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ABSTRACT
Long QT syndrome is the most commonly recognised cause
of sudden cardiac death in children. With a prevalence of 1
in 2000, family screening is identifying large numbers of
hitherto asymptomatic gene carriers in the community,
about a third of whom have a normal QT interval. The
mainstay of treatment is long term uninterrupted beta
blocker therapy, a treatment with many potential side
effects. This article reviews the evidence and suggests a
cohort who may, after assessment in a specialised cardiacgenetic clinic, be spared this treatment because of very low
baseline risk. These are asymptomatic boys and prepubertal
girls with a heart rate corrected QT interval persistently less
than 470 ms who do not indulge in high risk activities
(especially swimming) and do not have a missense
mutation in the c-loop region of the KCNQ1 (long QT 1)
gene.

INTRODUCTION
Long QT syndrome (LQTS) with a population
prevalence of 1 in 20001 is the most commonly
recognised cause of sudden cardiac death in children.2–4 It causes syncope and sudden death from
malignant ventricular arrhythmia. It can be misdiagnosed as epilepsy,5 cause drowning in a strong
swimmer,6 be difﬁcult to differentiate from benign
syncope7 and may present ﬁrst with sudden unexpected death at all ages.2 8 9
Screening of families of those affected is identifying large numbers of hitherto asymptomatic gene
carriers in the community.10 11 As more and more
presymptomatic individuals with milder forms of
the condition are identiﬁed, we must now ask how
aggressively we should treat such people.
The mainstay of therapy in LQTS is the prophylactic, regular and uninterrupted use of beta blockers.12 However, beta blockers are not an entirely
benign medication, and long term adherence in
adults tends to be very poor, with 20%–25% having
stopped them within 1 year.13 14 Reported side
effects include dyspnoea, fatigue and dizziness,14
nightmares,15 cold digits and tired legs.16
Precipitation of asthma is feared, as are the occasional idiosyncratic reactions such as drug rashes or
hair loss. While depression, insomnia and impotence have been reported, these side effects, and
others, are disputed by evidence from placebo controlled trials.17
Having to take a medication can cause tension
between the anxious parent and the child. The
child is reminded constantly that he or she is different from unaffected siblings and peers. There may
also be ﬁscal implications. There is fear that intermittent use of beta blockers may make the risk of
cardiac arrest higher, through the blocked beta

receptors being transiently upregulated for a period
after stopping the medication.
It is thus clear that the decision to start a beta
blocker is not a small one. Must every gene positive
child take a beta blocker?

REVIEW OF THE EVIDENCE
Types of LQTS
While 15 genotypes of LQTS have been recognised
to date, the vast majority are types 1, 2 or 3,10 or
are part of the 20%–25% in whom a genotype
cannot be identiﬁed. Since evidence is sparse for
the others, we will conﬁne the discussion to these
three genotypes. Phenotypic features of the three
commonest genotypes are shown in table 1.

EVIDENCE OF THE EFFECTIVENESS OF BETA
BLOCKERS
No randomised trial of any therapy for LQTS has
ever been performed. However, the international
LQTS registry has produced a series of observational research studies demonstrating a reduced risk
among those who take beta blockers.9 18–20 The
greatest beneﬁt occurs among those with the highest
baseline risk, particularly those who have had recent
syncope, or a very long QT interval. Further risk
stratiﬁcation can be made according to genotype,
gender and age (see table 1). Those at highest risk
are boys and adult women with a long QT interval,
and anyone with a history of syncope. Beta blockers
reduce sudden death most profoundly in exercise
related syncope in long QT type 1.21
While it may be a logical presumption that beta
blockers reduce risk of sudden death in those with
a normal QT interval, no study has yet proven this
to be the case, possibly because the baseline risk is
so low (0.13%/year).22 This has urged many to prescribe beta blockers to anyone who is a gene
carrier, regardless of a normal QT interval.

EXPERT CONSENSUS GUIDELINES
A recent international expert consensus document
gives a confusing message regarding patients with a
normal corrected QT interval (QTc) and no symptoms. It states that ‘Beta-blockers are clinically
indicated in LQTS, including those with a genetic
diagnosis and normal QTc, unless there is a contraindication such as active asthma’.23 However, elsewhere in the document, it states that ‘Beta blockers
are recommended in individuals with a repeated
QTc greater than or equal to 470 ms’ but only that
‘Beta-blockers can be useful in patients with a diagnosis of LQTS who are asymptomatic with QTc
less than or equal to 470 ms’.23
We consider that ‘can be useful’ and ‘clinically
indicated’ deliver quite different messages.
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blockade given to 200 children for 11 years will be expected to
avoid one cardiac arrest, while potentially not preventing the
other.

