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Maladies « électriques »
responsaoles de MIS sur cce

(1957)

Short-coupled TdP CPVT (1995) Short QT (2000)

Icliooatnic VF

(1929)



éviter ca ...




Symptomes avant MS

Brugada
Repo précoce 40 %
QT court 65 %

- Nécessité diagnostic avant évenement fatal en cas de symptomes +++



Les occasions du diagnostique (avant la mort subite)
signes d’appel +++

Fievre
Douleur thoracique

Surdité (bilatérale compléete neuro-sensorielle)
Malformations visage, doigts

Paralysies hypokaliémiques

ECG systématique: sport, grossesse, médications
MS familiale inexpliquée sujets jeunes



Les symptomes évocateurs (avant la mort subite)

fort ou stress (contrariété)
ncope ou convulsions apres bruit
Syncope en phase fébrile
Convulsions nocturnes, cris ou respiration agonique, perte urines

Douleur thoracique inexpliquée



Les symptomes évocateurs (avant la mort subite)

e effort ou stress (contrariété)
Syncope ou convulsions apres bruit  LQT2
Syncope en phase fébrile Brugada, LQT3
Convulsions nocturnes, cris ou respiration agonique, perte urines

Brugada, repo précoce, LQT3
Douleur thoracique inexpliguée Brugada

CPVT, LQT2



Les anomalies ECG a repérer

Bradycardie sinusale
Extra systoles
FA

Anomalie repolarisation sous drogues






QT Long definition ?

3507 Goldenberg I, JACC 2011;57:51-59
300 -+
250 +
200+
150
100 -
C Il
360 420 480 540 600 660 720

QTc (mec)

25% des QT longs génotypés... ont un QTc normal ! (LQT1, 2 ou 3)



definition ?
actuellement

HRS/EHRA/APHRS Expert Consensus Statement on the Diagnosis
and Management of Patients with Inherited Primary
Arrhythmia Syndromes

1. LQTS is diagnosed:

a. In the presence of an LQTS risk score >3.5 in the
absence of a secondary cause for QT prolongation
and/or

b. In the presence of an unequivocally pathogenic
mutation in one of the LQTS genes or

c. In the presence of a QT interval corrected for heart rate
using Bazett's formul@_g@ in repeated 12-
lead electrocardiogram (ECG) and in the absence of a
secondary cause for QT prolongation.

2. LQTS can be diagnosed in the presence of a QTc between
480—499 ms_ 12 repeated 12-lead ECGs 1n a patient with
unexplained syncope in the absence of a secondary cause

for QT prolongation and in the absence of a pathogenic
mutation.




definition ?
actuellement

HRS/EHRA/APHRS Expert Consensus Statement on the Diagnosis
and Management of Patients with Inherited Primary

Arrhythmia Syndromes

1. LQTS is diagnosed:
a. In the presence of an LQ ECG findings*

TABLE 2. 1993 LQTS Diagnostic Criteria

A. QT
absence of a secondary c S 480 raeect’ 3
and/or 460-470 msec"? 2
b. In the presence of an 450 msec' (in males) 1
) . B. Torsade de pointes} 2
mutation in one of the LQT) ¢ /T-wave alternans 1
c. In the presence of a QT inte] D. | Notched T wave in three leads 1
. E. | Low heart rate for age§ 0.5
using Bazett's formula (QTc ¢

Clinical history

lead electrocardiogram (EC(J A. Syncopet
With stress 2
secondary cause for QT prolg Without stress X
2. LQTS can be diagnosed in the Fa‘;;ﬂ iﬂgﬂ‘ui‘a‘ deatness 05
. ily history
480499 ms in rcpcatcd 12-le A. Family members with definite LQTS# 1
uncxplajncd syncope in the absd B. Unexplained sudden cardiac death below age 30

among immediate family members 0.5

for QT prolongation and in the
mutation.



Comment mesurer le QT ?
1. Mesure

Il, V2 ou V5-V6 (ou le plus long) 50 mm/sec
Rythme sinusal stable 50 - 80 bpm (sinon moyenné 3-5 QRS)

Intervalle RR
Tangente
T
P
Ligne de base
QR QTc = QT ARR (s) QT

2. Correction

Formule Bazett
QTc =QT (ms) / V RR (sec)




Le QT long n’est pas un diagnostic aisé !

Sur 902 médecins interrogeés ...

LQTS LQTS :Contml :Contml
orrect resulis (%0) QT QTe QT |QTc
shythmia specialists  |73%  |73%  [91%  |72%
ar diol ogi sts 5% [53%  [6796 [z

on- cardicl ogists 3% 32% |s1%  [31%

diagnostic correct de QT long vrais
> 80 % électrophysiologistes
< 50 % cardiologues
<40 % non cardiologues

Diagnostc correct de tout QT (normal ou long)
62 % électrophysiologistes
< 25 % cardiologues and non cardiologues

Viskin S et al., Heart Rhythm 2005



Some help ?

4 min recup: QTc > 445 ms |-

Swan H, JACC 1999
Sy RW, Circulation 2011
Horner RM, Heart Rhythm 2011

adrénaline

Ackerman, Mayo Clin Proc 2002
Shimizu, Heart Rhythm 2004

! Parsdovieal
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Genetical heterogeneity

GENE PROTEIN

Long QT Syndrome

Major LQTS Genes
KCNQ1 (LQT1) Iks potassium channel o subunit (K,.LQT1, K.7.1)
KCNH2 (LQT2) > 9025 |, potassium channel o subunit (HERG, K,11.1)
SCN5A (LQT3) Cor sodium channel o subunit (Na,1.5)
Minor LQTS Genes
(listed alphabetically)
AKAP9 721-g22 Q Jtiao
CACNA1IC 12p13.3 ,’00 Voltage gated L-type calcium channel (Ca,1.2)
CALM1 14q32.17 &’b Calmodulin
CALM2 2p21 \6‘ Calmodulin
CAV3 Ry Caveolin-3
KCNE1 \500 Kv7.1 potassium channel beta subunit (MinK)
KCNE2 \,\ 21 K,11.1 potassium channel beta subunit (MiRP1)
KCNJ5 ‘{\O q24.3 Potassium inwardly-rectifying channel (Kir3.4)
SCN4B &"& 11g23.3 Sodium channel beta 4 subunit
SNTAT1 Q°\° ‘ 20q11.2 Syntrophin-alpha 1
v

