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THE LONG QT SYNDROME (LQTS)
was first described in 1957 in a
family in which several children

with congenital bilateral neural deaf-
ness and QT prolongation on electro-
cardiogram (ECG) experienced recur-
rent syncope and sudden death, with
a family pattern that suggested auto-
somal recessive inheritance (Jervell and
Lange-Nielsen syndrome).1 A similar
and much more common familial dis-
order with QT prolongation but with-
out deafness was described a few years
later, with family patterns that sug-
gested autosomal dominant inherit-
ance (Romano-Ward syndrome). These
reports highlighted the familial nature
of this QT prolongation disorder, and
subsequent studies identified malig-
nant ventricular arrhythmias as the
cause of syncope and sudden death in
patients with LQTS. The molecular-
genetic basis of LQTS was discovered
in the 1990s and, currently, muta-
tions have been identified in 7 LQTS
genes (TABLE 1).

LQTS Genotypes
Ventricular repolarization is deter-
mined by cardiac ion-channel pro-
teins that regulate the flux of sodium,
potassium, and calcium ions across
myocellular membranes. Ion chan-
nels are complex proteins encoded by
specific genes. The LQTS is caused by
mutations in 6 defined genes that en-
code channels that regulate sodium and
potassium currents and by a mutation
in a cytoskeletal gene (ankyrin B) that
may affect sodium channel kinetics. The
LQTS genes are identified by an LQT
number that reflects the chronologi-
cal order in which the LQTS gene lo-

cus was discovered and by the name of
the mutated gene that has been linked
to LQTS (Table 1). Currently, more
than 150 different mutations have been
identified in 7 LQTS genes, with LQT1
(43%), LQT2 (45%), and LQT3 (7%) ac-
counting for 95% of the identified mu-
tations.2 Approximately 2% to 3% of
LQTS patients who have undergone
genotyping carry 2 mutations in LQT
genes. Currently, known mutations in
the 7 LQT genes account for an esti-
mated 50% of those affected with LQTS.

The LQTS is considered an ion-
channel disorder in which the type and
location of the genetic mutation, the
genotype, determines to a large extent
the expression of the clinical syn-
drome, the phenotype. However, this
disorder, like most other genetic con-
ditions, has variable expression of se-
verity (ie, variable penetrance). An af-
fected individual within a given family
with a specific LQTS mutation may be
asymptomatic throughout life, whereas
another affected family member with the
same gene mutation may experience re-
current syncope and sudden cardiac
death at a young age. This variability in
expression in related individuals with the
same mutation suggests the influence of
environmental factors and/or the pres-
ence of other genetic effects.

Clinical Diagnosis of LQTS
The LQTS is an infrequently occur-
ring disorder in the general popula-
tion. Affected persons may present with
sudden death, syncope, or QT prolon-
gation on an incidental ECG. If the pre-
senting event is a syncopal episode,
clinical evaluation that includes an ECG
will almost always reveal prolonga-
tion of the corrected QT interval (QTc),
the clinical hallmark of this disorder
(FIGURE). When QTc prolongation is
identified following a syncopal event,
the diagnosis of LQTS is certain, and

ECGs should be obtained on all first-
degree family members to determine
whether others are affected. Unex-
plained sudden death in a young indi-
vidual should trigger a similar evalua-
tion to determine if LQTS is present in
the family. Rarely, an asymptomatic in-
dividual is identified with LQTS by QTc
prolongation on an ECG obtained for
another reason. Several different drugs
can prolong the QTc interval, and it
is important to distinguish drug-
induced QTc prolongation from the in-
herited form of LQTS. A careful medi-
cation history should be ascertained
when evaluating a patient with QTc
prolongation.

Diagnostic criteria have been estab-
lished to increase the probability of cor-
rectly diagnosing LQTS (TABLE 2).3 The
summed point score from the diagnos-
tic criteria allows classification of a pa-
tient on clinical grounds into low-, in-
termediate-, or high-risk probability of
having LQTS (Table 2). Syncope and
sudden death can occur at any age, but
these events have an increased fre-
quency in adolescence.

