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§ Prédisposant à un risque de mort subite par fibrillation ventriculaire 

§ Sujets jeunes sans cardiomyopathie structurelle apparente
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jeune au moment de l’épisode (35.3 ± 9.3 ans), et une mutation pathogène retrouvée dans 

seulement 1/3 des cas. 

De façon notable, aucun patient ne présentait un cœur macroscopiquement normal à 

l’autopsie.  

 

a. Myocardites virales et syndrome de Brugada 

 

Le résultat principal de cette étude est la proportion importante de myocardite occultes, 

de diagnostic uniquement histologique chez les patients porteurs d’un SB avéré. En effet, 

6/10 patients étaient porteurs d’une myocardite histologique (Figure 6), ce chiffre s’élève 

à 7/10 si l’on considère globalement les signes histologiques d’inflammation. 5/6 avaient 

bénéficié d’une IRM, qui ne retrouvait pas d’argument pour une myocardite. Les PCR 

locales ont permis d’identifier un PVB19 chez 3 patients et un EBV chez un patient.  

 

 
 

Figure 6. Myocardite lymphocytaire (coloration hématoxyline éosine) chez un patient porteur d’un 
syndrome de Brugada – D’après Frustaci et al (23) 

 

Il existe à notre connaissance 4 cas publiés de FV/MS révélant un SB associé à une 

myocardite virale à PVB19 de diagnostic histologique (19,23,26,29). Il s’agissait de 4 

hommes, âgés de 22 à 37 ans. 1/4 présentait un antécédent familial de mort subite < 45 

ans et sur les 2 génotypages réalisés, un patient était porteur d’une mutation sur le gène 

CACNB2. L’histoire clinique n’était pas évocatrice d’une myocardite, aucun ne 

présentait de douleur thoracique, un seul présentait de la fièvre. Chez les 3 patients pour 

lesquels l’information était disponible, la FV est survenue au repos (sommeil, repas, 

postprandial). Les examens d’imagerie étaient normaux chez 3 de ces patients, un seul 

Mais…

Frustaci A et al. Circulation. 2005;112(24):3680-7. 
Calò L et al. JACC. 2016;67(12):1427-40.

• Sus-ST en dôme
• Point J ≥ 0,2 mV

≥ 1 dérivation
parmi V1 / V2

Ondes T inversées

Obligatoire et suffisant 
actuellement 

pour poser le diagnostic

PATTERN DE BRUGADA DE TYPE 1



§ 0,5 / 1000 individus à l’échelle mondiale

§ 3 - 8 hommes / 1 femme

§ Héréditaire, transmission autosomique dominante

• Principal gène : SCN5A

• Mais mutations identifiées dans seulement 1/4 à 1/3 des cas

§ Fibrillation ventriculaire en moyenne entre 38 et 48 ans

§ 4 à 12% des morts subites, 20% chez les sujets sans cardiomyopathie apparente
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≥ 3,5/1000

< 0,5/1000

VuEhikraivit et al. Acta Cardiol Sin. 2018;34(3):267-77.
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Figure 7. Mécanisme du sus-décalage en dôme du segment ST selon la théorie de la dépolarisation  

– D’après Meregalli et al (22) 

IC3 : 3e espace intercostal ; RV : ventricule droit ; RVOT : chambre de chasse du ventricule droit 

 
Plusieurs paramètres électrocardiographiques proposés comme marqueurs d’un 
risque accru de FV dans le SB traduisent une altération de la dépolarisation et de la 

conduction ventriculaire droite : complexes QRS larges en V2 (59), onde S en DI (54) et 

onde R en aVR (60) (Figure 8) (cf section Stratification du risque de mort 

subite). 
 

 

Figure 8. Marqueurs électrocardiographiques traduisant des anomalies de la dépolarisation ventriculaire 

droite 

De gauche à droite : onde S en DI ; onde R en aVR ; QRS larges en V2 ; QRS fragmenté 

 

b. Théorie de la repolarisation 
 

Cette théorie (22,42,61) permet de comprendre la possibilité d’un SB en cas de mutation 

affectant le fonctionnement des canaux dépolarisants sodiques (responsables du 
courant INa), repolarisants potassiques (courant Ito notamment) ou calciques (courant 

calcique de type L) (42,44) (cf section Génétique). Elle doit principalement sa 

paternité à Antzelevitch et Yan, qui en ont formalisé les principes résumés ici à partir 

de travaux sur des fragments de VD de chiens (14). Elle est fondée sur le postulat d’une 

hétérogénéité anormale des phénomènes de repolarisation au sein de l’épicarde de la 

different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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measured in the bipolar signal as the interval between the first and
last deflection, and expressed as mean bipolar electrogram duration
(milliseconds).13 The spatial distribution of these parameters was
studied in the 3-dimensional reconstructions.

To study repolarization, we assessed local activation recovery
interval (ARI) and repolarization time (RT).14 ARI, a measure of
action potential duration,14 was defined as the interval (milliseconds)
between AT and the end of recovery; the latter was determined in the
unipolar signal as the largest positive dV/dt of the T-wave (Figure
1).14 RT was defined as AT!ARI (milliseconds). Electrograms with
flat or distorted T-waves were excluded from repolarization analysis.
Mean values of ARI and RT in each patient were used to compare
global differences in ARI and RT. Standard deviations of ARI and
RT were used to compare dispersion in ARI and RT.

Stimulation Studies
CV-restitution was assessed with the use of a quadripolar pacing
catheter (Evaluator, 6F, St Jude Medical), a decapolar mapping
catheter (MarinrCS, 7F, Medtronic; 5 electrode pairs separated by
2 mm, with 5 mm spacing between pairs), and the Prucka-Cardiolab
(GE Medical Systems). To account for possible anisotropy in
propagation at shorter coupling intervals (CI), we studied CV-
restitution in 2 directions, which we estimated to be either parallel or
perpendicular to the general RV endocardial fiber orientation15,16 and
activation front17 (longitudinal and transversal CV-restitution, re-
spectively). Longitudinal CV-restitution was assessed by positioning
the mapping catheter longitudinally over the RV-free wall with the
tip pointing toward the RVOT and stimulating with the pacing
catheter from the RV-apex (Figure 3). We assessed transversal
CV-restitution by positioning the mapping catheter circumferentially
in the mid-RV free wall (Figure 3) and stimulating from its distal
electrode pair. We paced at twice diastolic threshold using a drive
train of 8 stimuli (S1) at a basic cycle length (BCL) of 500 ms,
followed by a single premature stimulus (S2). The CI of S2 was
reduced in steps of 10 ms from 400 to 200 ms or until the ventricular
effective refractory period. Bipolar electrograms from the 5 electrode

pairs were assessed for paced-AT, defined as the interval (millisec-
onds) from the stimulus to the intrinsic deflection (Figure 4).
Paced-ATs were assessed off-line by at least 2 investigators, and
consensus was required for each electrogram. Electrograms were
excluded if their technical quality was insufficient or if fusion beats
or spontaneous ventricular extrasystoles interfered with the drive
train.

Each endocardial CV-restitution curve was described by 4 param-
eters (Figure 4): (1) paced-AT at BCL; (2) onset paced-AT increase
(milliseconds), ie, the longest CI at which paced-AT exceeded
paced-AT at BCL by 5 ms and continued to increase; (3) mean
paced-AT increase (milliseconds), ie, the mean difference for all
electrode pairs between paced-AT at BCL and maximum paced-AT;
(4) ventricular effective refractory period (milliseconds). The repre-
sentation of CV-restitution at the body surface was described by 3
comparable parameters for paced-QRS duration in lead II: (1)
paced-QRS at BCL (milliseconds); (2) onset paced-QRS increase
(milliseconds), ie, the longest CI at which paced-QRS duration
exceeded paced-QRS duration at BCL by 5 ms and continued to
increase; (3) paced-QRS increase (milliseconds), ie, the difference
between paced-QRS duration at BCL and the maximal paced-QRS
duration.

Statistical Analysis
Statistical analyses were performed in SPSS 15.0. Variables were
compared by 1-way ANOVA using a Tukey-HSD or Games-Howell
multiple comparisons post hoc test depending on equality of vari-

Figure 1. Electrogram analysis. Typical electrograms obtained
simultaneously during CARTO mapping of a BrS-1 patient. A,
ECG lead V1. B, Endocardial unipolar electrogram. C, Endocar-
dial bipolar electrogram. Solid squares indicates moment of
local activation; open circles, additional intrinsic deflections
(fractionation index"3); solid triangle, recovery; ARI, activation
recovery interval; AT, activation time; ED, electrogram duration;
RT, repolarization time; BrS, Brugada syndrome.

Figure 2. CARTO mapping. Typical 3-dimensional reconstruc-
tions in antero-posterior view of activation, fractionation, and
electrogram duration of a BrS-1 patient (panels A, C, and E),
and a control (panels B, D, and F). There is pronounced con-
duction slowing and increased electrogram fractionation and
width in the BrS-1 patient. BrS indicates Brugada syndrome.
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! Type 2 (“saddle-back type”) (Figure 1B): This ECG
anomaly is only suggestive of BrS. It is character-
ized by an ST-segment elevation $0.5 mm
(generally $2 mm in V2) in $1 right precordial lead
(V1 to V3), followed by a convex ST. The rʹ-wave
may or may not overlap the J point, but it has a
slow downward slope. The ST segment is followed
by a positive T-wave in V2 and is of variable
morphology in V1. To facilitate the differentiation
of type 2 ECGs highly indicative of BrS from other
Brugada-like patterns (such as athletes, pectus
excavatum, and arrhythmogenic cardiomyopathy),
several additional criteria have been suggested.
These criteria utilize the triangle formed by the
ascending and descending branch of the rʹ-wave
(Figure 1C):

B b angle: A cut-off value $58" provided the best
predictive values for conversion to a type 1 BrS

pattern (73% positive and 87% negative values)
(18).

B Length of the base triangle of the rʹ-wave 5 mm
below the maximum rise point: A cutoff value of
4 mm ($4 mm in patients with BrS) demon-
strated 96% specificity and 85% sensitivity (pos-
itive predictive value of 95% and negative
predictive value 88%) for differentiating the BrS
ECG pattern in BrS patients from the ECG pattern
of healthy individuals (19).

B Other criteria: The triangle base duration at the
isoelectric line (>1.5 mm in patients with BrS) and
the relationship between the triangle base at the
isoelectric line and its height (>1.3 in BrS patients)
may be distinguishing ECG patterns in BrS (20).

Frequent variations in the ECG patterns can occur
within a single patient, including the absence of a
classic ECG pattern on a given day (concealed BrS)
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Figure 7. Mécanisme du sus-décalage en dôme du segment ST selon la théorie de la dépolarisation  

– D’après Meregalli et al (22) 

IC3 : 3e espace intercostal ; RV : ventricule droit ; RVOT : chambre de chasse du ventricule droit 

 
Plusieurs paramètres électrocardiographiques proposés comme marqueurs d’un 
risque accru de FV dans le SB traduisent une altération de la dépolarisation et de la 

conduction ventriculaire droite : complexes QRS larges en V2 (59), onde S en DI (54) et 

onde R en aVR (60) (Figure 8) (cf section Stratification du risque de mort 

subite). 
 

 

Figure 8. Marqueurs électrocardiographiques traduisant des anomalies de la dépolarisation ventriculaire 

droite 

De gauche à droite : onde S en DI ; onde R en aVR ; QRS larges en V2 ; QRS fragmenté 

 

b. Théorie de la repolarisation 
 

Cette théorie (22,42,61) permet de comprendre la possibilité d’un SB en cas de mutation 

affectant le fonctionnement des canaux dépolarisants sodiques (responsables du 
courant INa), repolarisants potassiques (courant Ito notamment) ou calciques (courant 

calcique de type L) (42,44) (cf section Génétique). Elle doit principalement sa 

paternité à Antzelevitch et Yan, qui en ont formalisé les principes résumés ici à partir 

de travaux sur des fragments de VD de chiens (14). Elle est fondée sur le postulat d’une 

hétérogénéité anormale des phénomènes de repolarisation au sein de l’épicarde de la 

different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram

V2IC3

V2IC3

RVOT

RV

RA
RVOT
delayed

RV
early

RVOT

RV

RRV RVOT
b

c

d

a

RV RVOT

V2IC3RVOT

RV

d

c

b

a

V2IC3

E F

A B

C D

Fig. 3. Qualitative model of the depolarization disorder hypothesis. For

explanation see text.

P.G. Meregalli et al. / Cardiovascular Research 67 (2005) 367–378 371

Downloaded from https://academic.oup.com/cardiovascres/article-abstract/67/3/367/505399
by guest
on 13 August 2018

different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram

V2IC3

V2IC3

RVOT

RV

RA
RVOT
delayed

RV
early

RVOT

RV

RRV RVOT
b

c

d

a

RV RVOT

V2IC3RVOT

RV

d

c

b

a

V2IC3

E F

A B

C D

Fig. 3. Qualitative model of the depolarization disorder hypothesis. For

explanation see text.

P.G. Meregalli et al. / Cardiovascular Research 67 (2005) 367–378 371

Downloaded from https://academic.oup.com/cardiovascres/article-abstract/67/3/367/505399
by guest
on 13 August 2018

different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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measured in the bipolar signal as the interval between the first and
last deflection, and expressed as mean bipolar electrogram duration
(milliseconds).13 The spatial distribution of these parameters was
studied in the 3-dimensional reconstructions.

To study repolarization, we assessed local activation recovery
interval (ARI) and repolarization time (RT).14 ARI, a measure of
action potential duration,14 was defined as the interval (milliseconds)
between AT and the end of recovery; the latter was determined in the
unipolar signal as the largest positive dV/dt of the T-wave (Figure
1).14 RT was defined as AT!ARI (milliseconds). Electrograms with
flat or distorted T-waves were excluded from repolarization analysis.
Mean values of ARI and RT in each patient were used to compare
global differences in ARI and RT. Standard deviations of ARI and
RT were used to compare dispersion in ARI and RT.

Stimulation Studies
CV-restitution was assessed with the use of a quadripolar pacing
catheter (Evaluator, 6F, St Jude Medical), a decapolar mapping
catheter (MarinrCS, 7F, Medtronic; 5 electrode pairs separated by
2 mm, with 5 mm spacing between pairs), and the Prucka-Cardiolab
(GE Medical Systems). To account for possible anisotropy in
propagation at shorter coupling intervals (CI), we studied CV-
restitution in 2 directions, which we estimated to be either parallel or
perpendicular to the general RV endocardial fiber orientation15,16 and
activation front17 (longitudinal and transversal CV-restitution, re-
spectively). Longitudinal CV-restitution was assessed by positioning
the mapping catheter longitudinally over the RV-free wall with the
tip pointing toward the RVOT and stimulating with the pacing
catheter from the RV-apex (Figure 3). We assessed transversal
CV-restitution by positioning the mapping catheter circumferentially
in the mid-RV free wall (Figure 3) and stimulating from its distal
electrode pair. We paced at twice diastolic threshold using a drive
train of 8 stimuli (S1) at a basic cycle length (BCL) of 500 ms,
followed by a single premature stimulus (S2). The CI of S2 was
reduced in steps of 10 ms from 400 to 200 ms or until the ventricular
effective refractory period. Bipolar electrograms from the 5 electrode

pairs were assessed for paced-AT, defined as the interval (millisec-
onds) from the stimulus to the intrinsic deflection (Figure 4).
Paced-ATs were assessed off-line by at least 2 investigators, and
consensus was required for each electrogram. Electrograms were
excluded if their technical quality was insufficient or if fusion beats
or spontaneous ventricular extrasystoles interfered with the drive
train.

Each endocardial CV-restitution curve was described by 4 param-
eters (Figure 4): (1) paced-AT at BCL; (2) onset paced-AT increase
(milliseconds), ie, the longest CI at which paced-AT exceeded
paced-AT at BCL by 5 ms and continued to increase; (3) mean
paced-AT increase (milliseconds), ie, the mean difference for all
electrode pairs between paced-AT at BCL and maximum paced-AT;
(4) ventricular effective refractory period (milliseconds). The repre-
sentation of CV-restitution at the body surface was described by 3
comparable parameters for paced-QRS duration in lead II: (1)
paced-QRS at BCL (milliseconds); (2) onset paced-QRS increase
(milliseconds), ie, the longest CI at which paced-QRS duration
exceeded paced-QRS duration at BCL by 5 ms and continued to
increase; (3) paced-QRS increase (milliseconds), ie, the difference
between paced-QRS duration at BCL and the maximal paced-QRS
duration.

Statistical Analysis
Statistical analyses were performed in SPSS 15.0. Variables were
compared by 1-way ANOVA using a Tukey-HSD or Games-Howell
multiple comparisons post hoc test depending on equality of vari-

Figure 1. Electrogram analysis. Typical electrograms obtained
simultaneously during CARTO mapping of a BrS-1 patient. A,
ECG lead V1. B, Endocardial unipolar electrogram. C, Endocar-
dial bipolar electrogram. Solid squares indicates moment of
local activation; open circles, additional intrinsic deflections
(fractionation index"3); solid triangle, recovery; ARI, activation
recovery interval; AT, activation time; ED, electrogram duration;
RT, repolarization time; BrS, Brugada syndrome.

Figure 2. CARTO mapping. Typical 3-dimensional reconstruc-
tions in antero-posterior view of activation, fractionation, and
electrogram duration of a BrS-1 patient (panels A, C, and E),
and a control (panels B, D, and F). There is pronounced con-
duction slowing and increased electrogram fractionation and
width in the BrS-1 patient. BrS indicates Brugada syndrome.
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! Type 2 (“saddle-back type”) (Figure 1B): This ECG
anomaly is only suggestive of BrS. It is character-
ized by an ST-segment elevation $0.5 mm
(generally $2 mm in V2) in $1 right precordial lead
(V1 to V3), followed by a convex ST. The rʹ-wave
may or may not overlap the J point, but it has a
slow downward slope. The ST segment is followed
by a positive T-wave in V2 and is of variable
morphology in V1. To facilitate the differentiation
of type 2 ECGs highly indicative of BrS from other
Brugada-like patterns (such as athletes, pectus
excavatum, and arrhythmogenic cardiomyopathy),
several additional criteria have been suggested.
These criteria utilize the triangle formed by the
ascending and descending branch of the rʹ-wave
(Figure 1C):

B b angle: A cut-off value $58" provided the best
predictive values for conversion to a type 1 BrS

pattern (73% positive and 87% negative values)
(18).

B Length of the base triangle of the rʹ-wave 5 mm
below the maximum rise point: A cutoff value of
4 mm ($4 mm in patients with BrS) demon-
strated 96% specificity and 85% sensitivity (pos-
itive predictive value of 95% and negative
predictive value 88%) for differentiating the BrS
ECG pattern in BrS patients from the ECG pattern
of healthy individuals (19).

B Other criteria: The triangle base duration at the
isoelectric line (>1.5 mm in patients with BrS) and
the relationship between the triangle base at the
isoelectric line and its height (>1.3 in BrS patients)
may be distinguishing ECG patterns in BrS (20).

Frequent variations in the ECG patterns can occur
within a single patient, including the absence of a
classic ECG pattern on a given day (concealed BrS)

CENTRAL ILLUSTRATION Main Characteristics of Brugada Syndrome

Brugada, J. et al. J Am Coll Cardiol. 2018;72(9):1046–59.

Knowledge about Brugada syndrome has grown over the last 30 years, from diagnostic criteria (left), to pathophysiological mechanisms (center), and finally, to
management options (right). ICD ¼ implantable cardioverter-defibrillator.
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jeune au moment de l’épisode (35.3 ± 9.3 ans), et une mutation pathogène retrouvée dans 

seulement 1/3 des cas. 

De façon notable, aucun patient ne présentait un cœur macroscopiquement normal à 

l’autopsie.  

 

a. Myocardites virales et syndrome de Brugada 

 

Le résultat principal de cette étude est la proportion importante de myocardite occultes, 

de diagnostic uniquement histologique chez les patients porteurs d’un SB avéré. En effet, 

6/10 patients étaient porteurs d’une myocardite histologique (Figure 6), ce chiffre s’élève 

à 7/10 si l’on considère globalement les signes histologiques d’inflammation. 5/6 avaient 

bénéficié d’une IRM, qui ne retrouvait pas d’argument pour une myocardite. Les PCR 

locales ont permis d’identifier un PVB19 chez 3 patients et un EBV chez un patient.  

 

 
 

Figure 6. Myocardite lymphocytaire (coloration hématoxyline éosine) chez un patient porteur d’un 
syndrome de Brugada – D’après Frustaci et al (23) 

 

Il existe à notre connaissance 4 cas publiés de FV/MS révélant un SB associé à une 

myocardite virale à PVB19 de diagnostic histologique (19,23,26,29). Il s’agissait de 4 

hommes, âgés de 22 à 37 ans. 1/4 présentait un antécédent familial de mort subite < 45 

ans et sur les 2 génotypages réalisés, un patient était porteur d’une mutation sur le gène 

CACNB2. L’histoire clinique n’était pas évocatrice d’une myocardite, aucun ne 

présentait de douleur thoracique, un seul présentait de la fièvre. Chez les 3 patients pour 

lesquels l’information était disponible, la FV est survenue au repos (sommeil, repas, 

postprandial). Les examens d’imagerie étaient normaux chez 3 de ces patients, un seul 
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les moyens conventionnels. De façon concordante, on note une hypertrophie 

cardiomyocytaire pathologique chez 4/10 patients. 

 

 
Figure 8. Hypertrophie ventriculaire gauche chez un patient porteur d’un syndrome de Brugada et 
victime d’une mort subite – D’après Ohtani et al (25) 
 

Mango et al. ont publié un article en 2016 détaillant le cas une famille de 7 membres 

présentant un overlap entre SB et CMH, en lien avec une mutation sur le gène TPM1 (39). 

Cette association reste aujourd’hui mal connue. 

 

e. Limites de l’étude 

 

Il faut garder à l’esprit que les biopsies n’ont de valeur que positive, certaines anomalies 

histologiques focales peuvent ainsi être sous-estimées par cette méthode. De plus, les 

biopsies endomyocardiques peuvent sous-estimer des anomalies purement épicardiques. 

Comme toutes les revues de cas, il y a possibilité de biais de publication de cas 

autopsiques jugés plus intéressants que d’autres, et une revue ne pourra jamais prétendre 

à une exhaustivité totale, malgré la rigueur de la méthode employée. 

La nécessité d’exclusion des patients pour lesquels les données individuelles n’étaient pas 

disponibles a pu entraîner une perte de données. 

Enfin, le faible effectif ne permet pas d’affirmer la force de l’association entre le 

phénotype de SB et les données histologiques constatées.  
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Figure 2. Photograph of a cross-section of the ventricles showing left ventricular hypertrophy.

Head computed tomography performed during the administra-
tion cardiac massage was normal.

An autopsy was conducted 17 hours after the time of death.
The examination was limited to the heart as requested by the
family. The heart weighed 380 g. The valves were normal, and
the coronary arteries were free of significant stenoses. No atrial
or ventricular enlargement was observed (Fig. 2); however, the
left ventricular wall was slightly thickened. On histologic study
marked fatty tissue deposition was observed in the right ven-

Figure 3. (A) Histologic picture of the right ventricular outflow tract. Marked fatty tissue deposition is observed. (Hematoxylin and eosin stain, original

magnification ×6.6.) (B) Light microscopy of the left ventricular wall. Contraction band necrosis is observed. (Masson’s trichrome stain, original magnification

×50.) (C) Sinus node. The number of nodal cells was reduced by half, with fatty tissue and fibrosis prominent. (Masson’s trichrome stain, original magnification

×10.) (D) Main bundle of His (MB) and right bundle branch (arrows). No abnormalities are seen in the right bundle branch. (Azan Mallory stain, original

magnification ×8.)

tricular outflow tract (Fig. 3A). Contraction band necrosis8-10

was diffusely present in both ventricles (Fig. 3B). No cardiac
muscle cell hypertrophy or atrophy or significant interstitial fi-
brosis in the ventricles was observed. The conduction system
was serially sectioned using Lev’s method11,12 and examined by
light microscopy. In the sinus node the number of nodal cells
was reduced by half, with fatty tissue and fibrosis prominent
(Fig. 3C). The atrioventricular node, His bundle, and left and
right bundle branches were all normal (Fig. 3D).

