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This Journal feature begins with a case vignette highlighting a common clinical problem.  
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,  

when they exist. The article ends with the author’s clinical recommendations. 
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After the sudden death of a 13-year-old girl while she was playing basketball, her fam-
ily comes to the clinic for medical evaluation (Fig. 1). Her parents’ resting electrocar-
diograms (ECGs) are normal, but her 9-year-old sister’s ECG shows an abnormally 
long QT interval. There is a history of recurrent syncope in female relatives of the 
maternal grandmother, but there is no family history of other sudden deaths, the sud-
den infant death syndrome, drowning, or death from a motor vehicle accident. How 
should these family members be further evaluated and treated?

The Cl inic a l Problem

Sudden death in an otherwise healthy young person is an emotionally devastating 
event and unfortunately an all-too-common presentation of genetic arrhythmia 
syndromes. The most common of these syndromes is the long-QT syndrome, which 
is characterized by abnormal QT-interval prolongation on the surface ECG and an 
increased risk of sudden death, usually due to ventricular fibrillation. Physical 
stress and emotional stress are common triggers of syncope or sudden death in the 
long-QT syndrome; occasionally these events are triggered by loud noises or occur 
while the person is at rest.1-3

Hundreds of mutations in 10 genes linked to the long-QT syndrome have been 
identified (Table 1; and Table A in the Supplementary Appendix, available with the 
full text of this article at www.nejm.org).9,10 Mutations in three genes, each encoding 
a cardiac ion channel that is important for ventricular repolarization, account for 
the vast majority of cases; the resulting genetic subtypes are called LQT1, LQT2, 
and LQT3 (Table 1). Most reported mutations are in coding regions, although non-
coding mutations (resulting in the loss of allele expression) have also been de-
scribed.11-13 Most families with the condition have their own mutations, which are 
often termed “private” mutations; an emerging body of data suggests that the loca-
tion of the altered amino acid (or acids) within the ion-channel proteins may affect 
the prognosis.14,15 Some clinical features such as QT morphologic characteristics, 
the response of the QT interval to exercise, triggers of arrhythmia, and the response 
to therapies vary according to the disease-associated gene. Disease-associated genes 
(described in Table A in the Supplementary Appendix) are rare, and generalizations 
regarding gene-specific presentations or responses to therapy are therefore less reli-
able than those in common subtypes.

Syncope in patients with the long-QT syndrome is generally attributed to the 
form of polymorphic ventricular tachycardia called torsades de pointes. The LQT3 
form of the syndrome can also be associated with bradycardia, and slow heart rates 
may cause syncope in some patients. Death is usually due to ventricular fibrillation. 
Most cases are associated with the autosomal dominant form of the syndrome 
(i.e., the Romano–Ward syndrome), with striking variability in clinical phenotypes 
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among mutation carriers; this is called variable 
penetrance.16 Transmission is not strictly mende-
lian; an excess of mutation carriers — especially 
female mutation carriers — has been reported 
among the offspring of mutation carriers.17 The 
risk of syncope and sudden death is decreased 
during pregnancy but increased in the postpar-
tum period; the risk associated with the post-
partum state appears to be increased among 
women with the LQT2 subtype as compared with 
women with the LQT1 or LQT3 subtype.18

This is a disease primarily of the young, and 
syncope and sudden death appear to be unusual in 
patients older than 40 years of age,19,20 although 

data in such patients are limited. Moreover, only 
a minority of LQT1 mutation carriers have these 
events at a younger age, as compared with about 
half of LQT2 and LQT3 carriers.20

LQT1 is the most common form of the syn-
drome, and it arises from loss-of-function muta-
tions in KCNQ1, which encodes IKs, an adrener-
gic-sensitive potassium current in the heart.21 In 
this form of the disease, syncope or sudden death 
is triggered by emotional or physical stress; div-
ing and swimming are LQT1-specific triggers.4 
QT-interval prolongation may be especially nota-
ble during or after exercise or epinephrine chal-
lenge.22 In rare cases, patients inherit loss-of-
function alleles in one of the genes encoding IKs 
from both parents, resulting in severe prolonga-
tion of the QT interval, a high risk of sudden 
death, and congenital deafness; these features 
are characteristic of the autosomal recessive Jer-
vell and Lange-Nielsen syndrome (see Table A in 
the Supplementary Appendix).