Ankyrin-B Syndrome
ANK2 4q25-q27 Ankyrin B

Andersen-Tawil Syndrome
KCNJ2 (ATS1) 17923 lk1 potassium channel (Kir2.1)

Timothy Syndrome
CACNA1IC 12p13.3 Voltage gated L-type calcium channel (CaV1.2)

From Tester DJ, Ackerman MJ. Methodist Debakey Cardiovasc J. 2014



LQT 1

(Keating et al., Science 1991)

Mutation KCNQ1 (11p15.5) o subunit 1K

50 % cas (Khan et al., Am Heart J 2002, Splawsky, Priori)
l Onde T ample et assymétrique (large base) ]

L Arythmies: exercice (nage) ou emotion/stress > 95 % }




LQT 2

(Curran ME et al., Cell 1995)

Mutation KCNQ2 (HeRG) (7435-36) o subunit 1K,

TR I 00 B AR O S B

30/45 % cas (Khan et al., Am Heart J 2002, Splawsky, Priori)

(Arythmies: ercice 15%, _ stress (bruts) 35% repos 50%)




LQT 3

(Wang Q et al., Cell 1995)

Mutation SCNSA (3p21-24) o subunit IN,

[
|

5/15 % cas (Khan et al., Am Heart J 2002,
Splawsky, Priori)

W A I
ms:%repos(pausedependant) J i I--.v BT




Andersen-Tawill syndrome (LQT 7

(Plaster NM et al., Cell 2001) QTc 435 ms

paralysie périodique hypoK il P P PR e
Malformations

Arythmies:
ESV, TV bidirectionelles

Torsades de pointes
MS plus rare

Surtout si hypoK




- récepteur InsP3

Dysfonction sinusale . ~ LL_.,_\U_ H

et arythmies atriales ;
= Schott, Am J H Genet 1995

- pompe Na-K S P s A
-~ A+




T wave morphology

Control : Control2 | LQTS1 = LQTS1 = LQTS2 = LQTS2
Example 1 Example2 Example1 Example2 Example1 . Example 2

o | LR A e T ek e
s | L[ A bt 4

assymetrle

amplitude (« flatness »)
notching

diff entre 1 et 2eme composants

1.00
1

0.75
1

Sensitivity
0.50

T-Wave Morphology Analysis in
Congenital Long QT Syndrome
Discriminates Patients From
Healthy Individuals

0.25
1

—&—— PCAratio2 ROC area: 0.6876

—&—— MCS ROC area: 0.8783 Andreu Porta Sinchez, MD,* David R. Spillane, MSc, MDCMic),” Loulse Hasris, MD,* Joel Xue, PuD,
8 p = 0.002 Pat Dorsey, BS, Melamse Cage, MSc,” Viay Chashan, MD,* Michael H. Golicb, MD," Danna A. Spears, MDF
d 1 ] 1 1 T 1 1 - -
Jy I o T = (J Am Coll Cardiol EP 2017;3:374-81)
1-Specificity

Diff significatives entre témoin et LQT avec QT ¢ normaux



syndromede komanor=sywara

hétérozygote KCNQI, KCNH2, SCN5A, KCNEI, KCNE2, KCNJ2 etc

syndrome de Jervell - Lange Nielsen

ale, bilatérale, de transmission, totale

perte de fonction IKs oreille interne (cellules marginales de la strie vasculaire,
role dans homéostasie K+ de 1" endolymphe)

homozygote (ou double heterozygote) mutations KCNQI ou KCNEI
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>440 <470 =470, <500 23500

Work-up no Family HWECG Family HxYECG  Family HX/ECG
Holter* Holter* Holter*
Genetics# Genetics# Genetics
+ N + -

Treatment no  consider fluECG yes consider yes

repeated ECG + bradycardia + family ECG/history + Holter + genetic
De novo mutation 30%

Guidelines for the interpretation of the neonatal electrocardiogram.
Eur Heart J. 2002 Sep;23(17):1329-44.



Chez Ie n ne ?

W

Guidelines for the interpretation of the neonatal electrocardiogram.
Eur Heart J. 2002 Sep;23(17):1329-44.




Other arrhythmias

| l 560 P l
840

Weimntraub, JACC 1990

AV block and « pseudo » AV block (neonates) (LQT 2 and LQT 3)
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Right Bundle Branch Block, Persistent ST Segment Flevation
and Sudden Cardiac Death: A Distinet Clinical and
Klectrocardiographic Syndrome

JACC Vol. 20, No. 6
A Multicenter Report November IS, 1992:1391-6

PEDRO BRUGADA, MD, JOSEP BRUGADA, MD*{

Définition

pas de cardiopathie structurelle
=2




Cellular Basis for the Brugada Syndrome and Other
Mechanisms of Arrhythmogenesis Associated With
ST-Segment Elevation

Gan-Xin Yan, MD, PhD; Charles Antzelevitch, PhD

Pinacidil (2.5pM)

A

Endo

Ep'irf\_k
= NN N e

200 msec

200 msec 200 msec

-

pinacidil (K channel opener)
abnormal repolarization hypothesis (based on the canine wedge preparation)



Cellular Basis for the Brugada Syndrome and Other
Mechanisms of Arrhythmogenesis Associated With
ST-Segment Elevation

