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Type 1 ST-segment elevation spontaneously or 
after sodium channel blocking agent in at least one 
right precordial leads (V1 and V2) in a standard or 

a superior position (up to the 2nd intercostal 
space)



Prognostic regarding to the symptoms
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Sudden death
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Prognostic regarding to the ECG 
pattern
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ECG Type

A
b

se
n

ce
 d

‘é
vè

n
em

n
t

Suivi en mois

N. de Patients
Class I      87           80         58      43          24  13
Spont     125 104   78   49        34  19
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Follow-up Months

N. of Patients
Class I      87           80         58      43          24  13
Spont     125 104   78   49        34  19

Eckart, Circ 2005 

Spontaneous type I

Type I after Na challenge



ECG pattern
Ø Presence of late potential
Ø SDANN and ultra low frequency component 

were decrease in symptomatic Brugada 
patients

Ø Augmented ST-segment elevation during 
recovery from exercise

Ø Fractionned QRS

Babai Bigi MA, Heart rhytm 2007
Hermida JS, Eur heart J 2003
Makimoto H, JACC 2010
Priori S, JACC 2012



ST segment elevation in the 
peripheral leads

Rollin A,Heart rhythm 2013



Predictive value of the different parametres: 
323 patients 

Rollin A,Heart rhythm 2013



Prognostic regarding to the EPS
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EEP - 93            75              60               43             31 15
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Months follow-up

EPS -

EPS +



p-value=0.05

N=638

EPS negative

EPS positive

Result of EPS

Probst, Circ 2010

0 12 24 36 48 60 72
negative 376 301 237 187 136 94 59
positive 262 212 161 113 81 52 34



Multivariate analysis
Ø Symptoms before inclusion (p=0.0001)

ü SCD vs asymptomatic (p<0.0001)
ü Syncope vs asymptomatic (p=0.0002)

Ø Spontaneous type-1 ECG (p=0.04)

Ø The results of the EPS (p=0.71) and gender 
(p=0.63) 
ü not predictive for arrhythmic events.

Ø ICD implantation (p=0.01) was found 
as predictor of arrhythmic events.

Probst, Circ 2010



Prognostic regarding to the EPS: prelude study

Priori S, JACC 2012
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Event free survival in 
asymptomatic patients



Sodium Channel Block-induced type 1 ECG
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ICD in Brugada syndrome

Ø 220 patients (34 ±27 month)

Ø Annual rate of appropriate shocks in 
asymptomatic patients 1,5 %

Ø Annual rate of inappropriate shocks 
3.75%

Sacher F, Probst V Circulation 2006.



Resucitated 
SCD (n=18)

Syncope (n=85)
Asymptomatic 

(n=108)

p-value 
between the 

3 groups
Total (n=211)

Median of Follow-up * 
(months)

90 97 92 NS 93

Patients with Appropriate 
shocks

9 (50%) 14 (16%) 11 (10%) p<0.001 34 (16%)

Median delay to first shock 
(months)

14 48 38 p=0.016 33

Median of shock 1 2 2 NS 2

Patients with Inappropriate 
shocks

5 (28%) 31 (36%) 35 (32%) NS 71 (34%)

Median delay to first shock 
(months)

22 34 29 NS 32

Median of shock 2 3 2 NS 3
Lead Failure 3 (17%) 20 (24%) 21 (19%) NS 44 (21%)

Median delay (months) 62 60 63 NS 60
Death 0 (0%) 2 (2%) 4 (4%) NS 6 (3%)

ICD in Brugada syndrome

Sacher F, Probst V Circulation, 2013.



ICD in Brugada syndrome
Evolution over time



Inapropriated shocks

Ø In patients
ü with good implantation parameters (R wave 

amplitude >5mV at implantation)
ü optimal programming (long NID, single high VF 

zone>210-220bpm)
ü close follow-up with remote monitoring 

Ø Inappropriate shocks (0.7%/year compared 
to 3.7%/year in the general BrS 
population).

Sacher F, Probst V Circulation, 2013.



Psychological impact of Brs and 
ICD

Probst V, Europace 2011.