Frustaci et al. CirculaFon. 2005;112(24):3680-7.

Brugada et al. JACC. 2018;72(9):1046-59.
Ohtani et al. Japanese Journal of Electrocardiology, 2017; 37(1):23-30

Morimoto et al. J Cardiovascular Electrophysiology. 2005;16(3):345-7.
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Figure 7. Mécanisme du sus-décalage en dôme du segment ST selon la théorie de la dépolarisation  

– D’après Meregalli et al (22) 

IC3 : 3e espace intercostal ; RV : ventricule droit ; RVOT : chambre de chasse du ventricule droit 

 
Plusieurs paramètres électrocardiographiques proposés comme marqueurs d’un 
risque accru de FV dans le SB traduisent une altération de la dépolarisation et de la 

conduction ventriculaire droite : complexes QRS larges en V2 (59), onde S en DI (54) et 

onde R en aVR (60) (Figure 8) (cf section Stratification du risque de mort 

subite). 
 

 

Figure 8. Marqueurs électrocardiographiques traduisant des anomalies de la dépolarisation ventriculaire 

droite 

De gauche à droite : onde S en DI ; onde R en aVR ; QRS larges en V2 ; QRS fragmenté 

 

b. Théorie de la repolarisation 
 

Cette théorie (22,42,61) permet de comprendre la possibilité d’un SB en cas de mutation 

affectant le fonctionnement des canaux dépolarisants sodiques (responsables du 
courant INa), repolarisants potassiques (courant Ito notamment) ou calciques (courant 

calcique de type L) (42,44) (cf section Génétique). Elle doit principalement sa 

paternité à Antzelevitch et Yan, qui en ont formalisé les principes résumés ici à partir 

de travaux sur des fragments de VD de chiens (14). Elle est fondée sur le postulat d’une 

hétérogénéité anormale des phénomènes de repolarisation au sein de l’épicarde de la 

different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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different AP shapes, is based on conduction delay in RVOT
(Fig. 3). The RVOT AP (Fig. 3B, top) is delayed with
respect to the RVAP (Fig. 3B, bottom). During the hatched
phase of the cardiac cycle in Fig. 3D, the membrane
potential in RV is more positive than in RVOT, thus acting
as a source, and driving intercellular current to RVOT,
which acts as a sink (Fig. 3C, a). To ensure a closed-loop
circuit, current passes back from RVOT to RV in the
extracellular space (Fig. 3C, c), and an ECG electrode
positioned over the RVOT (V2IC3) inscribes a positive
signal, as it records the limb of this closed-circuit which
travels towards it (Fig. 3C, b). Thus, this electrode inscribes
ST elevation during this phase of the cardiac cycle (Fig. 3D,
bottom, bold line). Reciprocal events are recorded in the left
precordial leads, as demonstrated using BSM [39]. Here,
current flowing from the extracellular space into RV (Fig.
3C, d) causes ST depression. In the next phase of the cardiac
cycle (following the upstroke (Fig. 3F, hatched phase) of the
delayed AP in RVOT), the potential gradients between RV
and RVOT are reversed, as membrane potentials are now
more positive in RVOT than RV. Thus, RVOT now acts as
the source, driving the closed-loop circuit in the opposite

direction (Fig. 3E), with current now passing away from
lead V2IC3 (Fig. 3E, d), thus resulting in the negative Twave
(Fig. 3F, bottom, bold line). Note that in Fig. 3D and F, the
delayed AP of RVOT is abbreviated in comparison to RV
AP (and in comparison to Fig. 3B, where APs of isolated
cells are shown), as electrotonic interaction between RV and
RVOT (which is present when RVand RVOT are electrically
well-coupled) accelerates repolarization of RVOT AP (the
mass of RV strongly exceeding that of RVOT) [106].

This qualitative model of ST elevation in Brugada
syndrome derives from the mechanism believed to cause
ST elevation in regional transmural ischemia, where large
differences in membrane potential exist between ischemic
and nonischemic zones [107]. Similar to regional ischemia,
where premature beats which trigger reentrant tachyarrhyth-
mias originate in the border zone between areas with
disparate membrane potentials, the first beat of the
ventricular tachyarrhythmia in Brugada syndrome may
originate in the border zone between early and delayed
depolarizations [107].

6. Evidence for the repolarization disorder hypothesis

6.1. Heterogeneity in repolarization

Clearly, proof of the repolarization disorder hypothesis
requires documentation of disparate AP duration between
transmural layers. This hypothesis relies heavily on findings
in the perfused canine RV wedge preparation which allows
simultaneous recordings of transmembrane APs from
various transmural layers, along with ECG-like electro-
grams [84,108]. Other in vitro studies provide additional
support by showing that INa blockers [87,109] and ATP-
sensitive potassium channel (IK-ATP) openers [110] worsen
transmural dispersion of APs, and that Ito blockers
ameliorate them [85,104]. However, in another isolated
canine RV preparation, these findings were only partially
confirmed [111]. While INa blockers and IK-ATP openers
were also required for ST elevations and reentrant arrhyth-
mias, and the first arrhythmia beat occurred in areas with
short recovery times (consistent with phase 2 reentry),
arrhythmias did not always involve epicardium. A closed-
chest in vivo study [61], where signature ST elevations were
created by cooling a small epicardial RVOT area, was
equally ambivalent: cooling did cause a ‘‘spike-and-dome’’
monophasic action potential (MAP) shape in epicardium,
but not endocardium, along with ST elevations, and
exacerbation of ST elevation and spontaneous VF upon
vagal stimulation. However, no loss of AP dome was
reported. Of interest, the area needed to cool was small and
confined to RVOT, mirroring the small thorax area where
signature ECG changes are often found in Brugada
syndrome patients (Fig. 1).

Validation of this hypothesis in patients is more
challenging, because it requires simultaneous electrogram
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measured in the bipolar signal as the interval between the first and
last deflection, and expressed as mean bipolar electrogram duration
(milliseconds).13 The spatial distribution of these parameters was
studied in the 3-dimensional reconstructions.

To study repolarization, we assessed local activation recovery
interval (ARI) and repolarization time (RT).14 ARI, a measure of
action potential duration,14 was defined as the interval (milliseconds)
between AT and the end of recovery; the latter was determined in the
unipolar signal as the largest positive dV/dt of the T-wave (Figure
1).14 RT was defined as AT!ARI (milliseconds). Electrograms with
flat or distorted T-waves were excluded from repolarization analysis.
Mean values of ARI and RT in each patient were used to compare
global differences in ARI and RT. Standard deviations of ARI and
RT were used to compare dispersion in ARI and RT.

Stimulation Studies
CV-restitution was assessed with the use of a quadripolar pacing
catheter (Evaluator, 6F, St Jude Medical), a decapolar mapping
catheter (MarinrCS, 7F, Medtronic; 5 electrode pairs separated by
2 mm, with 5 mm spacing between pairs), and the Prucka-Cardiolab
(GE Medical Systems). To account for possible anisotropy in
propagation at shorter coupling intervals (CI), we studied CV-
restitution in 2 directions, which we estimated to be either parallel or
perpendicular to the general RV endocardial fiber orientation15,16 and
activation front17 (longitudinal and transversal CV-restitution, re-
spectively). Longitudinal CV-restitution was assessed by positioning
the mapping catheter longitudinally over the RV-free wall with the
tip pointing toward the RVOT and stimulating with the pacing
catheter from the RV-apex (Figure 3). We assessed transversal
CV-restitution by positioning the mapping catheter circumferentially
in the mid-RV free wall (Figure 3) and stimulating from its distal
electrode pair. We paced at twice diastolic threshold using a drive
train of 8 stimuli (S1) at a basic cycle length (BCL) of 500 ms,
followed by a single premature stimulus (S2). The CI of S2 was
reduced in steps of 10 ms from 400 to 200 ms or until the ventricular
effective refractory period. Bipolar electrograms from the 5 electrode

pairs were assessed for paced-AT, defined as the interval (millisec-
onds) from the stimulus to the intrinsic deflection (Figure 4).
Paced-ATs were assessed off-line by at least 2 investigators, and
consensus was required for each electrogram. Electrograms were
excluded if their technical quality was insufficient or if fusion beats
or spontaneous ventricular extrasystoles interfered with the drive
train.

Each endocardial CV-restitution curve was described by 4 param-
eters (Figure 4): (1) paced-AT at BCL; (2) onset paced-AT increase
(milliseconds), ie, the longest CI at which paced-AT exceeded
paced-AT at BCL by 5 ms and continued to increase; (3) mean
paced-AT increase (milliseconds), ie, the mean difference for all
electrode pairs between paced-AT at BCL and maximum paced-AT;
(4) ventricular effective refractory period (milliseconds). The repre-
sentation of CV-restitution at the body surface was described by 3
comparable parameters for paced-QRS duration in lead II: (1)
paced-QRS at BCL (milliseconds); (2) onset paced-QRS increase
(milliseconds), ie, the longest CI at which paced-QRS duration
exceeded paced-QRS duration at BCL by 5 ms and continued to
increase; (3) paced-QRS increase (milliseconds), ie, the difference
between paced-QRS duration at BCL and the maximal paced-QRS
duration.

Statistical Analysis
Statistical analyses were performed in SPSS 15.0. Variables were
compared by 1-way ANOVA using a Tukey-HSD or Games-Howell
multiple comparisons post hoc test depending on equality of vari-

Figure 1. Electrogram analysis. Typical electrograms obtained
simultaneously during CARTO mapping of a BrS-1 patient. A,
ECG lead V1. B, Endocardial unipolar electrogram. C, Endocar-
dial bipolar electrogram. Solid squares indicates moment of
local activation; open circles, additional intrinsic deflections
(fractionation index"3); solid triangle, recovery; ARI, activation
recovery interval; AT, activation time; ED, electrogram duration;
RT, repolarization time; BrS, Brugada syndrome.

Figure 2. CARTO mapping. Typical 3-dimensional reconstruc-
tions in antero-posterior view of activation, fractionation, and
electrogram duration of a BrS-1 patient (panels A, C, and E),
and a control (panels B, D, and F). There is pronounced con-
duction slowing and increased electrogram fractionation and
width in the BrS-1 patient. BrS indicates Brugada syndrome.

Postema et al Impaired Conduction in Brugada Syndrome 381

D
ow

nloaded from
 http://ahajournals.org by on Septem

ber 11, 2018

Postema et al. Circ AE. 2008;1(5):379-86.

! Type 2 (“saddle-back type”) (Figure 1B): This ECG
anomaly is only suggestive of BrS. It is character-
ized by an ST-segment elevation $0.5 mm
(generally $2 mm in V2) in $1 right precordial lead
(V1 to V3), followed by a convex ST. The rʹ-wave
may or may not overlap the J point, but it has a
slow downward slope. The ST segment is followed
by a positive T-wave in V2 and is of variable
morphology in V1. To facilitate the differentiation
of type 2 ECGs highly indicative of BrS from other
Brugada-like patterns (such as athletes, pectus
excavatum, and arrhythmogenic cardiomyopathy),
several additional criteria have been suggested.
These criteria utilize the triangle formed by the
ascending and descending branch of the rʹ-wave
(Figure 1C):

B b angle: A cut-off value $58" provided the best
predictive values for conversion to a type 1 BrS

pattern (73% positive and 87% negative values)
(18).

B Length of the base triangle of the rʹ-wave 5 mm
below the maximum rise point: A cutoff value of
4 mm ($4 mm in patients with BrS) demon-
strated 96% specificity and 85% sensitivity (pos-
itive predictive value of 95% and negative
predictive value 88%) for differentiating the BrS
ECG pattern in BrS patients from the ECG pattern
of healthy individuals (19).

B Other criteria: The triangle base duration at the
isoelectric line (>1.5 mm in patients with BrS) and
the relationship between the triangle base at the
isoelectric line and its height (>1.3 in BrS patients)
may be distinguishing ECG patterns in BrS (20).

Frequent variations in the ECG patterns can occur
within a single patient, including the absence of a
classic ECG pattern on a given day (concealed BrS)

CENTRAL ILLUSTRATION Main Characteristics of Brugada Syndrome

Brugada, J. et al. J Am Coll Cardiol. 2018;72(9):1046–59.

Knowledge about Brugada syndrome has grown over the last 30 years, from diagnostic criteria (left), to pathophysiological mechanisms (center), and finally, to
management options (right). ICD ¼ implantable cardioverter-defibrillator.
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jeune au moment de l’épisode (35.3 ± 9.3 ans), et une mutation pathogène retrouvée dans 

seulement 1/3 des cas. 

De façon notable, aucun patient ne présentait un cœur macroscopiquement normal à 

l’autopsie.  

 

a. Myocardites virales et syndrome de Brugada 

 

Le résultat principal de cette étude est la proportion importante de myocardite occultes, 

de diagnostic uniquement histologique chez les patients porteurs d’un SB avéré. En effet, 

6/10 patients étaient porteurs d’une myocardite histologique (Figure 6), ce chiffre s’élève 

à 7/10 si l’on considère globalement les signes histologiques d’inflammation. 5/6 avaient 

bénéficié d’une IRM, qui ne retrouvait pas d’argument pour une myocardite. Les PCR 

locales ont permis d’identifier un PVB19 chez 3 patients et un EBV chez un patient.  

 

 
 

Figure 6. Myocardite lymphocytaire (coloration hématoxyline éosine) chez un patient porteur d’un 
syndrome de Brugada – D’après Frustaci et al (23) 

 

Il existe à notre connaissance 4 cas publiés de FV/MS révélant un SB associé à une 

myocardite virale à PVB19 de diagnostic histologique (19,23,26,29). Il s’agissait de 4 

hommes, âgés de 22 à 37 ans. 1/4 présentait un antécédent familial de mort subite < 45 

ans et sur les 2 génotypages réalisés, un patient était porteur d’une mutation sur le gène 

CACNB2. L’histoire clinique n’était pas évocatrice d’une myocardite, aucun ne 

présentait de douleur thoracique, un seul présentait de la fièvre. Chez les 3 patients pour 

lesquels l’information était disponible, la FV est survenue au repos (sommeil, repas, 

postprandial). Les examens d’imagerie étaient normaux chez 3 de ces patients, un seul 
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les moyens conventionnels. De façon concordante, on note une hypertrophie 

cardiomyocytaire pathologique chez 4/10 patients. 

 

 
Figure 8. Hypertrophie ventriculaire gauche chez un patient porteur d’un syndrome de Brugada et 
victime d’une mort subite – D’après Ohtani et al (25) 
 

Mango et al. ont publié un article en 2016 détaillant le cas une famille de 7 membres 

présentant un overlap entre SB et CMH, en lien avec une mutation sur le gène TPM1 (39). 

Cette association reste aujourd’hui mal connue. 

 

e. Limites de l’étude 

 

Il faut garder à l’esprit que les biopsies n’ont de valeur que positive, certaines anomalies 

histologiques focales peuvent ainsi être sous-estimées par cette méthode. De plus, les 

biopsies endomyocardiques peuvent sous-estimer des anomalies purement épicardiques. 

Comme toutes les revues de cas, il y a possibilité de biais de publication de cas 

autopsiques jugés plus intéressants que d’autres, et une revue ne pourra jamais prétendre 

à une exhaustivité totale, malgré la rigueur de la méthode employée. 

La nécessité d’exclusion des patients pour lesquels les données individuelles n’étaient pas 

disponibles a pu entraîner une perte de données. 

Enfin, le faible effectif ne permet pas d’affirmer la force de l’association entre le 

phénotype de SB et les données histologiques constatées.  
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Figure 2. Photograph of a cross-section of the ventricles showing left ventricular hypertrophy.

Head computed tomography performed during the administra-
tion cardiac massage was normal.

An autopsy was conducted 17 hours after the time of death.
The examination was limited to the heart as requested by the
family. The heart weighed 380 g. The valves were normal, and
the coronary arteries were free of significant stenoses. No atrial
or ventricular enlargement was observed (Fig. 2); however, the
left ventricular wall was slightly thickened. On histologic study
marked fatty tissue deposition was observed in the right ven-

Figure 3. (A) Histologic picture of the right ventricular outflow tract. Marked fatty tissue deposition is observed. (Hematoxylin and eosin stain, original

magnification ×6.6.) (B) Light microscopy of the left ventricular wall. Contraction band necrosis is observed. (Masson’s trichrome stain, original magnification

×50.) (C) Sinus node. The number of nodal cells was reduced by half, with fatty tissue and fibrosis prominent. (Masson’s trichrome stain, original magnification

×10.) (D) Main bundle of His (MB) and right bundle branch (arrows). No abnormalities are seen in the right bundle branch. (Azan Mallory stain, original

magnification ×8.)

tricular outflow tract (Fig. 3A). Contraction band necrosis8-10

was diffusely present in both ventricles (Fig. 3B). No cardiac
muscle cell hypertrophy or atrophy or significant interstitial fi-
brosis in the ventricles was observed. The conduction system
was serially sectioned using Lev’s method11,12 and examined by
light microscopy. In the sinus node the number of nodal cells
was reduced by half, with fatty tissue and fibrosis prominent
(Fig. 3C). The atrioventricular node, His bundle, and left and
right bundle branches were all normal (Fig. 3D).

Frustaci et al. Circulation. 2005;112(24):3680-7.

Brugada et al. JACC. 2018;72(9):1046-59.

Ohtani et al. Japanese Journal of Electrocardiology, 2017; 37(1):23-30

Morimoto et al. J Cardiovascular Electrophysiology. 2005;16(3):345-7.

QUINIDINE

ABLATION

… et un arsenal thérapeutique limité

Priori et al. EHJ (2015) 36, 2793–2867 

DAI

bhf.org.uk



CASE REPORT
M. Y, 29 ans

§ Homme de 29 ans

§ Pas d’antécédent personnel ni familial

§ ACR brutal 

§ Soir 

§ Au cours d’un repas riche

DSA sapeurs-pompiers



CASE REPORT
M. Y, 29 ans

§ Homme de 29 ans

§ Pas d’antécédent personnel ni familial

§ ACR brutal 

§ Soir 

§ Au cours d’un repas riche



CASE REPORT
M. Y, 29 ans



CASE REPORT
M. Y, 29 ans

Pattern de type 1 fluctuant, 
reproduit lors du test à la flecainide



CASE REPORT
M. Y, 29 ans

CACNB2b (CaVB2b) = BrS4

Pattern de type 1 fluctuant, 
reproduit lors du test à la flecainide



CASE REPORT
M. Y, 29 ans

CACNB2b (CaVB2b) = BrS4

Pattern de type 1 fluctuant, 
reproduit lors du test à la flecainide

Patients on quinidine should be carefully monitored for QT prolonga-
tion and possible pro-arrhythmic events.118,448 The use of quinidine
may be considered in survivors of cardiac arrest who qualify for an
ICD but present a contraindication to the ICD or refuse it.118,448

So far there are no data supporting the role of PVS for predicting
arrhythmic events.

8.3 Brugada syndrome
8.3.1 Definitions and epidemiology

Diagnosis of Brugada Syndrome

Recommendations Classa Levelb Ref.c

Brugada syndrome is diagnosed in
patients with ST-segment elevation with
type 1 morphology ≥2 mm in one or
more leads among the right precordial
leads V1 and/or V2 positioned in the
second, third, or fourth intercostal
space, occurring either spontaneously or
after provocative drug test with
intravenous administration of sodium
channel blockers (such as ajmaline,
flecainide, procainamide or pilsicainide).

I C
This

panel of
experts

aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

The prevalence of Brugada syndrome seems to be higher in South-
east Asia than in western countries; the prevalence ranges from 1 in
1000 to 1 in 10 000.449

Brugada syndrome is inherited as a dominant trait and shows age-
and sex-related penetrance: clinical manifestations of the disease are
more frequent in adults and they are eightfold more frequent in men
than in women.450 VF occurs at a mean age of 41+ 15 years but it
may manifest at any age, usually during rest or sleep.451 Fever, exces-
sive alcohol intake and large meals are triggers that unmask a type I
ECG pattern and predispose to VF.

In a recent meta-analysis, the incidence of arrhythmic events (sus-
tained VT or VF or appropriate ICD therapy or sudden death) in pa-
tients with Brugada syndrome was 13.5% per year in patients with a
history of sudden cardiac arrest, 3.2% per year in patients with syn-
cope and 1% per year in asymptomatic patients.452

At least 12 genes have been associated with Brugada syndrome,
but only two (SCN5A and CACN1Ac) individually account for .5% of
positively genotyped patients.52 Results of genetic screening do not
currently influence prognosis or treatment.

8.3.2 Approach to risk stratification and management

Risk stratification and management in Brugada
Syndrome

Recommendations Classa Levelb Ref.c

The following lifestyle changes are
recommended in all patients with a
diagnosis of Brugada syndrome:
(a) Avoidance of drugs that may induce

ST-segment elevation in right
precordial leads (http://
www.brugadadrugs.org)

(b) Avoidance of excessive alcohol intake
and large meals

(c) Prompt treatment of any fever with
antipyretic drugs.

I C
This

panel of
experts

ICD implantation is recommended in
patients with a diagnosis of Brugada
syndrome who
(a) Are survivors of an aborted cardiac

arrest and/or
(b) Have documented spontaneous

sustained VT.

I C 451

ICD implantation should be considered
in patients with a spontaneous diagnostic
type I ECG pattern and history of
syncope.

IIa C 451

Quinidine or isoproterenol should be
considered in patients with Brugada
syndrome to treat electrical storms.

IIa C 453

Quinidine should be considered in
patients who qualify for an ICD but
present a contraindication or refuse it
and in patients who require treatment
for supraventricular arrhythmias.

IIa C 454

ICD implantation may be considered in
patients with a diagnosis of Brugada
syndrome who develop VF during PVS
with two or three extrastimuli at two
sites.

IIb C 120

Catheter ablation may be considered in
patients with a history of electrical
storms or repeated appropriate ICD
shocks.

IIb C
201,
455

ECG ¼ electrocardiogram; ICD ¼ implantable cardioverter defibrillator; PVS ¼
programmed ventricular stimulation; VF ¼ ventricular fibrillation; VT ¼
ventricular tachycardia.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

ESC Guidelines2836

Priori et al. EHJ 2015

identical to the type 1 or type 2 Brugada ECG pattern. Although this
requirement has been a fundamental conceptual assumption, it has
never been quantitatively validated. Therefore, the objective of this
study was to test the hypothesis that BrP ECG patterns are identical
and indistinguishable from BrS ECG patterns.

Methods
Six ECGs from published cases of confirmed BrS and six ECGs from
published cases of BrP were included in the study. All of the included
published cases of BrP met the criteria for diagnosis of BrP as per
Anselm et al.2 Surface 12-lead ECGs were scanned, saved in JPEG format
at 150–300 DPI, and sent to 10 international experts on BrS (J.B., P.B.,
A.W., P.C., A.P.R., M.E., A.B.L., P.P., A.K., and H.T.) in randomized order
for evaluation labelled with only a case number. Figure 1 demonstrates
leads V1 and V2 from the 12 cases provided to evaluators.3 –13 Evalua-
tors were provided with 12-lead ECGs wherever possible however in
three cases, only the precordial leads were provided. Evaluators were
selected based on publications in the field, expertize with channelopa-
thies, and experience with channelopathy databases. No clinical history
was provided in order to focus the evaluation strictly on ECG findings.
Evaluators were asked to determine whether each ECG was a Brugada
ECG pattern (consistent with BrS) or non-Brugada ECG pattern (con-
sistent with BrP) by visual interpretation alone. Three evaluators were
randomly selected to re-evaluate the ECGs several months later in a

different randomized order so that intra-observer reproducibility could
be ascertained.

Statistical analysis
Results are described as mean+ SD for continuous variables and
percentage (%) for categorical variables. Accuracy is defined as
the percentage of cases correctly identified. P values ,0.05 were
considered statistically significant. The kappa (k) coefficient was cal-
culated to assess inter-observer agreement and intra-observer re-
peatability between evaluators. Kappa coefficients were graded as
poor (,0.00), slight (0.00–0.20), fair (0.21–0.40), moderate
(0.41–0.60), substantial (0.61–0.80), and almost perfect (0.81–
1.00).14 Additionally, evaluator sensitivity, specificity, and likelihood
ratios for diagnostic accuracy were calculated. Statistical analysis
was performed on IBM SPSS software, version 22 for Windows
(Armonk, New York, 2014).