ECG Findings in LQTS
Several different ECG findings in LQTS
should alert the physician to the pres-
ence of this disorder. The QT interval
should be measured from the onset of
the Q wave to the end of the T wave in
an ECG lead, usually lead II, in which
the amplitude of the T wave is large
enough to accurately identify the ter-
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mination of the repolarization T wave.
Because the QT interval varies inversely
withtheheart rate,various formulashave
been used to correct the QT interval for
theunderlyingheart rate.Whentheheart
rate is in the range of 50 to 90/min, the
standard Bazett correction works well
(QTc = QT/�°°RR withall intervals insec-
onds). The QTc interval is prolonged
(top 1% of the normal QTc distribu-
tion) when it is more than 0.45 seconds
inmenormorethan0.46seconds inchil-
dren and women.4 In addition to QTc
prolongation, LQTS is frequently asso-
ciated with a notched or bifid T wave in
the precordial V2 through V4 leads. Dis-
tinctive T-wave patterns have been
observed in patients with each of the 3
major LQTS genotypes (LQT1, LQT2,
LQT3).5,6 A complex polymorphic ven-
tricular tachycardia, torsades de pointes,
can occur in the setting of QTc prolon-

Figure. Twelve-Lead Electrocardiogram From a Patient With the LQT3 Genotype of Long QT Syndrome
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The electrocardiogram shows sinus bradycardia with a heart rate of 48/min, a QT interval of 0.68 seconds, and a corrected QT interval of 0.61 seconds. The long
ST-segment interval before the onset of a late, prominent T wave is characteristic of the LQT3 genotype. The patient was not receiving �-blocker medication at the
time this tracing was obtained.

Table 1. Molecular Genetics of Long QT Syndrome (LQTS)*

LQTS Type
(Year Discovered)

Chromosomal
Locus

Mutant Gene
(Alternate Name)

Ion Currents Affected
by the Mutant Gene

LQT1 (1991) 11p15.5 KCNQ1 (KVLQT1) Decreased slowly activating
delayed rectifier K+

repolarization current (IKs)
LQT2 (1994) 7q35-36 HERG Decreased rapidly activating

delayed rectifier K+

repolarization current (IKr)
LQT3 (1994) 3p21-24 SCN5A Increased Na+ current (INa)

due to late reopening of
the sodium channel

LQT4 (1995) 4q25-27 Ankyrin B Possibly increased late Na+

current (INa)
LQT5 (1997) 21q22.1-22.2 KCNE1 (minK) Decreased slowly activating

K+ repolarization current
(IKs)

LQT6 (1999) 21q22.1-22.2 KCNE2 (MiRP1) Decreased rapidly activating
K+ repolarization current
(IKr)

LQT7 (2001)† 17q23 KCNJ2 Decreased inwardly
rectifying K+ current (IKir2.1)

*A single mutation (heterozygous state) in any one of the LQT1 through LQT7 genes results in an autosomal dominant
form of LQTS (Romano-Ward syndrome). The presence of 2 mutations (homozygous state) in either the LQT1 or
LQT5 gene results in a severe autosomal recessive form of LQTS with associated deafness (Jervell and Lange-
Nielsen syndrome).

†Mutations in LQT7 are responsible for Andersen syndrome, a rare neurologic disorder characterized by periodic pa-
ralysis, skeletal developmental abnormalities, and QT prolongation.
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gation. Syncope is often due to a tran-
sient, self-limited episode of torsades de
pointes. However, this arrhythmia can
deteriorate into ventricular fibrillation
with resultant sudden cardiac death.

Triggers for Cardiac Events
Life-threatening cardiac events (syn-
cope or sudden death) tend to occur un-
der specific circumstances in a gene-
specific manner.7 In general, LQT1
patients experience a predominance of
their events during exercise, LQT2 pa-
tients experience events with acute
arousal-type emotions, and LQT3 pa-
tients experience events without emo-
tional arousal during sleep or at rest.
Patients with the LQT1 genotype seem
to have a high frequency of cardiac
events associated with vigorous physi-
cal activities, whereas patients with the
LQT2 genotype are at high risk of hav-
ing arrhythmic events triggered by a
sudden loud noise, such as the ring-
ing of an alarm clock.8,9