LQT2 arises from loss-of-function mutations 
in KCNH2 (also known as HERG), which encodes 
IKr, another important potassium current in the 
heart. Syncope or sudden death can occur with 
stress or at rest,4 and the triggering of events by 
sudden loud noises, such as that produced by an 
alarm clock, is virtually diagnostic of this form23; 
hearing is normal.

LQT3 arises from mutations that disrupt fast 
inactivation of the cardiac sodium-channel SCN5A. 
As a result, the inward sodium current persists 
abnormally during the plateau of the cardiac ac-
tion potential and prolongs the QT interval. SCN5A 
mutations that reduce the peak sodium current 
are also one cause of the Brugada syndrome.  
This syndrome, like the long-QT syndrome, is 
associated with a distinctive ECG finding (i.e., 
elevation of the right precordial ST segment), 
variable penetrance, and an increased risk of sud-
den death due to ventricular fibrillation.

The incidence of mutations is at least 1 per 
2000 persons; this estimate is based on the re-
sults of genetic screening in families and the 
incidence of compound heterozygotes (i.e., per-
sons with two mutations).24,25 Since most muta-
tion carriers remain asymptomatic throughout 
life,9 clinical disease is less common.

The evaluation of the family of a young per-
son who has died suddenly raises difficult ques-
tions. What is the precise diagnosis, and who in 
the extended family should be screened, and how? 
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Figure 1. Family Tree and Electrocardiographic Findings of the Patient  
and Her Family.

In Panel A, the black circle denotes the 13-year-old girl who died playing 
basketball, and the orange circle denotes her sister. The numbers indicate 
QT intervals (in milliseconds) corrected for heart rate (QTc). The parents 
are both 39 years of age. The characteristics of the kindred have been mod-
ified to maintain anonymity. Panel B shows the lead II recordings in the 
proband’s mother before (top) and after (bottom) exercise. The QT interval 
(indicated by the red lines) is identical before and after exercise, showing 
the “failure to shorten” that is typical of the LQT1 form of the disease. Pan-
el C shows the electrocardiogram of the sister (represented by the orange 
circle in Panel A). The QT interval in lead II is shown. The proband’s sister, 
mother, and maternal grandfather (who had a QTc of 402 msec in his mid-
70s) were all LQT1 mutation carriers; this illustrates the variable pene-
trance in the long-QT syndrome. Syncope in the relatives on the maternal 
grandmother’s side could not be attributed to the proband’s mutation. 
RBBB denotes right bundle-branch block.
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How should mutation carriers be counseled and 
treated?

S tr ategies a nd E v idence

Diagnosis

Common presentations of the long-QT syndrome 
are palpitations, presyncope, syncope, and cardiac 
arrest. In addition, asymptomatic persons may be 
evaluated because the diagnosis is established or 
suspected in a family member. The differential 
diagnosis includes common causes of syncope 
in the young; these causes range from benign 
conditions such as vasovagal syncope to serious 
genetic conditions such as hypertrophic cardio-
myopathy and catecholaminergic polymorphic 
ventricular tachycardia.26-28 The history can help 
with the differential diagnosis and point toward 
specific subtypes of the long-QT syndrome. The 
physical examination and echocardiography (or 
magnetic resonance imaging, if performed) show 
no abnormalities in patients with this syndrome; 
thus, they are helpful only in ruling out other 
diagnoses.

An abnormal ECG obtained while the patient 
is at rest is the key to diagnosis. The QT interval, 
the surface ECG representation of ventricular 
repolarization, is affected by the patient’s heart 
rate and sex; the upper limits of the QT interval 
corrected for the heart rate (the QTc) are below 
460 msec for women and below 440 msec for 

men. Yet establishing a diagnosis of the long-QT 
syndrome may not be straightforward. Physicians 
may misread the QT interval29 or misdiagnose 
vasovagal syncope as the long-QT syndrome.26 In 
addition, mutation carriers may have normal 
ECGs, although this is unusual in patients with 
symptoms. The Schwartz scoring system, which 
includes ECG features and personal and family 
history, has been widely used,30 but it does not 
take into account genetic information.31 All per-
sons with QT-interval prolongation should be 
screened for acquired causes such as hypocalce-
mia, hypothyroidism, and the use of drugs that 
can prolong the QT interval; these drugs include 
antiarrhythmic agents such as sotalol and dofet-
ilide and noncardiovascular drugs such as halo-
peridol, methadone, and pentamidine. Most drugs 
that cause torsades de pointes block the rapid com-
ponent of the delayed rectifier current (IKr), and 
previously unrecognized long-QT syndrome, of 
any subtype, can be identified in 5 to 20% of pa-
tients with drug-induced torsades de pointes.32-34

A detailed family history is essential. This 
evaluation should assess not only a history of 
sudden death, but also other deaths that may 
have been a manifestation of the long-QT syn-
drome, such as drowning, the sudden infant 
death syndrome,35 and the death of a family 
member while he or she was driving (a potential 
manifestation of syncope).