Results

Accuracy
The overall mean accuracy was 53+ 33% for all cases. Within the
BrS cases, the mean accuracy was 63+ 34% and within the BrP
cases, the mean accuracy was 43+ 33%. The overall accuracy for
each case is shown in Table 2 , while the overall accuracy for each
evaluator is shown in Table 3 . Interestingly, none of the evaluators
were able to correctly identify all six BrS cases. Nor were any of
the evaluators able to correctly identify all six BrP cases. On one ex-
treme, one evaluator correctly identified five of six BrS cases, having
the highest accuracy among BrS cases. However, this evaluator mis-
diagnosed five of six BrP cases as BrS. In total, this evaluator diag-
nosed 10 of 12 cases as having a Brugada ECG pattern, suggesting
his threshold for identification of a Brugada pattern through ECG
alone may have been lower than other evaluators. Conversely,

What’s new?
† The pattern of BrP was found to be indistinguishable from

the pattern of BrS among expert physicians.
† As a consequence, clinicians cannot distinguish between the

conditions by looking at ECG alone.
† Clinicians are recommended to follow the systematic diag-

nostic criteria for distinguishing between BrP and BrS.

Table 1 Brugada phenocopy systematic diagnostic criteria

Brugada phenocopy diagnostic criteria (first five mandatory)
(i) ECG pattern has type 1 or type 2 Brugada morphologic characteristics
(ii) Patient has underlying condition that is identifiable and reversible
(iii) ECG pattern resolves after resolution of the underlying condition
(iv) There is low clinical pre-test probability of true BrS determined by lack of symptoms, medical history, and family history
(v) Negative results on provocative testing with sodium channel blockers such as ajmaline, flecainide, or procainamide (unless clearly not clinically

indicated)
(vi) Provocative testing not mandatory if surgical right ventricular outflow tract manipulation has occurred within last 96 h
(vii) Results of genetic testing are negative (desirable but not mandatory because the SCN5A mutation is identified in only 20–30% of probands affected by

true BrS)

Features that suggest true congenital BrS
(i) ECG pattern shows type 1 or type 2 Brugada morphologic characteristics
(ii) There is a high clinical pre-test probability of true congenital BrS determined by presence of symptoms, medical history, and family history
(iii) Positive results on provocative testing with sodium channel blockers such as ajmaline, flecainide, or procainamide; this indicates sodium channel

dysfunction consistent with true BrS
(iv) Genetic testing is positive in about 20–30% of probands

Adapted from Anselm et al.2

ECG, electrocardiographic; SCN5A, sodium channel voltage-gated type V alpha subunit.

B.H. Gottschalk et al.1096
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Table 2
Relationship between aortic valve pathology and aortic stiffness parameters in 40 study patients with bicuspid aortic valve.

Aortic valve pathology Number of patients
with pathology

Central pulse pressure
(mmHg)

Pa AIx@HR75 (%) Pa Pulse wave velocity (m/s) Pa

Pathology
absent

Pathology
present

Pathology
absent

Pathology
present

Pathology
absent

Pathology
present

Bicuspid valve type 1b 28 (70%) 41±12 40±11 .8 19±10 22±14 .5 6.5±1.3 5.8±2.1 .2
Bicuspid valve type 2b 12 (30%) 40±11 44±13 .3 21±13 21±10 .9 5.9±2 7±.8 .2
Aortic root dilatationc 6 (15%) 41±12 39±4 .6 21±12 16±12 .3 6.3±2 5.2±.6 .2
Ascending aortic dilatationc 16 (40%) 41±12 40±11 .6 21±14 20±10 .9 5.6±1.6 6.8±2.1 .1
Aortic valve regurgitationd 17 (43%) 41±13 41±10 .9 20±11 22±13 .6 6.2±2.2 5.9±1.5 .6
Aortic valve stenosisd 9 (23%) 41±12 40±10 .9 18±10 29±15 .002 6.4±1.7 5.1±2.2 .1
a Mann–Whitney test for continuous data and the Fisher's exact test for nominal and categorical data.
b Bicuspid aortic valve with a fusion of the right and left coronary cusp corresponding to the anterior–posterior type was type 1, and a bicuspid aortic valve with a fusion of the

right and non-coronary cusp corresponding to the right-left type was type 2.
c Aortic diameter ≥95th percentile.
d Only ≤moderate degree of aortic valve regurgitation or stenosis.

0167-5273/$ – see front matter © 2011 Elsevier Ireland Ltd. All rights reserved.
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Acute myocarditis has various clinical expressions and is a well-
known trigger of ventricular fibrillation. The determinants of ventricular
arrhythmia in the setting of acute myocarditis remains poorly under-
stood. We report the cases of three young patients with myocarditis
complicated by ventricular fibrillation causing sudden death.

Case no. 1: A previously healthy 29-year-old man suddenly lost
consciousness soon after a meal. The patient regained spontaneous
cardiac activity after three electric shocks delivered by a semi-
automatic defibrillator. The clinical examination in the intensive care
unit was unremarkable. There was no family history of sudden death.
The ECG showed an ST elevation in V1 and V2, which suggested
underlying Brugada syndrome (Fig. 1 panel A). Except from a peak
troponin I at 16 ng/mL, the work-up performed was unremarkable.
The patient developed post-anoxic encephalopathy and eventually
died on day 17. The diagnosis of acute viral myocarditis was finally
made based on histopathological and biomolecular findings during

autopsy. There were subendocardial inflammatory zones in the
anterior wall of the left ventricle and cardiotropic PCR screening on
myocardial biopsy revealed the presence of Parvovirus B19 (700
copies of viral RNA). A mutation on CACNB2 gene was also found.

Case no. 2: Few days after a flu infection, a 19-year-old male
patient was admitted in our institution for chest pain. The clinical
examination was unremarkable. On the ECG, corrected QT was
measured at 340 ms (Fig. 1 panel B). Lab tests identified a marked
elevation of myocardial enzymes (serum creatinine kinase 2.222 UI/L;
troponin I 81 ng/mL) and C reactive protein (148 mg/L). Echocardi-
ography revealed diffuse left ventricular systolic function impairment.
Left ventricular ejection fraction (LVEF) was estimated at 40%. Cardiac
magnetic resonance imaging (MRI) showed delayed subepicardial
enhancement in the anterior, inferior and lateral walls. Those findings
were highly consistent with acute myocarditis. Forty-eight hours after
admission, the patient had ventricular fibrillation, which was
successfully treated with external defibrillation. Clinical evolution
was favorable. At 6-month follow-up, the patient remained asymp-
tomatic and the LVEF normalized. Of note, the 24-hour ambulatory
ECG performed 1 year after the acute phase of myocarditis showed a
mean QT interval of 328 ms despite a mean heart rate of 43 bpm.

Case no. 3: A 21-year-old male patient suddenly lost consciousness
whilehewasplayingbadminton.At thearrival of theambulance, a semi-
automatic defibrillator delivered a shockwhich restored cardiac activity.
The patientwas intubated and transferred to the intensive care unit. The
clinical examination was unremarkable. His family reported his father's
sudden death at the age of 32 while he was scuba diving. The ECG
showed sinusal rhythm at 90 bmpwith no signs of ischemia. There was
an early repolarization pattern in the avF, DII, DIII, leads in favor of early
repolarization syndrome (Fig. 1 panel C). Lab tests identified amoderate
elevation of myocardial enzymes (serum creatinine kinase 641 UI/L;
troponine I 3.26 ng/mL). LVEF estimated by echocardiography was 30%.
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Fig. 1. Twelve lead ECG in three patients with acute myocarditis complicated by ventricular fibrillation revealing channelopathy. The ECG of case no. 1 shows a Brugada pattern
(panel A). The ECG of case no. 2 shows a corrected QT at 340 ms, consistent with a short QT syndrome (panel B). The ECG of case no. 3 shows an early repolarization pattern in the
inferior derivations (panel C).

The myocardial MRI showed diffuse medio-apical subepicardial late
enhancement, which strongly suggested acutemyocarditis. At 6-month
follow-up, thepatient remained asymptomatic and the LVEFwas55%. Of
note, the ECG still showed an early repolarization pattern.

Acute myocarditis can be fatal, sometimes with ventricular
arrhythmia as the only clinical manifestation [1]. Based on recent
data, myocarditis is implicated in about 10% of sudden deaths from
cardiac causes in young adults [2]. At present, we do not know why
some patients develop ventricular arrhythmia and others do not. In
our series, we documented ECG abnormalities consistent with three
types of channelopathies (Brugada syndrome, short QT syndrome and
early repolarization) in three patients with myocarditis complicated
by ventricular fibrillation. Importantly, the ECG findings persisted in
the 2 patients who survived the acute phase of myocarditis,
suggesting that these abnormalities were not due to the myocarditis
itself. These data suggest that ionic canal dysfunctions might
predispose to ventricular arrhythmias during infectious aggression.

Various explanations have been given for the occurrence of
ventricular arrhythmias in the setting of acute myocardial inflamma-
tion. Viral-induced myocardial fibrosis and secondary hypertrophy
might favor the slowing of action potentials in zones of the
myocardium, which can result in reentry circuits. Myocardial ischemia
might also be implicated whereas systolic dysfunction seems to have a
secondary role. Thus, the pathophysiology of ventricular arrhythmias
in the setting of acute myocarditis remains only partially understood.

The three patients described in the present work all presented
myocarditis-induced ventricular fibrillation and had an underlying
channelopathy. The association of a severe arrhythmia as a complication
of acute myocarditis in patients with underlying substratum for
arrhythmia is, from our point of view, of great interest. It suggests that
patients with underlying channelopathy might be at higher risk for
severe ventricular arrhythmia during acute myocarditis.

Other observations have shown an association between Brugada
syndrome, myocarditis and sudden death. In 2003, Buob et al.
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predispose to ventricular arrhythmias during infectious aggression.

Various explanations have been given for the occurrence of
ventricular arrhythmias in the setting of acute myocardial inflamma-
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myocarditis-induced ventricular fibrillation and had an underlying
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arrhythmia is, from our point of view, of great interest. It suggests that
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Other observations have shown an association between Brugada
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congenital heart disease must be also taken into account. In 30% of
cases no obvious cause of death is identified postmortem.13

A case report where a parvovirus B19 infection and an ion
chanellopathy, Brugada syndrome were present at the same time
with a non-witnessed fatal outcome is not common in the forensic
literature. The clinical symptoms of myocarditis were not present
before death, only Brugada syndrome was known from the past
medical data, parvovirus-associated myocarditis was an incidental
finding. Furthermore, it is also exceptional to find a published
forensic autopsy case, where the infection is proven microbiologi-
cally from the tissue samples.

Buob et al. published a similar case of a 34-year old previously
healthy man who had an aborted sudden cardiac death. After a
successful resuscitation he was diagnosed with Brugada syndrome
and a prompt implantation of ICD saved his life from further ma-
lignant arrhythmias. Moreover, in the left ventricular myocardium
a localized parvovirus B19-associated myocarditis was also found
by PCR technique.14

For practical purposes 3 types of Brugada ECG patterns are
differentiated. Type 1, e corresponding to our Fig. 1 e is charac-
terized by coved-type ST-segment elevation !2 mm, in more than
one right precordial lead, followed by negative T wave. Only type 1
ECG pattern is regarded as the evidence of Brugada syndrome,
howevere as in the presented casee different typesmay be seen in
the same subject at different times. Type 1 pattern is associated
with SCN5A mutations, and this association is much stronger in
cases where PQ prolongation is also present.15 In our case the PQ
was 260 ms. Recent reports also indicate, that those cases, where
the coved-type ST-elevation is also present in a peripheral lead (in
our case aVR) are especially prone for malignant ventricular
arrhythmia (their odds ratio is increased by more than fourfold).16

Beyond SCN5A mutation, a genom-wide association study
including 312 Brugada patients revealed two other genomic regions
in connection with Brugada syndrome: rs10428132 locus in the
SCN10A gene and a single-nucleotide polymorphism at rs9388451
locus, located downstream of the HEY2 gene. The loss of HEY2 gene
and altered transcriptional programming during development of
the heart may affect the function of sodium channels implicated in
the pathogenesis of Brugada syndrome.17

The diagnosis of Brugada syndrome was based on the clinical
symptoms and the characteristic ECG pattern in our case, genetic
test was not performed.

Brugada found in his studies that many symptomatic patients
had an abnormal ECG years before the symptoms appeared. Those
whowere resuscitated from SCD have higher risk for the recurrence
of ventricular fibrillation.11,18,19 Patients typically develop symp-
toms at rest or in sleep. 80% of patients with documented ven-
tricular fibrillation had a history of syncope. Sudden death occurred
in these patients mainly during early morning.18,20,21

Fig. 3. Extensive infiltration of the myocardium with inflammatory cells resulting
myocyte necrosis. (HE, 100" magnification).

Fig. 4. Amplification curves of real time polymerase chain reaction from different organs demonstrating the presence of parvovirus B19 nucleic acid.
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a b s t r a c t

Cardiovascular diseases are the leading cause of sudden death all over the world. The aetiology of sudden
cardiac death among young adults includes Brugada syndrome and myocarditis.

Brugada syndrome is a genetic abnormality of sodium channels in the myocardium with a charac-
teristic electrocardiographic pattern.

Myocarditis has several aetiologies including infections. One of the most common cardiotropic viruses
is parvovirus B19. This infection presents as a febrile illness in childhood and may result in fatal outcome,
more frequently in adults. In this report we present a case of a young man who suffered from a mild
upper respiratory tract infection. After recovery he had an episode of syncope and was diagnosed with
Brugada syndrome. Some weeks later he died suddenly at home while sleeping. The detailed forensic
pathological, histological and microbiological investigation revealed a parvovirus B19-associated
myocarditis. Synergic effect of structural and functional abnormalities of the myocardium may lead to
death. The cause and potential complications (eg. myocarditis) of even mild infections should be
monitored carefully.

! 2014 Elsevier Ltd and Faculty of Forensic and Legal Medicine. All rights reserved.

1. Introduction

Cardiovascular diseases are the most important causes of the
sudden death.1

Themale gender is present in 67% of sudden cardiac death (SCD)
cases. Among children and young adults the most important causes
of SCD are inherited cardiomyopathies, primary electrophysiolog-
ical disorders (such as long QT syndrome, Brugada syndrome and
catecholaminergic polymorphic ventricular tachycardia) and
myocarditis.2,3

Myocarditis may be responsible for the sudden cardiac death of
young people in 8e12% up to 42%. It has several aetiologies
including infections. Viral presence ranges from 19 to 67% in adult
and paediatric cases.4,5

The most frequent cardiotropic viruses are the coxsackie virus,
adenovirus, parvovirus B19, human herpesvirus 6, EpsteineBarr
virus, cytomegalovirus and hepatitis C virus.6,7

Parvovirus B19 infection e also known as erythema infectiosum
or fifth disease e is usually asymptomatic or presents as a
nonspecific febrile illness in childhood. Other clinical entities that
are associated with this infection are arthropathy, hepatitis,
erythrocyte aplasia, anaemia, hydrops fetalis, myocarditis. The
clinical course in adults may differ from that in children, and the
complications may be even more serious. Approximately 50e60%
of the adults are seropositive for parvovirus B19-specific IgG anti-
bodies.5,8 Parvovirus-associated myocarditis in immunocompetent
adults is extremely rare.9

Genetic abnormality of sodium channels in themyocardiumwas
first described in 1992 as Brugada syndrome with a characteristic
electrocardiographic (ECG) pattern: right bundle-branch block, ST
segment elevation in precordial leads and high incidence of sudden
cardiac death due to ventricular fibrillation. The disease is inherited
showing an autosomal dominant trait in 30% of cases, in 20% no
clear pattern of inheritance was noticed and the remaining 50% is
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sporadic. Brugada syndrome alone may be responsible for about
12% of sudden cardiac cases and 20% of those postmortem cases
where the heart appears morphologically normal.10,11

In this article we report a sudden death of an immunocompe-
tent young male who was previously suffered from a mild upper
respiratory tract infection and in the reconvalescent period he was
diagnosed with Brugada syndrome. Two and a half months
following the infection he died suddenly due to an acute parvoviral
myocarditis.

2. Case report

2.1. Medical history

A 22-year-old young manwas found dead in his bedroom by his
mother. The body was lying next to the bed and a little amount of
blood was on the floor. The emergency service arrived soon after,
but because of the signs of the early death, livor and rigor mortis,
reanimation was not started. A lacerated wound and blood was

Fig. 1. ECG recorded soon after the syncope showing a typical pattern for Brugada syndrome.
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congenital heart disease must be also taken into account. In 30% of
cases no obvious cause of death is identified postmortem.13

A case report where a parvovirus B19 infection and an ion
chanellopathy, Brugada syndrome were present at the same time
with a non-witnessed fatal outcome is not common in the forensic
literature. The clinical symptoms of myocarditis were not present
before death, only Brugada syndrome was known from the past
medical data, parvovirus-associated myocarditis was an incidental
finding. Furthermore, it is also exceptional to find a published
forensic autopsy case, where the infection is proven microbiologi-
cally from the tissue samples.

Buob et al. published a similar case of a 34-year old previously
healthy man who had an aborted sudden cardiac death. After a
successful resuscitation he was diagnosed with Brugada syndrome
and a prompt implantation of ICD saved his life from further ma-
lignant arrhythmias. Moreover, in the left ventricular myocardium
a localized parvovirus B19-associated myocarditis was also found
by PCR technique.14

For practical purposes 3 types of Brugada ECG patterns are
differentiated. Type 1, e corresponding to our Fig. 1 e is charac-
terized by coved-type ST-segment elevation !2 mm, in more than
one right precordial lead, followed by negative T wave. Only type 1
ECG pattern is regarded as the evidence of Brugada syndrome,
howevere as in the presented casee different typesmay be seen in
the same subject at different times. Type 1 pattern is associated
with SCN5A mutations, and this association is much stronger in
cases where PQ prolongation is also present.15 In our case the PQ
was 260 ms. Recent reports also indicate, that those cases, where
the coved-type ST-elevation is also present in a peripheral lead (in
our case aVR) are especially prone for malignant ventricular
arrhythmia (their odds ratio is increased by more than fourfold).16

Beyond SCN5A mutation, a genom-wide association study
including 312 Brugada patients revealed two other genomic regions
in connection with Brugada syndrome: rs10428132 locus in the
SCN10A gene and a single-nucleotide polymorphism at rs9388451
locus, located downstream of the HEY2 gene. The loss of HEY2 gene
and altered transcriptional programming during development of
the heart may affect the function of sodium channels implicated in
the pathogenesis of Brugada syndrome.17

The diagnosis of Brugada syndrome was based on the clinical
symptoms and the characteristic ECG pattern in our case, genetic
test was not performed.

Brugada found in his studies that many symptomatic patients
had an abnormal ECG years before the symptoms appeared. Those
whowere resuscitated from SCD have higher risk for the recurrence
of ventricular fibrillation.11,18,19 Patients typically develop symp-
toms at rest or in sleep. 80% of patients with documented ven-
tricular fibrillation had a history of syncope. Sudden death occurred
in these patients mainly during early morning.18,20,21

Fig. 3. Extensive infiltration of the myocardium with inflammatory cells resulting
myocyte necrosis. (HE, 100" magnification).

Fig. 4. Amplification curves of real time polymerase chain reaction from different organs demonstrating the presence of parvovirus B19 nucleic acid.
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Cardiovascular diseases are the leading cause of sudden death all over the world. The aetiology of sudden
cardiac death among young adults includes Brugada syndrome and myocarditis.

Brugada syndrome is a genetic abnormality of sodium channels in the myocardium with a charac-
teristic electrocardiographic pattern.

Myocarditis has several aetiologies including infections. One of the most common cardiotropic viruses
is parvovirus B19. This infection presents as a febrile illness in childhood and may result in fatal outcome,
more frequently in adults. In this report we present a case of a young man who suffered from a mild
upper respiratory tract infection. After recovery he had an episode of syncope and was diagnosed with
Brugada syndrome. Some weeks later he died suddenly at home while sleeping. The detailed forensic
pathological, histological and microbiological investigation revealed a parvovirus B19-associated
myocarditis. Synergic effect of structural and functional abnormalities of the myocardium may lead to
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sporadic. Brugada syndrome alone may be responsible for about
12% of sudden cardiac cases and 20% of those postmortem cases
where the heart appears morphologically normal.10,11

In this article we report a sudden death of an immunocompe-
tent young male who was previously suffered from a mild upper
respiratory tract infection and in the reconvalescent period he was
diagnosed with Brugada syndrome. Two and a half months
following the infection he died suddenly due to an acute parvoviral
myocarditis.

2. Case report

2.1. Medical history

A 22-year-old young manwas found dead in his bedroom by his
mother. The body was lying next to the bed and a little amount of
blood was on the floor. The emergency service arrived soon after,
but because of the signs of the early death, livor and rigor mortis,
reanimation was not started. A lacerated wound and blood was

Fig. 1. ECG recorded soon after the syncope showing a typical pattern for Brugada syndrome.
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of interstitial macrophages were detectable.
Nested polymerase chain reaction (PCR) and in
situ hybridization revealed myocardial viral in-
fection due to parvovirus B19. Results concerning
enterovirus, echovirus, coxsackievirus A and B,
adenovirus, Epstein-Barr virus, human herpesvi-
rus 6, and chlamydia pneumoniae were negative.
In plasma and peripheral leukocyte preparations
there was evidence neither of these pathogens nor
for cytomegalovirus, herpesviruses 1 and 2, and
borrelia burgdorferi.

An ICD was implanted and the patient was
discharged. During the first year of followup,
there were seven episodes of ventricular tachycar-
dia or fibrillation, which could all be terminated
by the implanted device. Evaluation of an ambu-
latory electrocardiographic monitoring showed
ST segment elevation immediately before the on-
set of an arrhythmic event.

DISCUSSION

The reported patient with aborted sudden cardiac
death showed the typical ECG criteria for the diag-
nosis of Brugada syndrome. There was an intermit-
tent ST segment elevation in the right precordial
leads and an incomplete right bundle branch block.
These changes were also induced by application of
the class I antiarrhythmic agent ajmaline. Other pos-
sible causes for ST segment elevation, e.g., cardiac
ischemia due to an acute myocardial infarction or

coronary spasm, were unlikely because the coronary
angiogram showed no coronary heart disease and
there was no history of chest pain either before the
initial event or before the later episodes of ventric-
ular tachycardia or fibrillation, which were treated
by the implanted ICD. Additionally, a Holter moni-
tor revealed dynamic ST segment elevation imme-
diately before onset of ventricular tachycardia. Bru-
gada syndrome was diagnosed. An ECG from other
family members could not be obtained. However,
the lack of a positive family history of sudden car-
diac death does not argue against the diagnosis of
Brugada syndrome in the reported patient. Recent
data indicate that the syndrome occurs in 50% of
cases sporadically (5,9).

In this case, T2-weighted magnetic resonance
imaging revealed locally restricted signal en-
hancement in the left ventricular myocardium,
which is strongly suggestive of interstitial edema
due to a localized inflammatory reaction. Biopsies
taken in the relevant region showed elevated
numbers of macrophages without detectable T
lymphocytes. In situ-hybridization and nested
PCR demonstrated parvovirus B19 infection.
Therefore, there was strong evidence of locally
restricted subclinical myocarditis. Parvovirus B19
infection is not frequent, but is a well-docu-
mented cause of myocarditis in immunocompe-
tent adults (10,11).

So far, the appropriate diagnosis of Brugada
syndrome has required the absence of any detect-

Figure 2. Cardiac magnetic
resonance imaging (T2-weighted
scan) showing signal
enhancement in the left
ventricular apical region (arrow)
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there was evidence neither of these pathogens nor
for cytomegalovirus, herpesviruses 1 and 2, and
borrelia burgdorferi.

An ICD was implanted and the patient was
discharged. During the first year of followup,
there were seven episodes of ventricular tachycar-
dia or fibrillation, which could all be terminated
by the implanted device. Evaluation of an ambu-
latory electrocardiographic monitoring showed
ST segment elevation immediately before the on-
set of an arrhythmic event.

