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 Increased risk of ventricular arrhythmias that cause
syncope or sudden death, often at first presentation.

Hereditary arrhythmogenic diseases

 Absence of cardiac structural diseases

Channelopathies: what do they have in common?

 Young subjects

 Electrocardiographic diagnosis



Channelopathies
Polymorphic adrenergic ventriculartachycardia (Coumel 1978)< 0.1 : 1.000

Short QT(Gaita-Giustetto-Borggrefe 2003)< 0.1 : 1.000
ST elevation V1-V3(Martini-Brugada 1991)

0.5-7 : 1.000

Long QT(Romano1963-Ward 1964)
0.2-0.4: 1.000

Early repolarization(Haïssaguerre-Rosso 2008)
10-100 : 1.000



Roles of ECG inLong QT, Short QT, Brugada,Early Repolarization
 Diagnosis

 Risk stratification

 Evaluation of therapy



Mazzanti A et al. J Am Coll Cardiol. 2018; 71(15):1663-1671.
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A.B.MaleKCNQ1 (p.R190W)

ECG and Genotype in LQTS:Poor QT Adaptation in LQT1
QT/RR/QTc: 470/920/490 ms

QT/RR/QTc: 430/640/540 ms

A. Mazzanti
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EXERCISE

A.F.MaleKCNH2 (p.R1014X)

ECG and Genotype in LQTS:Normal QT Adaptation in LQT2
QT/RR/QTc: 540/960/550 ms

QT/RR/QTc: 450/800/503 ms

A. Mazzanti



M.S.MaleSCN5A (p.E1784K)

ECG and Genotype in LQTS:Normal QT Adaptation in LQT3
QT/RR/QTc: 570/1440/475 ms

QT/RR/QTc: 360/600/465 ms

REST

EXERCISE

A. Mazzanti



QT 280 ms QTc 260 ms
Onda T alta, appuntita, simmetrica

QT 260 ms QTc 290 ms
Onda T normaleAlta incidenza dimorte improvvisa

39

4962

39

3 mesi
8 mesi

Cardiopalmo, FA, sincope Arresto cardiaco rianimatoQT≤280/QTc≤300



SHORT QT

QT 280 ms QTc 260 msOnde T strette, alte e appuntite



QT breve: ECG apparentemente normale

QT 270 ms; QTc 320 ms

270 ms



H.R. 83 H.R. 115 H.R. 130 H.R. 162

QT 240ms
QTc 282ms

QT 235ms
QTc 325ms

QT 235ms
QTc 346ms

QT 220ms
QTc 360ms

QT interval is so short that it can shortenvery fewly with HR increasing

SQT1 (F, 31 years), stress test



160ms220ms

Ventricular ectopic beats with short coupling



Ventricular programmed stimulationVentricular fibrillation induced byelectrocatheter positioning



blocca INa+, IKr,IK1, Ito, IK-ATP, IKs
QT 440 msQTc 390 ms

BASAL

ECG In chinidina

Short QT Syndrome:Pharmacological TreatmentF. Gaita, MD; C. Giustetto, MD; F. Bianchi, MD; R. Schimpf,MD; M. Haissaguerre; MD, L. Calò, MD; R. Brugada, MD; C.Antzelevitch, PhD; M. Borggrefe, MD; C. Wolpert, MD.J Am Coll Cardiol 2004; 43: 1494-99
ECG basale



QT 280 msQTc 260 msQT 320 msQTc 320 msQT 280 msQTc 310 msQT 260 msQTc 266 msQT 290 msQTc 290 msQT 440 msQTc 390 ms

BASAL

QUINIDINE

V ERP 200 ms

F.Gaita et al. J Am Coll Cardiol 2004; 43: 1494-99



Heart Rhythm 2009;6:267–271SQTs QTc 317msJTp 100 ms



Heart Rhythm 2014;11:1024–1030

PQ interval depression>0.5 mm in 52 of them(81%) and in 24%of the control group

64 SQTS pts



NO DIFFERENCES between symptomatic andasymptomatic SQTS patients regarding:

• Ventricular effective refractory periods(mean: 15815 ms vs 14818 ms; p 0.21)

• ECG parameters (QT, QTc, J-Tpeak…)

150 ms
• Presence of genetic mutations

Giustetto et al. JACC 2011; 58: 587-595Mazzanti et al. JACC2014;63:1300–1308

• Gender, family history of SQTS or SD

• inducibility of VF at EP-study (sensitivity37%)



1992



Brugada syndrome: type 1 pattern = diagnostic
V1

V2

Type 1 ECG J point ≥ 2mm
 Convex ST elevation
 Negative T wave
 In one or more rightprecordial leads



Brugada syndrome: suspicious patterns
V1

V2

V3

V1

V2

V1

V2



Nagase et al, JACC 2010, 56

Correlazione tra posizione del tratto di efflusso dalVdx (RVOT) ed elettrodi esploranti



Intermittent spontaneous type 1 Brugada patternat 12-lead 24-hour Holter monitoring
V1 - II space