Exercise testing can be useful to assess the 

Table 1. Common Forms of the Long-QT Syndrome.*

Variable Genetic Subtype

LQT1 LQT2 LQT3

Disease-associated gene KCNQ1 KCNH2 SCN5A

In vitro effect Decreased IKs Decreased IKr Increased plateau INa

Setting of arrhythmia† Emotional or physical stress, 
swimming, diving

Emotional or physical stress, sudden 
loud noise

Rest, sleep

Typical resting ECG‡ Broad T wave Low-amplitude T wave with notching Long isoelectric ST segment

ECG at onset of arrhythmia§ No pause Pause Not established

QT change with exercise Failure to shorten Normal Supranormal

QT shortening with mexiletine¶ No No Yes

Clinical response to beta-blockers‖ Yes Less than LQT1 response Uncertain

* ECG denotes electrocardiogram, IKr the rapid component of the delayed rectifier current, IKs the slow component of the cardiac delayed rec-
tifier current, and INa the cardiac sodium current.

† Data are from Schwartz et al.4

‡ These are typical patterns, but exceptions and variants are well recognized. Data are from Moss et al.5

§ Data are from Tan et al.6

¶ Data are from Schwartz et al.7

‖ Data are from Priori et al.8
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response of the QT interval (Fig. 1B and Table 1), 
but arrhythmias are very rare. The epinephrine 
challenge has been used to identify mutation 
carriers in families with the LQT1 mutation.22,36 
Holter monitoring and electrophysiological test-
ing are generally not useful.

Genetic Testing

The long-QT syndrome is a clinical diagnosis, but 
genetic testing may provide additional informa-
tion. Clinical features such as triggers of syncope 
and specific QT morphologic attributes5,37 (Fig. 2) 
in patients in whom the clinical diagnosis has 
been made can suggest the affected gene in 70 to 
90% of patients.38,39 Genetic testing for the com-
mon subtypes of the long-QT syndrome is now 
available commercially, and it can identify a mu-
tation in 50 to 75% of probands in whom the di-

agnosis appears to be certain on clinical grounds. 
The lack of detection in the remainder of the pro-
bands is probably due to technical difficulties 
with genotyping,40 noncoding variants,11-13 or as 
yet unidentified disease-associated genes. Thus, 
a negative genetic test does not rule out the diag-
nosis. There is also the potential for false posi-
tive results, since detection of a previously unde-
scribed mutation does not establish the diagnosis. 
Rather, further analysis (e.g., linkage within a 
family or in vitro studies) may be required to es-
tablish the functional significance of any given 
variant; rare DNA variants of little functional con-
sequence are well recognized.

Genetic testing for the long-QT syndrome is 
most useful in two settings. First, when a clini-
cal diagnosis is relatively certain, knowing the 
specific gene affected (or the site of the muta-
tion within the gene)14,15 may clarify the prog-
nosis and guide therapeutic choices. Second, in a 
family with an affected proband and a known 
genetic defect, the genotyping of family members 
can help rule out the diagnosis in some persons. 
However, a positive test identifies a family mem-
ber as being a mutation carrier, even if he or she 
is asymptomatic, has a normal QT interval, and is 
unlikely ever to have an event; this identification 
may have attendant consequences for long-term 
therapies and screening in his or her own family. 
A positive genetic test also could be used in a 
discriminatory fashion (e.g., to withdraw health 
insurance), although the pending Genetic Infor-
mation Nondiscrimination Act is meant to rem-
edy this situation. Detailed genetic counseling is 
warranted before proceeding to this testing, par-
ticularly for asymptomatic persons for whom the 
option of not testing must also be recognized.

Genetic testing has not been evaluated in pa-
tients who present with a borderline QT interval, 
suspicious symptoms (e.g., syncope), and no rel-
evant family history. In these patients, the inci-
dence of false positive and false negative results 
and their implications for management remain 
unknown.