Gan-Xin Yan, MD, PhD; Charles Antzelevitch, PhD

A Normal B Brugada Syndrome C Brugada Syndrome
(Saddleback) (coved)
or ' ?"14——\-——- By - Transmural
Transmembrane | : L gradient
Action mv | ! ; N\« Endo
Potentials § i Epi
2100 == - ; 4 a
ECG (V,)

200 msec

abnormal repolarization hypothesis (based on the canine wedge preparation)



Cellular Basis for the Brugada Syndrome and Other
Mechanisms of Arrhythmogenesis Associated With
ST-Segment Elevation

Gan-Xin Yan, MD, PhD; Charles Antzelevitch, PhD

Epi 1

mV
» — j
¥

b e i "‘ f., 50

Epi 2 AER R LY mV

L N

0.5
ECG oy

abnormal repolarization hypothesis (based on the canine wedge preparation)



Pathophysiological mechanisms of Brugada syndrome:
Depolarization disorder, repolarization disorder, or more?

Paola G. Meregalli, Arthur A.M. Wilde, Hanno L. Tan*

structural heart disease ????

The abnormal conduction hypothesis (based
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B forme | gene |  comal | chromosome | transmission
- CACNA1C | la I mll m ‘ ‘ l mﬁ l
CACNB2b

CACNA2D

B o ‘ BrS 2 GPD1-L Na 3 dominant
2 [T s e c. 0 dominan
EA:E% BrS BrS 4 CACNB2b Ca 12 dominant
E&Eﬁ : BrS 5 SCN1B Na 19 dominant
Heve BrS 6 KCNE3 11 dominant

T::r::m: = Brs7 SCN3B 1 dominant
nward Na* current [ BrS 8 KCNH2 7 dominant
Brs 9 KCNJ8 12 dominant
BrS 10 CACNA2D1 7 dominant
BrS 11 RANGRF 17 dominant
BrS 12 KCNES X récessif X
BrS 13 KCND3 1 dominant
BrS 14 HCN4 15 dominant
BrS 15 SLMAP Na 3 dominant
BrS 16 TRPMA4 Ca 19 dominant
BrS 17 SCN2B Na 11 dominant
BrS 18 SCN10A Na 3 dominant
BrS 19 HEY2 Na 6 dominant
BrS 20 PKP2 Plakoglobine = Na 20 dominant
BrS 21 ABCCY K orp 12 dominant
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| New Electrocardiographic Criteria for Discriminating
‘| Between Brugada Types 2 and 3 Patterns
' and Incomplete Right Bundle Branch Block

.| Stéphane Chevallier, MD,* Andrei Forclaz, MD,* Joanna Tenkorang, MD,* Yannis Ahmad
Mohamed Faouzi, MD,{ Denis Graf. MD.* Tuere Schlaepfer. MD.* Etienne Pruvot, MD*
(J Am Coll Cardiol 2011;58:2290-8

.....

Angle 60° meilleur discriminant




ajmdliﬁe

basal isoprénaline






Tachycardies ventriculaires polymorphes ou fibrillation ventriculaires
spontanées ou déclenchables




parfois spontanément réductibles ...




Brugada péediatrique

Fever 39°C

Andorin A, et al. Heart Rhythm. 2016;13:1274-82
ECG type 1 spontané chez enfant : facteur de risque ++++




Variabilité de |I'aspect de type 1

54 Brugada (spontané ou non) avec Holter 12D et electrodes 4, 3 et 2 eic

1.27 I ' s I I . . .
£ ' ' 1/3 des Brugada induits par medic
= 1.09 ! I
i : : ont un ST + type 1 au cours des 24 h
0.8 X
% : Twelve-lead ambulatory electrocardiographic monitoring
% oef ! in Brugada syndrome: Potential diagnostic and
éo : prognostic implications © @
o 0. »
§ 1 Belinda Gray, BSc(Med), MBBS,*'* Adrienne Kirby, MSc,!" Peter Kabunga, MBChB, *
= I

Saul B. Freedman, MBBS, PhD, ¥ Laura Yeates, GDipGC,* Ajita Kanthan, MBBS, PhD,”
Caroline Medi, B Med, PhD,*'* Anthony Keech, MBBS, PhD,* 1%
Christopher Semsarian, MBBS, PhD, MPH, FHRS,** Raymond W. Sy, MBBS, PhD* !

(Heart Rhythm 2017;14:866-874)

0000 0200 0400 0600 @B00 1000 1200 1400 1600 1800 2000 2200
' Hours !



Variabilité de |'aspect de type 1

R RRRRRRRRRRRRRRRRRRRRRRRRRRA
57 patients avec type 1 pendant hyperthermie

A. Fever ECG on admission C. ECG after fever

avL ,.AJ-.I(“.'\._.:/x,:\/-‘\._ V5 AJV\.AJ,\ avL V5 ,,,\_JLA_
Mortalité 1.5% / an
si type 1 fébrile

et absence type 1 spontané avF “JL/\AJIL/\. V6 bl [lave Sl ve _«J[/h

Y Misuzawa, et al. Heart Rhythm 2016; 13:1515-20.



A Pre Peak Recovery Recovery

E p re u Ve exercise  exercise 3min 6min

0. 0.08 . 048 0.40

effort e el e dedl

0 0.12

g 5, T

0.12 0.06

* 37% Brugada : T e
élévation du ST >0.05 mV V1-V3 2
é 1 Group 1
en recuperation vs 0% téemoins
Log-rank, P =0.0029
0 20 40 60 80 100 120 140 160
Number of patients Follow-up (Month)
Group1
34 26 16 11 4 4 1 1
Makimoto H et al. ] Am Coll Cardiol 2010;56:1576—-84 e m s u e & s




.......

....