Table 1 Characteristic features of the three commonest genotypes
of long QT syndrome
Typical
triggers for
events

Gene

Ion
channel

LQT1

KCNQ1

IKr

LQT2

KCNH2

IKs

Activity,
swimming
Startle, sleep

LQT3

SCN5A

INa

Sleep/rest

Higher risk
groups
Males aged
5–20 years
Females
>12 years
Infants/adult
males

Overall risk
reduction by
beta blockers

IMPORTANCE OF A WARNING SYNCOPE

+++
++
+

+++, Very good; ++, good; +, moderate.

Figure 1 shows data from the New Zealand long QT registry,10 and reveals that 36% of gene positive individuals have a
QTc less than 470 ms; 43% of the cohort are children or youth
(<25 years) and 16% are under 11 years of age.

Combining two registry studies,18 22 it appears likely that
almost all children have a warning syncope prior to a cardiac
arrest. The initial presentation of syncope elevates their risk of
subsequent cardiac arrest by 27 times in girls and 3–6 times in
boys,18 therefore moving them from the asymptomatic group to
a group where beta blockers are strongly recommended. Thus,
cardiac arrest is rare in asymptomatic children with a QTc less
than 500 ms, certainly much less than 1%.
What of the very rare presentation of sudden death with a
normal QT interval? A recent discovery into the effect of the
position of mutations within the gene may explain this.

POSITION AND TYPE OF MUTATION IN THE CARDIAC ION
CHANNELS
Mutations in the transmembrane portion of the cardiac ion
channels seem to produce more severe disease in both long QT
1 and 2 as discussed below.

GENOTYPE POSITIVE INDIVIDUALS WITH A NORMAL QT
INTERVAL
Figure 2 is reproduced from an international LQTS registry
study.22 The population of 1861 genotype positive individuals
was divided into the 25% with a normal QTc (<440 ms) and
compared with those with a prolonged QTc and their unaffected
family members. By the age of 40, 4% of individuals with a
normal QTc had experienced a life threatening event. However,
there were no life-threatening arrhythmias in the ﬁrst 10 years
of life.

EVIDENCE IN CHILDREN
Another report from the same authors studied 3015 children
from 1 to 12 years of age.18 Overall, beta blockers reduced risk
of cardiac arrest or sudden death by 53%.18 Of the 875 who
were genotyped, 127 (15%) had a QTc <450 ms, of whom
none had cardiac arrest.
Of the 437 with QTc 450–500 ms, including those with
symptoms, 1% had cardiac arrest or sudden death.
Thus, in all children with LQTS, including those with symptoms, aged ≥1 with a QTc 450–500 ms, continuous beta

Long QT 1 (KCNQ1)
Approximately 15% of LQT1 subjects have a missense mutation
in the transmembrane C-loop domain of the ion channel protein
formed by KCNQ1.24 The increased risk associated with C-loop
mutations is most marked in females and is independent of the
QT interval.25 In vitro studies showed that the induction of torsades de pointes by adrenaline is abolished by beta blockers.
Among patients, the life-saving beneﬁt of beta blockers in the
entire cohort of 860 patients was explained entirely by the effect
among these 15% of patients with a c-loop mutation.24 Thus,
from the other point of view, they were unable to demonstrate a
survival beneﬁt from beta blockers in the 85% of long QT 1
patients without a missense C-loop mutation.
So, there is a small group of long QT 1 patients who must
have beta blockers, probably from birth and probably for life,
regardless of the QT interval. These are missense mutations in
KCNQ1 within the C-loop residues 171–195 and 242–262.
In the New Zealand cohort, we have identiﬁed 21 patients
with missense C-loop mutations (14 female patients). Examples
include R174H, R178 T and R243C.10 We have contacted them
and their clinicians and advised beta blockade, even when the
QT interval is normal.

Long QT type 2 (KCNH2)
Long QT type 2 is a killer of adult women (or girls over 12),
typically at night or after a startle and in the ﬁrst year after
giving birth.20 26 There is thus a particular imperative to ensure
beta blockade in young women with a long QT interval. Males
are less severely affected unless they carry a mutation in the
pore-loop region, part of the transmembrane portion.27 There is
however no evidence that these are especially responsive to beta
blockade, and our practice is to use the QT interval or presence
of symptoms to guide advisability of beta blockers in LQT2.