DISCUSSION

The reported patient with aborted sudden cardiac
death showed the typical ECG criteria for the diag-
nosis of Brugada syndrome. There was an intermit-
tent ST segment elevation in the right precordial
leads and an incomplete right bundle branch block.
These changes were also induced by application of
the class I antiarrhythmic agent ajmaline. Other pos-
sible causes for ST segment elevation, e.g., cardiac
ischemia due to an acute myocardial infarction or

coronary spasm, were unlikely because the coronary
angiogram showed no coronary heart disease and
there was no history of chest pain either before the
initial event or before the later episodes of ventric-
ular tachycardia or fibrillation, which were treated
by the implanted ICD. Additionally, a Holter moni-
tor revealed dynamic ST segment elevation imme-
diately before onset of ventricular tachycardia. Bru-
gada syndrome was diagnosed. An ECG from other
family members could not be obtained. However,
the lack of a positive family history of sudden car-
diac death does not argue against the diagnosis of
Brugada syndrome in the reported patient. Recent
data indicate that the syndrome occurs in 50% of
cases sporadically (5,9).

In this case, T2-weighted magnetic resonance
imaging revealed locally restricted signal en-
hancement in the left ventricular myocardium,
which is strongly suggestive of interstitial edema
due to a localized inflammatory reaction. Biopsies
taken in the relevant region showed elevated
numbers of macrophages without detectable T
lymphocytes. In situ-hybridization and nested
PCR demonstrated parvovirus B19 infection.
Therefore, there was strong evidence of locally
restricted subclinical myocarditis. Parvovirus B19
infection is not frequent, but is a well-docu-
mented cause of myocarditis in immunocompe-
tent adults (10,11).

So far, the appropriate diagnosis of Brugada
syndrome has required the absence of any detect-

Figure 2. Cardiac magnetic
resonance imaging (T2-weighted
scan) showing signal
enhancement in the left
ventricular apical region (arrow)
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Juhasz Z et al. J Forensic Leg Medicine 25 (2014) because of the reported high recurrence rates of
ventricular arrhythmias. Nevertheless, the patho-
physiology of Brugada syndrome is not fully un-
derstood and there are concerns as to whether or
not this syndrome is a real clinical and pathologic
entity (8).

In the following, the authors are going to de-
scribe the case of a patient with aborted sudden
cardiac death and typical ECG-manifestations of
Brugada syndrome, but also additional structural
changes in the left ventricular myocardium pre-
sumably due to localized myocarditis.

CASE REPORT

A 34-year-old man suddenly lost consciousness
in a restaurant after lunch. Bystanders started
cardiopulmonary resuscitation, 10 minutes later
the emergency ambulance arrived and electrocar-
diographic monitoring revealed ventricular fibril-
lation (VF). After one direct-current shock of 200
J, sinus rhythm was restored and the patient was
admitted to the hospital. The initial electrocardio-
gram showed no signs of myocardial ischemia or
infarction, the results of the laboratory tests in-
cluding electrolytes and CKMB were normal ex-
cept for a serum glucose level of 237 mg/dL, and
tests for alcohol or drug intoxication were nega-
tive. Two hours later, the patient was resuscitated
again because of VF and continuing intravenous
application of ajmaline was started. On the third
day after the initial event, after repeated episodes
of VF and ventricular tachycardia, the patient was
transferred to the university hospital for further
evaluation and therapy.

On admission, the patient was mechanically
ventilated. Physical examination was without

pathologic findings. History taken from family
members revealed that the patient had been in
apparently good health prior to this incident. He
had neither had palpitations nor a loss of con-
sciousness. There was no history of syncope or
sudden death in the family history.

The ECG showed a normal sinus rhythm with-
out any signs of myocardial ischemia. QTc was
normal. Reevaluation of the ECGs of the previous
2 days under application of ajmaline revealed an
incomplete right bundle branch block and ST
segment elevation in leads V1 to V3 (Fig. 1). Echo-
cardiography showed a normal left and right ven-
tricular chamber size and wall motion. Valvular
function was normal except for minor mitral re-
gurgitation. Coronary angiography revealed no ev-
idence of coronary heart disease, and ejection
fraction was normal. The left ventriculogram
showed a minor hypokinesia of the left ventricu-
lar apex. Electrophysiologic study showed normal
atrioventricular conduction without evidence of a
dual nodal pathway or accessory pathways. A
programmed ventricular stimulation was per-
formed on three right ventricular sites. In the
outflow tract, ventricular fibrillation was induced
by three extrastimuli. Arrhythmia was terminated
by a direct-current shock of 360 J. Magnetic reso-
nance imaging (MRI) of the heart revealed, in the
T2-weighted scans, a subendothelial edema in the
left ventricular apical septum and lateral wall
(Fig. 2). In all, six left ventricular biopsies in this
region were performed.

Histologic examination of the biopsies showed
elderly minor interstitial fibrosis but multifocal
signs of low to middle degree interstitial edema.
Immunohistochemically there was no evidence of
T-lymphocytes, but a significantly large number

Figure 1. ECG tracings under
application of ajmaline
displaying “Brugada sign” with
ST segment elevation in leads
V1 and V2 (paper speed 50
mm/s)
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Clinical Case

Focal Parvovirus B19 Myocarditis in a
Patient with Brugada Syndrome
AXEL BUOB, MD*, STEPHANOS SIAPLAOURAS, MD*, INGRID JANZEN, MD*, BERNHARD
SCHWAAB, MD*, BERND HAMMER, MD*, GÜNTHER SCHNEIDER, MD†, REINHARD KANDOLF,
MD‡, MICHAEL BÖHM, MD*, and JENS JUNG, MD*

The Brugada syndrome is characterized by a distinct ECG pattern consisting of ST
segment elevation in the right precordial leads and right bundle branch block, a propensity
for life-threatening arrhythmias, and an apparently structurally normal heart. The authors
describe the case of a patient with an aborted sudden cardiac death and the typical ECG
signs of Brugada syndrome. Nevertheless, magnetic resonance imaging displayed signal
enhancement in the left ventricular myocardium. Additionally, histologic examination,
in-situ hybridization, and PCR revealed evidence of a locally restricted inflammation due
to parvovirus B19. Brugada syndrome is regarded as a primary electrical disease due to
dysfunction of distinctive ion channels, but focal myocarditis may serve as a trigger for
ventricular arrhythmias in this patient. Further morphologic studies will be helpful to
establish the possible role of structural changes in the pathophysiology of this syndrome.

Key Words: Brugada syndrome, Myocarditis, Parvovirus B19, Sudden cardiac death

In about 5% of all cases of aborted sudden cardiac
death due to ventricular fibrillation, no underly-
ing structural heart disease is elucidated even by
extensive diagnostic procedures. Therefore, the
term “idiopathic ventricular fibrillation” has been
proposed (1). In a subgroup of patients there is a
characteristic ECG pattern with ST segment ele-
vation in the right precordial leads V1 to V3, and
a complete or incomplete right bundle branch
block. The association of this ECG pattern with
sudden cardiac death in patients with apparently
no structural heart disease was described as a
distinct clinical and electrocardiographic entity
(2). Patients are more often males and the first
event of life-threatening arrhythmias occurs pre-
dominantly in the fourth decade. The ECG abnor-

malities transiently normalize in many patients
and can often be induced by application of class I
sodium channel blockers like ajmaline and fle-
cainide (3). Since 1992, many cases have been
reported and recent data reveal that 3–24% of
cases of so-called idiopathic ventricular fibrilla-
tion are in fact due to Brugada syndrome (4).
There is a suspected familiar occurrence in 50%
of patients, and the disease is inherited as an
autosomal dominant trait in about half of the
affected families (5). According to current knowl-
edge, Brugada syndrome is regarded as a primary
electrical (i.e., ion channel) disease, which causes
abnormal electrophysiologic activity in the right
ventricular epicardium. Mutations of the cardiac
sodium channel gene SCN5A have been described
in some of the affected families (6). The recur-
rence rate of sustained ventricular arrhythmias is
as high as 62% during a follow-up of 54 months
after aborted sudden cardiac death, and even pre-
vious asymptomatic individuals with the electro-
cardiographic pattern of Brugada syndrome have
an elevated risk of arrhythmic events (7).

Currently, implantation of a cardioverter/defi-
brillator (ICD) is the only possibility of therapy
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ography, and ICD arrhythmic event retrieval, monthly in the
first 6 months and every 3 months thereafter.

At a mean follow-up of 25.5!6.2 months (range 17 to 39
months), ICD interrogation revealed the occurrence of sus-
tained monomorphic VT episodes effectively terminated by
the ICD in the patient with arrhythmogenic right ventricular
cardiomyopathy, whereas no major arrhythmic events were
observed in any of the other patients (Table 2). Cardiac
function remained normal in all patients. At ECG, ST-
segment elevation was detected at all follow-up visits in 10

patients (including 4 of 4 SCN5A mutation carriers), whereas
it was no longer observed in 8 patients with myocarditis. In 5
cases, the ST segment normalized suddenly in the first 6
months, whereas in the remaining 3 patients, it normalized
through a transient phase characterized by normal ST seg-
ment with negative T waves in the right precordial leads (V1

through V3).

Discussion
Brugada syndrome is a leading cause of life-threatening
arrhythmias and juvenile sudden cardiac death.8 It is a genetic
disease caused by mutation of the SCN5A gene encoding for
the !-subunit of the cardiac sodium channel. However,
SCN5A mutations are detected in "20% of patients with the
clinical phenotype of BS, which suggests that various myo-
cardial entities result in the same clinical picture, likely with
a different impact on both prognosis and treatment. Actual
criteria for the definition of BS8 recommend the exclusion of
specific myocardial diseases, particularly arrhythmogenic
right ventricular cardiomyopathy and myocarditis, before a
conclusive diagnosis is reached. Noninvasive techniques
including echocardiography and cardiac magnetic resonance
are often unable to identify the initial phase or the focal
variant of these entities or the presence of cardiac microan-
eurysms.9,15 Invasive cardiac studies, including coronary and
biventricular angiography with endomyocardial biopsy, may
provide relevant diagnostic contributions but rarely are ap-
plied systematically in patients with a clinical phenotype of
BS. In particular, biventricular endomyocardial biopsy with
extensive sampling associated with immunohistochemistry

TABLE 2. Angiographic, Pathological, and Genetic Features, Treatment, and Follow-Up of
Study Population

Pt
RV and LV

Angiography RV Histology†
LV

Histology SCN5A Mutation Treatment Follow-Up, mo

1 Normal Myocarditis Normal ! ! ! ! ! ! 39 A

2 RVA, pile
of dishes

Fatty infiltration Normal R376H ICD 34 VT

3 Normal Myocarditis Normal ! ! ! ! ! ! 29 A

4 Normal Myocarditis Normal ! ! ! ! ! ! 29 A

5 Normal Myocarditis Normal ! ! ! ICD 29 A

6 Normal Myocarditis Normal ! ! ! ICD 27 A

7 RVA, LVA Myocarditis Myocarditis ! ! ! ! ! ! 27 A

8 RVA, LVA CM CM R1023H ICD 25 A

9 Normal Myocarditis Normal ! ! ! ICD 25 A

10 RVA, LVA Myocarditis Myocarditis ! ! ! ICD 24 A

11 RVA, LVA Myocarditis Myocarditis ! ! ! ICD 23 A

12 Normal CM CM R1644C ! ! ! 22 A

13 RVA Myocarditis Normal ! ! ! ICD 18 A

14 Normal Myocarditis Myocarditis ! ! ! ICD 17 A

15 RVA Myocarditis Myocarditis ! ! ! ! ! ! 16 A

16 Normal CM CM I1968S ICD 26 A

17 Normal Myocarditis Normal ICD 17 A

18 Normal Myocarditis Normal ICD 33 A

RV indicates right ventricle; LV, left ventricle; RVA, right ventricular aneurysms; LVA, left ventricular aneurysms; CM,
cardiomyopathic changes; A, asymptomatic; and VT, sustained ventricular tachycardia.

Figure 2. Right ventricular endomyocardial biopsy from patient
2, a carrier of an SCN5A gene mutation (R376H), which at his-
tology showed extensive myocardial fibrofatty infiltration typical
of arrhythmogenic right ventricular cardiomyopathy. Hematoxylin
and eosin; original magnification #250.
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958!429 per 106 myocyte nuclei in the right ventricle) than
in normal controls (0.001% or 10!6 per 106 myocyte nuclei
in the left ventricle and 0.0008% or 8!5 per 106 myocyte
nuclei in the right ventricle; P"0.013 and P"0.014,
respectively).

Genetic Studies and Functional Characterization
of Mutant Proteins
Four novel single base pair mutations leading to an amino
acid substitution were identified in the SCN5A gene (Tables 1
and 2). The functional properties of the mutant proteins were
compared with the wild type by heterologous expression in
HEK 293 cells. We transiently expressed the 4 mutations to
look for functional properties that discriminated the mutant
channel from the wild type (Table 3) and demonstrated that
all mutants result in functionally abnormal proteins. All
abnormalities induced in the cardiac sodium channel led to a
reduced inward current and were consistent with those
previously identified in BS.14 The patient carrier of the
R376H mutation in the SCN5A gene who presented histolog-
ical evidence of fatty tissue infiltration (Tables 1 and 2)
presented no mutations in the RyR2 gene or in the PKP2 gene.

Viral Genome in Myocardial Specimens
Viral genome was detected in 4 patients (28%) with myocar-
ditis: coxsackievirus B3 (patients 1 and 7), Epstein-Barr virus
(patient 14), and parvovirus B19 (patient 18). None of the
controls were positive for any viral genome.

Electrophysiological Studies
Programmed electrical stimulation induced VF in the 7
patients with aborted sudden death. In the 4 patients with
syncope, VF (n"2) and polymorphic VT (n"1) were in-
duced. Among the 7 patients with documented sustained
polymorphic VT, electrophysiological study was negative in
2 cases and reproduced the spontaneous arrhythmia in 5.

Treatment and Follow-Up
Twelve patients (1 with sustained polymorphic VT, 7 survi-
vors of VF, and 4 patients with syncope) received an
implantable cardioverter defibrillator (ICD). All other pa-
tients refused the ICD and did not receive any antiarrhythmic
treatment (Table 2). Patients were followed up by physical
examination, resting ECG, Holter monitoring, 2D echocardi-

Figure 1. Baseline ECG (A) from patient
7 showing ST-segment elevation in the
right precordial leads consistent with
type I Brugada pattern. End-diastolic
frames of right (B) and left (C) ventricular
angiography from the same patient
showing multiple small aneurysms of the
inferior-apical wall (arrowheads) and a
localized microaneurysm of the postero-
basal segment of the left ventricle
(arrow). Right (D) and left (E) ventricular
endomyocardial biopsy sample from the
same patient showing active lymphocytic
myocarditis. D, Hematoxylin and eosin.
E, Immunohistochemistry with mouse
anti-human CD45RO antibody. Original
magnification #250.

Frustaci et al Cardiac Abnormalities in Brugada Syndrome 3683

 by guest on A
pril 11, 2018

http://circ.ahajournals.org/
D

ow
nloaded from

 

§ 18 pts consécutifs

§ 13 types 1 spontanés, 5 pharmaco-induits

§ Tous symptomatiques : 8 VT, 7 VF, 3 syncopes

§ ETT / IRM normales

§ Biopsies biventriculaires multisites

§ A distance (1-3 mois) d’un évènement rythmique

Frustaci et al. Circula(on. 2005;112(24):3680-7.
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myocardites

Cardiac Histological Substrate in Patients With Clinical
Phenotype of Brugada Syndrome

Andrea Frustaci, MD*; Silvia G. Priori, MD, PhD*; Maurizio Pieroni, MD, PhD;
Cristina Chimenti, MD, PhD; Carlo Napolitano, MD, PhD; Ilaria Rivolta, PhD; Tommaso Sanna, MD;

Fulvio Bellocci, MD; Matteo Antonio Russo, MD

Background—The role of structural heart disease and sodium channel dysfunction in the induction of electrical instability
in Brugada syndrome is still debated.

Methods and Results—We studied 18 consecutive patients (15 males, 3 females; mean age 42.0!12.4 years) with clinical
phenotype of Brugada syndrome and normal cardiac structure and function on noninvasive examinations. Clinical
presentation was ventricular fibrillation in 7 patients, sustained polymorphic ventricular tachycardia in 7, and syncope
in 4. All patients underwent cardiac catheterization, coronary and ventricular angiography, biventricular endomyocardial
biopsy, and DNA screening of the SCN5A gene. Biopsy samples were processed for histology, electron microscopy, and
molecular screening for viral genomes. Microaneurysms were detected in the right ventricle in 7 patients and also in the
left ventricle in 4 of them. Histology showed a prevalent or localized right ventricular myocarditis in 14 patients, with
detectable viral genomes in 4; right ventricular cardiomyopathy in 1 patient; and cardiomyopathic changes in 3. Genetic
studies identified 4 carriers of SCN5A gene mutations that cause in vitro abnormal function of mutant proteins. In these
patients, myocyte cytoplasm degeneration was present at histology, whereas terminal dUTP nick end-labeling assay
showed a significant increase of apoptotic myocytes in right and left ventricle versus normal controls (P"0.014 and
P"0.013, respectively).

Conclusions—Despite an apparently normal heart at noninvasive evaluation, endomyocardial biopsy detected structural
alterations in all 18 patients with Brugada syndrome. Mutations in the SCN5A gene, identified in 4 of the 18 patients,
may have induced concealed structural abnormalities of myocardiocytes that accounted for paroxysmal arrhythmic
manifestations. (Circulation. 2005;112:3680-3687.)

Key Words: death, sudden ! cardiomyopathy ! ion channels ! endomyocardial biopsy ! myocytes

In 1989, Martini et al1 described the ECG pattern of right
bundle-branch block and ST-segment elevation in survi-

vors of cardiac arrest. In 1992, Brugada and Brugada2

identified this ECG pattern as a new distinctive syndrome
characterized by augmented risk of sudden death and no
demonstrable structural heart disease.

Editorial p 3672
Brugada syndrome (BS) has been defined as an autosomal

dominant disease with incomplete penetrance and has been
linked to mutations in the SCN5A gene encoding for the
alpha-subunit of the cardiac sodium channel.3,4 SCN5A muta-
tions, reported in #20% of cases, cause a loss of function of the
channel that reduces the inward sodium current, thus inducing
conduction delay and predisposing the substrate for reentry.

The identification of a genetic defect of the sodium
channel associated with the clinical phenotype has further

sustained the definition of the syndrome as a functional
electrical disorder that does not reflect underlying cardiac
abnormalities. Nevertheless, the presence of structural
cardiac disease as part of the phenotype of the BS has been
suggested repeatedly5 but never demonstrated conclu-
sively. In particular, the occurrence of the typical ECG
pattern in patients with arrhythmogenic right ventricular
cardiomyopathy reported by the Padua group raises the
possibility of a myocardial pathological substrate.6,7

Therefore, it remains unclear whether the ECG and clinical
features of BS may be the expression of structural cardiac
disease and whether the reported abnormal sodium channel
function may be associated with structural changes.

The aim of the present study was to investigate by
endomyocardial biopsy whether concealed cardiac abnormal-
ities are present in patients with BS and whether the presence
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CLINICAL RESEARCH
Channelopathies

Expert cardiologists cannot distinguish between
Brugada phenocopy and Brugada syndrome
electrocardiogram patterns
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Aims Brugada phenocopies (BrPs) are electrocardiogram (ECG) patterns that are identical to true Brugada syndrome (BrS)
but are induced by various clinical conditions. The concept that both ECG patterns are visually identical has not been
formally demonstrated. The aim of our study was to determine if experts on BrS were able to accurately distinguish
between the BrS and BrP ECG patterns.

Methods
and results

Six ECGs from confirmed cases of BrS and six ECGs from previously published cases of BrP were included in the
study. Surface 12-lead ECGs were scanned, saved in JPEG format, and sent to 10 international experts on BrS for evalu-
ation (no clinical history provided). Evaluators were asked to label each case as a Brugada ECG pattern or non-Brugada
ECG pattern by visual interpretation alone. The overall accuracy was 53+33% for all cases. Within the BrS cases, the
mean accuracy was 63+ 34% and within the BrP cases, the mean accuracy was 43+33%. Intra-observer repeatability
was moderate (k ¼ 0.56) and inter-observer agreement was fair (k ¼ 0.36) while evaluator accuracy vs. the true
diagnosis was only marginally better than chance (k ¼ 0.05). Similarly, diagnostic operating characteristics were
poor (sensitivity 62%, specificity 43%, +LR 1.1, 2LR 0.9).

Conclusion Our results provide strong evidence that BrP and BrS ECG patterns are visually identical and indistinguishable. These
findings support the use of systematic diagnostic criteria for differentiating BrP vs. BrS as an erroneous diagnosis may
have a negative impact on patient morbidity and mortality.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Brugada ECG pattern † Brugada phenocopy † Brugada syndrome

Introduction
Brugada phenocopies (BrPs) are clinical entities characterized by
electrocardiogram (ECG) patterns presumed to be identical to
those of true Brugada syndrome (BrS) but are elicited by various
other underlying conditions.1 Differentiating between BrP and BrS
is important because patients with BrS are at risk of sudden cardiac
death and may require an implantable cardioverter-defibrillator

(ICD) and should refrain from drugs with sodium channel blocking
properties.2,3 The clinical implications of BrP, however, remain un-
known. Therefore, current treatment recommendations for BrP fo-
cus on resolution of the underlying condition as further intervention
has not been investigated or validated.2

In order to distinguish between BrP and BrS, a systematic diagnos-
tic approach has been established (Table 1).2 The first mandatory
criterion for the diagnosis of BrP includes an ECG pattern that is
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.
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Figure 1 Leads V1 and V2 from the 12 ECGs included in the
study at random.3– 13 Panel 1 includes six BrS ECGs as confirmed
by provocative testing; Panel 2 includes six previously published
BrP ECGs. Panel 2A: BrP in the context of hyperkalaemia12; Panel
2B: BrP in the context of adrenal crisis6; Panel 2C: BrP in the con-
text of acute myocarditis9; Panel 2D: BrP in the context of electro-
cution13; Panel 2E: BrP in the context of hyperkalaemia10; Panel 2F:
BrP in the context of acute lymphoblastic leukaemia with myocar-
dial involvement.9
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
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ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.
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Figure 1 Leads V1 and V2 from the 12 ECGs included in the
study at random.3– 13 Panel 1 includes six BrS ECGs as confirmed
by provocative testing; Panel 2 includes six previously published
BrP ECGs. Panel 2A: BrP in the context of hyperkalaemia12; Panel
2B: BrP in the context of adrenal crisis6; Panel 2C: BrP in the con-
text of acute myocarditis9; Panel 2D: BrP in the context of electro-
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dial involvement.9
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.
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Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
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Clinical consequences
Our results suggest that BrS and BrP ECG patterns are indeed visu-
ally identical and indistinguishable. This finding has a number of im-
portant clinical consequences. Primarily, it demonstrates that when
a Brugada ECG pattern is observed, one should investigate whether
an underlying condition is the cause of the observed pattern or
whether it is responsible for unmasking the ECG manifestations
of BrS.3 Upon resolution of the underlying condition, we suggest
the use of a provocation test for BrS using potent provocation
drugs. In situations where the provocative test has a negative result
but there is high suspicion for BrS (family history of sudden death
or personal history of syncope), a false-negative result should be
considered and the patient may be subjected to a repeated provo-
cation test.

Secondly, a diagnosis of BrS suggests that these patients are at
high risk for malignant arrhythmias while the risk for those with
BrP remains unknown. For those with BrS, management involves
taking certain measures to minimize the risk of arrhythmia such as
caution with certain drugs (visit www.brugadadrugs.org), the use

of antipyretics during febrile illness, and treatment with Quinidine
or ICD when appropriate.3 Furthermore, close follow-up for BrS
and repeated assessment of the risk profile is mandatory. In con-
trast, as the risk of arrhythmia in BrP is unknown, current treatment
recommendations focus on resolution of the underlying condition.2

Ongoing studies aimed at determining the natural history of BrP will
help elucidate prognosis and guide management recommendations.

Finally, family screening in the case of BrS is advised and has the
potential to identify, risk stratify, and potentially treat affected family
members. Therefore, failure to accurately distinguish between BrS
and BrP may not only have significant deleterious impact on the pa-
tient’s morbidity and mortality, but that of his/her family members.