ST au repos ST max. charge max. - Fin du test

EFFORT EFFORT EFFORT RECUP.
0:01 2:00 8:50 6:10
66 /min " 81 /min 127 /min 71 /min

vi vi VF‘V*V‘W\/ Vi
2.40 - 2.00 0.90 1.80

-3.38 ' -3.44 -1.48 -4.54



Type 1 dans les dérivations frontales

9% avec type 1 en
dérivations frontales

* 22ptsenaVR

* 2eninférieur

* 5enaVRetinférieure
* 1lenaVRetaVL

Prevalence, characteristics, and prognosis role of type
1 ST elevation in the peripheral ECG leads in patients

325 Bru ga da with Brugada syndrome  ‘Heart Rhythm 2013;10:1012-1018

A. Rollin,” F. Sacher, 3.B. Gourraud,* J.L. Pasquié,® F. Raczka,® A. Duparc,” P. Mondoly,” C. Cardin,”
M. Delay,” S. Chatel,* N. Derval,! A. Denis,! M. Sadron,” J.M. Davy,® M. Hocini,! P. Jais," L. Jesel,!
M. Haissaquerre,! V. Probst,* P. Maury




Type 1 dans les dérivations frontales

27% mort subite/thérapies appropriées [ il J IJL
vs 6% (p < .0001) il et
Multivariate analysis
Type 1 ST elevation in the 4.58 (1.70-12.32) .0025

peripheral leads
Spontaneous type 1 ST elevation 2.43 (1.01-5.84) 047
Syncope 2.34 (0.99-5.50) .051




Brugada + repolarisation précoce

A meta-analysis on the prognostic significance
of inferolateral early repolarization pattern in

Brugada syndrome  Europace (2018) 20, 134-139

Stamatis Georgopoulos', Konstantinos P. Letsas‘*, Tong Liu?, Maria Kalafateli',
Panagiotis Korantzopoulos3, Gerd Bii rkle", Konstantinos Vlachos',

Georgios Giannopoulos®, Michael Efremidis’, Spyridon Deftereos®,

Antonios Sideris', Masahiko Takagi‘, Gan-Xin Yan”®, and Joachim R. Ehrlich*

ER NoER Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Total Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% CI
Odds Ratio 35 255 16.7% 1.70[0.54, 5.35] 2008 1
IV, Fixed, 95% Cl 33 297 23.5% 4.43[1.69, 11.67] 2009 ——
—a— 31 18 11.2% 8.44[2.08, 34.30] 2013
e 53 407 25.8% 1.50[0.59,3.77] 2013 T
" 25 221 22.8% 6.03[2.26.16.10] 2014 —
P
; ; | 177 1198 100.0% 3.29 [2.06.5.26] e
D1 0.1 1 10 100 |4go; } } } }
Favours No Inferolat. ER Favours Inferolat. ER 0.01 01 1 10 100
Odds Ratio
IV, Fixed, 95% Cl Favours No ER Favours ER
L
o 0.1 1 10 100
Favours No Inferior ER Favours Inferior ER
Odds Ratio 1375 patients
IV, Fixed, 95% CI ¢ 9
surtout si ER inf + lat
o1 0.4 1 10 100
Favours No Lateral ER Favours Lateral ER




gradient transmural de repolarisation: Tpe

Analyse rétrospective de 325 pts avec Brugada
70% asymptomatiques, 22% syncope, 8% FV
Mesure de l'intervalle entre le pic et la fin de 'onde T (Tpe) V1-V6
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P Maury, et al. Heart Rhythm 2015; 12:2469-76



gradient transmural de repolarisation: Tpe

40- R
syncope

20 1 asymptomatic

.

Uik,

SD/AT

p value p value value
Asymptomatic | Syncope | SD/AT Asympt | Asympt p
- - - Syncope
n =226 n=73 n=26 vs vs vs SD/AT
SD/AT | Syncope
Tpe V1 (ms) 63+18 7318 8427 <(0.0001 | <0.0001 0.17
Tpe V2 (ms) 6722 83224 85+18 <(0.0001 | <0.0001 0.6
Tpe V3 (ms) 72+21 8325 92422 <(0.0001 0.0002 02
Tpe V4 (ms) 7018 7921 90+24 <0.0001 0.002 0.06
Tpe VS (ms) 6818 6917 74+21 0.1 0,48 0.28
Tpe V6 (ms) 6618 6817 7521 0,02 0.3 0.14
8118 10118 11023 | <0,0001 | <0,0001 0.07

Tpe V1-V4 et max Tpe plus long
si VF/th appropriées ou syncope
vs asymptomatiques




gradient transmural de repolarisation: Tpe

O
o

£ Lk e
Z 80
=
3
= °r | e < 100 msec
g = 0.0006 PR
2 6o P > 100 msec
A
50 |
40 O 1 1 —7 I Time
0 50 100 150 200 (months)
Multivaniate analysis OR (95%CI) p=
Maximal Tp-e > 100 msec 961 (3.13-2941) | <0.0001
Type 1 ST + in peripheral leads 3.66 (1.37-9.8) 0.009

Facteur indépendant et puissant de survenue arythmies (VF et th appropriées)



gradient transmural de repolarisation: Tpe

The Tpeak — Tena interval as an electrocardiographic risk
marker of arrhythmic and mortality outcomes: A
systematic review and meta-analysis @

Gary Tse, MBBS, PhD, FESC, FACC, FRCP (Glasg),** Menggqi Gong, MD,®
Wing Tak Wong, MPhil, PhD,!! Stamatis Georgopoulos, MD,"
Konstantinos P. Letsas, MD, FESC, FEHRA,"

Vassilios S. Vassiliou, MA, MBBS, MRCP, PhD, FHEA, FESC,#**

Yat Sun Chan, MBBS, FRCP, FACC,* Bryan P. Yan, MBBS, FRCP, FACC,*
Sunny Hei Wong, MBChB, DPhil, MRCP, * T William K. K. Wu, MMedSc, MPhil, PhD, FRCPath,fTT
Ana CGiobanu, MD, PhD,** Guangping Li, MD, PhD,® Jayaprakash Shenthar, MD, %"

