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Right Ventricular Outflow Tract
Electroanatomical Abnormalities Predict
Ventricular Fibrillation Inducibility
in Brugada Syndrome
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E

lectroanatomical mapping has demonstrated abnormal bipolar electrograms
at the anterior aspect of the right ventricular outflow tract (RVOT) epicardium
along with histopathologic evidence of fibrosis in patients with Brugada syndrome (BrS).1,2 These epicardial abnormalities are believed to serve as the electric
substrate for ventricular fibrillation (VF) initiation and maintenance in BrS.1,2 We
have recently demonstrated that patients with BrS display wide areas of endocardial unipolar voltage abnormalities that possibly reflect epicardial structural abnormalities at the free wall of the RVOT.3 We hypothesized that electroanatomical
abnormalities detected by high-density endocardial unipolar voltage mapping at
the RVOT predict VF inducibility during programmed ventricular stimulation (PVS).
The study population consisted of 17 asymptomatic probands (15 males,
37.3±10.8 years) with spontaneous type 1 BrS ECG pattern referred for risk stratification with PVS. A comprehensive evaluation including late gadolinium enhancement cardiac magnetic resonance imaging ruled out structural heart disease in all
patients. The study was approved by the Hospital Ethics Committee and written
informed consent was obtained from all patients.
High-density electroanatomical mapping of the RVOT during sinus rhythm was
performed as described previously (Methods in the Data Supplement).3 In brief,
a minimum of 800 points were sampled to build the RVOT geometry (CARTO 3,
Biosense-Webster, CA). An electroanatomical mapping was considered abnormal
in the presence of low-voltage areas >1.5 cm2 including ≥3 adjacent points with
a bipolar signal amplitude <1 mV and an unipolar signal amplitude <4 mV (Figure
[A] and [B]).3 PVS was performed from the right ventricular apex and RVOT sites at
3 drive trains (600, 500, and 400 ms) inserting up to 3 extrastimuli (no <200 ms),
and considered positive if VF (lasting ≥30 s or requiring termination because of
rapid hemodynamic deterioration) was induced.
Continuous data are presented as mean±SD. Continuous variables with and
without normal distribution were compared using Student t test and Mann–Whitney U test, respectively. The association between abnormal bipolar and unipolar electroanatomical mapping and VF induction during PVS was determined by
means of univariate analysis. A receiver operating characteristics curve analysis
was performed to determine the optimal cutoff value of the abnormal area size,
defined as the value maximizing the sum of sensitivity and specificity, that predict
VF inducibility. A probability of <0.05 was considered significant.
The clinical and electrophysiological data of the study cohort are depicted in
Table I in the Data Supplement. PVS induced VF in 6 patients (35%) with the use
of 2 extrastimuli in 3 patients and 3 in the rest of them. All 6 patients received
an implantable cardioverter defibrillator. The mean number of right ventricular
sites sampled for high-density electroanatomical mapping was 1007.2±176.0. The
mean RVOT area presenting low-voltage bipolar signals was 3.2±1.6 cm2 (range,
1.5–7 cm2; Figure [A]). A significantly greater area of low-amplitude unipolar sigCirc Arrhythm Electrophysiol. 2018;11:e005928. DOI: 10.1161/CIRCEP.117.005928
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Figure. Right ventricular outflow
tract electroanatomical mapping
in Brugada syndrome.
A, High-density endocardial mapping
showing small areas of low-voltage
bipolar signals (<1 mV) at the free
wall of the right ventricular outflow
tract in a patient with Brugada syndrome and inducible ventricular fibrillation during programmed ventricular
stimulation; (B) a broad area of abnormal unipolar signals (< 4 mV) was
recorded at the same region, possibly
reflecting epicardial lesions.
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nals was recorded (10.9±5.4 cm2 [range, 1.5–22 cm2];
P=0.001; Figure [B]). Both bipolar and unipolar electroanatomical abnormalities were mainly located at
the free wall of the RVOT and less commonly at the
inflow tract. Of note, 4 patients with no or minimal
bipolar lesions (≤2 cm2) depicted broad areas of abnormal unipolar lesions (7–12 cm2). Two subjects exhibited
normal bipolar and unipolar electroanatomical maps
(≤1.5 cm2). Patients with VF inducibility demonstrated
greater areas of abnormal unipolar (16.0±3.8 versus
8.1±4.0 cm2; P=0.010) and bipolar (4.2±0.7 versus
2.6±1.6 cm2; P=0.016) signals compared with those
without arrhythmia induction. In univariate analysis,
both unipolar (P=0.001) and bipolar (P=0.016) electroanatomical abnormalities were significantly associated
with VF inducibility. Receiver operating characteristics
curve analysis demonstrated that the presence of an
area size >11 cm2 for low-amplitude unipolar signals
(area under the curve, 0.939; sensitivity, 100%; specificity, 73%; P=0.004) and >3.5 cm2 for low-amplitude
bipolar signals (area under the curve, 0.856; sensitivity,
83%; specificity, 82%; P=0.018) predict VF inducibility
during PVS. None of the BrS subjects displaying normal
electroanatomical findings were inducible for VF during PVS. During a mean follow-up period of 8.4±3.9
months, 1 patient received an appropriate implantable
cardioverter defibrillator shock.
High-density endocardial unipolar voltage mapping
may prove a valuable tool for the diagnosis and risk
stratification of BrS. Using an endocardial unipolar voltage threshold of 4 mV, we showed that patients with
BrS, even with no or minimal bipolar voltage lesions,
display large areas of abnormal unipolar voltage mapping at the free wall of the RVOT. In a recent study, a
similar endocardial unipolar voltage cutoff value for the
identification of epicardial bipolar voltage abnormalities
in the right ventricle has been proposed (3.9 mV).4 Lowunipolar endocardial area indicates epicardial involvement in patients with no or minimal bipolar endocardial

