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Management and Therapy Based on Molecular Genetic Studies in Patients
with Congenital Long QT Syndrome
Wataru Shimizu
Division of Cardiology, Department of Internal Medicine, National Cardiovascular Center, Osaka, Japan

Congenital long QT syndrome (LQTS) is a hereditary disorder characterized by a prolonged QT interval in the ECG and a
polymorphic ventricular tachycardia known as Torsade de Pointes. Genetic studies to date have identified 10 forms of congenital
LQTS caused by mutations in genes of ion channels or membrane adapter. Genotype-phenotype correlation in clinical and
experimental studies has been investigated in detail inthe LQT1, LQT2, and LQT3 syndromes, which constitute more than 90%
of genotyped LQTS patients, enabling usto stratify risk and to effectively treat genotyped patients. More recently, mutation-site-
specific differencesin clinical phenotypein the LQT1 and LQT2 syndrome have been reported.
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Table 10 lon channel defect responsible for congenital long QT syndrome

O Loci Chromosome Gene lon Channel

Romano-Ward
LQT1 11 (11p15.5) KCNQ1 Iks ()
LQT2 7 (7935-36) KCNH2 Ikr (o)
LQT3 3 (3p21-23) SCN5A INa ()
LQT4 4 (4925-27) ANK2 Na-K ATPase, Ina-ca
LQT5 21 (21q922.1-22.2) KCNE1 Iks (B)
LQT6 21 (21922.1-22.2) KCNE2 Ikr (B)
LQT7 17 (17923) KCNJ2 Ik1
LQT8 12 (12p13.3) CACNA1C IcaL
LQT9 3 (3p25) CAV3 INa
LQT10 11 (11923.3) SCN4B INa

Jervell & Lange-Nielsen
JLN1 11 (11p15.5) KCNQ1 (homozygous) Iks ()
JLN2 21 (21922.1-22.2) KCNE1 (homozygous) Iks (B)
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Table 200 Genotype-specific therapy based on clinical and experimental data in long QT syndrome

LQT1 LQT2 LQT3
Prevalence 40% 30-40% 10%
Sensitivity to
: . : +++++ +++ -
sympathetic stimulation
Torsade de Pointes Exercise-related Startle Sleep / Rest

Specific trigger Swimming
Exercise restriction P
B-blockers S+t
Potassium supply ++7?
Class IB sodium

+++
channel blockers
Calcium s
channel blockers
Potassium

++
channel openers
Pacemaker i+
ICD ++++

Telephone, Alarm clock
Postpartum periods

+++ -

+++ -

++++ ++?
+++ ottt
+++ ++?
++ -
+H++ e+t
e+t ottt

ICD: implantable cardioverter defibrillator, +++++: means most sensitive or effective
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LQT1 LQT2 LQT3
ECG Q Q Q
oV 5s0o
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500 msec 500 msec 500 msec
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Fig. 1 Cellular basis of abnormal T wave patterns in LQT1, LQT2 and LQT3 syndrome.
A- C: Electrocardiographic lead V5 recorded in patients with LQT1, LQT2 and LQT3 forms of congenital long QT syndrome.
D- I: Transmembrane action potentials recorded simultaneously from endocardial (Endo), mid-myocardial (M) and epicar-
dial (Epi) cells together with a transmural ECG at a BCL of 2,000 msec in the 3 models of the arterially-perfused canine
wedge preparations. Pharmacologic models mimic the phenotypic appearance of the abnormal T waves in all 3 models.

High risk
(C 50%)

Intermediate risk

0,
(3001 49%) QTc <500 msec QTc O 500 msec

Female LQT2 Female LQT3

LQT3
) Fig. 2 Risk stratification according to
Low risk genotype (LQT1, LQT2, LQT3),
(< 30%) QTc < 500 msec corrected QT (QTc) interval and
Male LQT?2 gender in congenital long QT

LQT1 syndrome. (See detail in the text)
© 2003 Massachusetts Medi-
cal Society. All rights reserved.
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Fig. 3 Twelve lead electrocardiogram and Torsade de Pointes (TdP) in a patient with LQT2 form of congenital long QT

syndrome.

A: Remarkable QT prolongation (corrected QT (QTc) interval

=548 ms) and a low amplitude T wave with a notched configura-

tion are observed. B: TdP was induced following typical short-long-short initiating sequence.
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Fig. 4 Effects of a class IB sodium channel
blocker, mexiletine, in a patient with the
LQT3 form of congenital long QT syn-
drome.
A: The corrected QT (QTc) interval is pro-
longed (572 ms) under control conditions.
B: Injection of mexiletine (125 mg) nor-
malizes the QTc to 433 ms.
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Fig. 5 Kaplan-Meier cumulative cardiac event curves from birth
through to age 50 for patients with KCNQ1 mutations
located in the transmembrane regions (n = 66, 19
mutations) and the C-terminal regions (n = 29, 8
mutations) in the LQT1 syndrome. The difference in
the clinical course by mutation location was significant
(log-rank, p = 0.005), with a greater risk of first cardiac
events in patients with transmembrane mutations than
in those with C-terminal mutations.
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