds, was reached. During a stimulation in
which the S1S1 value was 600 milliseconds, the S1-S2
interval was 240 milliseconds, and the S2-S3 interval was
200 milliseconds, we induced VF that lasted 410 seconds
and required an electric shock. Premature ventricular com-
plexes (PVCs) with a left bundle branch block morphology,
inferior axis, transition of 4V3, and transitional zone index
of 1 occurred repetitively before episodes of spontaneous VT
from the RVOT area and preceded diastolic electrograms
(EGMs) (Figures 2B and 2C). Electroanatomic and voltage
mapping of the right ventricular and RVOT endocardium
was performed with the EnSite NavX system (St. Jude
Medical) (Figure 2D). Bipolar signals were filtered at 30 to
400Hz and displayed at 100 to 200 mm/s. We defined 3
zones according to the voltage amplitude of systolic EGMs: a
central very low-voltage zone of o0.5mV, a peripheral
low-voltage zone of 0.5 to 1.5mV, and a normal voltage zone
of 41.5 mV (Figures 2D and 3). After accessing the right
internal jugular vein with a 7.2F 45-cm deflectable sheath
catheter (Attain deflectable catheter delivery system, Med-
tronic, Minneapolis, MN), we connected a bioptome [Jawz
Endomyocardical biopsy forceps (Argon Medical, Plano,
TX), 6F, length 50 cm] to the NavX system and obtained
endomyocardial biopsies of the 3 previously defined areas,
guiding by electroanatomic and voltage maps. Samples were
fixed in 4% glutaraldehyde and 0.1% sodium phosphate
(pH 7.4) for the TEM study, as was described previously.5

Guided by voltage EGMs map systolic, electroanatomic
map, and bipolar EGMs diastolic, we identified areas that
contained low-amplitude late potentials, middiastolic
EGMs, and presystolic Purkinje-type potentials of low
amplitude and high frequency preceding the QRS for 20 or

KEY TEACHING POINTS

� Abnormal electrophysiological substrate is
localized in the right ventricular outflow tract.
Both abnormal depolarization and abnormal
conduction are present in the substrate.

� We investigated the hidden heart defects and the
correlation between functional analysis and
ultrastructural alterations present in a patient with
Brugada syndrome.

� We report the endomyocardial biopsy, guided for
voltage map of the right ventricular outflow tract,
with transmission electron microscopy analysis and
the correlation with clinical, electrophysiological,
and electrocardiographic findings.

� We report the cell damage and death, progressively
from a peripheral to a central, very low-
voltage area.

� We recognize 3 functional and ultrastructural areas
on the substrate: a central area of very low voltage,
another peripheral area of intermediate voltage,
and finally a more peripheral area of normal
features.

� Guided by systolic voltage electrograms (EGMs)
map and diastolic bipolar EGMs, we identify areas
that contained low-amplitude late potentials,
middiastolic EGMs, and presystolic Purkinje-type
potentials. All these areas were targets for
ablation.
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