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Abstract Brugada syndrome (BrS) has been origi-

nally considered to occur in structural normal hearts.

However recent pathological and imaging data sug-

gest that structural and functional changes may be

present in this syndrome. This study was designed to

elucidate whether any macroscopic heart abnormality

is detectable in patients with BrS. For this purpose we

used cardiac magnetic resonance (CMR). Twenty-

nine patients displaying the BrS type-1 ECG pattern

and 29 healthy controls underwent CMR (1.5 Tesla).

Left (LV) and right ventricular (RV) dimensions,

function and regional contractility were evaluated.

Late-gadolinium-enhancement (LGE) imaging was

obtained in 24 patients. We found no difference

between BrS patients and controls regarding LV and

RV dimensions and ejection fraction. RV wall motion

abnormalities (WMA) were detected in 19 patients

(65.5%) and in 22 control subjects (75.9%). The

majority of these WMA were attributable to areas of

hypokinesia and found in the RV inferior wall. None

of the patients showed LGE. No differences were

detected between controls and the different subgroups

of BrS patients according to symptoms, family history

and spontaneous type-1 ECG pattern. BrS patients do

not differ from normal subjects with regard to

dimensions and global function of both LV and RV.

BrS patients may show RV–WMA, however similar

changes are also present in healthy subjects and may

therefore represent a physiological behaviour of RV.

The lack of LGE further confirms the absence of

myocardial structural damage. Our results indicate

that BrS seems to occur in individuals with structurally

and functionally normal heart.

Keywords Brugada syndrome � CMR � Right

ventricle � Late-gadolinium-enhancement (LGE)

Introduction

Brugada syndrome (BrS) is an arrhythmogenic disease

characterized by a typical ECG pattern of ST-segment

elevation in leads V1 through V3, incomplete right

bundle-branch block, and an high incidence of sudden

death as the result of ventricular fibrillation [1]. This

syndrome has been linked to a wide number of
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mutations in SCN5A, the gene encoding for the a-

subunit of the sodium channel or, more recently, to

mutations in other ion channel or ion-channel-regu-

lating genes [2, 3]. Traditionally BrS has been

considered an electrical disorder that occurs in patients

with structurally normal heart [1]. However, in recent

years pathologic and imaging studies have reported

structural and functional abnormalities in some BrS

patients. In particular fibrofatty replacement, myocar-

ditis and cardiomyopathic changes, as well as regional

contractility abnormalities of the right ventricle (RV)

have been described [4–12].

Cardiovascular Magnetic Resonance imaging

(CMR) is an accurate and highly reproducible tool to

evaluate cardiac morphology and function, and it is

considered the gold standard for the evaluation of the

right ventricle (RV).

Aim of the present investigation was to evaluate the

presence of both morphological and/or functional

abnormalities in BrS, by performing CMR in a

population of patients displaying the BrS ECG pattern

and a group of healthy age and sex matched controls.

Materials and methods

Subjects

We evaluated 29 patients with the BrS ECG pattern

(12 women and 17 men, mean age 44.8 ± 15.0 years)

participating to a local program of follow-up. Inclu-

sion criteria consisted of a type-1 ECG present either

at baseline or after drug challenge. Confounding

factors that could account for the ECG abnormality

were carefully excluded [2]. Furthermore no patients

with [1 major or [2 minor criteria for ARVC or

family history of ARVC diagnosis were enrolled [13].

Fourteen patients had a spontaneous type-1 ECG

while 15 exhibited the type-1 pattern only after drug

challenge. Twenty-one patients were either symptom-

atic or presented a family history of sudden death

\45 years old or a coved-type ECG in a family

members, thus fulfilling the diagnostic criteria for BrS

of the second consensus conference endorsed by the

Heart Rhythm Society and the European Heart

Rhythm Association [2]. The clinical and ECG

characteristics of BrS patients are shown in Table 1.

Twenty-nine individually age (±5 years) and gender

matched healthy volunteers were recruited as controls

among the Hospital Staff, their relatives and friends.

Exclusion criteria for normal volunteers were the

presence of signs and symptoms of cardiac diseases,

hypertension, diabetes, smoking habit or being engaged

in competitive sports. Each control was evaluated with a

detailed clinical and family history, physical examina-

tion, standard blood tests and 12-lead ECG.

