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Introduction
Long QT syndrome (LQTS) is an inherited cardiac
arrhythmia disorder characterized by QT prolongation and/or
abnormal T-wave morphology on the electrocardiogram
(ECG) and symptoms including syncope, cardiac arrest,
and sudden cardiac death.1 Beta-blockers have long been
accepted as the first line of treatment, and are highly effec-
tive, especially in patients with LQTS type 1. This type of
LQTS is related to abnormalities in the KvLQT1, which con-
trols the slow delayed rectifier potassium current of cardiac
repolarization, where cardiac events are typically triggered
by adrenergic stimulation.2 An alternative antiadrenergic
treatment strategy is the use of left cardiac sympathetic dener-
vation (LCSD), initially advocated as an effective treatment
in addition to beta-blockade for those with recurrent symp-
toms and appropriate implantable cardioverter-defibrillator
discharges, but more recently used in patients who are intol-
erant to beta-blockade.3 The effects of LCSD are to both
interrupt the main source of myocardial norepinephrine,
thereby limiting the catecholaminergic activation of dysfunc-
tional KvLQT1 channels, and to increase myocardial refrac-
toriness and fibrillatory threshold.4 This report details
patient-specific treatment strategies used in a child with
LQTS type 1 who had complications on beta-blocker ther-
apy. The strategies were based on genetic results and
continual assessment of the phenotype.
Case report
A 4-year-old boy was diagnosed with LQTS after an episode
of syncope while climbing out of a swimming pool. His
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corrected QT interval (QTc) was reportedly measured
between 480 and 520 ms at an external institution, although
the original ECGs were unavailable for review. He was treated
with mexiletine until genetic testing exposed a maternally in-
herited truncating Swedish founder mutation in the C-terminal
of KCNQ1 (c.1552C.T; p.R518X) (Figure 1). Mexiletine
was discontinued and he was treated with nadolol.5 He re-
mained asymptomatic for many years, and was reviewed at
our institution at the age of 11 when his family relocated. At
this time, on a daily dose of 20 mg of nadolol (0.74 mg/kg),
the QTc on a resting ECG was 407 ms. In the family, he is
the second child of nonconsanguineous parents. The
KCNQ1 variant was inherited from his asymptomatic mother
with normal QT intervals on repeated ECGs. The proband’s
21-year-old asymptomatic brother also carries the same
variant. Additionally, the family history is significant for sud-
den cardiac death in a 49-year-old maternal great uncle who
died while shoveling snow and a 28-year-old maternal grand-
father who died in a construction accident. The deceased rela-
tives were not genotyped and no further details were available
(Figure 2). An exercise test was performed on our patient,
Figure 1 A depiction of the potassium channel, KvLQT1, encoded by the
gene KCNQ1, is shown with 6 transmembrane domains (S1–S6) seen
spanning the cardiomyocyte membrane. The site of the pathogenic variant
identified in the proband—KCNQ1 c.1552C.T; p.R518X—is depicted by
the blue circle in the C-terminus.
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KEY TEACHING POINTS

� Comprehensive phenotyping and deep knowledge
of the underlying genotype guide successful
management in complex long QT syndrome.

� Left cardiac sympathetic denervation may be a
successful option for long QT patients who cannot
tolerate beta blockade.

� Competing risks in complex patients with long QT
syndrome require a personalized, patient-centered
approach to medical management.
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which demonstrated a peak heart rate of 173 beats per minute
and a QTcmeasuredwithin the normal limits during the recov-
ery period from exercise (Figure 3A). He was continued on the
same dose of nadolol and reviewed annually.

At the age of 11 he presented to the EmergencyDepartment
after 3 days of anxiety and suicidal ideation, prompted by an
encounter with a sexual predator in an online video game
chat room, necessitating nadolol discontinuation. Psychiatric
evaluation reported an unspecified anxiety disorder with
moderately severe suicidal ideation and recommended an inpa-
tient admission with 24-hour surveillance and discontinuation
Figure 2 A multigenerational family pedigree with the proband denoted by an
rants represent the KCNQ1 R518X genotype, and red quadrants represent long Q
yo 5 years old.
of nadolol. On further questioning regarding his psychological
status, his parents reported that he was asymptomatic prior to
starting nadolol and during early treatment, but had noted
marked personality changes 6–8 months before this acute
psychotic reaction, including fatigue, depression, and anxiety.

Given his prior normal QT response to exercise, a repeat
test was performed after 3 days without nadolol therapy,
which unmasked an LQTS phenotype in the late recovery
period from exercise, with a maximal QTc of 520 ms
recorded at 6 minutes (Figure 3B). Detailed consideration
of future management was multifactorial, including his per-
sonal phenotypic expression, namely a male patient with
long QT1 under the age of 12,6 who had suffered prior symp-
toms consistent with LQTS, albeit without documented
arrhythmia; his documented genotype and the associated
phenotype in many carriers of the same variant7; and the
potential need for QT-prolonging agents in the immediate
term vs the risk of recurrent psychosis if beta-blockers
were reintroduced. Ultimately, given the phenotypic expres-
sion in the absence of beta-blockers, age, and prior symp-
toms, he underwent LCSD, comprising excision of the
lower half of the left stellate ganglion and removal of thoracic
ganglia (T1–T5) of the left sympathetic chain with concur-
rent implantation of a Reveal LINQ loop recorder
(Medtronic, Minneapolis, MN). He was started on the selec-
tive serotonin reuptake inhibitor escitalopram as the optimal
arrow. Males are represented by squares and females by circles. Blue quad-
T syndrome. A&W5 alive and well; d. 5 died; MI 5 myocardial infarct;