changes.4,5 The identification of large abnormal endocardial unipolar areas that possibly reflect a diseased
epicardium may strengthen the diagnosis of BrS. The
later may add important information for distinguishing
true BrS patients from those with Brugada phenocopies, based on the presence of abnormal and normal
maps, respectively.
Electroanatomical mapping may additionally improve
the prognostic accuracy of PVS in patients with BrS. We
demonstrated that BrS patients with broad endocardial
unipolar voltage abnormalities are more vulnerable to
VF induction during PVS. On the contrary, subjects with
normal electroanatomical maps were noninducible.
Previous epicardial studies support the present findings.1,2 After epicardial substrate elimination, patients
with BrS become noninducible during PVS and the ECG
normalizes.1,2 The prognostic significance of this novel
electroanatomical marker in asymptomatic individuals
with BrS remains to be prospectively validated in the
setting of multiparametric risk stratification models.
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Methods
Electroanatomical mapping
After written informed consent was obtained from all subjects, an electrophysiological study
was performed with the patients in the fasting, non- sedated state. A high-density endocardial
voltage mapping of the right ventricular outflow tract (RVOT) during sinus rhythm was performed
using a three-dimensional non-fluoroscopic mapping system (CARTO 3, Biosense-Webster, Diamond
Bar, CA, USA). All subjects displayed the characteristic type 1 ECG pattern of Brugada syndrome
(BrS) during mapping. A minimum of 800 points was sampled throughout the right ventricle using a
multipolar catheter (high-resolution multi-electrode mapping, DecaNav catheter, 2-8-2
interelectrode spacing, Biosense Webster). Areas displaying low-amplitude signals were mapped
with greater point density to delineate the extent and borders of abnormal endocardial sites. A
contact force sensing catheter (SmartTouch TM, Biosense Webster, Diamond Bar, CA, USA) was used
for validation of bipolar and unipolar electrograms, particularly in low-voltage areas. The fill and
the colour threshold for the electroanatomical mapping was set at 15 mm and 23 mm, respectively.
Bipolar (filtered at 30–500 Hz) and unipolar signals (filtered at 1–240 Hz) were recorded and
analysed simultaneously with regard to amplitude, duration, relation to the surface QRS, and the
presence of multiple components.
Reference values for normal bipolar and unipolar electrograms were validated in 20
subjects without structural heart disease established by c-MRI. A minimum of 800 points was sampled.
Pulmonary valve sites (defined as the abrupt appearance of very low signals during RVOT
electroanatomical mapping) were excluded from the measurements. Normal bipolar electrograms
were sharp with ≤ 3 rapid deflections and short duration (<70ms). The percentage of low-voltage
areas (bipolar and unipolar electrograms) within the RVOT was calculated using a specific software
included in the CARTO 3 version (Biosense-Webster, Diamond Bar, CA, USA). Abnormal bipolar and
unipolar electrograms were defined as those exceeded by 95% of all electrograms. 1,2
A mean of 1019.1±171.7 points was collected during high-density electronatomical
mapping of the right ventricle in control population with idiopathic RVOT ventricular tachycardia.
The mean bipolar amplitude within the RVOT aspects was 4.1 ± 0.4 mV (mean bipolar amplitude
within the right ventricular body 4.6 ± 0.4 mV), with 95% of the recorded signals with normal
configuration having an amplitude >1mV. The mean amplitude of unipolar electrograms within the
RVOT segments was 7.9 ± 0.7 mV, (mean unipolar amplitude within the right ventricular body
8.8±0.8 mV) with 95% of the recorded unipolar signals having an amplitude >4mV. Based on these
findings, an electroanatomical mapping was considered abnormal in the presence of low-voltage
areas ≥1 cm2 including ≥3 adjacent points with a bipolar signal amplitude < 1 mV and an unipolar
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signal amplitude <4 mV.