All the patients and controls gave their informed

consent to participate in the study which was approved

by our Institutional review board.

Magnetic resonance acquisition protocol

All examinations were performed on a 1.5 T system

(Magnetom Symphony, Siemens, Erlangen-Germany)

equipped with 30 mT/m gradients and a phased-array

cardiac coil.

CMR

After the scout scan, the examination protocol

included axial black-blood T1 weighted images which

were obtained with an HASTE sequence [repetition

time (TR) = 1,000 ms, echo time (TE) = 28 ms,

slice thickness = 8 mm, and with a turbo spin echo

sequence (TR = 700 ms, TE = 29 ms, slice thick-

ness = 6 mm)]. Cine images of the heart were

acquired in the two, three and, four chambers (three

slices each), in the short axis view (a stack of 8–14

slices from atrioventricular (AV) plane to the apex),

and in the axial plane (a stack of 10–14 slices from the

pulmonary artery plane to the diaphragm) using a

True-Fisp sequence (TR = 49.35 ms, TE = 1.4 ms,

thickness = 8 mm).

LGE imaging was performed in 24 out of 29 (83%)

patients. For this purpose 10 min after intravenous

administration of 0.2 mmol/kg of gadolinium DTPA

(Magnevist, Schering), images were acquired in the

short-axis view and in the axial plane (8–14-slices

each, covering both the RV and LV) using a PSIR

sequence (TR 700 ms, TE 1.09 ms, slice thickness

8 mm, inversion time 200–300 ms). Five patients

(number 7, 19 and 26–28 in Table 1) refused the CMR

contrast material administration.

Image analysis

Dark-blood images were examined for fatty infiltra-

tion by two experienced readers (D.M.J., T.C.).
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Quantitative analysis of cine images were performed

using a commercial software (ARGUS, Siemens) by

one experienced reader (T.C.). As the right ventricular

outflow tract (RVOT) has been identified as the source

of the electrocardiographic abnormalities and the site

of origin of ventricular arrhythmias in BrS patients [2,

10, 12], the RVOT and the right ventricular inflow

tract (RVIT) diameter and area were specifically

measured at end-diastole on the short axis view. An

arbitrary line drawn through the supraventricular

crista and the centre of the LV was considered as the

partition between the RVOT and RVIT. End-diastolic

volume (EDV), end-systolic volume (ESV) stroke

volume (SV) and ejection fraction (EF) of both

ventricles and mass of LV were also calculated.

Regional contractility (hypokinesis, akinesis, dys-

kinesia) of the RV and LV as well as LGE images were

evaluated by two experienced readers (D.M.J., T.C.)

and abnormalities were identified by consensus. For

wall motion analysis of the LV we used a 17-segment

model. Wall motion analysis of RV has been executed

by using a 10-segment model [14] (Fig. 1). For each

segment a score was assigned as follows: normal 1,

hypokinesis 2, akinesis 3, dyskinesis 4 and a RV wall

Table 1 Clinical

characteristics of patients

with BrS ECG

BrS Brugada syndrome,

F female, M male, * at\45

years old, SD standard

deviation

Patient # Age

(years)

Gender Spontaneous

type-1 ECG

pattern

Family

history of

sudden death*

Type-1 ECG

in family

members

Symptoms

1 75 M Yes No No No

2 54 F Yes No No No

3 35 M No No Yes No

4 58 F Yes No Yes No

5 65 F Yes No No Syncope

6 61 F No Yes No No

7 49 M Yes Yes No No

8 25 F No No Yes No

9 35 M No No No No

10 54 M Yes No No No

11 35 F No No Yes No

12 32 F No No Yes No

13 26 F Yes Yes No Syncope

14 66 M No Yes No No

15 33 M No No Yes No

16 65 F No No Yes No

17 39 M Yes No Yes No

18 39 M Yes No Yes No

19 34 M No No Yes Syncope

20 49 M Yes No No No

21 61 M No Yes No Syncope

22 19 F No Yes Yes No

23 61 M No No Yes No

24 27 M No No Yes No

25 46 M Yes No No No

26 52 M Yes No No No

27 26 M No Yes No No

28 43 F Yes No No No

29 36 F Yes Yes Yes No

Summary Mean: 44.8

SD: 15.0

M: 17

F: 12

Yes: 14

No 15

Yes: 8

No: 21

Yes: 14

No: 15

Syncope: 4

No: 25
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motion score index (RVWMSI) was computed

(
P

each score/number of segments).