Figure 3 Corrected QT intervals measured in the patient during the recov-
ery period from exercise under the following conditions: A: on 20 mg nado-
lol therapy, B: on no therapy, C: post left cardiac sympathectomy
denervation. The normal range (2nd to 98th percentiles) derived from control
subjects is shown in gray.15
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management strategy for his acute psychosis, an agent known
to prolong the QT interval. Once steady state was achieved,
he was re-exercised, which again demonstrated that the
QTc was within normal limits during the recovery period
(Figure 3C). He remains asymptomatic more than 18 months
later, on a decreasing dose of escitalopram. He has improved
psychologically, with decreased fatigue, decreased anxiety,
and termination of suicidal and intrusive thoughts noted on
recurrent evaluation. His resting ECG is within normal limits
with a QTc of 430 ms, although subtle nonspecific morpho-
logic T-wave changes consistent with LQT1 are still evident.
There have been no arrhythmias documented on his implant-
able loop recorder.
Discussion
This case demonstrates the myriad complexities that can arise
while managing patients with LQTS, where both the condi-
tion itself and treatment strategies present variable risks to
the patient. In this instance management was dictated by an
ongoing arrhythmia risk in a previously symptomatic
individual, who had been rendered entirely asymptomatic
from the cardiac perspective by beta-blockade, although
this may have significantly contributed to an acute psychotic
reaction to an external stressor.

Syncope associated with swimming in a boy under the age
of 12 is a classical presentation of LQTS type 1, and although
no ECG monitoring was performed at the time this would
appear likely to be an arrhythmic event. The genetic variant
was inherited from his mother and was also identified in
his older brother, both of whom were asymptomatic with
normal QTc and both of whom declined treatment. This dem-
onstrates the significantly reduced penetrance seen in LQT1
generally, and particularly in heterozygote carriers of this
specific variant, where the vast majority of carriers are
asymptomatic.7 A study of 86 Swedish patients heterozygous
for the same variant reported that the average QTc was
462 6 34 ms, with 25% of individuals with a
QTc ,440 ms and 17% with a QTc .500 ms. The mecha-
nism behind clinical disease expression in specific individ-
uals with KCNQ1 variants is uncertain, although it may
relate to a number of factors, including sex, age, activity,
and potentially the specific expression ratio of the wild-
type and mutant proteins.

Although truncating variants in KCNQ1 are a well-
recognized mechanism of pathogenicity in LQTS, the gene
is notoriously tolerant of loss of function (probability of
loss-of-function intolerance 5 0.0),8 and many patients
with such variants remain asymptomatic. KCNQ1 encodes
the pore-forming subunit of the Kv7.1 voltage-gated potas-
sium channel required for repolarization of the cardiac action
potential. The variant identified in our patient is well
described in the literature, and has been seen in the heterozy-
gous state in autosomal dominant LQTS and in both the
homozygous and compound heterozygous states in auto-
somal recessive Jervell and Lange-Nielsen syndrome. Het-
erozygote carriers typically display a mild or absent long
QT phenotype,7 with 46% displaying abnormal QT intervals
and 17% experiencing syncope off therapy, and amuch lower
cardiac arrest rate than seen with other KCNQ1 variants and
associated LQTS (0% vs 3%).7,9 Functional studies of
KCNQ1 R518X have shown the mutant protein cannot co-
assemble with the wild-type subunit and therefore cannot
cause a dominant-negative effect. One study demonstrated
simple loss of a functional allele in a 1:1 wild-type–to–
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mutant ratio, whereas a dominant-negative effect is only pre-
sent at a 1:3 ratio.10 Additionally, the mutant protein is not
trafficked from the endoplasmic reticulum to its functional
position at the cardiomyocyte surface, although it does not
interfere with the wild-type channel.11

Beta-blockers are highly effective in LQTS type 1, and
although anecdotal concern has long existed regarding side
effects including depression and, rarely, psychosis, these
have not been validated in larger clinical trials comparing
beta-blockers with placebo.12 Though we cannot definitively
attribute our patient’s psychotic episode to beta-blockers,
consideration of his overall wellbeing necessitated the
discontinuation of a medication that could have potentially
contributed to his pronounced psychological symptoms,
and his suicidal risk was considered sufficient to warrant
immediate hospital admission and 24-hour continual obser-
vation. Beta-blocker intolerance or, more commonly, nonad-
herence are indications to consider other treatment options.13

Although side effects such as dry skin, harlequin-type facial
flushing, ptosis, and hyperhidrosis following LCSD are com-
mon, the vast majority of patients typically feel safer after the
procedure and would recommend it to others.14

Despite the typically low penetrance of KCNQ1 R518X,
detailed phenotyping demonstrated normal QTc intervals in
the recovery period from exercise in the presence of
nadolol, but disease expression became evident once
beta-blockers were discontinued. Given the combination
of disease expression and prior symptoms, it was felt that
continued antiadrenergic therapy was warranted and an
LCSD performed. Based on the subsequent exercise test,
this strategy appeared to confer adequate protection based
on normalization of his QT intervals. This decision was
further enhanced by the potential need for QT-prolonging
antidepressant medication. Therefore, in this complex situ-
ation of competing risks, comprehensive phenotyping and
detailed knowledge of the underlying genetic variant
guided successful management.

In conclusion, although LQT1 is typically treated very
successfully with beta-blockade, other treatment options
should be considered if the patient cannot tolerate this medi-
cation. Clinical management in LQTS can be guided by
comprehensive knowledge of the genotype and phenotype,
in addition to a risk-benefit ratio of invasive and noninvasive
treatment strategies.
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