Risk Stratification

The most powerful predictor of risk is the QTc 
duration.20,41-43 In an analysis of 647 LQT1, LQT2, 
and LQT3 mutation carriers, the incidence of 
syncope or sudden death by 40 years of age in 
those with a QTc interval in the lowest quartile 
(<446 msec) was less than 20%, whereas it was 
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Figure 2. Electrocardiographic Patterns in the Three 
Common Forms of the Long-QT Syndrome.

The LQT1 form of the long-QT syndrome is associated 
with a broad T wave without a shortening of the QT 
 interval due to exercise (as shown in Fig. 1C). LQT2  
is associated with low-amplitude, often bifid, T waves. 
LQT3 is associated with a long isoelectric segment and 
a narrow-based, tall T wave. Although patterns may 
suggest a specific genotype of the long-QT syndrome,5 
many variants have been described.37
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more than 70% among those in the highest quar-
tile (>498 msec).20 In the same study, features 
identifying patients at particularly high risk (>50% 
risk of an event before 40 years of age) included 
a QTc interval of more than 500 msec in carriers 
with LQT1 and LQT2 and male sex in carriers 
with LQT3; predictors of lower risk (<30% risk of 
an event before 40 years of age) included a QTc 
interval of less than 500 msec in carriers with 
LQT1 and male sex in carriers with LQT2. Al-
though some of the subgroups were small and 
the effects of therapy were not controlled, these 
findings underscore the concept that risk is a 
continuum in this disease. Mutations that appear 
to be especially severe have been reported,14,44 
although the numbers of affected patients and 
families are small.

Therapy

The lack of randomized trials of therapy in the 
long-QT syndrome reflects both the relative rar-
ity of the disease and the heterogeneity in the 
type and severity of its clinical presentations. 
Data to guide management are generally from 
large registries and referral centers and thus are 
biased toward patients with severe disease.

Persons with a very low risk of sudden death 
(e.g., elderly mutation carriers with normal QT 
intervals) need not be treated, although even in 
these persons, it is prudent to avoid drugs known 
to prolong the QT interval. The major therapeu-
tic options for the long-QT syndrome are beta-
blockers and implantable cardioverter–defibril-
lators (ICDs).

The mainstay of therapy for the long-QT syn-
drome has been beta-blockade. Long-acting prep-
arations such as nadolol and atenolol are usually 
used, and the efficacy of beta-blockade is assessed 
by blunting of the exercise heart rate (e.g., by 
>20%); beta-blockers do not substantially shorten 
the QT interval. Extensive observational data be-
fore1-3 and after 42 the identification of disease-
associated genes have shown superior survival 
among symptomatic patients who received beta-
blockers (or occasionally among those who under-
went left stellate ganglionectomy)45 as compared 
with those who did not. Observational data have 
suggested that syncope or sudden death is less 
likely during beta-blocker therapy among patients 
with the LQT1 subtype (reported event rate 
among treated patients, 10% by 40 years of age) 
than among those with LQT2 or LQT38; these 

findings are consistent with the adrenergic de-
pendence of LQT1.

Sodium-channel blockers such as mexiletine 
and flecainide may normalize the QTc interval in 
patients with the LQT3 subtype,46,47 but they may 
also increase the risk of sudden death in patients 
with overlapping Brugada syndrome48,49; their 
role as primary therapy in LQT3 thus remains 
uncertain. Identification of patients with both 
the LQT3 subtype and the Brugada syndrome 
may require further study (e.g., with the use of 
ECGs after monitored sodium-channel blocker 
challenge48 or in vitro studies49).

The use of ICDs is widely considered in pa-
tients at high risk for sudden death, including 
those with symptoms before puberty, those with 
very long QTc intervals (e.g., >500 msec), and 
those with recurrent syncope thought to be due 
to arrhythmias, despite adherence to an adequate 
beta-blocking regimen. Some data also suggest 
that patients with cardiac arrest rather than syn-
cope as the presenting symptom are at higher 
risk for sudden death.50 Because of the adrenergic 
component triggering arrhythmias in the long-
QT syndrome, the use of an ICD may be compli-
cated by multiple shocks.51

A r e a s of Uncerta in t y

The mechanisms underlying the variable pene-
trance of long-QT syndrome mutations are un-
known. The elucidation of these mechanisms 
might facilitate risk stratification.

Because syncope or death in the long-QT syn-
drome is often adrenergically mediated, restric-
tion of patients’ participation in athletic activi-
ties is generally recommended. It is not known 
whether this restriction should extend to patients 
with forms of the disease in which adrenergic 
stressors are not prominent.