Images were analyzed blinded to BrS subjects

versus controls.

Representative examples of RW WMA are

depicted in Figs. 2 and 3.

Statistical analysis

Left and right ventricle dimensional and functional

parameters and RVWMSI were compared between

patients and controls by using a paired t test with 0.05

significance level and Bonferroni correction. The

comparison of proportions of patients and controls

who showed RV wall motion abnormalities was

carried out using Chi-square test with 0.05 signifi-

cance and Bonferroni correction.

A further statistical analysis was also carried out in

order to investigate possible differences between

patients having type-1 ECG spontaneously and

patients presenting type-1 ECG after drug challenge

by using, for each parameter, an unpaired t test with a

significance level of 0.05 and Bonferroni correction.

The same test was also employed in order to verify

possible changes in the group of 21 patients who were

symptomatic and/or had a familial history of sudden

death or BrS. In all cases Bonferroni correction was

calculated as the uncorrected P value multiplied by the

number of comparisons; adjusted P values greater than

1 were reported as 1. Finally a Spearman rank

correlation between RVWMSI and RV EF was carried

out.

To assess intra-operator reproducibility of RV

morphological and functional parameters the same

operator (T.C.) evaluated 20 randomly selected sub-

jects (10 patients and 10 controls). To assess inter-

operator reproducibility of RV WMSI the two oper-

ators (T.C., D.M.J.) repeated the evaluation of all

subjects. In both cases the two reading sessions were

separated by at least 3 months.

Bland and Altman method was thus applied by

computing the coefficient of repeatability (CR) [15].

Both intra- and inter-operator reproducibility were

high. Indeed, CR of RV parameters was 3.8 for EF, 3.1

for EDV, 2.0 for ESV, 3.8 for SV, 0.3 for RVIT

diameter, 0.3 for RVOT diameter, 1.0 for RVIT area,

0.9 for RVOT area, 0.1 for RVWMSI.

Results

Right and left ventricle morphology and systolic

function

LV and RV dimensional and functional parameters are

listed in Table 2. We found no significant difference

among all parameters measuring left and right ven-

tricular global systolic function as well as for RVIT

and RVOT size between the BrS patients and controls.

No significant difference was also observed when

considering the two following subgroups: spontaneous

type-1 ECG versus type-1 after drug challenge

(Table 3), symptomatic or positive family history of

BrS (21 patients) vs controls (Table 4).

None of the patients or control subjects showed

aspects suggesting a fatty infiltration of the RV.

An example of a negative LGE study in a BrS

patient is depicted in Fig. 4.

LGE

None of the 24 (83%) patients in which MR contrast

material was administered showed either RV or LV

myocardial LGE.

(A) (B)

(C) (D)

Fig. 1 True Fisp images in the axial plane (a–c) and in RV two

chambers view (d). Ten-segmental model for the right ventricle

with wall segment numbered
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Wall motion assessment

LV segmental contractility was normal in the whole

study population. The RVWMSI and the segmental

location of RV WMA of both patients and controls are

detailed in Supplementary Table 1.

We found mild RV wall motion abnormalities in 19

out of the 29 (65.5%) patients and in 22 out of the 29

(75.9%) control subjects. The vast majority of these

WMA were attributable to areas of hypokinesia (17

patients and 19 controls) and were mainly located in

the RV inferior wall. Akinetic areas were found in 3

patients and 5 controls, and small dyskinetic areas in 2

patients and 1 control subject. Paired t test revealed no

significant differences (P = 0.40) in regional function

(RVWMSI) between patients and controls (Fig. 5). No

significant difference (Bonferroni adjusted P value = 1)

was observed regarding the location of RV WMA

between patients and controls (Fig. 6). Furthermore,

no significant difference was observed by grouping the

segments for each imaging plane (i.e. 1–3, 4–6, 7–8,

and 9–10) (Supplementary Fig. 1). No significant

difference (Bonferroni adjusted P value = 1) in

RVWMSI and in the location of RV WMA was also

observed when considering the two following sub-

groups: spontaneously occurring type-1 ECG versus

type-1 after drug challenge, symptomatic or positive

family history of BrS versus controls.

