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Twelve-Year Follow-Up of a Teenager with
Congenital Long QT Syndrome Presenting as
Idiopathic Epilepsy
Sung-Kien Sia, Ming-Cheng Lin and Kwo-Chang Ueng

Congenital long QT syndrome (LQTS) is frequently misdiagnosed and maltreated due to its similar presentations to
many disorders, most notably idiopathic epilepsy. The syndrome is characterized by a prolonged QT interval and
T-wave morphology abnormalities in association with torsade de pointes. The heart is structurally and functionally
normal.
We report a 17-year-old male teenager who was initially treated as idiopathic epilepsy for 5 years. Clinical
presentations, series examinations and inadequate response to anti-convulsant treatment lead to the final diagnosis
of congenital long QT syndrome. Beta-blocker treatment was the treatment of choice, but it was complicated by
severe bradycardia. A demand-type atrial chamber pacemaker (AAIR) was placed initially, but it was not sufficient.
Dual-chamber implantable cardioverter-defibrillator (ICD) was the best solution for this patient.
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INTRODUCTION

CASE REPORT

Congenital long-QT syndrome (LQTS) is rare, and
diagnosis is frequently missed. The consequences of untreated or mistreated disease can be disastrous. Ventricular tachyarrhythmias may result in seizures that are often
attributed incorrectly to a seizure disorder and the patient will be treated inappropriately with anticonvulsants. We present a teenager with congenital LQTS who
had recurrent “seizures” for five years and had been
treated as epilepsy. Clinical doctors, especially pediatrics
and neurologists, should be aware of the clinical presentations of this syndrome.

A 17-year-old male teenager was hospitalized for repeated seizures. He was found to have a tonic-clonic
convulsion associated with upward gaze at home. The
episode terminated spontaneously within a few minutes.
He had full recovery shortly without any significant neurological deficits. He was then hospitalized under the
medical service of a neurology team.
The patient used to have tonic-clonic seizures approximately 5 times per year, beginning at the age 12.
The episodes usually occurred at night and were often
associated with urinary incontinence. He had been diagnosed as having idiopathic epilepsy at several pediatric
and neurology clinics and was being treated with carbamazepine.
The patient was the second child of a second-degree
consanguineous parentage. His elder brother was healthy. There was no history of seizures, syncope or sudden
death in any family members or close relatives. He was
not taking any medications other than carbamazepine.
During the hospital stay, a seizure with spontaneous
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ventricular tachycardia (torsade de pointes, TdP) with a
QTc duration of 518 milliseconds (Figure 1B) was recorded shortly later. The ST-segments were prolonged,
with biphasic T-wave noted over the precordial leads
(Figure 1C).

recovery was witnessed at night during sleeping. An
electrocardiogram (ECG) taken immediately afterward
showed marked sinus bradycardia with a rate of 35
beats/min and a corrected QT interval (QTc) of 764 milliseconds (Figure 1A). A non-sustained polymorphic

Figure 1. A. Marked sinus bradycardia (heart rate of 35BPM), with mean RR interval of 1.24 seconds and mean corrected QT interval of 764
milliseconds. Note also late-onset biphasic T-wave in precordial leads. B. A non-sustained torsade de pointes with a mean QTc of 518 milliseconds.
C. A resting ECG showing a mean QTc of 592 milliseconds with biphasic T-wave over precordial leads. Serial ECGs are necessary to demonstrate
the dynamic nature of T-wave in congenital LQTS. Mean QTc should be calculated manually. *Calculated QTc using Bazett’s formula.
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DISCUSSION