The importance of a means to accurately diagnose electrocardio-
graphic manifestations of disease has been highlighted before. In
Long QT syndrome, there are similar difficulties in acquiring the cor-
rect diagnosis. One study found significant difficulties in differentiat-
ing Long QT ECGs from normal ECGs among physicians.15 In
another study, up to 40% of patients were initially misdiagnosed
as having Long QT syndrome when cases were re-evaluated in an
experienced centre.16 Unidentified patients will go untreated for
their condition, while incorrect diagnosis results in inappropriate
treatment, and both situations have a clear, demonstrated impact
on morbidity (e.g. family screening, b-blocker initiation, ICD
implantation).16

Our findings highlight the clinical diagnostic challenge in ascertain-
ing BrP vs. BrS. The fact that the ECG patterns cannot be distin-
guished on visual interpretation alone suggests that systematic
diagnostic criteria are indeed required (Table 1 ).

Pathophysiology of Brugada phenocopy
The pathophysiological mechanisms underlying BrS remain a matter
of debate.17 The ‘depolarization hypothesis’ involves conduction de-
lay with mild structural abnormalities while the ‘repolarization hy-
pothesis’ relies on the transmural dispersion of repolarization.
There is less of a debate surrounding the pathophysiology of BrP;
however, it likely includes depolarization, structural, and/or repolar-
ization abnormalities that result in the observed ECG manifesta-
tions. This important implication suggests that, as with a Brugada
ECG pattern in BrS, a substrate for arrhythmias may indeed be pre-
sent, especially in the occurrence of a type-1 Brugada ECG pattern.
Conditions such as myocarditis (Figure 1 , Panel 2C) might induce in-
flammation and/or fibrosis of the RV outflow tract epicardium,
which has been implicated in BrS pathophysiology.1,3 It is unclear
whether the structural changes that result from a condition like
myocarditis result in a risk for recurrent BrP and/or a pro-
arrhythmogenic substrate. The ST-segment changes in the patient
from Figure 1 , Panel 2C resolved by 2 months after discharge. In add-
ition, he was found to have a negative provocative test with flecai-
nide.9 We have contacted the authors for follow-up on the
patient’s condition. Of interest is the interconnection of Chagas’
disease and the Brugada ECG pattern. Chagas’ disease is a known
aetiology of BrP, albeit with few registered cases (visit www.
brugadaphenocopy.com). In a report by Arce et al.,18 a patient
with Chagas’ disease was found to have a type-1 Brugada ECG pat-
tern. With a low pre-test probability for BrS, a diagnosis of BrP was
favoured. In a recent correspondence, the authors reported that
this patient had a negative provocative challenge with ajmaline.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Overall evaluator accuracy

Per cent correct

Evaluator 1 67

Evaluator 2 58

Evaluator 3 50

Evaluator 4 50

Evaluator 5 42

Evaluator 6 42

Evaluator 7 67

Evaluator 8 50

Evaluator 9 50

Evaluator 10 58

Average 53

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Overall evaluator accuracy for each case

Case number Correct diagnosis Evaluator accuracy (%)

Case 1 BrP 0

Case 2 BrP 90

Case 3 BrS 40

Case 4 BrS 80

Case 5 BrP 20

Case 6 BrP 70

Case 7 BrS 90

Case 8 BrP 40

Case 9 BrS 60

Case 10 BrP 40

Case 11 BrS 10

Case 12 BrS 100
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Aims Brugada phenocopies (BrPs) are electrocardiogram (ECG) patterns that are identical to true Brugada syndrome (BrS)
but are induced by various clinical conditions. The concept that both ECG patterns are visually identical has not been
formally demonstrated. The aim of our study was to determine if experts on BrS were able to accurately distinguish
between the BrS and BrP ECG patterns.

Methods
and results

Six ECGs from confirmed cases of BrS and six ECGs from previously published cases of BrP were included in the
study. Surface 12-lead ECGs were scanned, saved in JPEG format, and sent to 10 international experts on BrS for evalu-
ation (no clinical history provided). Evaluators were asked to label each case as a Brugada ECG pattern or non-Brugada
ECG pattern by visual interpretation alone. The overall accuracy was 53+33% for all cases. Within the BrS cases, the
mean accuracy was 63+ 34% and within the BrP cases, the mean accuracy was 43+33%. Intra-observer repeatability
was moderate (k ¼ 0.56) and inter-observer agreement was fair (k ¼ 0.36) while evaluator accuracy vs. the true
diagnosis was only marginally better than chance (k ¼ 0.05). Similarly, diagnostic operating characteristics were
poor (sensitivity 62%, specificity 43%, +LR 1.1, 2LR 0.9).

Conclusion Our results provide strong evidence that BrP and BrS ECG patterns are visually identical and indistinguishable. These
findings support the use of systematic diagnostic criteria for differentiating BrP vs. BrS as an erroneous diagnosis may
have a negative impact on patient morbidity and mortality.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Brugada ECG pattern † Brugada phenocopy † Brugada syndrome

Introduction
Brugada phenocopies (BrPs) are clinical entities characterized by
electrocardiogram (ECG) patterns presumed to be identical to
those of true Brugada syndrome (BrS) but are elicited by various
other underlying conditions.1 Differentiating between BrP and BrS
is important because patients with BrS are at risk of sudden cardiac
death and may require an implantable cardioverter-defibrillator

(ICD) and should refrain from drugs with sodium channel blocking
properties.2,3 The clinical implications of BrP, however, remain un-
known. Therefore, current treatment recommendations for BrP fo-
cus on resolution of the underlying condition as further intervention
has not been investigated or validated.2

In order to distinguish between BrP and BrS, a systematic diagnos-
tic approach has been established (Table 1).2 The first mandatory
criterion for the diagnosis of BrP includes an ECG pattern that is
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.

Panel 1A Panel 2A

Panel 1B Panel 2B

Panel 1C Panel 2C

Panel 1D Panel 2D

Panel 1E Panel 2E

Panel 1F Panel 2F

V1

V2

V2

V3

Figure 1 Leads V1 and V2 from the 12 ECGs included in the
study at random.3– 13 Panel 1 includes six BrS ECGs as confirmed
by provocative testing; Panel 2 includes six previously published
BrP ECGs. Panel 2A: BrP in the context of hyperkalaemia12; Panel
2B: BrP in the context of adrenal crisis6; Panel 2C: BrP in the con-
text of acute myocarditis9; Panel 2D: BrP in the context of electro-
cution13; Panel 2E: BrP in the context of hyperkalaemia10; Panel 2F:
BrP in the context of acute lymphoblastic leukaemia with myocar-
dial involvement.9
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ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.
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six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
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six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.
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was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
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six BrS cases. This information suggests that this evaluator had a
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ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.
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The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.
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The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.
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was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
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ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
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ECG patterns compared with non-Brugada ECG patterns, as well as
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rater k coefficient was 0.36 suggesting a fair degree of inter-observer
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was the mean accuracy within BrS cases. Additionally, the average k
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moderate repeatability for the group.
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For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.
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able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
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Absence of Pathognomonic or Inflammatory Patterns in
Cardiac Biopsies From Patients With Brugada Syndrome

Sven Zumhagen, MD; Tilmann Spieker, MD; Julia Rolinck, MSt; Hideo A. Baba, MD;
Günter Breithardt, MD; Werner Böcker, MD; Lars Eckardt, MD; Matthias Paul, MD;

Thomas Wichter, MD; Eric Schulze-Bahr, MD

Background—Brugada syndrome (BrS) is characterized by the presence of coved ST-segment elevations in the right
precordial leads (so-called type I ECG) and additional clinical features. Caused by cardiac ion channel gene mutations,
BrS may be associated with ventricular and atrial conduction disturbances as well as ventricular fibrillation. Recent
studies have discussed whether BrS is merely a primary electric disorder or whether inflammatory or other
histopathologic abnormalities in the right ventricle (RV) underlie the ECG phenotype.

Methods and Results—We retrospectively analyzed BrS biopsy samples from 21 unrelated patients for histopathologic
abnormalities (hypertrophy, fibrosis, inflammation, fatty tissue) together with the patients’ clinical, genetic, and imaging
data. Eleven patients (52%) had normal RV imaging (by angiography, echocardiography, or cardiac MRI). Results of
myocardial biopsies were normal in 3 patients (14%) and revealed mostly moderate abnormalities in the others. Four
patients (19%) had predominant fatty tissue in the RV myocardium. Using immunohistochemistry and conventional
tissue staining, we could not detect inflammatory tissue changes, an observation compatible with the clinical absence
of signs for myocarditis.

Conclusions—Imaging and histopathologic evaluation may detect moderate but uncharacteristic cardiac abnormalities in
patients with BrS. None of the patients had arrhythmogenic RV cardiomyopathy or overt myocarditis. Only in a small
subset did predominant histopathologic abnormalities in the biopsy samples of the RV outflow tract occur that could
provide a link to the ECG phenotype. A variety of mechanisms, including genetic and structural RV alterations, may
underlie the Brugada ECG phenotype. (Circ Arrhythmia Electrophysiol. 2009;2:16-23.)

Key Words: Brugada syndrome ! ARVC ! biopsy ! SCN5A ! myocarditis

An ECG published in 1953 by Osher and Wolff1 was
probably the first ECG pattern resembling that found in

Brugada syndrome (BrS).2,3 More than 3 decades later,
investigation of 2 series of patients with this ECG pattern led
to further recognition of BrS as a clinical entity.3 In the first
series reported by the Brugada brothers,3,4 the characteristic
ECG pattern of ST-segment elevation, conduction delay, and
preterminally negative T-waves (so-called coved-type or BrS
type I ECG) in the right precordial leads (V1–V2(3)) was
associated with sudden cardiac death in the presence of a
“structurally normal heart.”

Clinical Perspective see p 23
In 1998, BrS was classified as a genetic disorder owing to

the first identification of heterozygous mutations in the gene
encoding the !-subunit of the cardiac sodium channel

(SCN5A).5 However, only one third of patients with BrS,
mainly those with a positive family history, have a mutant,
mostly nonfunctional SCN5A protein.6 Since 1998, further
genetic heterogeneity has been described.7–10 Similar to
congenital long-QT syndrome and other cardiac ion channel
disorders, BrS was initially proposed as a primary “electric
heart disease”11 in anticipation that cellular, but not gross
macroscopic, structural changes would be associated with the
syndrome. However, this proposal was challenged when
evidence was found for histological changes in the right
ventricular (RV) myocardium (RV cardiomyopathy) of pa-
tients with type I ECG.12 In some cases, histopathologic
criteria could be used to diagnose arrhythmogenic RV car-
diomyopathy (ARVC) after autopsy.13 In addition, in victims
of sudden cardiac death due to BrS, histopathologic exami-
nation showed fibro-fatty replacement in the RV wall and
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investigated patients. On RV angiography (n!20), RV func-
tion was mostly normal, although—as a nonspecific find-
ing—trabecularization was found in the RV. Other more
specific alterations in the RV, such as microaneurysms,
bulging, or localized sacculations (reported from patients
with ARVC or previously in BrS),16 were not found.

Histopathologic Findings and Immunohistochemistry
Histopathologic characteristics and biopsy sampling location
in the 21 patients with BrS are shown in Table 3. The total
number of samples was 3 to 5 per patient. Typically, the
biopsy specimens were taken from the RVOT/mid-RV in
76% (16 of 21) of patients, in the septum in 86% (18 of 21),
and in the RV apex in 57% (12 of 21). Biopsy samples of the
LV were not taken.

Overall, there were no signs of active myocardial inflamma-
tion in any of the biopsy samples as addressed by hematoxylin-
eosin staining and immunohistochemistry (Figure 1). Three
patients had completely normal cardiac histopathologic findings
(Table 3). Major findings in patients with histopathologic
changes were moderate (score 1) myocardial hypertrophy (in 11
of 21 [52%]), moderate fibrosis (score 1, in 5 of 21 [24%]), and

fatty replacement of the myocardium (in 10 of 21 [47.6%]). In 4
of the 10 patients, the extent of fatty tissue was predominant
(score 2; Figure 2) and sample origins were septum (n!2),
RVOT (n!1), and RV apex (n!1). For hypertrophy and
fibrosis, no predominant occurrence (score 2) was seen. His-
topathologic findings, in particular the presence of fatty tissue, in
cardiac BrS samples were unrelated to the absence of an SCN5A
gene mutation (Table 3).

In the control group of samples (first myocardial biopsy after
heart transplantation without signs of cellular rejection/Interna-
tional Society for Heart and Lung Transplantation 0; n!12),
only moderate (score 1) histopathologic changes were seen:
hypertrophy in 50%, fibrosis in 50%, and fatty tissue in 25%.
Only 3 patients (25%) had no histological alterations in the
myocardium.

In only 2 BrS samples (patients 13 and 18), moderate
(score 1) fibrotic and fatty changes occurred together. In the
4 samples with a predominant fatty tissue (score 2), semi-
quantitative morphometric assessment showed a variable
amount of fatty tissue (range, 10% to 74%) in contrast to that
shown in control samples (range, 0.7% to 2.5%) and other
BrS samples (score 1; range, 0.4% to 5.8%).

Table 3. Histopathologic and Immunohistochemical Findings in Cardiac Biopsy Samples of 21 Patients With BrS

Patient SCN5A Mutation Biopsy Sampling Location Hypertrophy* Fibrosis*
Fatty

Replacement* Inflammation*
Lymphocytes,

n (HPF)†

1 " Septal, RVOT 1 0 0 0 3

2 " Apex, septal 2

3 " span lang!PT-BR#Mid-RV,
anterolateral, RVOT

1

4 " Apex, septal, RVOT 1 (apex) 1

5 " Apex, septal, RVOT 1 1 (septal) 1

6 " Apex, septal, RVOT 1 1 (RVOT) 2

7 " Apex, mid-RV, RVOT 1 (RVOT) 4

8 $ Apex, septal, mid-RV 1 (septal) 1

9 $ Apex, septal, RVOT 1 1

10 $ Septal 1

11 $ Septal, RVOT 2 (RVOT) 1

12 $ Apex, septal, RVOT 1

13 $ Septal, RVOT 1 (RVOT) 1 (RVOT) 4

14 $ Septal 1

15 $ Apex, septal, RVOT 1 1 (apex) 2

16 $ Mid-RV, apex, septal 2 (septal) 1

17 $ Apex, septal 2 (septal) 2

18 $ Septal 1 1 (septal) 1 (septal) 4

19 $ Apex, RVOT 1 2 (apex)

20 $ Septal, RVOT 1 2

21 $ Mid-RV, septal, RVOT 1 1 (RVOT) 2

BrS
(n!21)

SCN5A": 33.3% RVOT/mid-RV (76%),
septum (86%), apex (57%)

Normal (47.6%) Normal (76.2%) Normal (52.4%) Normal (100%) 1.5%1.2

Controls
(n!12)

NP Septum (100%) Normal (50%) Normal (50%) Normal (75%) Normal (100%) (ISHLT 0) 1.8%1.2

Data are from control samples (summarized).
" indicates present; $, absent; NP, not performed.
*0 indicates none; 1, moderate; 2, predominant (see Methods section).
†Semiquantitative number of lymphocytes detected under HPF after immunohistochemistry detection.
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Clinical consequences
Our results suggest that BrS and BrP ECG patterns are indeed visu-
ally identical and indistinguishable. This finding has a number of im-
portant clinical consequences. Primarily, it demonstrates that when
a Brugada ECG pattern is observed, one should investigate whether
an underlying condition is the cause of the observed pattern or
whether it is responsible for unmasking the ECG manifestations
of BrS.3 Upon resolution of the underlying condition, we suggest
the use of a provocation test for BrS using potent provocation
drugs. In situations where the provocative test has a negative result
but there is high suspicion for BrS (family history of sudden death
or personal history of syncope), a false-negative result should be
considered and the patient may be subjected to a repeated provo-
cation test.

Secondly, a diagnosis of BrS suggests that these patients are at
high risk for malignant arrhythmias while the risk for those with
BrP remains unknown. For those with BrS, management involves
taking certain measures to minimize the risk of arrhythmia such as
caution with certain drugs (visit www.brugadadrugs.org), the use

of antipyretics during febrile illness, and treatment with Quinidine
or ICD when appropriate.3 Furthermore, close follow-up for BrS
and repeated assessment of the risk profile is mandatory. In con-
trast, as the risk of arrhythmia in BrP is unknown, current treatment
recommendations focus on resolution of the underlying condition.2

Ongoing studies aimed at determining the natural history of BrP will
help elucidate prognosis and guide management recommendations.

Finally, family screening in the case of BrS is advised and has the
potential to identify, risk stratify, and potentially treat affected family
members. Therefore, failure to accurately distinguish between BrS
and BrP may not only have significant deleterious impact on the pa-
tient’s morbidity and mortality, but that of his/her family members.

The importance of a means to accurately diagnose electrocardio-
graphic manifestations of disease has been highlighted before. In
Long QT syndrome, there are similar difficulties in acquiring the cor-
rect diagnosis. One study found significant difficulties in differentiat-
ing Long QT ECGs from normal ECGs among physicians.15 In
another study, up to 40% of patients were initially misdiagnosed
as having Long QT syndrome when cases were re-evaluated in an
experienced centre.16 Unidentified patients will go untreated for
their condition, while incorrect diagnosis results in inappropriate
treatment, and both situations have a clear, demonstrated impact
on morbidity (e.g. family screening, b-blocker initiation, ICD
implantation).16

Our findings highlight the clinical diagnostic challenge in ascertain-
ing BrP vs. BrS. The fact that the ECG patterns cannot be distin-
guished on visual interpretation alone suggests that systematic
diagnostic criteria are indeed required (Table 1 ).

Pathophysiology of Brugada phenocopy
The pathophysiological mechanisms underlying BrS remain a matter
of debate.17 The ‘depolarization hypothesis’ involves conduction de-
lay with mild structural abnormalities while the ‘repolarization hy-
pothesis’ relies on the transmural dispersion of repolarization.
There is less of a debate surrounding the pathophysiology of BrP;
however, it likely includes depolarization, structural, and/or repolar-
ization abnormalities that result in the observed ECG manifesta-
tions. This important implication suggests that, as with a Brugada
ECG pattern in BrS, a substrate for arrhythmias may indeed be pre-
sent, especially in the occurrence of a type-1 Brugada ECG pattern.
Conditions such as myocarditis (Figure 1 , Panel 2C) might induce in-
flammation and/or fibrosis of the RV outflow tract epicardium,
which has been implicated in BrS pathophysiology.1,3 It is unclear
whether the structural changes that result from a condition like
myocarditis result in a risk for recurrent BrP and/or a pro-
arrhythmogenic substrate. The ST-segment changes in the patient
from Figure 1 , Panel 2C resolved by 2 months after discharge. In add-
ition, he was found to have a negative provocative test with flecai-
nide.9 We have contacted the authors for follow-up on the
patient’s condition. Of interest is the interconnection of Chagas’
disease and the Brugada ECG pattern. Chagas’ disease is a known
aetiology of BrP, albeit with few registered cases (visit www.
brugadaphenocopy.com). In a report by Arce et al.,18 a patient
with Chagas’ disease was found to have a type-1 Brugada ECG pat-
tern. With a low pre-test probability for BrS, a diagnosis of BrP was
favoured. In a recent correspondence, the authors reported that
this patient had a negative provocative challenge with ajmaline.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Overall evaluator accuracy

Per cent correct

Evaluator 1 67

Evaluator 2 58

Evaluator 3 50

Evaluator 4 50

Evaluator 5 42

Evaluator 6 42

Evaluator 7 67

Evaluator 8 50

Evaluator 9 50

Evaluator 10 58

Average 53

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Overall evaluator accuracy for each case

Case number Correct diagnosis Evaluator accuracy (%)

Case 1 BrP 0

Case 2 BrP 90

Case 3 BrS 40

Case 4 BrS 80

Case 5 BrP 20

Case 6 BrP 70

Case 7 BrS 90

Case 8 BrP 40

Case 9 BrS 60

Case 10 BrP 40

Case 11 BrS 10

Case 12 BrS 100
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Aims Brugada phenocopies (BrPs) are electrocardiogram (ECG) patterns that are identical to true Brugada syndrome (BrS)
but are induced by various clinical conditions. The concept that both ECG patterns are visually identical has not been
formally demonstrated. The aim of our study was to determine if experts on BrS were able to accurately distinguish
between the BrS and BrP ECG patterns.

Methods
and results

Six ECGs from confirmed cases of BrS and six ECGs from previously published cases of BrP were included in the
study. Surface 12-lead ECGs were scanned, saved in JPEG format, and sent to 10 international experts on BrS for evalu-
ation (no clinical history provided). Evaluators were asked to label each case as a Brugada ECG pattern or non-Brugada
ECG pattern by visual interpretation alone. The overall accuracy was 53+33% for all cases. Within the BrS cases, the
mean accuracy was 63+ 34% and within the BrP cases, the mean accuracy was 43+33%. Intra-observer repeatability
was moderate (k ¼ 0.56) and inter-observer agreement was fair (k ¼ 0.36) while evaluator accuracy vs. the true
diagnosis was only marginally better than chance (k ¼ 0.05). Similarly, diagnostic operating characteristics were
poor (sensitivity 62%, specificity 43%, +LR 1.1, 2LR 0.9).

Conclusion Our results provide strong evidence that BrP and BrS ECG patterns are visually identical and indistinguishable. These
findings support the use of systematic diagnostic criteria for differentiating BrP vs. BrS as an erroneous diagnosis may
have a negative impact on patient morbidity and mortality.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Brugada ECG pattern † Brugada phenocopy † Brugada syndrome

Introduction
Brugada phenocopies (BrPs) are clinical entities characterized by
electrocardiogram (ECG) patterns presumed to be identical to
those of true Brugada syndrome (BrS) but are elicited by various
other underlying conditions.1 Differentiating between BrP and BrS
is important because patients with BrS are at risk of sudden cardiac
death and may require an implantable cardioverter-defibrillator

(ICD) and should refrain from drugs with sodium channel blocking
properties.2,3 The clinical implications of BrP, however, remain un-
known. Therefore, current treatment recommendations for BrP fo-
cus on resolution of the underlying condition as further intervention
has not been investigated or validated.2

In order to distinguish between BrP and BrS, a systematic diagnos-
tic approach has been established (Table 1).2 The first mandatory
criterion for the diagnosis of BrP includes an ECG pattern that is

* Corresponding author. Tel: +1 613 549 6666; fax: +1 613 548 1387. E-mail address: barancha@kgh.kari.net
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.

Panel 1A Panel 2A

Panel 1B Panel 2B

Panel 1C Panel 2C

Panel 1D Panel 2D

Panel 1E Panel 2E

Panel 1F Panel 2F

V1

V2

V2

V3

Figure 1 Leads V1 and V2 from the 12 ECGs included in the
study at random.3– 13 Panel 1 includes six BrS ECGs as confirmed
by provocative testing; Panel 2 includes six previously published
BrP ECGs. Panel 2A: BrP in the context of hyperkalaemia12; Panel
2B: BrP in the context of adrenal crisis6; Panel 2C: BrP in the con-
text of acute myocarditis9; Panel 2D: BrP in the context of electro-
cution13; Panel 2E: BrP in the context of hyperkalaemia10; Panel 2F:
BrP in the context of acute lymphoblastic leukaemia with myocar-
dial involvement.9
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compared with non-Brugada ECG patterns for each evaluator.
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low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.
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was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.
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study at random.3– 13 Panel 1 includes six BrS ECGs as confirmed
by provocative testing; Panel 2 includes six previously published
BrP ECGs. Panel 2A: BrP in the context of hyperkalaemia12; Panel
2B: BrP in the context of adrenal crisis6; Panel 2C: BrP in the con-
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion
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As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.

Discussion

Interpretation of the electrocardiograms
As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.
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Panel 1E Panel 2E

Panel 1F Panel 2F

V1

V2

V2

V3

Figure 1 Leads V1 and V2 from the 12 ECGs included in the
study at random.3– 13 Panel 1 includes six BrS ECGs as confirmed
by provocative testing; Panel 2 includes six previously published
BrP ECGs. Panel 2A: BrP in the context of hyperkalaemia12; Panel
2B: BrP in the context of adrenal crisis6; Panel 2C: BrP in the con-
text of acute myocarditis9; Panel 2D: BrP in the context of electro-
cution13; Panel 2E: BrP in the context of hyperkalaemia10; Panel 2F:
BrP in the context of acute lymphoblastic leukaemia with myocar-
dial involvement.9
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The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
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For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.
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terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.
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dial involvement.9
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another evaluator correctly identified five of six BrP cases; however,
this evaluator was found to have correctly identified only three of
six BrS cases. This information suggests that this evaluator had a
higher threshold for the detection of a Brugada pattern through

ECG alone. Indeed, in total, this evaluator was found to have iden-
tified only 4 of 12 cases as having a Brugada ECG pattern. Figure 2A
depicts the percentage of total cases diagnosed as Brugada ECG pat-
terns compared with non-Brugada ECG patterns for each evaluator.
Figure 2B depicts the percentage of BrS cases diagnosed as Brugada
ECG patterns compared with non-Brugada ECG patterns, as well as
the percentage of BrP cases diagnosed as Brugada ECG patterns
compared with non-Brugada ECG patterns for each evaluator.