Correlation analysis

In order to evaluate whether the RV WMA observed

could somewhat affect the RV global function we

compared the individual values of RV EF with the

score of regional RV function. The Spearman rank

correlation between RV WMSI and RV EF was not

(A) (B)

(C) (D)

(E) (F)

Fig. 2 True Fisp axial

images. Small dyskinesia

(arrow) of RV free wall of a

BrS patient in a diastolic

(a) and a systolic (b) frame.

In c (diastole) and

d (systole) an apico-lateral

akinetic area (arrows) in a

control subject is shown.

Diastolic (e) and systolic

(f) images of a ‘‘normal’’ RV

contraction are shown for

comparison
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significant (q = -0.15, P = 0.45). The plot of RV EF

versus RV WVMSI for both patients and controls is

shown in Fig. 7.

Discussion

This study was undertaken to detect, if present, even

subtle abnormalities in size or function of both the RV

and LV of BrS patients. We found no difference

regarding both LV and RV morphology, dimensions

and function in BrS patients compared to controls.

LGE technique failed to show any abnormality com-

patible with right ventricular myocardial fibrosis. On

the contrary, we found limited RV WMA in a relevant

number of BrS patients. Surprisingly enough these

aspects were also detected in a comparable percentage

of normal individuals (65.5% vs. 75.9%). No peculiar

abnormal pattern was detected in the subgroup of

patients who completely fulfilled the diagnostic crite-

ria for BrS, in those having spontaneous type-1 ECG or

in patients presenting type-1 EGC only after drug

challenge.

Our results are in agreement with the original

definition of the syndrome [1], that has been tradi-

tionally considered a functional electrical disorder,

without any underlying structural heart disease.

Previous studies raise the possibility that structural

changes are present in some patients with BrS. Martini

et al. [4] found subtle structural cardiac abnormalities

of the right ventricle on endomyocardial biopsy and

post-mortem examination in patients with BrS.

In a study of a large group of victims of cardiovas-

cular sudden death, a subpopulation of ARVC patients

with predominant right ventricular anterior wall

involvement has been found to display an ST-segment

elevation that is characteristic of BrS [5]. RV fibrosis

and fatty infiltration were described in two explanted

hearts of BrS patients [6, 7].

Finally in a study in 18 patients with a clinical

phenotype of BrS and sustained ventricular arrhyth-

mias, despite an apparently normal heart,

(A) (B)

(C) (D)

Fig. 3 True Fisp short axis images taken in diastole (a, c) and systole (b, d). Hypokinesia (arrows) can be seen as reduced systolic

thickening in RV inferior wall in a control subject (a, b), in comparison with normal contraction (c, d)
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endomiocardial biopsy revealed structural alterations

in all subjects [8]. In particular a prevalent or localized

RV myocarditis was found in 14 patients, ARVC in 1

Table 2 Left and right ventricle dimensional and functional

parameters

Parameter Controls Patients Adjusted

P value
Mean SD Mean SD

Left ventricle

EF (%) 65.3 5.7 65.4 5.2 ns

EDV (mL/m2) 66.3 7.9 64.9 14.1 ns

ESV (mL/m2) 23.2 5.1 22.8 7.3 ns

SV (mL/m2) 43.2 5.3 42.0 7.8 ns

Mass (g/m2) 62.9 10.4 60.5 9.1 ns

Right ventricle

EF (%) 64.2 4.8 61.9 5.3 ns

EDV (mL/m2) 64.3 8.0 63.6 10.0 ns

ESV (mL/m2) 23.0 4.1 24.6 6.2 ns

SV (mL/m2) 41.3 6.5 39.0 5.5 ns

RVIT diameter (cm) 4.3 0.8 4.0 0.7 ns

RVOT diameter (cm) 2.7 0.6 2.6 0.4 ns

RVIT area (cm2) 20.5 4.4 19.0 3.9 ns

RVOT area (cm2) 11.9 2.3 11.8 2.1 ns

EDV end diastolic volume, EF ejection fraction, ESV end

sistolic volume, RVIT right ventricle inflow tract, RVOT right

ventricle outflow tract, SD standard deviation, SV stroke

volume

EDV, ESV, SV and mass are normalized to body surface area

(BSA). For each parameter, the Bonferroni adjusted P value of

unpaired t test was 1 except for RVIT area which was 0.66

Table 3 Right ventricle dimensional and functional parameters of patients with spontaneous type-1 ECG and with type-1 ECG after