Ardan M. Saguner, MD, !l Sadeq Ali-Hasan-Al-Saegh, MD,¥Y Aishwarya Bhardwaj, MD,*#
Abhishek C. Sawant, MD, MPH,"# Paula Whittaker, MBChB, MPH, MMed, MRCGP,*

Yunlong Xia, MD, PhD,*** Gan-Xin Yan, MD, PhD, T Tong Liu, MD, PhD?

sk Ratio

Risk Ratio

Random

6.1.1 Unadjusted RR

Morita 2008 3.0056 1.0117 57% 22.10[3.04, 160.53] 2008 e

Maury 2013 11946 0643 105%  3.30[0.94, 11.64] 2013 F—=—

Tokioka 2014 23767 05303 129%  10.77 [3.81, 30.45] 2014 —_—

Calo 2016 04791 0.3506 17.6% 1.61[0.81, 3.21] 2016 T

Rivard 2016 0.8575 0.6282 10.8% 2.36[0.69, 8.07] 2016 o R —

Subtotal (95% Cl) 57.6%  4.23[1.68, 10.61] .

Heterogeneity: Tau? = 0.72; Chi2= 12.93, df =4 (P = 0.01); 2= 69%

Test for overall effect: Z = 3.07 (P = 0.002)

6.1.2 Adjusted HR

Take 2012 0.8713 03913 16.5% 2.39[1.11, 5.15] 2012 -

Priori 2012 15974 05932 115%  4.94[1.54, 15.80] 2012 —

Apiyasawat 2014 16715 04702 144%  532[2.12, 13.37] 2014 e——

Subtotal (95% Cl) 424%  3.61[2.11,6.18] >

Heterogeneity: Tau? = 0.01; Chiz = 2.07, df = 2 (P = 0.36); 1= 3%

Test for overall effect: Z = 4.69 (P < 0.00001)

Total (95% CI) 100.0%  3.88[2.26, 6.65] >

Heterogeneity: Tau? = 0.31: Chi? = 15.11, df = 7 (P = 0.03); I? = 54% f f t y

Test;g?ovegll effect Z = 4’.51 (P < 0.00001) : ) 08 92 ot o @0
Low Risk High Risk

Test for subaroup differences: Chi2=0.08.df=1(P=077). ?=0%

risk of VT/VF or death was highest for Brugada syndrome
(OR 5.68; 95% Cl 1.57-20.53; P <.01)



QRS fragmenteés

13 FV, 28 syncope, 74 asymptomatiques

*

Recommandations
0.05-0.5 Hz

150 Hz

(250 Hz enfants)

o
1
-
@
=
@
N
($))
L
N

Attention aux filtres...

parfois que 3/2éme espace intercostal

Morita H, et al. Circulation 2008



QRS fragmentés

Risk Stratification in Brugada Syndrome : Results of the PRELUDE (PRogrammed
ELectrical stimUIlation preDictive valuE) Registry

B 100 «—
s
=
s 90
c
5
® 80
@
=
- Y
'E p = 0.000001
g = QRS-f positive (n = 25)
'E ol = QRS-f negative (n = 283)
< ? ¥ - ¥ v ¥ - ¥ - ¥
(] 10 20 30 40 S50
Number at risk Follow up (months)

Figure 5 Survival According QRS-f Kaplan-Meier survivorship analysis of arrhythmic event-free
survival according to presence or absence of QRS fraamentation (QRS-f).

pValue HR 95% ClI
Lower Upper

QRS-fragmentation 0.000 8.8898 3.040 26.038

2.5 % QRS fragmentés dans notre série de 325 pts
VF 25% vs 3% (p=0.001)
Maury P, et al. Am J Cardiol 2013

Priori S
Prelude



6.1.1 Unadjusted R
Morita 2008

Maury 2013
Tokioka 2014

Calo 2016

Rivard 2016
Subtotal (95% Cl)

QRS fragmentés

3.0856 1.0117
11546 0643
23767 05303
0.4791 0.3506
08575 0.6282

Risk Ratio

NaluOin, 99 /9

5.7% 22.10[3.04, 160.53]

105%  3.30[0.94, 11.64]
128%  10.77 [3.81, 30.45]
17 6% 1.61(0.81. 3.21]
10.8% 2.35 [0.69. 8.07]
57.6%  4.23[1.68, 10.61]

Heterogeneity. Tau* = 0.72, Ch# = 12,93, df = 4 (P = 0.01), I = 68%
Test for overall effect. Z=3.07 (P = 0.002)

6.1.2 Adjusted HR
Take 2012

Priofi 2012
Apiyasawat 2014
Subtotal (95% CI)

0.8713 0.2913
1.5874 0.5932
16715 04702

16.5% 2.39[1.11, 5.15]
11.5%  4.94[1.54, 15.80]
144%  532[212, 1337
424%  3.61[2.11,6.18]

Heterogeneity: Tau? = 0.01; Ch# = 2.07, df = 2 (P = 0.36); I?=3%
Tast for overall effect Z = 4 69 (P < 0.00001)

Total (95% CI)

100.0% 3.88 [2.26, 6.65]

Heterogeneity: Tau?*= 0.31; Ch@# = 1511, df = 7 (P = 0.03); I* = 54%
Test for overall effect Z = 4.91 (P < 0.00001)
Test for subaroun differences Chi*=008 df=1(P=077) IP=0%

2008
2013
2014
2016
2016

2012
2012
2014

m. 95%Cl
ﬁ
1o
e =
R
—
e
-
e 3
005 02 1 5 20

Low Risk High Risk

Meng L, Front Physiol. 2017;8:678




QRS fragmenteés

Distribution and Prognostic Significance of Fragmented
QRS in Patients With Brugada Syndrome

Hiroshi Morita, MD, PhD; Atsuyuki Watanabe, MD, PhD; Yoshimasa Morimoto, MD;
Satoshi Kawada, MD:; Motomi Tachibana, MD: Koji Nakagawa, MD, PhD:
Nobuhiro Nishii, MD, PhD; Hiroshi Ito, MD, PhD
irc Arrhythm Electrophysiol. 2017;10:e004765.