The appropriate role of ICDs remains contro-
versial. Available data indicate that the severity of 
symptoms in the proband does not predict se-
verity in affected family members.41 A conserva-
tive approach is to reserve the use of ICDs for 
patients with symptoms that occur despite the 
use of beta-blocker therapy. A more aggressive 
approach is to implant an ICD in any affected 
person, including persons in whom the long-QT 
syndrome has been detected by means of family 
screening and in whom there is evidence of an 
increased risk of sudden death. An argument for 
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the liberal use of ICDs is their lifesaving poten-
tial in young, otherwise healthy patients. How-
ever, the associated costs and the observation 
that most patients who have mutations will 
never have cardiovascular events argue against 
this course.

Long-term follow-up studies involving pa-
tients receiving ICDs for primary prevention in 
this setting are needed to inform decision mak-
ing. Further study may also identify genetic or 
sophisticated ECG markers that predict either 
increased or blunted risk in a mutation carrier, 
but it seems unlikely that any test will show that 
a carrier has no risk. 

Finally, there is inevitably an intense wish on 
the part of families and physicians to avoid any 
risk after the death of a young mutation carrier. 
Thus, ICDs are likely to be used more as family 
screening becomes more common. ICDs are 
generally implanted in young patients who will 
have the device for decades. Advances that 
minimize even small risks associated with ICDs, 
such as component failure or infection, would be 
especially beneficial in younger patients.

Guidel ines

The major cardiology and electrophysiology soci-
eties in the United States and Europe have jointly 
issued guidelines for the care of patients who are 
at risk for sudden death from cardiac causes. 

These patients include those with the long-QT 
syndrome (Table 2).52

Conclusions  
a nd R ecommendations

The evaluation of family members after the sud-
den death of a young person, as described in the 
vignette, should start with a detailed family his-
tory to elicit information about any other cases of 
sudden death, as well as deaths due to the sud-
den infant death syndrome, drowning, and motor 
vehicle accidents. Autopsy findings are usually 
normal in patients with fatal long-QT syndrome. 
If the proband has survived a cardiac arrest, imag-
ing to rule out structural diseases is also normal. 
The key to diagnosis is the resting ECG; although 
a long QT interval suggests the syndrome, other 
causes of QT prolongation (e.g., hypocalcemia or 
hypothyroidism) should be ruled out. Occasion-
ally, the diagnosis will become apparent only 
with provocation such as treadmill exercise or an 
epinephrine challenge. Families often come to 
clinical attention when a healthy young person 
has died, and grief counseling is integral to pa-
tient care in this setting.

Once the diagnosis of the long-QT syndrome 
has been established, further history, especially 
the circumstances surrounding the syncope or 
sudden death, and occasionally features of the 
ECG and genetic testing may assist in identifying 

Table 2. Guidelines for Management of the Long-QT Syndrome.*

Recommendation
Level of 

Evidence† Comment

No participation in competitive 
sports

I Includes patients with the diagnosis established by means of genetic 
testing only

Beta-blockers I For patients who have QTc-interval prolongation (>460 msec in women 
and >440 msec in men)

IIa For patients with a normal QTc interval

Implantable cardioverter–defibrillator I For survivors of cardiac arrest

IIa For patients with syncope while receiving beta-blockers

IIb For primary prevention in patients with characteristics that suggest 
high risk; these include LQT2, LQT3, and QTc interval >500 msec‡

* Data are from the American College of Cardiology, the American Heart Association, and the European Society of Car-
diology, in collaboration with the European Heart Rhythm Association and the Heart Rhythm Society. Guidelines are 
adapted from Zipes et al.52

† Levels of evidence are as follows: I, conditions for which there is evidence or general agreement, or both, that a given 
procedure or treatment is beneficial, useful, and effective; II, conditions for which there is conflicting evidence or diver-
gence of opinion, or both, about the usefulness and efficacy of a procedure or treatment; IIa, conditions for which the 
weight of evidence or opinion is in favor of usefulness and efficacy; and IIb, conditions for which the usefulness and 
 efficacy are less well established by evidence or opinion.

‡ Other indicators of risk may include the specific site of mutation14 and the postpartum period.18
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a subtype. Genetic testing is also useful to estab-
lish or rule out the diagnosis in a family member 
of a patient with a known genetic mutation.