Inter-observer agreement
The k coefficient for each evaluator vs. the true diagnosis was quite
low (Table 4) with a group average of 0.05. Interestingly, the multi-
rater k coefficient was 0.36 suggesting a fair degree of inter-observer
agreement.

Intra-observer reproducibility
The overall mean accuracy after repeated evaluation was 56% for all
cases. Interestingly, the mean accuracy within BrP cases was 56%, as
was the mean accuracy within BrS cases. Additionally, the average k

coefficient for intra-observer reproducibility was 0.56 suggesting
moderate repeatability for the group.

Sensitivity, specificity, and likelihood
ratios
For all evaluators as a group, their ability to determine the correct
diagnosis had a sensitivity of 62%, specificity of 43% with a corre-
sponding positive likelihood ratio of 1.1, and negative likelihood ra-
tio of 0.9 suggesting very poor diagnostic operating characteristics.
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As expected, the international experts had difficulty distinguishing
between BrS and BrP cases. Intra-observer repeatability as a group
was moderate (k ¼ 0.56) which demonstrates that the evaluators in-
terpreted the same ECG as either BrS or BrP on repeated analysis
regardless of the true diagnosis. This is important because repeat-
able assessments are required to demonstrate the objective of
this study. Additionally, inter-observer agreement was fair (k ¼
0.36) which demonstrates that when analysing a particular ECG,
the evaluators as a group consistently perceived the ECG to be
either BrS or BrP regardless of the true diagnosis. This finding is
important because it suggests that when observing a particular
ECG, there was a fair amount of agreement within the group as
to a BrP or BrS diagnosis.

The critical findings in this study are that when comparing the true
diagnosis to the evaluator’s diagnosis as a group, the performance
was exceedingly low (k ¼ 0.05). This demonstrates that the evalua-
tors were only marginally better than chance at determining the
correct diagnosis. Additionally, the low sensitivity (62%), specificity
(43%), and weak likelihood ratios (+LR 1.1, 2LR 0.9) also provide
further evidence that the diagnostic accuracy of BrP and BrS based
only on ECG criteria alone is poor. Taken together, this provides
strong evidence that BrP and BrS ECG patterns are indeed visually
identical and indistinguishable.
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2B: BrP in the context of adrenal crisis6; Panel 2C: BrP in the con-
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Absence of Pathognomonic or Inflammatory Patterns in
Cardiac Biopsies From Patients With Brugada Syndrome

Sven Zumhagen, MD; Tilmann Spieker, MD; Julia Rolinck, MSt; Hideo A. Baba, MD;
Günter Breithardt, MD; Werner Böcker, MD; Lars Eckardt, MD; Matthias Paul, MD;

Thomas Wichter, MD; Eric Schulze-Bahr, MD

Background—Brugada syndrome (BrS) is characterized by the presence of coved ST-segment elevations in the right
precordial leads (so-called type I ECG) and additional clinical features. Caused by cardiac ion channel gene mutations,
BrS may be associated with ventricular and atrial conduction disturbances as well as ventricular fibrillation. Recent
studies have discussed whether BrS is merely a primary electric disorder or whether inflammatory or other
histopathologic abnormalities in the right ventricle (RV) underlie the ECG phenotype.

Methods and Results—We retrospectively analyzed BrS biopsy samples from 21 unrelated patients for histopathologic
abnormalities (hypertrophy, fibrosis, inflammation, fatty tissue) together with the patients’ clinical, genetic, and imaging
data. Eleven patients (52%) had normal RV imaging (by angiography, echocardiography, or cardiac MRI). Results of
myocardial biopsies were normal in 3 patients (14%) and revealed mostly moderate abnormalities in the others. Four
patients (19%) had predominant fatty tissue in the RV myocardium. Using immunohistochemistry and conventional
tissue staining, we could not detect inflammatory tissue changes, an observation compatible with the clinical absence
of signs for myocarditis.

Conclusions—Imaging and histopathologic evaluation may detect moderate but uncharacteristic cardiac abnormalities in
patients with BrS. None of the patients had arrhythmogenic RV cardiomyopathy or overt myocarditis. Only in a small
subset did predominant histopathologic abnormalities in the biopsy samples of the RV outflow tract occur that could
provide a link to the ECG phenotype. A variety of mechanisms, including genetic and structural RV alterations, may
underlie the Brugada ECG phenotype. (Circ Arrhythmia Electrophysiol. 2009;2:16-23.)

Key Words: Brugada syndrome ! ARVC ! biopsy ! SCN5A ! myocarditis

An ECG published in 1953 by Osher and Wolff1 was
probably the first ECG pattern resembling that found in

Brugada syndrome (BrS).2,3 More than 3 decades later,
investigation of 2 series of patients with this ECG pattern led
to further recognition of BrS as a clinical entity.3 In the first
series reported by the Brugada brothers,3,4 the characteristic
ECG pattern of ST-segment elevation, conduction delay, and
preterminally negative T-waves (so-called coved-type or BrS
type I ECG) in the right precordial leads (V1–V2(3)) was
associated with sudden cardiac death in the presence of a
“structurally normal heart.”

Clinical Perspective see p 23
In 1998, BrS was classified as a genetic disorder owing to

the first identification of heterozygous mutations in the gene
encoding the !-subunit of the cardiac sodium channel

(SCN5A).5 However, only one third of patients with BrS,
mainly those with a positive family history, have a mutant,
mostly nonfunctional SCN5A protein.6 Since 1998, further
genetic heterogeneity has been described.7–10 Similar to
congenital long-QT syndrome and other cardiac ion channel
disorders, BrS was initially proposed as a primary “electric
heart disease”11 in anticipation that cellular, but not gross
macroscopic, structural changes would be associated with the
syndrome. However, this proposal was challenged when
evidence was found for histological changes in the right
ventricular (RV) myocardium (RV cardiomyopathy) of pa-
tients with type I ECG.12 In some cases, histopathologic
criteria could be used to diagnose arrhythmogenic RV car-
diomyopathy (ARVC) after autopsy.13 In addition, in victims
of sudden cardiac death due to BrS, histopathologic exami-
nation showed fibro-fatty replacement in the RV wall and
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investigated patients. On RV angiography (n!20), RV func-
tion was mostly normal, although—as a nonspecific find-
ing—trabecularization was found in the RV. Other more
specific alterations in the RV, such as microaneurysms,
bulging, or localized sacculations (reported from patients
with ARVC or previously in BrS),16 were not found.

Histopathologic Findings and Immunohistochemistry
Histopathologic characteristics and biopsy sampling location
in the 21 patients with BrS are shown in Table 3. The total
number of samples was 3 to 5 per patient. Typically, the
biopsy specimens were taken from the RVOT/mid-RV in
76% (16 of 21) of patients, in the septum in 86% (18 of 21),
and in the RV apex in 57% (12 of 21). Biopsy samples of the
LV were not taken.

Overall, there were no signs of active myocardial inflamma-
tion in any of the biopsy samples as addressed by hematoxylin-
eosin staining and immunohistochemistry (Figure 1). Three
patients had completely normal cardiac histopathologic findings
(Table 3). Major findings in patients with histopathologic
changes were moderate (score 1) myocardial hypertrophy (in 11
of 21 [52%]), moderate fibrosis (score 1, in 5 of 21 [24%]), and

fatty replacement of the myocardium (in 10 of 21 [47.6%]). In 4
of the 10 patients, the extent of fatty tissue was predominant
(score 2; Figure 2) and sample origins were septum (n!2),
RVOT (n!1), and RV apex (n!1). For hypertrophy and
fibrosis, no predominant occurrence (score 2) was seen. His-
topathologic findings, in particular the presence of fatty tissue, in
cardiac BrS samples were unrelated to the absence of an SCN5A
gene mutation (Table 3).

In the control group of samples (first myocardial biopsy after
heart transplantation without signs of cellular rejection/Interna-
tional Society for Heart and Lung Transplantation 0; n!12),
only moderate (score 1) histopathologic changes were seen:
hypertrophy in 50%, fibrosis in 50%, and fatty tissue in 25%.
Only 3 patients (25%) had no histological alterations in the
myocardium.

In only 2 BrS samples (patients 13 and 18), moderate
(score 1) fibrotic and fatty changes occurred together. In the
4 samples with a predominant fatty tissue (score 2), semi-
quantitative morphometric assessment showed a variable
amount of fatty tissue (range, 10% to 74%) in contrast to that
shown in control samples (range, 0.7% to 2.5%) and other
BrS samples (score 1; range, 0.4% to 5.8%).

Table 3. Histopathologic and Immunohistochemical Findings in Cardiac Biopsy Samples of 21 Patients With BrS

Patient SCN5A Mutation Biopsy Sampling Location Hypertrophy* Fibrosis*
Fatty

Replacement* Inflammation*
Lymphocytes,

n (HPF)†

1 " Septal, RVOT 1 0 0 0 3

2 " Apex, septal 2

3 " span lang!PT-BR#Mid-RV,
anterolateral, RVOT

1

4 " Apex, septal, RVOT 1 (apex) 1

5 " Apex, septal, RVOT 1 1 (septal) 1

6 " Apex, septal, RVOT 1 1 (RVOT) 2

7 " Apex, mid-RV, RVOT 1 (RVOT) 4

8 $ Apex, septal, mid-RV 1 (septal) 1

9 $ Apex, septal, RVOT 1 1

10 $ Septal 1

11 $ Septal, RVOT 2 (RVOT) 1

12 $ Apex, septal, RVOT 1

13 $ Septal, RVOT 1 (RVOT) 1 (RVOT) 4

14 $ Septal 1

15 $ Apex, septal, RVOT 1 1 (apex) 2

16 $ Mid-RV, apex, septal 2 (septal) 1

17 $ Apex, septal 2 (septal) 2

18 $ Septal 1 1 (septal) 1 (septal) 4

19 $ Apex, RVOT 1 2 (apex)

20 $ Septal, RVOT 1 2

21 $ Mid-RV, septal, RVOT 1 1 (RVOT) 2

BrS
(n!21)

SCN5A": 33.3% RVOT/mid-RV (76%),
septum (86%), apex (57%)

Normal (47.6%) Normal (76.2%) Normal (52.4%) Normal (100%) 1.5%1.2

Controls
(n!12)

NP Septum (100%) Normal (50%) Normal (50%) Normal (75%) Normal (100%) (ISHLT 0) 1.8%1.2

Data are from control samples (summarized).
" indicates present; $, absent; NP, not performed.
*0 indicates none; 1, moderate; 2, predominant (see Methods section).
†Semiquantitative number of lymphocytes detected under HPF after immunohistochemistry detection.
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Cardiac Histological Substrate in Patients With Clinical
Phenotype of Brugada Syndrome

Andrea Frustaci, MD*; Silvia G. Priori, MD, PhD*; Maurizio Pieroni, MD, PhD;
Cristina Chimenti, MD, PhD; Carlo Napolitano, MD, PhD; Ilaria Rivolta, PhD; Tommaso Sanna, MD;

Fulvio Bellocci, MD; Matteo Antonio Russo, MD

Background—The role of structural heart disease and sodium channel dysfunction in the induction of electrical instability
in Brugada syndrome is still debated.

Methods and Results—We studied 18 consecutive patients (15 males, 3 females; mean age 42.0!12.4 years) with clinical
phenotype of Brugada syndrome and normal cardiac structure and function on noninvasive examinations. Clinical
presentation was ventricular fibrillation in 7 patients, sustained polymorphic ventricular tachycardia in 7, and syncope
in 4. All patients underwent cardiac catheterization, coronary and ventricular angiography, biventricular endomyocardial
biopsy, and DNA screening of the SCN5A gene. Biopsy samples were processed for histology, electron microscopy, and
molecular screening for viral genomes. Microaneurysms were detected in the right ventricle in 7 patients and also in the
left ventricle in 4 of them. Histology showed a prevalent or localized right ventricular myocarditis in 14 patients, with
detectable viral genomes in 4; right ventricular cardiomyopathy in 1 patient; and cardiomyopathic changes in 3. Genetic
studies identified 4 carriers of SCN5A gene mutations that cause in vitro abnormal function of mutant proteins. In these
patients, myocyte cytoplasm degeneration was present at histology, whereas terminal dUTP nick end-labeling assay
showed a significant increase of apoptotic myocytes in right and left ventricle versus normal controls (P"0.014 and
P"0.013, respectively).

Conclusions—Despite an apparently normal heart at noninvasive evaluation, endomyocardial biopsy detected structural
alterations in all 18 patients with Brugada syndrome. Mutations in the SCN5A gene, identified in 4 of the 18 patients,
may have induced concealed structural abnormalities of myocardiocytes that accounted for paroxysmal arrhythmic
manifestations. (Circulation. 2005;112:3680-3687.)

Key Words: death, sudden ! cardiomyopathy ! ion channels ! endomyocardial biopsy ! myocytes

In 1989, Martini et al1 described the ECG pattern of right
bundle-branch block and ST-segment elevation in survi-

vors of cardiac arrest. In 1992, Brugada and Brugada2

identified this ECG pattern as a new distinctive syndrome
characterized by augmented risk of sudden death and no
demonstrable structural heart disease.

Editorial p 3672
Brugada syndrome (BS) has been defined as an autosomal

dominant disease with incomplete penetrance and has been
linked to mutations in the SCN5A gene encoding for the
alpha-subunit of the cardiac sodium channel.3,4 SCN5A muta-
tions, reported in #20% of cases, cause a loss of function of the
channel that reduces the inward sodium current, thus inducing
conduction delay and predisposing the substrate for reentry.

The identification of a genetic defect of the sodium
channel associated with the clinical phenotype has further

sustained the definition of the syndrome as a functional
electrical disorder that does not reflect underlying cardiac
abnormalities. Nevertheless, the presence of structural
cardiac disease as part of the phenotype of the BS has been
suggested repeatedly5 but never demonstrated conclu-
sively. In particular, the occurrence of the typical ECG
pattern in patients with arrhythmogenic right ventricular
cardiomyopathy reported by the Padua group raises the
possibility of a myocardial pathological substrate.6,7

Therefore, it remains unclear whether the ECG and clinical
features of BS may be the expression of structural cardiac
disease and whether the reported abnormal sodium channel
function may be associated with structural changes.

The aim of the present study was to investigate by
endomyocardial biopsy whether concealed cardiac abnormal-
ities are present in patients with BS and whether the presence
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Clinical consequences
Our results suggest that BrS and BrP ECG patterns are indeed visu-
ally identical and indistinguishable. This finding has a number of im-
portant clinical consequences. Primarily, it demonstrates that when
a Brugada ECG pattern is observed, one should investigate whether
an underlying condition is the cause of the observed pattern or
whether it is responsible for unmasking the ECG manifestations
of BrS.3 Upon resolution of the underlying condition, we suggest
the use of a provocation test for BrS using potent provocation
drugs. In situations where the provocative test has a negative result
but there is high suspicion for BrS (family history of sudden death
or personal history of syncope), a false-negative result should be
considered and the patient may be subjected to a repeated provo-
cation test.

Secondly, a diagnosis of BrS suggests that these patients are at
high risk for malignant arrhythmias while the risk for those with
BrP remains unknown. For those with BrS, management involves
taking certain measures to minimize the risk of arrhythmia such as
caution with certain drugs (visit www.brugadadrugs.org), the use

of antipyretics during febrile illness, and treatment with Quinidine
or ICD when appropriate.3 Furthermore, close follow-up for BrS
and repeated assessment of the risk profile is mandatory. In con-
trast, as the risk of arrhythmia in BrP is unknown, current treatment
recommendations focus on resolution of the underlying condition.2

Ongoing studies aimed at determining the natural history of BrP will
help elucidate prognosis and guide management recommendations.

Finally, family screening in the case of BrS is advised and has the
potential to identify, risk stratify, and potentially treat affected family
members. Therefore, failure to accurately distinguish between BrS
and BrP may not only have significant deleterious impact on the pa-
tient’s morbidity and mortality, but that of his/her family members.

The importance of a means to accurately diagnose electrocardio-
graphic manifestations of disease has been highlighted before. In
Long QT syndrome, there are similar difficulties in acquiring the cor-
rect diagnosis. One study found significant difficulties in differentiat-
ing Long QT ECGs from normal ECGs among physicians.15 In
another study, up to 40% of patients were initially misdiagnosed
as having Long QT syndrome when cases were re-evaluated in an
experienced centre.16 Unidentified patients will go untreated for
their condition, while incorrect diagnosis results in inappropriate
treatment, and both situations have a clear, demonstrated impact
on morbidity (e.g. family screening, b-blocker initiation, ICD
implantation).16

Our findings highlight the clinical diagnostic challenge in ascertain-
ing BrP vs. BrS. The fact that the ECG patterns cannot be distin-
guished on visual interpretation alone suggests that systematic
diagnostic criteria are indeed required (Table 1 ).

Pathophysiology of Brugada phenocopy
The pathophysiological mechanisms underlying BrS remain a matter
of debate.17 The ‘depolarization hypothesis’ involves conduction de-
lay with mild structural abnormalities while the ‘repolarization hy-
pothesis’ relies on the transmural dispersion of repolarization.
There is less of a debate surrounding the pathophysiology of BrP;
however, it likely includes depolarization, structural, and/or repolar-
ization abnormalities that result in the observed ECG manifesta-
tions. This important implication suggests that, as with a Brugada
ECG pattern in BrS, a substrate for arrhythmias may indeed be pre-
sent, especially in the occurrence of a type-1 Brugada ECG pattern.
Conditions such as myocarditis (Figure 1 , Panel 2C) might induce in-
flammation and/or fibrosis of the RV outflow tract epicardium,
which has been implicated in BrS pathophysiology.1,3 It is unclear
whether the structural changes that result from a condition like
myocarditis result in a risk for recurrent BrP and/or a pro-
arrhythmogenic substrate. The ST-segment changes in the patient
from Figure 1 , Panel 2C resolved by 2 months after discharge. In add-
ition, he was found to have a negative provocative test with flecai-
nide.9 We have contacted the authors for follow-up on the
patient’s condition. Of interest is the interconnection of Chagas’
disease and the Brugada ECG pattern. Chagas’ disease is a known
aetiology of BrP, albeit with few registered cases (visit www.
brugadaphenocopy.com). In a report by Arce et al.,18 a patient
with Chagas’ disease was found to have a type-1 Brugada ECG pat-
tern. With a low pre-test probability for BrS, a diagnosis of BrP was
favoured. In a recent correspondence, the authors reported that
this patient had a negative provocative challenge with ajmaline.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Overall evaluator accuracy

Per cent correct

Evaluator 1 67

Evaluator 2 58

Evaluator 3 50

Evaluator 4 50

Evaluator 5 42

Evaluator 6 42

Evaluator 7 67

Evaluator 8 50

Evaluator 9 50

Evaluator 10 58

Average 53

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Overall evaluator accuracy for each case

Case number Correct diagnosis Evaluator accuracy (%)

Case 1 BrP 0

Case 2 BrP 90

Case 3 BrS 40

Case 4 BrS 80

Case 5 BrP 20

Case 6 BrP 70

Case 7 BrS 90

Case 8 BrP 40

Case 9 BrS 60

Case 10 BrP 40

Case 11 BrS 10

Case 12 BrS 100
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§ 0/14 mutation pathogène SCN5A

§ 4/14 syncope ou TV/FV au cours d’un 
épisode fébrile

§ 8/14 : normalisation de l’ECG en 

quelques semaines
§ 5/15 : anévrysmes VD

Parmi les 14 
myocardites

958!429 per 106 myocyte nuclei in the right ventricle) than
in normal controls (0.001% or 10!6 per 106 myocyte nuclei
in the left ventricle and 0.0008% or 8!5 per 106 myocyte
nuclei in the right ventricle; P"0.013 and P"0.014,
respectively).

Genetic Studies and Functional Characterization
of Mutant Proteins
Four novel single base pair mutations leading to an amino
acid substitution were identified in the SCN5A gene (Tables 1
and 2). The functional properties of the mutant proteins were
compared with the wild type by heterologous expression in
HEK 293 cells. We transiently expressed the 4 mutations to
look for functional properties that discriminated the mutant
channel from the wild type (Table 3) and demonstrated that
all mutants result in functionally abnormal proteins. All
abnormalities induced in the cardiac sodium channel led to a
reduced inward current and were consistent with those
previously identified in BS.14 The patient carrier of the
R376H mutation in the SCN5A gene who presented histolog-
ical evidence of fatty tissue infiltration (Tables 1 and 2)
presented no mutations in the RyR2 gene or in the PKP2 gene.

Viral Genome in Myocardial Specimens
Viral genome was detected in 4 patients (28%) with myocar-
ditis: coxsackievirus B3 (patients 1 and 7), Epstein-Barr virus
(patient 14), and parvovirus B19 (patient 18). None of the
controls were positive for any viral genome.

Electrophysiological Studies
Programmed electrical stimulation induced VF in the 7
patients with aborted sudden death. In the 4 patients with
syncope, VF (n"2) and polymorphic VT (n"1) were in-
duced. Among the 7 patients with documented sustained
polymorphic VT, electrophysiological study was negative in
2 cases and reproduced the spontaneous arrhythmia in 5.

Treatment and Follow-Up
Twelve patients (1 with sustained polymorphic VT, 7 survi-
vors of VF, and 4 patients with syncope) received an
implantable cardioverter defibrillator (ICD). All other pa-
tients refused the ICD and did not receive any antiarrhythmic
treatment (Table 2). Patients were followed up by physical
examination, resting ECG, Holter monitoring, 2D echocardi-

Figure 1. Baseline ECG (A) from patient
7 showing ST-segment elevation in the
right precordial leads consistent with
type I Brugada pattern. End-diastolic
frames of right (B) and left (C) ventricular
angiography from the same patient
showing multiple small aneurysms of the
inferior-apical wall (arrowheads) and a
localized microaneurysm of the postero-
basal segment of the left ventricle
(arrow). Right (D) and left (E) ventricular
endomyocardial biopsy sample from the
same patient showing active lymphocytic
myocarditis. D, Hematoxylin and eosin.
E, Immunohistochemistry with mouse
anti-human CD45RO antibody. Original
magnification #250.

Frustaci et al Cardiac Abnormalities in Brugada Syndrome 3683

 by guest on A
pril 11, 2018

http://circ.ahajournals.org/
D

ow
nloaded from

 

Seulement 5 VT/VF : 

§ Patients moins sévères ?

§ Phase « calme » ?

PAS 
d’inflammation

Zumhagen et al. Circ AE. 2009 Feb;2(1):16-23.
Frustaci et al. Circulation. 2005;112(24):3680-7.



Avec des critères de 
sélection

rigoureux ?