A B
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troubles conductifs

Prevalence and Prognostic Role of Various Conduction Disturbances
in Patients With the Brugada Syndrome

Philippe Maury, MD**, Anne Rollin, MD?*, Frédéric Sacher, MD®, Jean-Baptiste Gourraud, MD®,

Franck Raczka, MDd, Jean-Luc Pasquié, MDd, Alexandre Duparc, MD?*, Pierre Mondoly, MD?,
Christelle Cardin, MD?, Marc Delay, MD?, Nicolas Derval, MDP, Stéphanie Chatel, PhD®,
Vanina Bongard, MD, PhD®, Marie Sadron, MD?, Arnaud Denis, MD®, Jean-Marc Davy, MDd,
Méleze Hocini, MDP, Pierre Jais, MD®, Laurence Jesel, MD®, Michel Haissaguerre, MD",
and Vincent Probst, MD®

Am J Cardiol 2013:112:1384—1389

Multivariate

Spontaneous type 1 ST elevation
First degree AVB
Syncope

1.11-6.75
1.01-5.73

No S-wave in Lead |

S-wave in Lead |

A New Electrocardiographic Marker of

Sudden Death in Brugada Syndrome
The S-Wave in Lead |

Survival

Log-Rank Test p < 0.002

Calo L, et al (J Am Coll Cardiol 2016;67:1427-40)




Prevalence and Prognostic Role of Various Conduction Disturbances
in Patients With the Brugada Syndrome

Philippe Maury, MD®*, Anne Rollin, MD?, Frédéric Sacher, MDP, Jean-Baptiste Gourraud, MD®,
Franck Raczka, MDd, Jean-Luc Pasquié, MDd, Alexandre Duparc, MD?, Pierre Mondoly, MD?,
Christelle Cardin, MD*, Marc Delay, MD?, Nicolas Derval, MD®, Stéphanie Chatel, PhD®,
Vanina Bongard, MD, PhD* Marie Sadron, MD*, Arnaud Denis, MD, Jean-Marc Davy, MD®,
Meéleze Hocini, MDb, Pierre Jais, MDb, Laurence Jesel, MDb, Michel Haissaguerre, MD",
and Vincent Probst, MD®

Am J Cardiol 2013:112:1384—1389




syndrome de Brugada type 3 et 4

Patient 1 -
Ajmaline
PPN o

V2 I O

250 ms
Antzelevitch et al. , Circulation 2007

Perte de fonction ou défaut d’ assemblage membranaire de Iy,



Syndromes cliniques associés
« overlap syndromes »

oubles conductifs progressifs familiaux
pour méme mutation SCN5A

Brugada et dysfonction sinusale ou paralysie atriale




. PLoS One. 2012;7:e42037
cC, etal. Europace. 2016;18:1411-9

scan 26 Brugada: anomalies contraction locale (hypokinesie ou akinesie) 81%
localisées au site ESV ou ST + (RVOT ou paroi inf)
Takagi M, et al. Eur Heart J. 2001,;22:1032-1041

CT scan 13 Brugada with AA1 drug challenge: aggrav anomalies contraction locale 62%
lié a I'allongement QRS
Takagi M, et al. Heart. 2003,;89:169-174

IRM 20 Brugada: dimensions RVOT > témoins
Papavassiliu T, et al. J Cardiovasc Electrophysiol. 2004;15:1133-8.

IRM 30 Brugada: dimensions inflow tract et tr cinétiques mineurs VD (50%) > témoins
Catalano O, et al. Eur Heart J. 2009;30:2241-8




Late gadolinium enhancement in Brugada syndrome:
A marker for subtle underlying cardiomyopathy? © @

Rachel Bastiaenen, PhD, T Andrew T. Cox, MRCP, ' Silvia Castelletti, MD,*

Yanushi D. Wijeyeratne, MRCP, T Nicholas Colbeck, MBBS,  Nadia Pakroo, MBBS,"
Hammad Ahmed, MBBS,” Nick Bunce, MD,' Lisa Anderson, MD, T James C. Moon, MD,®
Sanjay Prasad, MD," Sanjay Sharma, MD, ' Elijah R. Behr, MD "'

(Heart Rhythm 2017;14:583-589)

Patients with Healthy

Brugada syndrome controls

(n=78) (n =78)
RVESV ( mL/m®) 31 + 10 28 + 6 .038
RVEF (%) 61+ 8 64 +5 .004
LGE presence 6 (8%) 0 (0%) .028

8% avec rehaussement tardif VG
Nb MS familiales

1 avec mutation DSP

1 avec T negatives diffuses




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

(Circulation. 2005:112:3680-3687.)

38%
micro anévrismes VD +/- VG

28 % ADN viral

78% myocardite lymphocytaire VD ou VG
(ST + transitoire 2/3 cas)

6 % DVDA (SCN5A sans mutation DVDA)

16 % cardiomyopathie (SCN5A tous)

Apoptose plus marquée si SCN5A




Right Ventricular Fibrosis and Conduction Delay in a
Patient With Clinical Signs of Brugada Syndrome

A Combined Electrophysiological, Genetic, Histopathologic,
and Computational Study

Ruben Coronel, MD, PhD; Simona Casini, MSc; Tamara T. Koopmann, BSc;
Francien J.G. Wilms-Schopman, RA; Arie O. Verkerk, PhD; Joris R. de Groot, MD, PhD;
Zahurul Bhuiyan, MD, PhD; Connie R. Bezzina, PhD; Marieke W. Veldkamp, PhD;
André C. Linnenbank, PhD; Allard C. van der Wal, MD, PhD; Hanno L. Tan, MD, PhD;
Pedro Brugada, MD. PhD: Arthur A.M. Wilde. MD. PhD: Jacques M.T. de Bakker, PhD