Beta-blockade with a long-acting agent is the 
mainstay of therapy. The use of an ICD should 
be considered, particularly when features suggest-
ing an unusually high risk of sudden death are 
present; these features include especially long 
QT intervals, the onset of syncope with sudden 
noise or at rest, and certain ECG patterns (Fig. 2). 
In the family described in the vignette, beta-
blockade is indicated in the 9-year-old sister and 
the mother (who is 39 years of age and carries the 
LQT1 mutation), but it would not be recommend-

ed for the maternal grandfather. The use of an 
ICD may be considered in the 9-year-old girl 
because she has one high-risk feature (QTc inter-
val >500 msec), but this approach remains con-
troversial, reflecting the challenges in managing 
this condition.

Supported by grants from the U.S. Public Health Service 
(HL65962 and HL49989) and from the Fondation Leducq, Paris 
(05-CVD-01).

Dr. Roden reports receiving consulting fees from Sapphire 
Therapeutics, Atlas Venture Advisors, Pfizer, Avanir, Baker 
Brothers Advisors, CardioKine, and Eli Lilly and holding a pat-
ent on D85N as a predictive single-nucleotide polymorphism for 
drug-induced long-QT syndrome. No other potential conflict of 
interest relevant to this article was reported.

References

Moss AJ, McDonald J. Unilateral cer-
vicothoracic sympathetic ganglionectomy 
for the treatment of long QT interval syn-
drome. N Engl J Med 1971;285:903-4.

Schwartz PJ, Periti M, Malliani A. The 
long Q-T syndrome. Am Heart J 1975;89: 
378-90.

Moss AJ, Schwartz PJ, Crampton RS, 
Locati E, Carleen E. The long QT syn-
drome: a prospective international study. 
Circulation 1985;71:17-21.

Schwartz PJ, Priori SG, Spazzolini C, 
et al. Genotype-phenotype correlation in 
the long-QT syndrome: gene-specific trig-
gers for life-threatening arrhythmias. Cir-
culation 2001;103:89-95.

Moss AJ, Zareba W, Benhorin J, et al. 
ECG T-wave patterns in genetically distinct 
forms of the hereditary long QT syndrome. 
Circulation 1995;92:2929-34.

Tan HL, Bardai A, Shimizu W, et al. 
Genotype-specific onset of arrhythmias 
in congenital long-QT syndrome: possible 
therapy implications. Circulation 2006;114: 
2096-103.

Schwartz PJ, Priori SG, Locati EH, et al. 
Long QT syndrome patients with muta-
tions of the SCN5A and HERG genes have 
differential responses to Na+ channel block-
ade and to increases in heart rate: impli-
cations for gene-specific therapy. Circula-
tion 1995;92:3381-6.

Priori SG, Napolitano C, Schwartz PJ, 
et al. Association of long QT syndrome loci 
and cardiac events among patients treated 
with beta-blockers. JAMA 2004;292:1341-
4.

Moss AJ, Kass RS. Long QT syndrome: 
from channels to cardiac arrhythmias.  
J Clin Invest 2005;115:2018-24.

Keating MT, Sanguinetti MC. Molecu-
lar and cellular mechanisms of cardiac 
arrhythmias. Cell 2001;104:569-80.

Li H, Chen Q, Moss AJ, et al. New mu-
tations in the KVLQT1 potassium channel 
that cause long-QT syndrome. Circulation 
1998;97:1264-9.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Zhang L, Vincent GM, Baralle M, et al. 
An intronic mutation causes long QT syn-
drome. J Am Coll Cardiol 2004;44:1283-
91.

Koopmann TT, Alders M, Jongbloed 
RJ, et al. Long QT syndrome caused by a 
large duplication in the KCNH2 (HERG) 
gene undetectable by current polymerase 
chain reaction-based exon-scanning meth-
odologies. Heart Rhythm 2006;3:52-5.

Moss AJ, Shimizu W, Wilde AAM, et 
al. Clinical aspects of type-1 long-QT syn-
drome by location, coding type, and bio-
physical function of mutations involving 
the KCNQ1 gene. Circulation 2007;115: 
2481-9.

Moss AJ, Zareba W, Kaufman ES, et al. 
Increased risk of arrhythmic events in 
long-QT syndrome with mutations in the 
pore region of the human ether-a-go-go-
related gene potassium channel. Circula-
tion 2002;105:794-9.