News from genetic



Evaluation of the role of the different genes

w w w .u m r1 0 8 7 .u n iv -n a n tes .fr              

S y s te m a tic  s c re e n in g  o f ra re  co d in g  v a ria n ts  in  g e n e s  
in v o lv e d  in  c a rd ia c  a rrh y th m ia s  

S. Le Scouarnec1, M. Karakachoff1, P. Lindenbaum1, S. Bonnaud1, JB. Gourraud2, P. Mabo3, M. Haïssaguerre4, C. Dina1, JJ. Schott1, V. Probst2, R. Redon1 

Purpose 

! Detection of genetic variants in patients with Brugada syndrome (BrS) 

• Validation study (42 patients, 142x mean coverage): 69 previously identified variants 
" 68/69 were detected (98.5%) 

 

• BrS patients (167 samples, 763x mean coverage) 
• Controls (167 samples, 481x mean coverage) 
" All BrS patients and controls are unrelated and of European origin. On average, 98% 

of targeted bases (exons +/- 10 bp) were covered ≥10x 
" Unsurprisingly, more variants are detected in large genes 

Brugada 
syndrome 

Conclusions 

• Known genes only explain part of the genetic component of sudden cardiac death 
• Which genes should be included in clinical molecular diagnosis? 
• New approaches are required to identify disease genes 
 

" Aim: improve the clinical management of cardiac arrhythmias 

! Distribution of rare variation across protein sequences 

• Significant enrichment in 
rare variants for SC N 5A  in 
the BrS cohort 

• Other BrS susceptibility 
genes are not significantly 
associated to BrS 

• Among 24 genes involved in 
other cardiac arrhythmias or 
conduction defects, none 
was significantly associated 
to BrS (data not shown) 

• This study suggests that SC N 5A  is the only major Brugada susceptibility gene 
• More cases will be sequenced to increase statistical power and follow-up new 

putative susceptibility genes  
• A similar approach is in progress for patients with early repolarization syndrome or 

cardiac conduction defects 

Results 

1 L’institut du thorax, Inserm UMR1087 / CNRS UMR6291, Nantes, France; 2 L’institut du thorax, CHU Nantes, France; 3 Department of Cardiology, CHU Rennes, France; 4 Department of Cardiology, CHU Bordeaux, France 

Acknowledgments: French clinical network against inherited 
cardiac arrhythmias, in particular the Hospitals of Tours, Brest, la 
Roche-sur-Yon, La Rochelle, Bayonne and la Réunion.  

! Burden tests to detect genes enriched in rare variants in 167 BrS patients vs . controls 
(167 internal controls or 881 external controls: UK10K exomes) 

R e le v a n t v a ria n ts  (p o te n tia l 
” fu n c tio n a l”  c o n s eq u en ce , V E P ): 
transcript_ablation 
splice_donor_variant 
splice_acceptor_variant 
stop_gained 
frameshift_variant 
stop_lost 
initiator_codon_variant 
inframe_insertion 
inframe_deletion 
missense_variant 
transcript_amplification  

C A S T  

(Cohort Allelic Sums 
Test) 

Fisher’s exact test 

Per variant Per gene 
F ilte r 2   

Excluded if absent from 
1000G/ESP data but 
detected in ≥5% in 

cases and/or controls 

F ilte r 1  
Fisher’s exact test 
(cases v s  controls) 
Excluded if p-value 

<0.01 

F ilte r 3  (R A R E ) 
Excluded if frequency 

≥0.1% in 1000G and/or 
NHLBI GO Exome 

Sequencing Project  (ESP) 

Methods 

! Which BrS susceptibility genes are significantly associated to Brugada syndrome? 

The authors have no interest to disclose. 

(A) SC N 5A  (sodium channel) 
NCBI: NP_932173.1. 
UniProtKB: Q14524. 
(B) C AC N A 1C  (calcium channel) 
NCBI: NP_000710.5. 
UniProtKB: Q13936-12. 
*alternative exon in isoform NP_001161097.1  

The proportion of BrS cases/controls (in %) carrying at least one rare 
(MAF <0.1%) “functional” variant in each gene is shown.  

Le Scouarnec, Hum Mol Genet, 2015



Contributing Centers 

1114 spontaneous type 1
index cases



GROUPE Nantes (n=422) GWAS



SCN10A
P = 6.79x10-26

HEY2
P = 8.85x10-10

Results : Manhattan plot

SCN5A
P = 3.97x10-9

Bezzina, Nature Genet 2013



Cumulative Risk of Brugada syndrome

Bezzina, Nature Genet 2013



Therapy in BS
Ø Hydroquinidine seems to be effective to treat 

patients with electrical storm or frequent 
recurrence of VF (IIa)

Ø Value in asymptomatic patients has still to be 
demonstrated (IIb)

Ø A double blind randomized prospective study is 
currently in course in France (QUIDAM study)

Ø Clear interest of ablation of the substrate in 
this situation

Hermida, JACC 2004
Marquez, heart rhythm 2012



Conclusion
Ø Prognosis of the asymptomatic patients is “relatively” good 

(12% risk at 10 years in spontaneous type 1 patients)

Ø Predictive value of inducibility of ventricular 
tachyarrhythmias during EP-study are still under 
discussion

Ø ICD implantation leads to relatively high level of 
complications that can be improved with a good ICD 
programming and remote monitoring

Ø The problem of leads failure should be solved by S-ICD 
that appears as a very attractive possibility in these 
patients with intermediate risk but long life expectancy
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