drug challenge

Parameter Spontaneous type-1 ECG Type-1 ECG after drug challenge Adjusted

P value
Mean SD Mean SD

Right ventricle

EF (%) 61.8 5.2 61.9 5.5 ns

EDV (mL/m2) 63.2 11.7 63.9 8.4 ns

ESV (mL/m2) 24.3 6.4 24.8 6.2 ns

SV (mL/m2) 38.8 6.8 39.1 4.1 ns

RVIT diameter (cm) 4.0 0.8 4.0 0.8 ns

RVOT diameter (cm) 2.6 0.4 2.6 0.3 ns

RVIT area (cm2) 19.2 3.8 18.9 4.0 ns

RVOT area (cm2) 11.8 2.2 11.9 2.0 ns

EDV end diastolic volume, EF ejection fraction, ESV end sistolic volume, RVIT right ventricle inflow tract, RVOT right ventricle

outflow tract, SD standard deviation, SV stroke volume

EDV, ESV, SV and mass are normalized to body surface area (BSA). For each parameter, the Bonferroni adjusted P value of

unpaired t test was 1

Table 4 Right ventricle dimensional and functional parame-

ters of controls and BrS patients being symptomatic or pre-

senting a family history or a coved-type ECG in family

members

Parameter Controls Patients Adjusted

P value
Mean SD Mean SD

Right ventricle

EF (%) 64.2 4.8 62.3 5.2 ns

EDV (mL/m2) 64.3 8.4 62.6 10.1 ns

ESV (mL/m2) 23.0 4.1 24.0 6.4 ns

SV (mL/m2) 41.3 6.5 38.6 5.0 ns

RVIT diameter (cm) 4.3 0.8 4.0 0.3 ns

RVOT diameter (cm) 2.7 0.6 2.6 0.1 ns

RVIT area (cm2) 20.5 4.4 18.6 4.1 ns

RVOT area (cm2) 11.9 2.3 11.6 2.1 ns

BrS Brugada syndrome, EDV end diastolic volume, EF
ejection fraction, ESV end sistolic volume, RVIT right

ventricle inflow tract, RVOT right ventricle outflow tract, SD
standard deviation, SV stroke volume

EDV, ESV, SV and mass are normalized to body surface area

(BSA). For each parameter, the Bonferroni adjusted P value of

unpaired t test was 1 except for SV which was 0.72
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patient and cardiomyopathic changes in 3 patients.

Remarkably, all the patients with cardiomyopathic

changes and the patients with fibrofatty replacement

were carriers of a genetic defect in the SCN5A gene,

and this seems to confirm previous observation of

structural changes associated with some SCN5A gene

mutations [7, 16–18]. In spite of these observations, the

vast majority of patients with BrS are found to possess

a structural normal heart [2, 19].

In recent years some imaging studies reported that a

relevant percentage of BrS patients may show RV

morphological and wall motion abnormalities. In

particular, RV WMA were described in two electron

beam computed tomography studies [9, 10]. More

recently Catalano et al. [11] have shown that CMR can

detect a high percentage of mild RV WMA in BrS

patients (50% vs. 17% in control subjects). These

abnormalities were located mainly in the anterior-

apical segment, in the outflow region and in the

(B) (C)(A)

Fig. 4 Axial PSIR delayed enhanced images. An example of a

negative LGE study in a patient with BrS (a). In a patient with

ARVC shown from comparison (b, c) multiple areas of

enhancement are detectable in right ventricular free wall, in

the right ventricular portion of the septum and in LV (arrows)