Priori SG, Napolitano C, Schwartz PJ. 
Low penetrance in the long-QT syndrome: 
clinical impact. Circulation 1999;99:529-
33.

Imboden M, Swan H, Denjoy I, et al. 
Female predominance and transmission 
distortion in the long-QT syndrome.  
N Engl J Med 2006;355:2744-51.

Seth R, Moss AJ, McNitt S, et al. Long 
QT syndrome and pregnancy. J Am Coll 
Cardiol 2007;49:1092-8.

Zareba W, Moss AJ, Schwartz PJ, et al. 
Influence of the genotype on the clinical 
course of the long-QT syndrome. N Engl J 
Med 1998;339:960-5.

Priori SG, Schwartz PJ, Napolitano C, 
et al. Risk stratification in the long-QT 
syndrome. N Engl J Med 2003;348:1866-
74.

Wang Q, Curran ME, Splawski I, et al. 
Positional cloning of a novel potassium 
channel gene: KVLQT1 mutations cause 
cardiac arrhythmias. Nat Genet 1996;12: 
17-23.

Vyas H, Hejlik J, Ackerman MJ. Epi-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

nephrine QT stress testing in the evalua-
tion of congenital long-QT syndrome: 
diagnostic accuracy of the paradoxical QT 
response. Circulation 2006;113:1385-92.

Wilde AA, Jongbloed RJ, Doevendans 
PA, et al. Auditory stimuli as a trigger for 
arrhythmic events differentiate HERG-
related (LQTS2) patients from KVLQT1-
related patients (LQTS1). J Am Coll Car-
diol 1999;33:327-32.

Schwartz PJ, Priori SG, Napolitano C. 
How really rare are rare diseases? The in-
triguing case of independent compound 
mutations in the long QT syndrome. J Car-
diovasc Electrophysiol 2003;14:1120-1.

Roden DM. Human genomics and its 
impact on arrhythmias. Trends Cardio-
vasc Med 2004;14:112-6.

Taggart NW, Haglund CM, Tester DJ, 
Ackerman MJ. Diagnostic miscues in con-
genital long-QT syndrome. Circulation 
2007;115:2613-20.

Maron BJ. Sudden death in young ath-
letes. N Engl J Med 2003;349:1064-75.

Choi G, Kopplin LJ, Tester DJ, Will 
ML, Haglund CM, Ackerman MJ. Spec-
trum and frequency of cardiac channel de-
fects in swimming-triggered arrhythmia 
syndromes. Circulation 2004;110:2119-24.

Viskin S, Rosovski U, Sands AJ, et al. 
Inaccurate electrocardiographic interpre-
tation of long QT: the majority of physi-
cians cannot recognize a long QT when 
they see one. Heart Rhythm 2005;2:569-74.

Schwartz PJ, Moss AJ, Vincent GM, 
Crampton RS. Diagnostic criteria for the 
long QT syndrome: an update. Circula-
tion 1993;88:782-4.

Hofman N, Wilde AA, Kääb S, et al. 
Diagnostic criteria for congenital long QT 
syndrome in the era of molecular genet-
ics: do we need a scoring system? Eur 
Heart J 2007;28:575-80.

Yang P, Kanki H, Drolet B, et al. Al-
lelic variants in long QT disease genes in 
patients with drug-associated torsades de 
pointes. Circulation 2002;105:1943-8.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by LUKA RANDIC MD on February 4, 2008 . 



n engl j med 358;2 www.nejm.org january 10, 2008176

clinical pr actice

Paulussen AD, Gilissen RA, Arm-
strong M, et al. Genetic variations of 
KCNQ1, KCNH2, SCN5A, KCNE1, and 
KCNE2 in drug-induced long QT syn-
drome patients. J Mol Med 2004;82:182-8.

Lehtonen A, Fodstad H, Laitinen-Fors-
blom P, Toivonen L, Kontula K, Swan H. 
Further evidence of inherited long QT 
syndrome gene mutations in antiarrhyth-
mic drug-associated torsades de pointes. 
Heart Rhythm 2007;4:603-7.

Arnestad M, Crotti L, Rognum TO, et 
al. Prevalence of long-QT syndrome gene 
variants in sudden infant death syndrome. 
Circulation 2007;115:361-7.

Shimizu W, Noda T, Takaki H, et al. 
Epinephrine unmasks latent mutation car-
riers with LQT1 form of congenital long-
QT syndrome. J Am Coll Cardiol 2003;41: 
633-42.