On physical examination, the patient was alert and
well-developed. Levels of electrolytes including potassium, magnesium, and calcium were within normal
range. Non-contrast computed tomography of the head
was normal. Neurologic findings including hearing
function were normal. An electroencephalogram was
normal during awake and asleep states. Echocardiography showed no structural heart abnormalities. Electrophysiology study was positive for sinus node recovery time (SNRT) test; atrio-ventricular (AV) node
function was intact. No family history of LQTS, syncope or sudden death was recalled; His parents and
sibling were asked for complete ECG work-ups; they
were normal.
On the basis of the patient’s clinical presentations,
ECG findings and family history, a LQTS diagnostic
criteria score was calculated. The cumulative score
was 7.5, which was a high-risk group for congenital
LQTS. Based on clinical phenotype and ECG findings,
LQT3 was suggested. Blood sample was collected for
genetic analysis at National Taiwan University Hospital, but genetic testing was negative for SCN5A gene
mutations. Due to national health insurance policy
limitation, lack of family financial support and positive SNRT test, we decided to implant a demand-type
atrial chamber pacemaker (AAIR) with a programmed
atrial pacing rate of 80 beats per minute. The QTc was
582 milliseconds. The anti-convulsant medication had
been discontinued. Propanolol was started at a dose of
30 mg/day and was gradually increased to 60 mg/day
over 4 weeks; mexiletine was also added as an adjunct
therapy.
After that, the patient was free of seizure episodes
until sudden cardiovascular collapse occurred 74 months later when he was having a dinner. At emergency
department, he was pulseless and apneic; ECG recording showed ventricular fibrillation. Defibrillation was
delivered once, and he regained his consciousness and
had sinus rhythm. Serum levels of potassium, magnesium and calcium were all within normal limits. The patient admitted that he did not take his medications during this period of time. Finally, the AAIR permanent
pacemaker was replaced with a dual-chamber implantable cardioverter-defibrillator (ICD) (model 3004,
CPI-Ventak). The patient remained asymptomatic 8 months after the procedure.
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Congenital LQTS patients are characterized by prolongation of the QT interval and T-wave abnormalities,
which predispose them to increased transmural dispersion and reentry phenomenon, resulting in ventricular
tachyarrhythmia. Torsade de pointes (TdP) is the pathognomomic arrhythmia associated with LQTS. The syndrome can present as syncope, “seizures”, sudden infant
death syndrome,1 near-drowning event or young athlete
sudden death. It is particularly frequent in children, teenagers and adult women. It is common to mistaken seizure episodes for epilepsy,2 as happened in this case.
Schwartz and Moss 3 proposed diagnosis criteria
based on clinical presentations, ECG findings and family
history. Analysis of QTc duration and T-wave morphology are most useful in diagnosing congenital LQTS.4
However, QT interval is affected by heart rate, age and
sex, and it fluctuates diurnally. QT intervals overlap between LQTS carriers and normal populations, causing
great diagnostic miscues.5 In fact, one-third of affected
individuals do not have prolonged QT interval. Thus, the
diagnosis of LQTS depends on a high index of suspicion
and series QTc measured manually. In patients with suggested LQTS and borderline QTc values, the analysis of
dynamic behavior of QTc duration during treadmill exercise testing, epinephrine stress test6,7 or Holter monitoring may unmask and reveal “concealed LQTS” carriers.
It is well-characterized (most specifically with LQT1,
LQT2 and LQT3) that certain triggers can provoke TdP
in LQTS. Exercise, especially swimming, may induce a
“catecholamine surge,” precipitating an event in LQT1.
On the contrary, LQT3 patients are more likely to manifest during rest or sleep. LQT2 is in between the LQT1
and LQT3 phenotypes. LQTS genotypes can also be determined by ST-T wave abnormalities.8 (Figure 2)
Derangements in cardiac ion flow underlie the pathophysiology of congenital LQTS. Currently, eight
subgroups of LQTS have been determined by genetic
analysis, involving potassium-, sodium- and calciumchannel separately. Four kinds of disease presentations,
namely Romano-Ward syndrome, Jervell and LangeNielsen syndrome, Anderson-Tamil syndrome, and
Timothy syndrome, have been attributed to these ion
channelopathies. Genetic testing is the gold standard in
diagnosing LQTS. Yet, there are still about 30% of
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Figure 2. Ten typical ST-T wave patterns presented in the majority of LQTS patients, namely LQT1, LQT2 and LQT3. A simplified screening of the
possible genotype of LQTS can be determined using the patterns. The QTc intervals are usually prolonged. *Modified from Zhang L, et al.
Circulation 2000;102:2849-55.

LQTS genetic loci which cannot be identified. Commercial kits are available, but most of them are limited
to research facilities.
Combining the fact that the seizures occurred mostly
at night (and at rest) along with the QT prolongation,
late, prolonged isoelectrical ST-segment with biphasic
T-wave and TdP episode, we concluded that this patient
had LQT3. The major issue we are trying to emphasize
here is that physicians should be aware of the complex
nature of a seizure or fainting spells in a young, otherwise healthy individual, and a full medical examination,

including a 12-lead ECG, should be performed. We also
strongly recommend that an ECG work-up to be taken in
any pediatric patients with bradycardia or seizure, to
avoid any overdiagnosis of epilepsy or underdiagnosis
of cardiac channelopathies.
Short-term treatments of LQTS include electrical
defibrillation, and correcting the precipitating factors
and electrolyte imbalance. Class 1B anti-arrhythmic
agents shorten the action potential and can be beneficial.
Rarely, acceleration of heart rate with temporary cardiac
pacing is indicated.
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Long-term managements include the use of betablockers, left cervicothoracic sympathetic ganglionectomy,4,9 permanent cardiac pacing10 and ICDs.11 Betablockers are the mainstay of therapy due to the nature of
heightened adrenergic sensitivity in these patients; however, they may worsen the underlying bradycardia, precipitating a pause-dependent ventricular tachyarrhythmia. Cardiac pacing may alleviate such situation.
LQT3 patients also benefit from treatment with class IB
sodium channel blocking agents, such as mexiletine. In
this case, propanolol-based therapy combined with mexiletine and atrial-based pacing appeared to be only partially effective. Additional therapy is recommended for
high-risk patients and ICD placement has become a cornerstone of therapy. Because the dysrhythmogenic activity can only be suppressed and not eliminated, an ICD is
useful for any patient who has had malignant arrhythmias, recurrent seizure/syncope, or an aborted cardiac
arrest.12
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CONCLUSION
Congenital LQTS can cause seizure, syncope, even
sudden death in seemingly healthy children or teenagers.
Symptomatic individuals are at highest risk of sudden
death. However, the clinical association of seizure with
LQTS can be easily overlooked. Physicians should understand the necessity of ECG recording in all young patients who present with seizure and syncopal episodes.
Beta-blockers and ICD are effective in preventing sudden death in congenital LQTS.
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