• Brugada de type 1 spontané

• FV documentée et/ou mort subite

• Autopsie et/ou histologie biventriculaire

EXCLUSION

• Données individuelles non disponibles

• Histologie non détaillée ; biopsie monoventriculaire

• Brugada uniquement de type 2 & 3

• Brugada uniquement pharmaco-induit

• ECG atypique

• Pas d’ECG réalisé
• ECG non fournit ou non décrit

• Onde Epsilon

• Argument pour une atteinte myocardique à l’imagerie

• Tachycardie ventriculaire

• Liens familiaux

REVIEW

Delinière A, Bencie N,…, Chevalier P. 2018



PAS D’ANOMALIE MYOCARDIQUE 
APPARENTE

16 ETUDES

127 PATIENTS

ASPECT DE TYPE 1 SPONTANE

Exclusion : 83 pts

44 PATIENTS

35 PATIENTS

• Type 1 pharmaco-induit : 19
• Type 2 ou 3 : 15 
• ECG atypique : 2 
• Pas d’ECG réalisé : 8 
• Données d’ECG non disponibles : 38 
• Ondes Epsilon : 1 

Exclusion : 9 pts

• ETT, IRM, scanner et/ou angiographie 
anormal : 9

Exclusion : 9 pts

• Données indiviudelles non disponibles : 5
• Données histologiques non détaillées : 4

FV / MS

9 
PATIENTS

TV

3 
PATIENTS

Syncopes

6 
PATIENTS

Asymptomatiques

8 
PATIENTS

26 PATIENTS

ECG

IMAGERIE

DONNÉES

Delinière A, Bencie N,…, Chevalier P. 2018



9 patients : 35.3 ± 10.4 ans, 9 hommes (4 autopsies, 5 biopsies myocardiques biventriculaires)

5 génotypages : 1 mutation SCN5A (BrS1), 1 mutation CACNB2 (BrS4)

8/9 patients ont bénéficié d’examens d’imagerie, tous normaux

• Aucun pa2ent n’avait un cœur macroscopiquement normal à l’autopsie

• 4/4 Hypertrophies pariétales VG à l’autopsie
• 6/9 Myocardites. Inflamma2on 7/9
• 1/9 critères DAVD

Delinière A, Bencie N,…, Chevalier P. 2018
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Point of View

May Fever Trigger Ventricular Fibrillation?
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Abstract

            The clinical  precipitants  of  ventricular  fibrillation  (VF)  remain  poorly  understood. 

Clinical  factors  such  as  hypoxemia,  acidosis  or  electrolyte  imbalance,  drug-related  toxicity, 

autonomic nervous system disorders as well  as  viral  myocarditis  have been proposed to be 

associated  with  sudden  cardiac  death  particularly  in  patients  with  structural  heart  disease. 

However, In the Brugada syndrome, concurrent febrile illness has been reported to unmask the 

electrocardiographic features  of  the Brugada syndrome and be associated with an increased 

propensity for VF. More recently, a febrile illnesses of infectious etiology was associated to 

polymorphic ventricular tachycardia or VF in patients with normal hearts and without known 

repolarization  abnormality.  In  this  review  we  detail  this  phenomenon  and  its  putative 

mechanisms.         

Key Words: ventricular fibrillation; fever; ventricular ectopy; sudden cardiac death

Introduction

            Ventricular fibrillation (VF) is the main mechanism of sudden cardiac death. Clinical 

factors such as hypoxemia, acidosis or electrolyte imbalance, drug-related toxicity, autonomic 

nervous system disorders as well as viral myocarditis have been proposed to be associated with 

sudden cardiac death particularly in patients with structural heart disease1. Emerging evidence 

implicates triggers dominantly originating from the distal Purkinje arborization and the right 

ventricular outflow tract (RVOT) in the initiation of VF in a range of clinical conditions2-7.  

            Isolated reports in patients with the Brugada syndrome suggest that febrile illnesses may 

unmask the characteristic electrocardiographic changes that then favour the development of VF8-

15.  However,  the clinical precipitants  for VF storms in patients  with idiopathic VF, without 

evidence  of  structural  heart  disease  or  known  repolarization  abnormality,  remain  poorly 

characterized. Recently we reported a series of patients in whom a febrile illness precipitated 

idiopathic  VF storm, suggesting that  fever  may be a  precipitant  of sudden cardiac death in 

patients with normal hearts16. 

Fever and Brugada Syndrome

            As summarized in  Table 1,  isolated case reports have suggested that the phenotypic 

Indian Pacing and Electrophysiology Journal (ISSN 0972-6292), 5(2): 139-145 (2005)
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sudden cardiac death associated with a febrile illness; although this has been poorly documented 

and  could  only  be  demonstrated  by  biopsy.  We  recently  reported  3  patients  who  had  no 

demonstrable structural heart disease or repolarization abnormalities and who presented with 

episodes  of  VF storm during  a  peak  of  a  febrile  illness  usually  occurring  at  night23. They 

demonstrated  short  coupled  ventricular  ectopies  (Fig  1).  Ectopy  morphology  was  highly 

suggestive of left Purkinje origin in one, and of muscular origin from RVOT in the other one. In 

the third patient with recurrent episodes of VF, mapping and ablation was performed confirming 

the origin of the triggering ectopy from the right Purkinje system (Fig 2). None of our patients 

had evidence to suggest a viral myocarditis with biological screens, troponin values and viral 

screens being normal. In addition,  one of these patients  had a documented bacterial urinary 

sepsis. A potential role for the autonomic nervous system cannot be excluded as VF occurred at 

night; however, none of our patients demonstrated a change in repolarization prior to VF storm.

Table  1: Reports  of  Fever  in  patients  with  Brugada  syndrome  or  Idiopathic 

ventricular fibrillation. 

            The distal Purkinje arborization has been implicated as the site of origin of triggers 

initiating VF in a variety of clinical situations. These include patients with VF associated with 

structural  heart  disease  such  as  following  myocardial  infarction7 abnormal  repolarization 

syndromes4 and also those with idiopathic VF2,3. The Purkinje system while being capable of 

sustaining spontaneous activity by automaticity, reentry or triggered activity, is known to be 

sensitive to a variety of clinical situations. The similarity of these observations with those made 

in  the  Brugada  syndrome,  indicates  a  potentially  greater  role  of  concurrent  illnesses  in  the 

initiation of VF. Indeed, heterogeneous changes in ion-channel expression have been described 

in Purkinje fibers and ventricular muscle in experimental studies24 Taken in conjunction with 

our findings25, it indicates a potentially greater role of such concurrent illnesses in the initiation 

of VF. The morphologic features of the short coupled ectopy in the three febrile patients with 

normal hearts were identical to those previously demonstrated in patients with idiopathic VF22. 

The similar origin of triggers in this  series suggests that the current observations may have 

resulted from increased frequency or malignancy of the triggers by the febrile illness in these 

patients with idiopathic VF. This series provides new information on the precipitating role of 

concurrent febrile illness in the initiation of VF in patients with normal hearts. A possible Jean 

Indian Pacing and Electrophysiology Journal (ISSN 0972-6292), 5(2): 139-145 (2005)

Ionic Mechanisms Responsible for the Electrocardiographic
Phenotype of the Brugada Syndrome Are

Temperature Dependent
Robert Dumaine, Jeffrey A. Towbin, Pedro Brugada, Matteo Vatta, Dmitri V. Nesterenko,

Vladislav V. Nesterenko, Josep Brugada, Ramon Brugada, Charles Antzelevitch

Abstract—The Brugada syndrome is a major cause of sudden death, particularly among young men of Southeast Asian and
Japanese origin. The syndrome is characterized electrocardiographically by an ST-segment elevation in V1 through V3
and a rapid polymorphic ventricular tachycardia that can degenerate into ventricular fibrillation. Our group recently
linked the disease to mutations in SCN5A, the gene encoding for the a subunit of the cardiac sodium channel. When
heterologously expressed in frog oocytes, electrophysiological data recorded from the Thr1620Met missense mutant
failed to adequately explain the electrocardiographic phenotype. Therefore, we sought to further characterize the
electrophysiology of this mutant. We hypothesized that at more physiological temperatures, the missense mutation may
change the gating of the sodium channel such that the net outward current is dramatically augmented during the early
phases of the right ventricular action potential. In the present study, we test this hypothesis by expressing Thr1620Met
in a mammalian cell line, using the patch-clamp technique to study the currents at 32°C. Our results indicate that
Thr1620Met current decay kinetics are faster when compared with the wild type at 32°C. Recovery from inactivation
was slower for Thr1620Met at 32°C, and steady-state activation was significantly shifted. Our findings explain the
features of the ECG of Brugada patients, illustrate for the first time a cardiac sodium channel mutation of which the
arrhythmogenicity is revealed only at temperatures approaching the physiological range, and suggest that some patients
may be more at risk during febrile states. (Circ Res. 1999;85:803-809.)

Key Words: Brugada syndrome n Na1 channel n temperature

Polymorphic ventricular tachycardia (VT) and ventricular
fibrillation (VF) developing in patients with structurally

normal hearts accounts for 5% to 12% of the .300 000
sudden deaths of Americans each year.1,2 Approximately half
of these are attributed to the Brugada syndrome, a familial
disease electrocardiographically characterized by a
downsloping ST-segment elevation terminating in a negative
T wave in the right precordial leads, an apparent right bundle
branch block,3,4 and rapid polymorphic VT capable of degen-
erating to VF.5,6 Slightly prolonged H-V intervals are ob-
served in 60% of patients7 with Brugada syndrome.
Chen et al8 recently uncovered the first gene defects linked

to the Brugada syndrome, identifying different mutations in
SCN5A, the cardiac sodium channel gene, in each of the 3
families studied. A frameshift mutation resulted in an in-
frame stop codon in the pore region of domain III in one
family. Because the syndrome has an autosomal dominant
pattern of inheritance, the frameshift mutation is likely to
result in a decrease in the number of functional channels,

which can explain the clinical manifestation of the syn-
drome.3,4 Missense mutations involving a double substitution
of arginine at position 1232 by a tryptophan (Arg1232Trp)
and the threonine at position 1620 by a methionine
(Thr1620Met) were also found. Heterologous expression of
these mutant channels in Xenopus oocytes revealed that the
Thr1620Met mutation shifts steady-state inactivation of the
channels toward more positive potentials and accelerates
reactivation, whereas Arg1232Trp did not produce these
effects and is thought to be a rare polymorphism. The
electrophysiological profile reported for this mutant at room
temperature does not adequately explain the ECG signature
of the Brugada syndrome, however. We hypothesized that, at
more physiological temperatures, the missense mutation may
accelerate the decay of the sodium current, thus leaving the
large transient outward current normally present in right
ventricular epicardium unopposed. To test this hypothesis, we
studied the kinetics of the current at 32°C using the patch-
clamp technique.
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Thr1620Met current is 2.4, 3, and 3.4 times faster thanWT at 37°C,
39°C, and 40°C, respectively. Furthermore, Li et al15 showed that
the inactivation kinetics of Ito was 2 times faster at 36°C than at
room temperature. The speeding of the inactivation of Ito at a higher
temperature therefore cannot fully compensate for the influence of
INa on the balance of currents during the early phase 1 repolarization.
These results suggest that the increased temperature sensitivity of
the Thr1620Met current decay may predispose some Brugada
patients to arrhythmias during a febrile state (fever).

Appendix
Model of the Transient Outward Current, Ito
Ito5GIto3z33y3R(V)3(V2EK), where EK is the reversal potential for
potassium ions

az(V)5
103expSV240

25 D
11expSV240

25 D

bz(V)5
103expS2

V190
25 D

11expS2
V190
25 D

R(V)5expS V
100D

ay(V)5
0.015

11expSV160
5 D

by(V)5
0.13expSV125

5 D
11expSV125

5 D
GIto50.5 mS/mF for the left ventricular epicardium; GIto51.1

mS/mF for the right ventricular epicardium. V, transmembrane
voltage (mV); Gto, maximum conductance of the channel (mS/mF); z
and y, activation gate (3 gates per channel) and inactivation gate,
respectively; R(V), outward rectification factor for the channel; az
and bz, voltage-dependent opening and closing rate constants of
activation gate (msec21); ay and by, voltage-dependent opening and
closing rate constants of inactivation gate (msec21).

Acknowledgments
This work was supported by grants from National Institutes of Health
HL-59449 to R.D. and HL-47678 to C.A. The authors wish to thank
Dr Yue Sheng Wu for his expert handling of the cell transfection
procedures, M. Todd Richards for part of the cloning work, and J.
Hefferon for artwork.

References
1. Kannel WB, Cupples AL, D’Agostino RB. Sudden death risk in overt
coronary heart disease: the Framingham study. Am Heart J. 1987;113:
799–804.

2. Willich SN, Levy D, Rocco MB, Tofler GH, Stone PH, Muller JE.
Circadian variation in the incidence of sudden cardiac death in the
Framingham Heart Study population. Am J Cardiol. 1987;60:801–806.

3. Antzelevitch C. The Brugada syndrome. J Cardiovasc Electrophysiol.
1998;9:513–516.

4. Gussak I, Antzelevitch C, Bjerregaard P, Towbin JA, Chaitman BR. The
Brugada syndrome: clinical, electrophysiological and genetic aspects.
J Am Coll Cardiol. 1999;33:5–15.

5. Brugada P, Brugada J. Right bundle branch block, persistent ST segment
elevation and sudden cardiac death: a distinct clinical and electrocardio-
graphic syndrome: a multicenter report. J Am Coll Cardiol. 1992;20:
1391–1396.

6. Brugada J, Brugada R, Brugada P. Right bundle-branch block and
ST-segment elevation in leads V1 through V3: a marker for sudden death
in patients without demonstrable structural heart disease. Circulation.
1998;97:457–460.

7. Alings M, Wilde A. “Brugada” syndrome: clinical data and suggested
pathophysiological mechanism. Circulation. 1999;99:666–673.

8. Chen Q, Kirsch GE, Zhang D, Brugada R, Brugada J, Brugada P, Potenza
D, Moya A, Borggrefe M, Breithardt G, Ortiz-Lopez R, Wang Z,
Antzelevitch C, O’Brien RE, Schulze-Bahr E, Keating MT, Towbin JA,
Wang Q. Genetic basis and molecular mechanisms for idiopathic ven-
tricular fibrillation. Nature. 1998;392:293–296.

9. Hartmann HA, Tiedeman AA, Chen S-F, Brown AM, Kirsch GE. Effects
of III-IV linker mutations on human heart Na1 channel inactivation
gating. Circ Res. 1994;75:114–122.

10. Dumaine R, Wang Q, Keating MT, Hartmann HA, Schwartz PJ, Brown
AM, Kirsch GE. Multiple mechanisms of Na1 channel-linked long-QT
syndrome. Circ Res. 1996;78:916–924.

11. Dumaine R, Hartmann HA. Two conformational states involved in the
use-dependent TTX blockade of human cardiac Na1 channel. Am J
Physiol 1996;270:H2029–H2037.

12. Maniatis T, Sambrook J, Fritsch EF. Expression of cloned genes in
culture mammalian cells. In: Nolan N, ed. Molecular Cloning: A Labo-
ratory Manual. Cold Spring Harbor, NY: Cold Spring Harbor Laboratory
Press; 1989;16.30–16.39.

13. Luo CH, Rudy Y. A dynamic model of the cardiac ventricular action
potential, I: simulations of ionic currents and concentration changes. Circ
Res. 1994;74:1071–1096.

14. Zeng J, Laurita KR, Rosenbaum DS, Rudy Y. Two components of the
delayed rectifier K1 current in ventricular myocytes of the guinea pig
type: theoretical formulation and their role in repolarization. Circ Res.
1995;77:140–152.

15. Li GR, Feng J, Yue L, Carrier M. Transmural heterogeneity of action
potentials and Ito1 in myocytes isolated from the human right ventricle.
Am J Physiol. 1998;275:H369–H377.

Figure 7. Effect of accelerated inactivation of INa on the simu-

lated propagating endocardial (A), left ventricular epicardial (B),

and right ventricular epicardial (C) APs at 37°C (see Materials

and Methods). Each panel shows 2 APs simulated with normal

kinetic of INa inactivation (solid lines) and with inactivation rates

increased 2 times (dashed lines), as predicted from the Q10 of
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Background. Inflammation in the Brugada syndrome (BrS) and its clinical implication have been little studied. Aims. To assess the
level of inflammation in BrS patients. Methods. All studied BrS patients underwent blood samples drawn for C-reactive protein
(CRP) levels at admission, prior to any invasive intervention. Patients with a previous ICD placement were controlled to exclude
those with a recent (<14 days) shock. We divided subjects into symptomatic (syncope or aborted sudden death) and asymptomatic
groups. In a multivariable analysis, we adjusted for significant variables (age, CRP ≥ 2 mg/L). Results. Fifty-four subjects were
studied (mean age 45 ± 13 years, 49 (91%) male). Twenty (37%) were symptomatic. Baseline characteristics were similar in both
groups. Mean CRP level was 1,4 ± 0,9 mg/L in asymptomatic and 2,4 ± 1,4 mg/L in symptomatic groups (P = .003). In the
multivariate model, CRP concentrations ≥ 2 mg/L remained an independent marker for being symptomatic (P = .018; 95% CI:
1.3 to 19.3). Conclusion. Inflammation seems to be more active in symptomatic BrS. C-reactive protein concentrations ≥ 2 mg/L
might be associated with the previous symptoms in BrS. The value of inflammation as a risk factor of arrhythmic events in BrS
needs to be studied.

1. Introduction

The Brugada syndrome (BrS) is an inherited cardiac disorder
occurring particularly in young, apparently healthy individ-
uals and is associated with a variety of arrhythmias, mainly
ventricular tachyarrhythmias that can induce syncope or
sudden cardiac arrest (SCA) [1]. Patients with documented
cardiac arrest should receive an implantable cardioverter-de-
fibrillator (ICD) [2]. In the remaining subjects, the best man-
agement is still a challenge. Long-term follow-up of this sub-
group of patients has revealed a low accuracy of stratification
based on only one risk factor [3]. A multiparametric ap-
proach, including more than one risk factor, may increase
the likelihood to predict ventricular arrhythmias that can be
prevented by an ICD.

Increased body of evidence links lethal ventricular
arrhythmias with inflammatory states [4]. It is known that
arrhythmic events in BrS are triggered by febrile states,
independent of the etiology [5]. Amin et al. have proposed
that “research is needed on the study of the in vivo effects of
fever and its various aspects,” including “inflammatory cells
and cytokines” [6]. C-reactive protein (CRP) is an acute-
phase reactant, whose levels rise in response to inflammation.
Serum levels of CRP have been shown to be increased
soon after the occurrence of ventricular arrhythmias in
other arrhythmogenic diseases like arrhythmogenic right
ventricular dysplasia/cardiomyopathy (ARVD/C) [7]. Serum
levels of CRP in BrS and their possible clinical implications
have not been studied before. We evaluated levels of CRP in
a cohort of subjects with BrS.

Cardiology Research and Practice 3

Table 1: Baseline characteristics of asymptomatic and symptomatic BrS patients.

Asymptomatic (n = 34) Symptomatic (n = 20)
P value

95% CI
Univariate analysis Multivariate analysis

Age (years) 40± 12 53± 10 .001 .009 1.56–22.08
Male 32 (94%) 17 (85%) ns —
Hypertension 3 (9%) 5 (25%) ns —
Hypercholesterolemia 6 (18%) 3 (15%) ns —
Smokers 6 (18%) 2 (10%) ns —
Diabetes 0 1 (5%) ns —
Statin 1 (3%) 2 (10%) ns —
Aspirin 0 1 (5%) ns —
First-degree AV block 4 (12%) 5 (25%) ns —
QRS > 120 ms 10 (29%) 3 (15%) ns —
Type 1 ECG pattern 19 (56%) 14 (70%) ns —
CRP ≥ 2 mg/L 11 (32%) 15 (75%) .003 .018 1.32–19.31

Mean
±SE

±1.96∗SE
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Figure 2: CRP concentrations in the BrS patients without (left
diagram) and with (right diagram) symptoms (syncope or SCA)
were significantly different. CRP: C-reactive protein; BrS: Brugada
syndrome; SCA: sudden cardiac arrest.

hypertension, 15% smokers, 17% hypercholesterolemia, and
2% diabetes with no differences among groups (Table 1).
Fifteen (28%) patients had family history of SCA, and 33
(61%) had spontaneous, diagnostic, coved-type ECG.

3.2. Comparison between Patients with and without Symp-
toms. Asymptomatic and symptomatic patients were com-
parable in gender, cardiovascular risk factors, and main ECG
features (first-degree atrioventricular block, wide QRS, and
coved type ST-segment elevation in right precordial leads).
Mean age and CRP levels were the only parameters signifi-
cantly different in univariate analysis between both groups.

In Table 1 is also shown the multivariate analysis for predi-
ctors of being symptomatic. A significant value was still
found for age and levels of CRP ≥ 2 mg/L (P = .009, CI 95%
1.56–22.08, and P = .018, CI 95% 1.32–19.31, resp.).

3.3. Clinical Features of Patients with ICD. Implantation of
an ICD started in our centre before current recommenda-
tions [2]. Therefore, 10 asymptomatic patients (29%) were
implanted for high-risk status (spontaneous coved-type ST-
segment elevation in conjunction with either family history
of SCA or positive EP study). None of these 10 patients have
experienced ICD shock, and their electrogram memories did
not show ventricular arrhythmias. In 16 (80%) symptomatic
patients, an ICD was implanted either before hospitalization
(>3 months) or after blood sampling was taken for CRP. Four
out of 16 (25%) had appropriate ICD shock during follow-
up.

3.4. Inflammatory Pattern and Its Relationship with Car-
diac Arrhythmic Events. As previously mentioned, levels of
CRP were significantly different in both groups, asymp-
tomatic versus symptomatic subjects. The mean CRP lev-
els (Figure 2) were 1,4 ± 0,9 mg/L in asymptomatic and
2,4 ± 1,4 mg/L in symptomatic group (P = .003). CRP
concentration ≥ 2 mg/L was an independent marker for
being symptomatic (P = .018; 95% CI: 1.3 to 19.3)
(Table 2). A CRP concentration ≥ 2 mg/L was significantly
associated with type 1 ECG pattern (P = .022), syn-
cope (P = .025), syncope and/or aborted SCA (P =
.018), and the decision to implant an ICD (P = .003)
in univariate analysis. After multivariate analysis, only overall
symptoms (syncope and/or resuscitated SCA) remained sig-
nificantly different (P = .039, 95% CI: 1.07–18,79) (Table 2).

4. Discussion

The aim of this study was to assess the inflammatory profile
measured by CRP in individuals with BrS. The study also

Symptomatiques
2,4 ± 1,4 mg/l

Asymptomatiques
1,4 ± 0,9 mg/l

Marqueur indépendant de risque 
de syncopes / MS avortée

CRP ≥ 2 mg/l

95%CI : 1.3 - 19.3 

marker for being symptomatic.8 In our cases, the setting of
acute electrical storm and multiple ICD therapies would
make it challenging to interpret and distinguish any rise in
serum biomarkers of inflammation or myocyte injury as
being attributable to a primary cardiac cause or secondary
to ICD therapy. Granulomatous diseases are causes of acute
cardiac inflammation. Of these conditions, only chagasic
cardiomyopathy has been seen in association with a type 1

ECG pattern in case reports, suggesting that it may act as a
phenocopy.9

Taken as a whole, the above observations lend weight to
the hypothesis that acute inflammation may play a role in
modulating the phenotype of Brugada syndrome. In our
case, the apparent reduction in ICD therapies owing to VF
with a limited course of glucocorticoid therapy may also
suggest a role for inflammation acting as the primary driver

Figure 1 Images from case 1. A: A 12-lead electrocardiogram in a standard configuration during procainamide testing showing a type 1 Brugada syndrome
pattern in leads V1 and V2.B: Epicardial right ventricular/right ventricular outflow tract (RVOT) voltage map with low-voltage, fractionated electrograms tagged
(green and pink dots). Typical electrogram appearances are shown at their locations (white arrows).C:Normal endocardial RVOT voltage.D: Positron emission
tomography–computed tomography (PET/CT) showing posterior wall fluorodeoxyglucose uptake (red arrow). E: Epicardial left ventricle map showing area of
low voltage (red) corresponding to area of uptake on PET/CT. F: Fluoroscopic anteroposterior view of ablation catheter in the epicardium overlying the RVOT.
G: Implantable defibrillator traces showing onset of ventricular fibrillation and termination by a single 36 J shock.
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Brugada syndrome—Malignant phenotype associated
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Introduction
Since the publication of the seminal case series in 1992 of
right bundle branch block and persistent ST elevation in
the right precordial leads associated with sudden death, there
remain significant gaps in our knowledge surrounding
Brugada syndrome.1 In particular, debate continues
regarding its pathogenesis and has in part contributed to the
difficulties in risk stratification of sudden death.

We present interesting observations in 2 well-
characterized Brugada syndrome patients who had acute
inflammation seen on fluorodeoxyglucose (FDG)–positron
emission tomography (PET) / computed tomography (CT)
in association with frequent ventricular fibrillation episodes.