Circulation. 2005;112:2769-2777

oy

Pas de gradient de repolarisation MAP endo/epi
Anomalie restitution de conduction VD

Tr conduction basal VD endo et épi (¥ ando
Declenchement VF par reentrée endocardique

S1 82 S3




Right Ventricular Histological Substrate and Conduction Delay
in Patients With Brugada Syndrome

Kimie OHKUBO,' MD, Ichiro WATANABE,' MD, Yasuo OKUMURA,' MD, Yasuhiro TAKAGL,' MD,

Sonoko AsHINO,' MD, Masayoshi Korune,' MD, Hidezou SuGIMURA,' MD, Toshiko NaKAL' MD,
Yuji Kasamaki,' MD, Atsushi HIkayama,' MD, and Shin-Ichiro MoriMoTo,” MD

24 Brugada avec VF
72 % avec pot fragmentés tardifs RVOT endo

54 % avec anomalies biopsie (septum VD)

(CM hypertrophie et degenerescence, fibrose intersticielle, infilt graisseuse,
lymphocytes, desorganisation fibrilles)




Right ventricular outflow tract high-density

endocardial unipolar voltage mapping in
patients with Brugada syndrome: evidence for
electroanatomical abnormalities

Konstantinos P. Letsas'*, Michael Efremidis', Konstantinos Vlachos', Stamatis

Georgopoulos1, Nikolaos Karamichalakis1, Dimitrios Asvestas1, Kosmas Valkanas’,

Panagiotis Korantzopoulos?, Tong Liu®, and Antonios Sideris’

Europace (2017) 0, 1-7
WA WA WA WA ) ~:

: v PECALR i 1. ) :
Mapping endo 10 Brugada — \’ e

Bipolaire<1 mV | 3.4+17cm’

Unipolaire <4 mV 126 + 4.6 cm?

Paroi libre RVOT (sinon para tric)
Liés a I'inductibilité

Pot fractionnés 100% patients

Durée activation VD > témoins




The Cardlac Electrophyslologic Substrate Underlying the ECG
Phenotype and Electrogram Abnormalities In Brugada

Syndrome Patlents . 1ation. 2015 June 2; 131(22): 1950-1959.

Junjie Zhang, BS'2, Frédéric Sacher, MD?, Kurt Hoffmayer, MD*, Thomas O’Hara, PhD®,
Maria Strom, PhD®, Phillip Cuculich, MD'.7, Jennifer Silva, MD'.7, Daniel Cooper, MD'7,
Mitchell Faddis, MD'/, Méléze Hocini, MD®, Michel Haizsaguerre, MD®, Melvin Scheinman,
MD?, and Yoram Rudy, PhD'2.7

—

!

Etude panoramique épicarde



The Cardlac Electrophyslologlc Substrate Underlying the ECG
Phenotype and Electrogram Abnormalities In Brugada

Syndrome Patlents . jation. 2015 June 2; 131(22): 1950-1959.

Junjie Zhang, BS'2, Frédéric Sacher, MD?, Kurt Hoffmayer, MD*, Thomas O’Hara, PhD5,
Maria Strom, PhD®, Phillip Cuculich, MD'.7, Jennifer Silva, MD'.7, Daniel Cooper, MD'7,
Mitchell Faddis, MD'7, Méléze Hocini, MD>, Michel Haiseaguerre, MD>, Melvin Scheinman,
MD®, and Yoram Rudy, PhD12.7

- Mean Peak STE (mV) 2.21+067
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The Cardlac Electrophyslologlc Substrate Underlying the ECG
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Mitchell Faddis, MD'7, Méléze Hocini, MD>, Michel Haiseaguerre, MD>, Melvin Scheinman,
MD®, and Yoram Rudy, PhD12.7
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The Cardlac Electrophyslologlc Substrate Underlying the ECG
Phenotype and Electrogram Abnormalities In Brugada

Syndrome Patlents  cy.yqtion. 2015 June 2; 131(22): 1950-1959.

Junjie Zhang, BS'2, Frédéric Sacher, MD?, Kurt Hoffmayer, MD*, Thomas O’Hara, PhD",
Maria Strom, PhD®, Phillip Cuculich, MD'.7, Jennifer Silva, MD'.7, Daniel Cooper, MD'7,
Mitchell Faddis, MD'7, Méléze Hocini, MD>, Michel Haiseaguerre, MD>, Melvin Scheinman,
MD®, and Yoram Rudy, PhD'2.7

( RYOT \ RY Free Wall
A Moo Peak STE (sV) \zg_zy/ 013=008"
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Gradients ARI brutaux RVOT mais diminuent si frequence rapide. Durée ARI plus longue RVOT
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Argument en faveur de la théorie de la dépolarisation



l Brugada Syndrome Phenotype Elimination
by Epicardial Substrate Ablation
Josep Brugada, MD*; Carlo Pappone, MD, PhD*; Antonio Berruezo, MD, PhD;

Gabriele Vicedomini, MD; Francesco Manguso, MD, PhD; Giuseppe Ciconte, MD;
Luigi Giannelli, MD; Vincenzo Santinelli, MD

(Circ Arrhythm Electrophysiol. 2015;8:1373-1381

14 Brugada inductibles, symptomatiques et implantés ICD

Zones bas voltage épi < 1.5 mV - pot >80 ms - > 3 deflections ou post QRS

1)

Marked Area: 28.9 cm’( 14.6 %)
m Display inverse area

(

Total Area:  198.0 cm?
Perimeter 31.8 cm

-

Map endocardiques sans scar significative



ACUTE ABLATION RESULTS

Spontaneous Type 1 ECG Pattern After Ablation Ajmaline 1 mg/kg after Ablation
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Modifications du ST dés RF (chaleur ?) qui devient concave

pas de modification du voltage local
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in fonction IK,(HERG ou KNCH?2)
3 familles, 10 pts, MS, FA  (Brugada, Circ 2004)

