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Case 

• 21 yr old woman, 
transferred to 
cardiology department

• Patient has frequent 
syncopal attack since 
childhood, it was 
managed by dilantin 

• Patient complained 
intermittent chest 
discomfort for 1 month 

• Family history negative 
for syncope, palpitation, 
premature deafness. But 
elder sister has mental 
retardation

• ECG of her mother and 
brother shows 
unremarkable findings.

• Normal K+ & Mg level
• ECG; long QT intervals.
• What is next step?



Diagnostic Procedure to LQTS 
• Treadmill test; increased QT interval during and   

after exercise
• Holter monitoring; T wave changes
• Head up tilt test; T wave alternans, TdPs after 

isoproterenol infusion







Clinical Diagnosis of LQTS

• Affected persons may present with 
sudden death, syncope, or QT 
prolongation on an incidental ECG.

• When QTc prolongation is identified 
following a syncopal event, the 
diagnosis of LQTS is certain



ECG Findings in LQTS
• QT interval should 

be measured from 
the onset of Q wave 
to the end of T wave 
in an ECG leads, 
usually lead II.

• QTc=QT/√RR
• QTc prolonged

Men > 0.45 s
Women > 0.46 s



ECG abnormalities
• Notched or bifid T wave in the V2 - V5

• Repolarization abnormalities: more 
frequent in those patients with cardiac 
events.

• Notched T wave in recovery phase of 
exercise



T wave morphology 

Malfatto G et al. J Am Coll Cardiol 1994;23:296-301Schwartz PJ et al. Cardiac electrophysiology
2000:597-615 



T wave abnormalities

Jervell A. et al. Adv Intern Med 1971;17:425-438



LQTS Diagnostic Criteria

Electrocardiographic Finding Points
– QTc

>480 ms 3
460-470 ms 2
450 (male) ms 1

– Torsade de pointes 2
– T wave alternans 1
– Notched T wave in 3 leads 1
– Low heart rate for age 0.5

Clinical History Points
– Syncope

With stress 2
Without stress 1

– Congenital deafness 0.5

Family History
– (+) family Hx of LQTS 1
– Unexplained sudden death < 30       0.5

<2 points:  low probability 
2 to 3 points: intermediate probability 
>4 points: high probability of LQTS































Inherited long QT syndrome
• Autosomal dominant 

– Romano and Ward (1960).
– Prolongation of QT interval and 

predisposition to torsades de pointes
– No other obvious physical abnormalities

• Autosomal recessive 
– Jervell and Lange-Neilsen  (1957)
– congenital neural deafness.
– 1 % of congenital deaf children had 

prolongation of the long QT interval



Molecular Genetics of LQTS

Circ Res. 2010;107:457-46



Priori SG. Circ Res. 2004;94:140-145



LQT1LQT3 LQT2

Moss et al. Circulation 1995,92:2929-2934 





Trigger for EADs

• Reopening of ICa.L during the prolonged 
plateau phase of the cardiac action 
potential.

• The beneficial effect of β-adrenergic 
blockers in individuals with LQTS may 
be caused by a blunting of the increase 
in L-type calcium current by 
sympathetic nerve stimulation.



Clinical course of LQTS
• The risk of cardiac events is significantly 

higher among patients with LQT1 and LQT2 
mutations

• Risk of cardiac events is higher in males 
before puberty and higher in females during 
adulthood.

• The most significant risk factor for cardiac 
events is the length of the QTc interval, with 
the risk an exponential function of the QTc 
duration.



Social Life Modification

• Avoid adrenergic-type stimuli that can 
trigger life-threatening arrhythmia.

• Competitive athletics should be 
prohibited.

• Alarm clocks should be removed.
• Good β-blocker compliance is 

important.



management strategy among LQTS
patients who present for risk assessment after a syncope

episode may include the following:

1) initiation of beta blocker therapy in those who experience a syncope 

event without therapy 

2) additional interventions, including primary ICD therapy and/or left 

cardiac sympathetic denervation in patients who experience syncope 

during beta-blocker therapy; 

3) careful follow-up for residual symptoms or arrhythmias after the 

initiation of beta blocker therapy, with consideration of ICD therapy for 

patients who experience 2 episodes of syncope during follow-up (who 

had a frequency of ICD implants similar to that of patients who 

experienced 1 or 2 episodes, but had a very high rate of subsequent of 

ACA or SCD at 5 years [approximately 20%]).





Propranolol and nadolol are the two most effective drugs. Their

respective dosages are 3 mg/kg, sometime increased to 4 mg/kg, and

1 mg/kg. 

The main advantages of propranolol are its lipophilicity, that

allows it to cross the blood-brain barrier, and its well known

tolerability for chronic therapy; its main disadvantages are the need

of multiple daily administrations and the contraindications for

patients with asthma and diabetes. 

unquestionably less effective; this group includes : bisoprolol, 

metoprolol, atenolol, and carvedilol.



Effect of therapy on the survival, after the first syncopal episode





Cumulative event-free 
survival for a first 

appropriate ICD shock 
according to an 

increasing risk score

All patients

Patients with 
no prior ACA.



















I Itzhaki et al. Nature 000, 1-5 (2010) doi:10.1038/nature09747

Establishment and characterization of type-2LQTS human iPSCs (clone 1).



I Itzhaki et al. Nature 000, 1-5 (2010) doi:10.1038/nature09747

Phenotypic characterization of LQTS human iPSC-derived cardiac-tissue.



I Itzhaki et al. Nature 000, 1-5 (2010) doi:10.1038/nature09747

Whole-cell patch-clamp recording from human iPSC-CMs.



I Itzhaki et al. Nature 000, 1-5 (2010) doi:10.1038/nature09747

Drug screening using LQTS human iPSC-CMs.
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