1.7
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1.6

1.0
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Fig. 5 Right ventricle wall motion score index (RVWMSI)

values in BrS patients and controls. Paired t test revealed no

significant differences between BrS patients and controls

(P = 0.40)

patients
controls
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Segment
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Fig. 6 The comparison of proportions of the subjects who

presented RV wall motion abnormalities showed no significant

differences between patients and controls for any wall segment

(Chi-square test, Bonferroni adjusted P = 1 for each wall

segment)

Fig. 7 The plot of RV EF vs RVWMSI is shown for both

patients and controls. Their Spearman rank correlation coeffi-

cient was q = -0.15 (P = 0.45)

1968 Int J Cardiovasc Imaging (2012) 28:1961–1970

123



inferior mid-ventricular segment. In this study a

number of mild abnormalities of RV size and function

were also detected, although only RVIT diameters

enlargement retained statistical significance after

correction for multiple comparisons.

Finally in another recent CMR study patients

presenting spontaneously type-1 ECG pattern had

lower LV and RV ejection fraction, higher RV ESV,

and an enlarged RVOT area compared to patients with

a non-diagnostic resting ECG or controls [12]. How-

ever they measured RVOT area on standard axial

dark-blood images, in which RVOT is sectioned with

variable angles depending on the orientation of the

heart in the chest and it is not possible to identify with

certainty the end-diastolic phase.

Our results do not confirm these previous findings.

Although we observed that RV WMA are detectable in

a high percentage of patients with BrS, the major

finding of our study is that a similar regional contrac-

tile pattern is also present in otherwise normal

subjects. These WMA found in BrS, that are subtle

and circumscribed and therefore do not lead to

decreasing RV ejection fraction, may have a func-

tional explanation and be thus unrelated to any

morphological defect [20, 21].

It should be stressed that although previous CMR

data about RV regional wall motion in healthy controls

are scarse, Sievers et al. [22] found that RV WMA are

common, including dyskinetic segments and areas of

bulging. It should be considered that the physiologic

contraction of the RV does not follow the rules of the

LV, with differences in the direction of thickening and

contraction. Thus, the normal pattern of RV contrac-

tion may well appear as ‘‘abnormal’’ if both the

peculiar geometry and temporal wave of wall motion

are not taken into account.

To the best of our knowledge this is the first report

of the use of gadolinium chelates in patients with BrS.

LGE technique is a powerful tool for the assessment of

fibrotic or inflammatory myocardial changes and is

recommended for ARVC evaluation [23]. We did not

find LGE in any patient and this confirm the absence of

myocardial structural damage in our cohort. More-

over, considering that actual diagnostic criteria rec-

ommend to exclude confounding factors that could

account for the ECG abnormalities before a conclusive

diagnosis of BrS is made [2], the lack of LGE, along

with clinical findings and medical history, further

indicate that we did not enroll patients with ARVC or

myocarditis, which could have influenced the results

of some of the previous studies.

Our study possesses some limitations. We choose to

evaluate the RV segmental function by visual assess-

ment of wall thickening and motion. RV mechanics

can be evaluated in several ways in the absence of

clear recommendations; although there may be better

and more precise methods of measurements, the

potential error introduced by our protocol has been

equally distributed for both patients and controls and it

is therefore unlikely that this could have caused a

significant source of bias.

In the present study only a minority of patients were

symptomatic, although this reflects the low prevalence

of symptoms in subjects with BrS ECG. However we

cannot exclude with certainty that a sicker cohort may

have displayed more severe abnormalities.

Finally, five patients refused CMR contrast material

administration. Although in principle we cannot

exclude that some of them could have had a positive

LGE study, this seems unlikely, taking into account

that they had not peculiar clinical or CMR imaging

characteristics that could differentiate them from other

patients.

In conclusion our study does not support the

previous reports indicating that patients with BrS have

peculiar mild RV abnormalities at CMR. Our data

confirm however that BrS patients may show some

WMA of the RV but these changes are also present in

healthy subjects, probably have a functional explana-

tion, and do not indicate a diseased myocardium. The

lack of LGE further indicates the absence of myocar-

dial structural damage. Our results indicate that BrS

seems to occur in individuals with structurally and

functionally normal heart.

Conflict of interest None.
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