Pour ce que I'on connait: déji impliqué dans LOT 2 (perte fet)
autosomique dominant
h fonction IKg (KCNQ1)

Ie plus Souvent HeRG 3 cas (sporadiques), MS, FA

{Bellocg, Circ 2004, Hong, Cardiovasc Res 2005)

(gain de fonction) déji impliqué dans LOT 1 (perte fer)

ou FA familiale (gain fct)

mais 80% inconnu

Gain fonction IK, (KCNJ2)
1 famille (2 pts) (Priori, Circ Res 2005)
déja impliqué dans syndrome Andersen
(« LOT » 7) (perte fct)

m_m
SQT1 HeRG dominant
SQT2 KCNQ1 11 dominant
SQT3 KCNJ2 17 dominant
SQT4 CACNA1C 12 dominant
SQTS5 CACNb2B 10 dominant
SQT6 CACNA2D1 7 dominant
SQT7 SCNS5A 3 dominant
SQT8 SLC4A3 2 dominant
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pas de segment ST



Recommendations | Clas" | Level’| Ret

SQTS is diagnosed in the presence of a
QTc <340 ms.

SQTS should be considered in the
presence of a QTc <360 ms and one or
more of the following:

(@) A confirmed pathogenic mutation

(b) A family history of SQTS

(c) A family history of sudden death at
age <40 years

(d) Survival froma VT/VF episodein the
absence of heart disease.




Diagnostic

Nouvelles pistes
Holter

Epreuve effort
pente de la droite QT/RR > - 1

chez temoins

QT

SOT: <-0.9

T T T T
50 100 150 200

C Giustetto, et al. Europace.

400+

375+

350+

325+

300

275+

250+

225+

200

témoins

T
QT rest

50 100 150 200
HR

2015;17:628-34.



Diagnostic

Nouvelles pistes

Les périodes
réfractaires

(Rollin A, Gandjbakhch E, Maury P, J Am Heart Assoc. 2017;6(6))

100 +

50 1

600 51

600 s1

600 S2

600 s2

600 53

600 S3

500 51

500 51

500 s2

500 52

50053

400 51

400 52

400 s3

msQT

H témoins

x*
mM

p<0.05

50053

400 s1

400 52

RVOT

msQT

H témoins

40053




TV catécholer

m o Chromosom m

ﬂ

CPVT 2 CASQ2 1 récessif ou dominant
CPVT 3 TECRL (?) 7o0ud? récessif
CPVT 4 CALM1 4 dominant

QT normal, onde U
- Bradycardie sinusale (RYR2)

Diastole

CPVT 5 TRDN 6 récessif
Forme apparentée ANK2 4 dominant
Forme apparentée KCNJ2 17 dominant
SR g =
& o P
. ‘ .l e ‘
% i .




MS récupérée lorsd’ u

; WMMJWWW N[w k/\ﬂjl “\/\Am/“

ﬂfwjg/*\/\’{\m/ I\A/V/LWW\/\AJN W A J‘W\

A w‘v gl N
Aty iy
M A e B

HARERERS

\}N




Leenhardt A et al. Circulation.1995;91:1512-9.
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=“Slurring” (delta inversée) ou “notching” fin QRS

=] point>0.1mV (Imm) 1n > 2 leads

=Dérivations inferieures and/or laterales



Expert Consensus

Expert Consensus Recommendations on Early Repolarization Diagnosis
1 ER syndrome Is Biagnosed in the presence of J-point elevation 21 mm in 22 contiguous inferior
and/or Tateral leads of a standard 12-lead ECG in a patient resuscitated from otherwise unexplained

VF/ Polymorphic VT
22 ER syndrome cab be diagnosed in a SCD victim with a negative autopsy and medical chart review

with a previous ECG demonstrating J-point elevation 1 mm in 22 contiguous inferior and/or lateral

leads of a standard 12-lead ECG
ER pattern cande diagnosed in the presence of J-point elevation 21 mm in 22 contiguous inferior

and/or lateral leads of a standard 12-lead ECG




m gene | chromosome | canal __

ERS1
ERS2
ERS3
ERS4
ERS5
ERS6
ERS7

KCNJ8
CACNA1C 12
CACNb2B 10
CACNA2D1 7
ABCC9S 12
SCN5A 3
SCN10A

K atp
ICal

ICal
ICal

IK atp
INa

INa
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QRS notching
with ST elevation




ST segment elevation is not sufficient
for the diagnosis.

J-wave/point elevation is necessary !!




= ER pattern tres fréequent pop générale (1 a 13 %)

» Early Repolarization Pattern Vs. Early
Repolarization Syndrome

ORIGINAL ARTICLE

Sudden Cardiac Arrest Associated
with Early Repolarization

N ENGL ) MED 358;19 WWW.NEJM.ORG MAY 8, 2008

“ ORIGINAL ARTICLE ”

Long-Term Outcome Associated with Early
Repolarization on Electrocardiography

Jani T. Tikkanen, B.S., Olli Anttonen, M.D., M. Juhani Junttila, M.D.,
Aapo L. Aro, M.D., Tuomas Kerola, M.D., Harri A. Rissanen, M.Sc.,
Antti Reunanen, M.D., and Heikki V. Huikuri, M.D.






Formes a risque ? mais risque infime ...

Ascending ST segment

Horizontal/descending ST
segment

Amplitude > 2 mm

Inférieur vs latéral ?
Notch vs slurring ?
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Ventricular fibrillation in loop recorder memories in a patient with early
repolarization syndrome doi:10.1093/europace/eur2 64

Philippe Maury'®, Frederic Sacher?, Anne Rollin!, Alexandre Duparc', Pierre Mondoly?, and Vincent Probst?
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