Statistical analysis
Continuous data are presented as mean ± standard deviation. Continues variables were
tested for normal distribution using the Kolmogorov-Smirnov and Shapiro-Wilk tests. Continuous
variables with and without normal distribution were compared using Student’s t-test and MannWhitney U test, respectively. Categorical data are presented as frequency and percentage. The
association between abnormal bipolar and unipolar electroanatomical mapping and VF induction
during PVS was determined by means of univariate analysis. A receiver operating characteristics
curve (ROC) analysis was performed to determine the optimal cut-off value of the abnormal area
size, defined as the value maximizing the sum of sensitivity and specificity, that predict VF
inducibility. A probability of less than 0.05 was considered significant. The IBM SPSS program
(Statistics for Windows, Version 22.0. Armonk, NY, IBM Corp) was used for the statistical analysis.
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Table 1. The clinical and electrophysiological characteristics of BrS patients.
Age

Sex

Genetic
testing

EAM
(total
points)

VF
induction
at PVS

Low voltage
(<1 mV)
bipolar
area (cm2)

1

22

M

NP

1150

Yes

4.5

Low
voltage
(<4 mV)
unipolar
area (cm2)
18

2

38

M

Negative

1080

No

7

12

3

30

M

NP

927

Yes

4

22

4

21

M

Negative

886

No

1.5

7

5

45

M

NP

1494

No

4

14

6

34

M

NP

1248

Yes

3

12

7

27

M

Negative

883

No

2

8

8

29

F

NP

996

No

3

9

9

35

M

NP

1131

Yes

4

12

10

60

F

NP

810

No

1.5

12

11

40

M

NP

1061

Yes

5

15

12

37

M

NP

933

No

1,5

6

13

30

M

NP

901

No

1,5

1,5

14

45

M

NP

1006

Yes

3

9

15

50

F

NP

843

No

3

10

Location of
low voltage
unipolar areas
RVOT: Free
wall
RV inflow
tract: lateral
sub-tricuspid
regions
RVOT: Free
wall
RVOT: Free
wall
RV inflow
tract: lateral
sub-tricuspid
regions
RVOT: Free
wall
RVOT: Free
wall
RVOT: Free
wall
RVOT: Free
wall
RVOT: Free
wall
RVOT: Free
wall
RV inflow
tract: lateral
sub-tricuspid
regions
RVOT: Free
wall
RVOT: Free
wall
RVOT: Free
wall
RVOT: Free
wall
RVOT: Free
wall
RVOT: Free
wall

4

16

54

M

Negative

953

Yes

5

17

17

37

M

NP

821

No

1,5

1,5

RVOT: Free
wall
RV inflow
tract: lateral
sub-tricuspid
regions
RVOT: Free
wall

EAM: electroanatomical mapping; NP: Not performed; PVS: programmed ventricular stimulation;
RVOT: right ventricular outflow tract; RV: right ventricular; VF: ventricular fibrillation.
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