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;102:2849-55.

Tester DJ, Will ML, Haglund CM, Ack-
erman MJ. Effect of clinical phenotype on 
yield of long QT syndrome genetic test-
ing. J Am Coll Cardiol 2006;47:764-8.

Van Langen I, Birnie E, Alders M, Jong-
bloed RJ, Le Marec H, Wilde AA. The use 
of genotype-phenotype correlations in mu-
tation analysis for the long QT syndrome. 
J Med Genet 2003;40:141-5.

Tester DJ, Cronk LB, Carr JL, et al. Al-
lelic dropout in long QT syndrome genetic 
testing: a possible mechanism underlying 

33.

34.

35.

36.

37.

38.

39.

40.

false-negative results. Heart Rhythm 2006; 
3:815-21.

Kimbrough J, Moss AJ, Zareba W, et 
al. Clinical implications for affected par-
ents and siblings of probands with long-
QT syndrome. Circulation 2001;104:557-
62.

Hobbs JB, Peterson DR, Moss AJ, et al. 
Risk of aborted cardiac arrest or sudden 
cardiac death during adolescence in the 
long-QT syndrome. JAMA 2006;296:1249-
54.

Sauer AJ, Moss AJ, McNitt S, et al. 
Long QT syndrome in adults. J Am Coll 
Cardiol 2007;49:329-37.

Brink PA, Crotti L, Corfield V, et al. 
Phenotypic variability and unusual clini-
cal severity of congenital long-QT syn-
drome in a founder population. Circula-
tion 2005;112:2602-10.

Schwartz PJ, Priori SG, Cerrone M, et 
al. Left cardiac sympathetic denervation 
in the management of high-risk patients 
affected by the long-QT syndrome. Circu-
lation 2004;109:1826-33.

Benhorin J, Taub R, Goldmit M, et al. 
Effects of flecainide in patients with new 
SCN5A mutation: mutation-specific ther-
apy for long-QT syndrome? Circulation 
2000;101:1698-706.

Moss AJ, Windle JR, Hall WJ, et al. 
Safety and efficacy of flecainide in sub-
jects with long QT-3 syndrome (DeltaKPQ 
mutation): a randomized, double-blind, 
placebo-controlled clinical trial. Ann Non-
invasive Electrocardiol 2005;10:Suppl:59-
66.

41.

42.

43.

44.

45.

46.

47.

Priori SG, Napolitano C, Schwartz PJ, 
Bloise R, Crotti L, Ronchetti E. The elu-
sive link between LQT3 and Brugada syn-
drome: the role of flecainide challenge. 
Circulation 2000;102:945-7.

Makita N, Behr E, Shimizu W, et al. 
Overlap between LQT3 and Brugada syn-
drome: clinical features in a common mu-
tation and underlying biophysical mech-
anisms. Circulation 2007;116:Suppl II:
II-490. abstract.

Moss AJ, Zareba W, Hall WJ, et al. Ef-
fectiveness and limitations of beta-block-
er therapy in congenital long-QT syn-
drome. Circulation 2000;101:616-23.

Daubert JP, Zareba W, Rosero SZ, 
Budzikowski A, Robinson JL, Moss AJ. 
Role of implantable cardioverter defibril-
lator therapy in patients with long QT syn-
drome. Am Heart J 2007;153:Suppl:53-8.

Zipes DP, Camm AJ, Borggrefe M, et al. 
ACC/AHA/ESC 2006 guidelines for man-
agement of patients with ventricular ar-
rhythmias and the prevention of sudden 
cardiac death: a report of the American 
College of Cardiology/American Heart As-
sociation Task Force and the European 
Society of Cardiology Committee for Prac-
tice Guidelines (writing committee to de-
velop Guidelines for Management of Pa-
tients with Ventricular Arrhythmias and 
the Prevention of Sudden Cardiac Death): 
developed in collaboration with the Euro-
pean Heart Rhythm Association and the 
Heart Rhythm Society. Circulation 2006; 
114(10):e385-e484.
Copyright © 2008 Massachusetts Medical Society.

48.

49.

50.

51.

52.

collections of articles on the journal’s web site

The Journal’s Web site (www.nejm.org) sorts published articles into  
more than 50 distinct clinical collections, which can be used as convenient  

entry points to clinical content. In each collection, articles are cited in reverse 
chronologic order, with the most recent first. 

Copyright © 2008 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by LUKA RANDIC MD on February 4, 2008 . 