Clinical Course of LQTS
The clinical course of patients with
LQTS is variable and is influenced by
genotype, sex, environmental factors,
and therapy.10 The risk of cardiac events
is significantly higher among patients
with LQT1 and LQT2 mutations than
those with LQT3 mutations.11 The phe-
notype of individuals carrying 2 mu-
tations in LQT genes, such as in the
Jervell and Lange-Nielsen syndrome, is
more severe than in individuals carry-
ing only 1 mutation. The probability of
experiencing a cardiac event increases
significantly during adolescence in all
3 genotypes. The risk of cardiac events
is higher in males before puberty and
higher in females during adulthood. In
women, pregnancy confers a small ad-
ditional risk, but there is a significant
increase in risk for cardiac events in the
9-month postpartum period. 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.12 Although a few fami-
lies have a disproportionately high fre-
quency of sudden cardiac death at a
young age, the risk to individual fam-

ily members is influenced more by the
length of the QTc interval than by fam-
ily membership. Patients who have had
one syncopal event are at consider-
ably increased risk of experiencing re-
current events. Individuals who have
been resuscitated from cardiac arrest are
at high risk of a subsequent fatal event.

Evaluation of Patients With
Suspected or Definite LQTS
In asymptomatic patients with border-
line QTc prolongation in the range of
0.44 to 0.46 seconds, the diagnosis of
LQTS may be uncertain. Because the
QTc interval can be somewhat vari-
able, frequent follow-up ECGs at
monthly intervals may clarify the diag-
nosis, especially if the QTc becomes un-
equivocally prolonged on one of the re-
cordings. One or more 24-hour Holter
recordings may uncover a transient,
asymptomatic torsades de pointes that
is diagnostic for LQTS, but such an ar-
rhythmia is an infrequent finding dur-
ing screening Holter recordings. In sus-
pected LQTS cases, Holter-recorded QTc
prolongation is difficult to use for diag-
nosis since QTc variability in healthy pa-
tients during prolonged ECG record-
ings has not been defined. Exercise
testing is frequently used in the evalu-
ation of patients with suspected LQTS,
although there are few studies to sup-
port the diagnostic value of exercise test-
ing. Failure of the QTc to shorten dur-
ing exercise is a nonspecific finding and
should not be used for diagnosis. Fur-
thermore, quantification of the QT in-
terval during exercise-induced tachy-
cardia is difficult because of the overlap
of the end of the T wave with the sub-
sequent P wave. Exercise testing can be
useful if the activity precipitates a diag-
nostic arrhythmia or if the QTc inter-
val becomes unequivocally prolonged
during recovery after exercise. Inva-
sive electrophysiologic testing with pro-
grammed extra-stimuli has not proved
useful for diagnosing LQTS or for prog-
nosticating arrhythmic events in those
with LQTS.

In patients with established LQTS,
Holter monitoring and exercise test-
ing have limited usefulness in uncov-

ering the presence of ventricular tachy-
arrhythmias during daily living and
with vigorous exercise. Negative test re-
sults do not provide reassurance that
the affected individual is at low risk.

Genetic testing may be useful but is
performed only in research laborato-
ries, and the interval to obtain test re-
sults can be long. Detection of an LQTS
mutation identifies the individual as an
affected carrier of the mutant gene. A
negative test result is not helpful un-
less testing is performed for a muta-
tion that is already known to be pres-
ent within the family.

Therapy for LQTS
�-Blocking drugs are the treatment of
choice for asymptomatic and symp-
tomatic patients with LQTS. It is be-
lieved that the efficacy of �-blockers
involves the attenuation of adrenergic-
mediated trigger mechanisms in this
disorder.7 Clinical observations and ret-
rospective studies that evaluate car-
diac event rates before and after initia-
tion of �-blocker therapy indicate that
�-blockers reduce the frequency of syn-

Table 2. Diagnostic Criteria for Long QT
Syndrome (LQTS)*

Electrocardiogram Findings† Points

Corrected QT interval, seconds
�0.48 3
0.46-0.47 2
0.45 (in males) 1

Torsades de pointes‡ 2
T-wave alternans 1
Notched T wave in 3 leads 1
Low heart rate for age§ 0.5
Clinical history

Syncope‡
With stress 2
Without stress 1

Congenital deafness 0.5
Family history�

Family members with definite LQTS 1
Unexplained sudden cardiac death

at �30 years among immediate
family member(s)

0.5

*Reprinted with permission from Circulation.3 Scoring: �1
point, low probability of LQTS; 2 to 3 points, interme-
diate probability of LQTS; and �4 points, high prob-
ability of LQTS.