Case report
Case 1
A 52-year-old Caucasian man was transferred from an outside
hospital for management of ventricular fibrillation (VF) storm
with multiple implantable cardioverter-defibrillator (ICD)
shocks. He had presented 3 years previously following a
resuscitated cardiac arrest and was diagnosed with Brugada
syndrome based on a type 1 pattern electrocardiogram
(ECG), after which he underwent ICD implantation. He had
a history of hypertension, hemophilia, cerebrovascular acci-
dent, chronic obstructive pulmonary disease, obstructive sleep
apnea, and a remote diagnosis of histoplasmosis. There was
no family history of sudden cardiac death. He had a normal
echocardiogram and normal coronary angiogram. Genetic
testing for SCN5a was negative.

After transfer, he underwent cardiac magnetic resonance
imaging (MRI) with his ICD in situ, which showed no late
gadolinium enhancement and normal biventricular function.
An FDG-PET scan demonstrated decreased perfusion to the

basal mid inferolateral left ventricle (LV) with increased
FDG uptake and no extra cardiac activity, suggestive of
isolated cardiac inflammation. Serum angiotensin converting
enzyme was normal and autoimmune screen negative. He
was taken to the electrophysiology laboratory, where a
procainamide provocation test induced a type 1 Brugada
pattern. Endocardial and epicardial mapping demonstrated
no endocardial right ventricular (RV)/right ventricular
outflow tract (RVOT) scar. However, fractionated and
delayed activity was seen at the RVOT epicardium down to
the RV free wall (Figure 1). Programmed stimulation did
not induce sustained arrhythmia. Premature ventricular
contractions (PVCs) were seen and mapped to the RVOT an-
teroseptum endocardially. Endocardial ablation to target the
PVCs and substrate modification of the epicardial RVOT
was performed. During follow-up, a spontaneous type
1 pattern was noted on ECG.

Repeat PET 3 weeks later showed a similar pattern of
FDG uptake. Five ICD shocks were experienced over the
next 2 months and empiric treatment with prednisolone and
hydroxychloroquine was commenced. Endomyocardial RV
septal biopsy at that point showed no giant cells or granu-
lomas. Serial PET showed reducing FDG uptake, suggesting
response to treatment. The patient remained free of ICD
shocks for 1 year. In the interim, family screening identified
Brugada syndrome in his sister. He was then diagnosed with
thyroid carcinoma and had his immunosuppression with-
drawn after a year of treatment and experienced an increase
in shock frequency thereafter. Over his treatment course,
amiodarone, mexiletene, and quinidine were tried and were
either ineffective or not tolerated. Owing to failure of medical
therapy, he underwent repeat ablation, targeting an RVOT
PVC endocardially and substrate modification at the RVOT
epicardium. Over the next year, he experienced a further
2 ICD shocks.

Case 2
A 35-year-old Caucasian man was referred to clinic from an
outside hospital with 8 shocks over the preceding 6 months;
the shocks were exclusively nocturnal and due to PVC-
triggered VF. He presented 3 years previously following a
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marker for being symptomatic.8 In our cases, the setting of
acute electrical storm and multiple ICD therapies would
make it challenging to interpret and distinguish any rise in
serum biomarkers of inflammation or myocyte injury as
being attributable to a primary cardiac cause or secondary
to ICD therapy. Granulomatous diseases are causes of acute
cardiac inflammation. Of these conditions, only chagasic
cardiomyopathy has been seen in association with a type 1

ECG pattern in case reports, suggesting that it may act as a
phenocopy.9

Taken as a whole, the above observations lend weight to
the hypothesis that acute inflammation may play a role in
modulating the phenotype of Brugada syndrome. In our
case, the apparent reduction in ICD therapies owing to VF
with a limited course of glucocorticoid therapy may also
suggest a role for inflammation acting as the primary driver

Figure 1 Images from case 1. A: A 12-lead electrocardiogram in a standard configuration during procainamide testing showing a type 1 Brugada syndrome
pattern in leads V1 and V2.B: Epicardial right ventricular/right ventricular outflow tract (RVOT) voltage map with low-voltage, fractionated electrograms tagged
(green and pink dots). Typical electrogram appearances are shown at their locations (white arrows).C:Normal endocardial RVOT voltage.D: Positron emission
tomography–computed tomography (PET/CT) showing posterior wall fluorodeoxyglucose uptake (red arrow). E: Epicardial left ventricle map showing area of
low voltage (red) corresponding to area of uptake on PET/CT. F: Fluoroscopic anteroposterior view of ablation catheter in the epicardium overlying the RVOT.
G: Implantable defibrillator traces showing onset of ventricular fibrillation and termination by a single 36 J shock.
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Figure 2. Three-dimensional electroana-
tomic maps obtained in 2011 (A and B) 
and 2013 (C and D). A low-voltage area 
is present in the anterior right ventricu-
lar outflow tract in both bipolar (A) and 
unipolar (B) maps in 2011. In 2013, an 
extension of the abnormal voltage area 
can be observed in both bipolar (C) and 
unipolar (D) maps. In the bipolar maps, 
purple indicates electroanatomic normal 
tissue with a voltage amplitude ≥1.5 mV; 
red indicates electroanatomic scar tis-
sue with a voltage amplitude <0.5 mV; 
and intermediate colors represent the 
low-voltage electroanatomic border zone 
(voltage amplitude >0.5 and <1.5 mV). In 
the unipolar maps, purple indicates elec-
troanatomic normal tissue with voltage 
amplitude ≥5.5 mV; red indicates tissue 
with low voltage (amplitude <3.5 mV); 
and intermediate colors represent the 
low-voltage electroanatomic border zone 
(voltage amplitude >3.5 and <5.5 mV).
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Figure 4. Histology of CARTO-guided right ventricular endomyo-
cardial biopsies obtained from the right ventricular outflow tract 
low-voltage area showing inflammatory infiltrates (arrows) with 
interstitial edema (asterisks) and focal myocyte necrosis (arrow-
heads; hematoxylin and eosin stain; magnification, ×100).

Figure 3. A, Bipolar map. Radiofrequency 
applications (red dots) in the right ven-
tricular outflow tract low-voltage area. 
Black arrow indicates the site of low and 
fragmented potential shown in the right 
inset. White arrow indicates the site of 
biopsy. B, Nonsustained and sustained 
polymorphic ventricular tachycardia 
degenerating into ventricular fibrillation 
after a radiofrequency pulse is started in 
the area, indicated by the gray dot and 
arrowhead in A.
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In December 2011, a 39-year-old man resuscitated from out-
of-hospital cardiac arrest caused by ventricular fibrillation 

received the diagnosis of Brugada syndrome on the basis of a 
spontaneous Brugada type 1 ECG pattern (Figure 1A). Before 
implantation of a cardioverter-defibrillator, the patient, after 
providing written informed consent, underwent a 3-dimen-
sional electroanatomic mapping of the right ventricle (RV) as 
part of a clinical research study approved by ethics committee 
of our institution. A localized low-voltage area with delayed 
and fragmented potentials was evident in both bipolar and 
unipolar voltage maps in the anterior RV outflow tract. The 
patient was discharged with no antiarrhythmic medication and 
was free of arrhythmic events at implantable cardioverter-defi-
brillator interrogation for 1 year.

In January 2013, he was admitted at our institution again 
for arrhythmic storm with multiple consecutive appropriate 
implantable cardioverter-defibrillator shocks resulting from 
recurrent ventricular fibrillation.

Continuous ECG monitoring documented frequent mono-
morphic ventricular extrasystoles with left bundle-branch 
block morphology with an inferior axis and frequent R-on-T 
phenomenon triggering multiple episodes of ventricular fibril-
lation (Figure 1B). He was treated with isoproterenol infu-
sion, leading to electric storm suppression and cardiac rhythm 
normalization.

As indicated in the research study in the case of arrhyth-
mic events, 3-dimensional RV electroanatomic mapping was 
repeated and documented an increase (from 1 to 14.2 cm2 
and from 10.2 to 19.8 cm2 in the bipolar and unipolar maps, 
respectively) of the RV outflow tract low-voltage area previ-
ously documented (Figure 2A–2D). To investigate the path-
ological substrate of the low-voltage area and the possible 
mechanisms of disease progression and arrhythmias recur-
rence, we also performed a CARTO-guided RV endomyo-
cardial biopsy, drawing 3 myocardial samples from an area 
with both bipolar and unipolar low voltages.1 In addition, dur-
ing the same procedure, we performed endocardial radiofre-
quency ablation to abolish low-voltage fractionated potentials 

in the anterior RV outflow tract.2 Interestingly, radiofrequency 
applications in the inferior portion of the low-voltage area 
repeatedly evoked sustained polymorphic ventricular tachy-
cardias self-terminating at radiofrequency pulse cessation, but 
in 3 cases degenerating into ventricular fibrillation and requir-
ing external defibrillation (Figure 3). Histological analysis of 
endomyocardial biopsies showed the presence of myocardial 
inflammation with focal necrosis of adjacent myocytes and no 
evidence of fibrofatty substitution (Figure 4). The patient was 
discharged on therapy with quinidine 150 mg 3 times daily. 
After a follow-up of 18 months, he is asymptomatic and free 
of arrhythmic events at implantable cardioverter-defibrillator 
interrogation. Genetic analysis failed to identify mutations in 
the main genes so far associated with the syndrome.

To the best of our knowledge, this is the first description 
of electroanatomic substrate progression associated with the 
recurrence of ventricular fibrillation in a patient with Brugada 
syndrome. Our case suggests that electroanatomic and struc-
tural abnormalities underlie the ECG and arrhythmic features 
of Brugada syndrome and that the progression of these abnor-
malities can be associated with arrhythmia recurrence. Further 
studies are needed to define the prevalence of electroanatomic 
abnormalities in Brugada syndrome and to clarify the role of 
myocardial inflammation in electroanatomic substrate pro-
gression and arrhythmogenesis. Similarly, the potential role of 
electroanatomic mapping in monitoring disease progression 
and in prognostic stratification in Brugada syndrome warrants 
further investigation.
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Electroanatomic and Pathologic Right
Ventricular Outflow Tract Abnormalities
in Patients With Brugada Syndrome
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ABSTRACT

BACKGROUND The prevalence and significance of structural abnormalities in Brugada syndrome (BrS) are still largely

debated.

OBJECTIVES The authors investigated the relationship between genetic background, electroanatomic abnormalities,

and pathologic substrate in BrS.

METHODS They performed 3-dimensional electroanatomic unipolar and bipolar mapping in 30 patients with BrS.

Twenty patients underwent 3-dimensional electroanatomic unipolar and bipolar mapping–guided right ventricular

outflow tract (RVOT) endomyocardial biopsy. Programmed ventricular stimulation and genetic analysis were performed
in all patients.

RESULTS Low-voltage areas (LVAs) were observed at unipolar map in 93% of patients and at bipolar map in 50% of

cases. Unipolar LVAs were always larger than bipolar LVAs, were always colocalized, and in all cases included RVOT.

Disease-causing mutations were detected in 10 (33%) patients. Programmed ventricular stimulation was positive in 16

cases (53%). In 75% of patients, RVOT histology showed pathologic findings with myocardial inflammation in 80% of

them. Among patients with abnormal bipolar map submitted to endomyocardial biopsy, 9 (81%) showed evidence of

myocardial inflammation. Conversely, bipolar map was abnormal in 83% of patients with myocardial inflammation.

Myocardial inflammation was also more prevalent among inducible patients (83% vs. 25% in noninducible; p ¼ 0.032).

CONCLUSIONS BrS is characterized by electroanatomical and structural abnormalities localized to RVOT with a

gradient of the pathologic substrate from epicardium to endocardium possibly driven by myocardial inflammation. These

findings reclassify BrS as a combination of structural and electrical defects opening the way to new risk stratification and

therapeutic strategies. (J Am Coll Cardiol 2018;72:2747–57) © 2018 by the American College of Cardiology Foundation.

B rugada syndrome (BrS) is a genetic arrhyth-
mogenic entity characterized by a typical
electrocardiographic (ECG) pattern and an

increased risk of sudden cardiac death (SCD) (1,2). It
was initially described as an electrical disorder

caused by dysfunction of cardiac ion channels
without structural heart disease (1,2). Pathogenic var-
iants in more than 20 genes encoding for proteins
contributing to ion channels structure and function
have been associated with BrS. A comprehensive
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nondiagnostic for AC according to current criteria
(13). No patient showed histological evidence of
sarcoidosis, granulomatous, and/or giant cell
myocarditis. Interstitial and replacement fibrosis
were documented in all patients with abnormal his-
tological findings. Fibrosis subjectively appeared
more pronounced in patients with myocardial
inflammation, although no significant difference was
observed (Table 1).

GENETIC STUDIES. Genetic studies identified 84 rare
variations in 26 patients. All samples carried #1 rare
variant except 4 cases. Of all these variants, 9 were
classified as potentially pathogenic in genes previ-
ously associated with BrS (6 in all: 3 novel in SCN5A, 1
novel in SCN4B, 1 novel in TRPM4, and 1 in ABCC9).
In addition, 4 more rare variants were classified as
potentially pathogenic in genes not associated with
BrS so far (2 -1 novel- in HCN2, 1 in NEXN, 1 in CASQ2)
(Online Table 1). All variants were identified in
different patients except p.Tyr1015*_TRPM4 and
p.Ser1402Cys_ABCC9, which were identified in the
same case. Potentially pathogenic mutations for AC
(DSP) and long QT syndrome (SNTA1 and KCNE1
genes) were detected in 3 patients.

COMPARISON BETWEEN CLINICAL, 3D-EAM,

HISTOLOGICAL, AND GENETIC FINDINGS. No sig-
nificant differences were observed in terms of age,
sex, ECG features, and clinical presentation between
patients with normal and abnormal bipolar maps or
between patients with normal and abnormal histol-
ogy (Table 1, Online Table 2). Significantly greater
unipolar and bipolar LVAs were recorded in induc-
ible patients compared with noninducible ones
(Table 1, Figure 3). Among patients submitted to
endomyocardial biopsy, inducible patients showed a
higher prevalence of myocardial inflammation (83%
vs. 25%; p ¼ 0.032) with no difference in terms of
fibrosis (Table 1, Figure 3). Conversely, patients with
histological evidence of myocardial inflammation
presented a higher prevalence of abnormal bipolar
map (83% vs. 13%; p ¼ 0.005) with greater bipolar
LVA, and were more inducible (83% vs. 25%;
p ¼ 0.019) compared with patients without inflam-
mation (Figure 3, Online Table 2). A significantly
higher prevalence of spontaneous type 1 ECG at the
moment of PVS was observed in inducible patients
compared with noninducible patients (88% vs. 0%;
p < 0.005).

The 2 patients with late-gadolinium enhancement
at cardiac magnetic resonance showed myocardial
inflammation with interstitial and focal replacement
fibrosis at histology. The 3 patients with nonspecific
cardiomyopathic changes and the patient with focal

fibrofatty replacement presented abnormal unipolar
and normal bipolar maps and were noninducible at
PVS.

Among the 5 patients with normal myocardial tis-
sue, 1 presented normal unipolar and bipolar maps,
whereas in 4 cases we detected normal bipolar map

FIGURE 1 A Representative Case of an Inducible Patient With Abnormal
Electroanatomic and Pathologic Findings

(A) 12-leads ECG showing a spontaneous type 1 ECG pattern in a female patient with
likely pathogenic SCN5A gene mutation. (B) PVS showing induction of ventricular
fibrillation with 2 extra stimuli from the right ventricular apex. (C,D) Three-dimensional
electroanatomic mapping showing an RVOT low-voltage area in bipolar map (C) and a
wider low-voltage area extending from RVOT to anterolateral free wall in unipolar map
(D); spheric gray marker and arrows indicate the site of endomyocardial biopsy. (E to G)
Histology of CARTO-guided RVOT endomyocardial biopsies showing
myocardial inflammation (E) with focal necrosis of myocytes (asterisks) and evidence
at immunohistochemistry (F) of activated T lymphocytes (arrows). Focal interstitial
and replacement fibrosis (arrows) is also observed (G). Hematoxylin and eosin (E),
immunohistochemistry with anti-CD45RO antibodies (F) and Masson’s trichrome (G).
Original magnification 100x. ECG ¼ electrocardiograph; PVS ¼ programmed ventricular
stimulation; RVOT ¼ right ventricular outflow tract.
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• Fibrose subjectivement plus importante en cas d’inflammation

• Inductibilité plus marquée en cas d’inflammation 83% vs. 25%, p=0.032

ROLE
DE L’INFLAMMATION ?

§ 30 cartographies uni et bipolaires

§ 20 biopsies RVOT guidées par cartographie

• Bas voltage RVOT unipolaire 93%, bipolaire 50%

• InflammaIon 60%, 3 myocardites probables

EPI ENDO

INFLAMMATION PROGRESSION DU SUBSTRAT ?



Electroanatomic findings in our study are in line with
recent endocardial and epicardial mapping data in
terms of both localization and extension of LVA
(11,22). We documented abnormal unipolar maps in
almost all patients, but abnormal bipolar maps were

found only in a subset of cases, with unipolar LVA
always being larger than bipolar LVA. Moreover,
significantly larger unipolar and bipolar LVA were
associated with PVS inducibility, showing a correla-
tion between the severity of electroanatomical

CENTRAL ILLUSTRATION Mechanisms of Electroanatomic Substrate and Arrhythmic Vulnerability Pathogenesis in
Brugada Syndrome

Pieroni, M. et al. J Am Coll Cardiol. 2018;72(22):2747–57.

Myocardial inflammation in right ventricular outflow tract myocardial tissue is associated with greater extension of unipolar and bipolar low-voltage area and with
inducibility at programmed ventricular stimulation. We propose that myocardial inflammation together with genetically determined ion-channel dysfunction conspires
to determine structural abnormalities including fibrosis and electroanatomic abnormalities leading to electrical instability and clinical events. The causes of myocardial
inflammation remain to be explained, but an inflammatory/immune reaction to apoptotic cell death determined by ion-channel dysfunction and the contribution of
acquired nongenetic factors can be hypothesized.
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Fibrosis, Connexin-43, and Conduction
Abnormalities in the Brugada Syndrome
Koonlawee Nademanee, MD,* Hariharan Raju, PHD,y Sofia V. de Noronha, PHD,y Michael Papadakis, MD,y
Laurence Robinson, MBBS,y Stephen Rothery, BSC,z Naomasa Makita, MD,x Shinya Kowase, MD,k
Nakorn Boonmee, MD,{ Vorapot Vitayakritsirikul, MD,{ Samrerng Ratanarapee, MD,# Sanjay Sharma, MD,y
Allard C. van der Wal, MD,** Michael Christiansen, MD,yy Hanno L. Tan, MD,** Arthur A. Wilde, MD,**zz
Akihiko Nogami, MD,xx Mary N. Sheppard, MD,y Gumpanart Veerakul, MD,{ Elijah R. Behr, MDy

ABSTRACT

BACKGROUND The right ventricular outflow tract (RVOT) is acknowledged to be responsible for arrhythmogenesis in

Brugada syndrome (BrS), but the pathophysiology remains controversial.

OBJECTIVES This study assessed the substrate underlying BrS at post-mortem and in vivo, and the role for open

thoracotomy ablation.

METHODS Six whole hearts from male post-mortem cases of unexplained sudden death (mean age 23.2 years) with

negative specialist cardiac autopsy and familial BrS were used and matched to 6 homograft control hearts by sex and
age (within 3 years) by random risk set sampling. Cardiac autopsy sections from cases and control hearts were stained

with picrosirius red for collagen. The RVOT was evaluated in detail, including immunofluorescent stain for connexin-43

(Cx43). Collagen and Cx43 were quantified digitally and compared. An in vivo study was undertaken on 6 consecutive

BrS patients (mean age 39.8 years, all men) during epicardial RVOT ablation for arrhythmia via thoracotomy. Abnormal

late and fractionated potentials indicative of slowed conduction were identified, and biopsies were taken before

ablation.

RESULTS Collagen was increased in BrS autopsy cases compared with control hearts (odds ratio [OR]: 1.42; p ¼ 0.026).

Fibrosis was greatest in the RVOT (OR: 1.98; p ¼ 0.003) and the epicardium (OR: 2.00; p ¼ 0.001). The Cx43 signal was
reduced in BrS RVOT (OR: 0.59; p ¼ 0.001). Autopsy and in vivo RVOT samples identified epicardial and interstitial

fibrosis. This was collocated with abnormal potentials in vivo that, when ablated, abolished the type 1 Brugada elec-

trocardiogram without ventricular arrhythmia over 24.6 " 9.7 months.

CONCLUSIONS BrS is associatedwith epicardial surface and interstitial fibrosis and reduced gap junction expression in the

RVOT. This collocates to abnormal potentials, and their ablation abolishes the BrS phenotype and life-threatening arrhyth-

mias. BrS is also associatedwith increased collagen throughout the heart. Abnormalmyocardial structure and conduction are

therefore responsible for BrS. (J Am Coll Cardiol 2015;66:1976–86) © 2015 by the American College of Cardiology

Foundation. Published byElsevier Inc. This is an open access article under the CCBY license (http://creativecommons.org/
licenses/by/4.0/).
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DOWNREGULATION OF CONNEXIN 43 GENE
EXPRESSION IN RAT HEART DURING

INFLAMMATION. THE ROLE OF TUMOUR
NECROSIS FACTOR

Mariana Fernandez-Cobo,1,3 Cynthia Gingalewski,1 Doreen Drujan,1

Antonio De Maio1,2

Gap junctions form channels that mediate the communication between adjacent cells. Alterations
in gap junction function and/or expression are believed to contribute to cardiac dysfunction such
as those observed in septic patients. The expression of connexin 43 (Cx43), the subunit
component of the most abundant cardiac gap junction, was analysed in rat heart during
inflammation induced by the administration of bacterial lipopolysaccharide (LPS). Cx43 mRNA
levels were found to be dramatically (>50%) and rapidly (2 h) reduced in the heart after injection
of LPS (1 mg/kg). To investigate the possible mechanism of the decrease in Cx43 expression
during inflammation, the promoter region of this gene was cloned. The basal Cx43 promoter
activity was observed within 224–134 bp of the transcriptional initiation site after transfection
into a rat myoblast cell-line (H9c2). The Cx43 promoter activity was found to be reduced by
incubation of the transfected cells with serum obtained from LPS-treated rats. Moreover, Cx43
promoter activity was also decreased upon incubation with tumour necrosis factor ·. These
results suggest that Cx43 expression in the heart can be modulated by circulating cytokines.
These observations may have important implications in the depression of heart function observed
in septic patients.

? 1999 Academic Press

The development of sepsis or septic syndrome is
an important clinical problem in intensive care units.
Alterations of cardiac function, atrial and ventricular,
are part of the clinical profile of septic patients.1

Cardiac dysfunction has also been observed in diVerent
animal models of sepsis and endotoxaemia.1 The
cellular and molecular mechanisms leading to this
myocardial dysfunction remain unclear. Impairment
of calcium release during contraction,2–4 decrease in
energy stores,5,6 and production of nitric oxide7,8 have
been postulated to be some of the events leading to

heart failure during septic states. In addition, tumour
necrosis factor · (TNF-·) has been implicated in heart
dysfunction during sepsis and septic shock.9,10 One
unexplored possibility is that myocardial intercellular
communication, mediated by gap junctions, is altered
during sepsis.

Gap junctional cellular communication is
involved in the coordinated synchronous contraction
of the ventricles via the conduction of action potentials
in the myocardium.11 Gap junctions are channels that
allow the passage of low molecular weight metabolites
(cAMP, inositol 1,4,5-trisphosphate) and ions (Ca2+,
H+, Cl") between adjacent cells. These channels are
formed by the interaction of two hemichannels or
connexons, on the plasma membrane of opposing cells.
Each connexon is formed by the association of six
identical protein subunits, termed connexins (Cxs). Cxs
are integral plasma membrane proteins that span the
lipid bilayer four times.12 Cxs are encoded by a multi-
family group of genes, the expression of which is tissue
specific.13,14 Cx43 is the major Cx in cardiac gap
junctions.14 In addition, Cx40 and Cx45 are also
expressed in the heart, but they are less copious.15
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CONCLUSION

• Rôle potentiel des épisodes de myocardites dans l’histoire naturelle du syndrome de Brugada

• Gâchette initiatrice via inflammation myocardique et la fièvre

• Genèse / renforcement du substrat via fibrose et réduction gap-junctions

• Conclusions prudentes (phénocopies ?)
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