Long QT 3 (SCN5A)
Figure 1 Heart rate corrected QT intervals (QTc; corrected using the
Bazett formula (QTc=QT/square root R-R interval)) among 383
genotyped individuals in the New Zealand long QT registry.10 The
arrow points to the 36% with QTc <470 ms, where guidelines allow for
discretion in treatment with beta blockers (see text).
2

Long QT3 is relatively uncommon (9%)10 and quite different.
Cardiac events tend to occur in the absence of adrenaline stimulus, during the night.28 Leak of sodium across the ion channel
results in prolongation of the QT interval. Beta blockers may
have a place29 as may sodium channel blockers such as mexiletine.30 Pause related QT prolongation suggests pacemakers have
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Figure 2 Kaplan–Meier cumulative
probabilities of aborted cardiac arrest
(ACA) or sudden cardiac death (SCD)
comparing 469 genotype positive
individuals with a ‘normal’ QTc
(<440 ms) with 1392 with a QTc
above 440 ms, and unaffected
relatives.22 Note the lack of
life-threatening events in the ﬁrst
10 years in those with a QTc<440 ms.
(Goldenberg et al,22 ﬁgure 2.
Reproduced with permission from
Elsevier).

a role in this type of LQTS. This group is especially difﬁcult to
manage and advice from long QT specialist is strongly advised
in each case, though a resting QTc below 440 ms does infer very
low risk.22

CHANGE OF RISK AT PUBERTY
Prior to puberty, girls are at lower risk than boys,22 31 and
having long QT 2 is a lower risk than 1 or 3.22 31 Risk in boys
correlates closely with the QT interval, but in girls, prior
syncope is the only useful indicator.18 At the age of 10–
12 years, boys are 8 times more likely to have a cardiac arrest
than girls.19
Between age 13 and 18 years, the gender risk equalises, and
over the age of 18, it is higher in women, and long QT type 2
carries the highest risk.19 This rise in risk for female patients
around puberty probably relates to increased oestrogen levels.32

based on the best available data and incorporates the child’s
wishes as far as practicable.
If a child and the family, having been thoroughly informed,
want to take beta blockers, their decision should be supported.
If beta blockers are commenced, the family must understand the
importance of continuous supply and adherence.

CHOOSING BETA BLOCKERS
If beta blockers are given, a long acting, single daily preparation
will optimise adherence. Nadolol and controlled release propranolol are examples.35 If metoprolol is used, it should be a
controlled release, once daily form.35 The lack of a once daily
infant preparation makes adherence more difﬁcult and is
another reason to be more circumspect about starting beta
blockers in this age group.

CONCLUSIONS
IMPORTANCE OF REPEATED QT MEASUREMENT
In assessment of risk, it has been shown that one should use the
longest QTc recorded on a 12-lead ECG.33 While exercise
testing can help reveal phenotype, we do not yet know how to
prognosticate with this information. We recommend obtaining
several 12-lead ECGs, even if only days apart, to assign a level
of risk. Serial normal QT measurements on follow-up provide
ongoing reassurance during childhood.

PSYCHOSOCIAL FACTORS AND RISK TAKING BEHAVIOUR
Even though young children with a normal QT interval are at
very low risk, some activities pose a special risk. Swimming and
possibly high level competitive sport pose a particular risk, especially in long QT type 1.6 A transient syncope on land is usually
not fatal, but the opposite is true under water. If an asymptomatic genotype LQT1 child with a normal QT interval must
swim, then it seems prudent to reduce that possible risk with
beta blockers, even though absolute risk is low. Automated
external deﬁbrillators can also provide a level of practical
reassurance in those at higher risk.34

THE WISHES OF THE CHILD AND THE FAMILY
Risk of sudden arrhythmic death is based on the assessment of
probabilities, and no one can ever give a 100% guarantee, irrespective of treatment. An open discussion of these probabilities,
and the pros and cons of treatment, should be had with the
family so that a rational joint decision can be made. This is

Beta blockers are generally recommended in LQTS where the
QTc in greater than or equal to 470 ms.23 However, even being
extremely cautious, there are groups of asymptomatic LQTS
gene-carrying children in whom beta blockers may be considered non-essential because they are at very low risk. After assessment in a specialised cardiogenetics clinic where all the above
issues have been given expert consideration,23 we suggest beta
blockers are not essential if:
1. The QTc is consistently less than 470 ms and
2. The patient does not have a C-loop missense LQT1 mutation and
3. The patient does not take part in high risk activities ( particularly swimming) and is either
4. A preschool boy OR
5. A prepubertal girl.
Including the above factors, a QTc below 440 ms infers even
lower, ‘nominally zero’ risk.22 If treatment is started, men may
look forward to being gradually withdrawn from beta blockade
at age 20 or so if they remain asymptomatic and the QT interval
is not prolonged.
QT prolonging drugs must be avoided (http://www.
crediblemeds.org) and every child should remain under periodic
specialist review. A trusting clinical partnership can develop,
such that borderline decisions can be made together with the
child and family as circumstances change.
Finally, we should make it clear to our patients that research
is changing this ﬁeld rapidly, and so our advice may also change.
We recommend that every such patient should be offered to be
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part of a clinical registry, with every managing clinician contributing to and learning from it.
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