†Findings in the absence of medications or disorders known
to affect these electrocardiogram findings. The cor-
rected QT interval (QTc) is calculated by the Bazett for-
mula: QTc = QT/�°°RR, where R-R is the time interval
between 2 consecutive QRS complexes on electrocar-
diogram.

‡Torsades de pointes and syncope are mutually exclu-
sive.

§Resting heart rate below the second percentile for age.
�The same family member cannot be counted in both

categories.
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cope even though they have little or no
effect on QTc duration.13 The reduc-
tion in the rate of cardiac events was
most marked in patients with the high-
est event rates before �-blocker therapy
was initiated. �-Blockers were associ-
ated with a significant reduction in car-
diac event rates in persons with LQT1
and LQT2 mutations, with no evident
reduction in cardiac event rates in those
with LQT3 mutations.13 In a retrospec-
tive analysis of 33 LQTS patients who
died after starting �-blocker therapy,
76% were receiving �-blockers at the
time of their death. Thus, �-blockers
do not provide absolute protection

against fatal cardiac events. Given the
lack of randomized, prospective trials
of �-blocker use in LQTS, a reduction
in deaths cannot be proven.

Surgical sympathetic denervation of
the heart with left cervicothoracic sym-
pathetic ganglionectomy was intro-
duced for the treatment of LQTS in 1970
before �-blockers became available.14

Currently, sympathectomy is consid-
ered adjunctive therapy and is reserved
for high-risk LQTS patients who can-
not be effectively treated with drugs and
devices. The long-term efficacy of sym-
pathectomy is uncertain at this time.
Pacemakers have been used in selected
LQTS patients with sinus bradycardia,
but long-term follow-up studies indi-
cate an inappropriately high rate of sud-
den death in this group of patients.15 Pre-
liminary results from the International
LQTS Registry indicate that implanted
cardioverter defibrillators save lives in
high-risk patients who experience re-
current syncope while taking �-block-
ers or have had an aborted cardiac ar-
rest episode. Implanted defibrillators in
combination with �-blockers are the saf-
est form of therapy available for man-
aging high-risk LQTS patients.16 Gene-
specific LQTS therapy is under
investigation. A few small pilot studies
have reported use of mexiletine,17 fle-

cainide,18 or potassium therapy19 in spe-
cific LQTS genotypes, but the available
data are not sufficient to make any thera-
peutic recommendations regarding the
use of these medications in LQTS.

Patients with LQTS should avoid
adrenergic-type stimuli that can trig-
ger life-threatening arrhythmias.7 Com-
petitive athletics should be prohib-
ited. Alarm clocks should be removed,
and the intensity of the sound from
doorbells and telephones should be at-
tenuated. Patients and their families
should be informed that a fainting epi-
sode is a serious event that requires
prompt medical attention so that more
effective prophylactic therapy can be in-
stituted. Once �-blockers are initi-
ated, complete compliance is essential
because life-threatening arrhythmias
can occur on discontinuance of use of
this medication due to rebound recep-
tor catecholamine hypersensitivity.
Unnecessary medications, especially
stimulants, weight-reducing drugs,
certain antibiotics, and most over-
the-counter medications, should be
avoided. Further sources of informa-
tion about LQTS are provided in
the BOX.

Funding/Support: Dr Moss’ work is supported in part
by research grants HL-33843 and HL-51618 from the
National Institutes of Health.