V2 - II space

V1 standard

V2 standard

V5

V6

h. 6:33 amh. 11:44 pm h. 8:20 am h. 1:08 pmh. 4:12 pm

Brugada Registry of the Piedmont Region



Am J Cardiol 2015; 115:
12 Lead - 24 hour Holter251 patients

Drug-induced Type 1Spontaneous Type 1



Ajmaline infusion (1mg/kg in 5 min)

V1 - II space

V2 - II space

V1

V2

V1 - II space

V2 - II space

V1

V2

V3

V4

Basal ECG
Drug challenge with Na+ channel blockers(ajmaline 1 mg/kg IV over 5 -10 min o flecainide 2 mg/kg IV over 10 min)



ECG markers of riskinBrugada patients



Clinical risk factors for arrhythmic events

Probst et al, Circulation 2010;121:635-643; Sieira et al. Eur Heart J 2017;38:1756–63;Adler et al. Heart Rhythm 2016;13:299–310

Probst et al. (1029 pts) Sieira et al. (343 pts)
Aborted sudden death HR= 12.4, p<0.001 HR= 10.9, p<0.01
History of syncope HR = 3.4, p=0.002 HR = 3.7, p<0.01
Spontaneous type 1 ECG HR = 1.8, p=0.04 HR = 2.7, p<0.01
EP-Study HR= 1.9, p=0.05 HR = 4.7, p<0.01
Male gender NS HR = 2.7, p=0.02
SCN5A mutations NS -
aSD, syncope and spontaneous type 1 ECGpattern are known as significant risk factors

Most patients with arrhythmic events are between 20 and 65 years old



Spontaneous type 1 is correlated with anincreased risk of death.

1029 ptsmean f-up 3 years

Circulation 2010

Brugada risk stratificationbased on ECG

1% / year

2.3% / year



Finger Registry – Circulation 2010

Brugada risk stratificationECG & SYMPTOMS BASED

2.28 % 1.07%
0.81% 0.35%

10.9% 5.2%2.3% 1.44%



ECG markers of risk inaymptomatic Brugada patients



ECG variables associated with arrhythmic events
Signs of conduction delay

fragmented QRS
S wave in lead I
QRS duration



Asymptomatic Symptomatic



Brugada and QRS fragmentation



S-wave was present in allbut 1 of those who hadVF/SCD (96.9%)…but also in 59% of theremaining population

S-wave in lead I:
³ 0.1 mV (amplitude)³ 40 ms (duration)³ 1 mm2 (area)

J Am Coll Cardiol 2016;67:1427–40

347 patients all with spontaneous type 1 ECG; mean follow-up 48 months
I



International Journal of Cardiology, 2019

We analyzed ECG of 614 Brugada pts

The arrhythmic risk is related not only to the symptoms atpresentation, but also to the presence of aventricular conduction delay:
QRS duration ≥ 110 ms
S wave duration ≥ 40 ms



Sudden Cardiac Arrest Associated withEarlyRepolarization
•Michel Haïssaguerre, M.D., Nicolas Derval, M.D., Frederic Sacher, M.D.,•Laurence Jesel, M.D., Isabel Deisenhofer, M.D., Luc de Roy, M.D., Jean-Luc Pasquié, M.D.,•Ph.D., Akihiko Nogami, M.D., Dominique Babuty, M.D., Sinikka Yli-Mayry, M.D., Christian De Chillou, M.D., Patrice Scanu, M.D.,

N Engl J Med 2008; 358:2016-2023



J-Wave syndromes expert consensus conference report:Emerging concepts and gaps in knowledge



F. E. 15 yrs

Most specific sign :Dynamicity of J wavewith bradycardia



...; .



Heart Rhythm. 2016 Mar;13(3):806-11



Artificial Intelligence and Channelopathies

V1

V2

V3

Short QT

Brugada

Normal
JWAVE



ECG feature and Short QT Syndrome
Feature (Measured)

RR (ms)
QT (ms)
QRS (ms)
J-Tp (ms)
Tp-Te (ms)
J-Te (ms)
Tamp (mV)

Feature (calculated)
QTc (ms)
QTp (ms)
cJ-Tp (ms)
cTp-Te (ms)
cJ-Te (ms)
QT/QTp



Short QT syndrome & Artificial Intelligence
Firstly, AI was trained with data from 86 pts…

…the model was then validated on a cohort of 15 pts

AI extracted features

Manually extracted features

Vision Transformer



Metric ML ViT
Sensitivity 63.6 % 100.0 %
Specificity 85.0 % 93.3 %
PPV 70.0 % 80.0 %
NPV 81.0 % 100.0 %

Preliminary data

Short QT: performance of the twoapproaches

NVP 100% = no risk of event, if algorithm predicts “noevent”



At 120 years from its discovery, ECG remains crucialin cardiologic diagnostic process.

Artificial intelligence will allow us to acquire newinformations hidden in the ECG that until today wewere not able to see


