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Repolarization Duration and T wave 
Complexity by Genotype

N=43N=84

P valueLQT2LQT1Variable

<0.0010.27±0.130.18±0.08T wave 
complexity

0.016117±4895±17TpTo

0.483371±52385±27QTpc

0.098496±26488±26QTc



T Wave Morphology in LQT2 
Carriers and Noncarriers



Ikr-related Repolarization 
Abnormalities from Surface ECGs

HERG mutation, LQT2 Sotalol Moxifloxacin 



Scalar T-wave measurements, HR Dependency 
and LQTS Mutations 

T-wave Magnitude (Lead II)
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QTc distribution in LQT2 (KCNH2 mutation)

390<=QTc<=440 
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Couderc et al. Heart Rhythm Journal 2006



Houltz et al. PACE 1998

T wave Variability Prior to TdP



-- normal QTc (<440ms)                           n= 62 (14%)normal QTc (<440ms)                           n= 62 (14%)

-- borderline QTc (440borderline QTc (440--500ms)500ms) n= 264 (60%)n= 264 (60%)

-- definitely prolonged QTc (>500ms)       n= 117 (26%)definitely prolonged QTc (>500ms)       n= 117 (26%)

Distribution of QTc by Categories in 443 LQT2 Gene Carriers Distribution of QTc by Categories in 443 LQT2 Gene Carriers 
((mean age: 26 mean age: 26 ±± 20 years; 57% females)20 years; 57% females)



normalnormal

flatflat

broad/slowbroad/slow

bifid/notchedbifid/notched

T Wave Morphology ClassificationT Wave Morphology Classification



T wave morphology and ACA or Death T wave morphology and ACA or Death 
in LQT2 Patients with QTc 440in LQT2 Patients with QTc 440--500 ms500 ms



Percent Change in QT, JT interval and QT, JT Dispersion in Percent Change in QT, JT interval and QT, JT Dispersion in 
Female vs. Male Rabbits after Dofetilide or PlaceboFemale vs. Male Rabbits after Dofetilide or Placebo

Rong HL et al. J Rong HL et al. J CardiovascCardiovasc ElectrophysiolElectrophysiol 2001;12:5382001;12:538--545545



Different electrophysiology of the 
myocardial layers accounts for 
changes in QT-T wave with various 
lesions

“TDR”= Transmural 
dispersion of repolarization
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OpthofOpthof et al. Heart Rhythm 2007;4:341et al. Heart Rhythm 2007;4:341--88

TpTe Interval and Dispersion of RepolarizationTpTe Interval and Dispersion of Repolarization



Scalar Repolarization Morphology

Couderc JP et al. Computers in Cardiology 2006, 33:pp.705-708 



T-wave Loop Repolarization Parameters

Couderc JP et al. Electrocardiographic Method for Identifying Drug-induced Repolarization Abnormalities Associated with a 
Reduction of the Rapidly Activating Delayed Rectifier Potassium Current. IEEE Engineering in Medicine and Biology Society, 
New-York 2006 p. 4010-5.



Sotalol-Induced T-Wave Impairment
Example of ECG tracings illustrating the T-wave amplitude impairment to heart rate
induced by sotalol, healthy male subject

Baseline 160 mg 320 mg



Sotalol and T-amplitude Dependency to HR



MoxifloxacinMoxifloxacin--Induced Repolarization ChangesInduced Repolarization Changes

All measurements are corrected for HR using pooled-formula

0.0230.023--0.030.03T magnitude (mV)T magnitude (mV)

0.0010.00111.111.1ERDERD30%30% ((msecmsec))
0.140.14--0.050.05Planarity (Planarity (λλ3)3)
0.410.410.010.01λλ 22/ / λλ 11

0.410.41--0.50.5TpTe (TpTe (msecmsec))
0.0110.0110.580.58ααR (R (µµV/ms)V/ms)
0.0070.007--0.360.36ααL  (L  (µµV/ms)V/ms)

0.0200.02013.613.6QT offset (QT offset (msecmsec))

ppMedian difference Median difference 
vs. placebovs. placebo



Moxifloxacin-induced Repolarization 
Abnormalities

Simulated ECG tracings 



Moxifloxacin-induced Repolarization 
Abnormalities



Ability to Identify TdP Patients at Baseline 
Before and After Drug Challenge

0.010.0138.9 38.9 ±±40.640.68.2 8.2 ±±23.723.70.740.74108.2 108.2 ±±30.530.5104.7 104.7 ±±30.630.6TpTe TpTe 

0.040.0420.9 20.9 ±±27.327.35.2 5.2 ±±5.75.70.140.1455.5 55.5 ±± 31.931.942.8 42.8 ±±5.55.5LRD50%LRD50%

0.460.466.7 6.7 ±±15.315.33.8 3.8 ±±3.53.50.120.1235.2 35.2 ±±17.517.527.7 27.7 ±±4.94.9LRD30%LRD30%

0.040.0426.4 26.4 ±±30.530.58.4 8.4 ±±13.213.20.080.0886.0 86.0 ±±43.743.765.3 65.3 ±±10.610.6LRD70%LRD70%

0.220.2298.4 98.4 ±±42.042.079.0 79.0 ±±47.447.40.060.06451.0 451.0 ±±39.339.3425.7425.7±±35.635.6QTcQTc**

23.3 23.3 ±±28.728.7

11.3 11.3 ±±14.214.2

((--) TdPs) TdPs
N=17N=17

After: Sotalol challengeAfter: Sotalol challenge
(sotalol induced changes) (sotalol induced changes) 

0.470.4730.9 30.9 ±±31.931.90.020.0271.4 71.4 ±±22.122.155.9 55.9 ±±14.614.6ERD50%ERD50%

0.730.7313.5 13.5 ±±21.721.70.020.0243.7 43.7 ±±12.612.634.8 34.8 ±±8.68.6ERD30%ERD30%

(+) TdPs(+) TdPs
N=16N=16

(+) TdPs(+) TdPs
N=16N=16

((--) TdPs) TdPs
N=17N=17

P valueP value
(challenge)(challenge)

P valueP value
(baseline)(baseline)

Before: BaselineBefore: Baseline
(absolute values)(absolute values)



Nattel, S. et al. Physiol. Rev. 2007; 87: 425-456

Repolarization Reserve



Michael, G. et al. Cardiovasc Res 2008 0:cvn266v2-9;

A schematic diagram showing the changes in Ca2+ handling and contractility and 
the potential compensatory function of ion-channel remodelling that causes action 

potential (AP) duration (APD) prolongation in congestive heart failure
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AgeAge-- and Sexand Sex--adjusted Hazard Ratios of Cardiac Death in a Populationadjusted Hazard Ratios of Cardiac Death in a Population--
based Cohort of 5,815 Older (>55 years) Men and Womenbased Cohort of 5,815 Older (>55 years) Men and Women

HRHR

Kors et al. J Kors et al. J ElectrocardiolElectrocardiol 1998;31:541998;31:54--99

p<0.05 for all HRp<0.05 for all HR



ZabelZabel et al. Circulation 2000; 102:1252et al. Circulation 2000; 102:1252--12571257

Predictive Value of T Wave Morphology Predictive Value of T Wave Morphology 
in Postinfarction  Patients  in Postinfarction  Patients  