REFERENCES

1. Jervell FLN. Congenital deaf-mutism, functional
heart disease with prolongation of the Q-Y interval
and sudden death. Am Heart J. 1957;54:59-68.
2. Splawski I, Shen J, Timothy KW, et al. Spectrum
of mutations in long-QT syndrome genes: KVLQT1,
HERG, SCN5A, KCNE1, and KCNE2. Circulation. 2000;
102:1178-1185.
3. Schwartz PJ, Moss AJ, Vincent GM, Crampton RS.
Diagnostic criteria for the long QT syndrome: an up-
date. Circulation. 1993;88:782-784.
4. Moss AJ, Robinson JL. The long QT syndrome: ge-
netic considerations. Trends Cardiovasc Med. 1992;
2:81-83.
5. Moss AJ, Zareba W, Benhorin J, et al. ECG T-
wave patterns in genetically distinct forms of the he-
reditary long QT syndrome [see comments]. Circu-
lation. 1995;92:2929-2934.
6. Zhang L, Timothy KW, Vincent GM, et al. Spectrum
of ST-T-wave patterns and repolarization parameters in
congenital long-QT syndrome: ECG findings identify
genotypes. Circulation. 2000;102:2849-2855.
7. Schwartz PJ, Priori SG, Spazzolini C, et al. Genotype-
phenotype correlation in the long-QT syndrome: gene-
specific triggers for life-threatening arrhythmias. Cir-
culation. 2001;103:89-95.

8. Moss AJ, Robinson JL, Gessman L, et al. Compari-
son of clinical and genetic variables of cardiac events
associated with loud noise versus swimming among
subjects with the long QT syndrome. Am J Cardiol.
1999;84:876-879.
9. Ali RH, Zareba W, Moss AJ, et al. Clinical and ge-
netic variables associated with acute arousal and non-
arousal-related cardiac events among subjects with long
QT syndrome. Am J Cardiol. 2000;85:457-461.
10. Moss AJ, Schwartz PJ, Crampton RS, et al. The
long QT syndrome: prospective longitudinal study of
328 families. Circulation. 1991;84:1136-1144.
11. Zareba W, Moss AJ, Schwartz PJ, et al, Interna-
tional Long-QT Syndrome Registry Research Group. In-
fluence of genotype on the clinical course of the long-QT
syndrome. N Engl J Med. 1998;339:960-965.
12. Moss AJ. Measurement of the QT interval and the
risk associated with QTc interval prolongation: a re-
view. Am J Cardiol. 1993;72:23B-25B.
13. Moss AJ, Zareba W, Hall WJ, et al. Effectiveness
and limitations of beta-blocker therapy in congenital
long-QT syndrome. Circulation. 2000;101:616-
623.
14. Moss AJ, McDonald J. Unilateral cervicothoracic
sympathetic ganglionectomy for the treatment of long

QT interval syndrome. N Engl J Med. 1971;285:903-
904.
15. Dorostkar PC, Eldar M, Belhassen B, Scheinman
MM. Long-term follow-up of patients with long-QT
syndrome treated with beta-blockers and continu-
ous pacing. Circulation. 1999;100:2431-2436.
16. Zareba W, Moss AJ, Daubert JP, Hall WJ, Rob-
inson JL, Andrews M. Implantable cardioverter-
defibrillator in high-risk LQTS patients. J Cardiovasc
Electrophysiol. In press.
17. Schwartz PJ, Priori SG, Locati EH, et al. Long QT
syndrome patients with mutations of the SCN5A and
HERG genes have differential responses to Na+ chan-
nel blockade and to increases in heart rate: implica-
tions for gene-specific therapy. Circulation. 1995;92:
3381-3386.
18. Windle JR, Geletka RC, Moss AJ, Zareba W, At-
kins DL. Normalization of ventricular repolarization with
flecainide in long QT syndrome patients with
SCN5A�KPQ mutation. Ann Noninvasive Electrocar-
diol. 2001;6:153-158.
19. Compton SJ, Lux RL, Ramsey MR, et al. Geneti-
cally defined therapy of inherited long-QT syn-
drome: correction of abnormal repolarization by po-
tassium. Circulation. 1996;94:1018-1022.

Box. Additional Sources of
Information About LQTS
The Cardiac Arrhythmia Research
and Education Foundation—http:
//www.longqt.org

The Sudden Arrhythmic Death Syn-
drome Foundation—http://www
.sads.org

The University of Arizona Center
for Education and Research on
Therapeutics—http://www.torsades
.org, which lists drugs that can pro-
long the QT interval
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