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Abstract

accidents in patients with epilepsy.

Background: To realize the clinical characteristics of long QT syndrome (LQTS) caused by antiseizure medicines
(ASMs), and to improve the prevention and management of ASM-acquired QT syndrome.

Case presentation: A case of ASM-acquired QT syndrome was diagnosed and relevant literature was reviewed. The
case was a 7-year-old boy who presented with a sudden onset of panic followed by changes in consciousness, with or
without convulsions, lasting from tens of seconds to 3 min. The patient then received antiepileptic treatment with val-
proic acid, levetiracetam and oxcarbazepine and was seizure free for about a year. However, on August 12, 2021, his ill-
ness flared up again. Electroencephalogram (EEG) showed the background activity was slow, and no obvious epileptic
discharge was detected. But electrocardiogram (ECG) showed a surprisingly prolonged QT interval (770 ms). Torsades
de Pointes was found during Holter monitoring, while electrolyte levels were normal. The ECG recordings gradually
returned to normal after stopping ASMs. For literature search, only 21 related papers were obtained after reading titles
and full-texts of 105 English-language papers retrieved using keywords "acquired QT interstitial syndrome/acquired
Long QT Syndrome (aLQTS)" and "anti-epileptic seizure drugs/ASMs', in the databases of Wanfang, CNKI, Pubmed, and
other databases, from publication year 1965 to October 26, 2021. There are 12 types of drug-acquired LQTS caused by
ASMs, most of which are Na™ blockers, but LQTS caused by oxcarbazepine had not been reported previously.

Conclusions: ASMs such as oxcarbazepine can cause acquired LQTS. When Na™ or K channel blockers are used
clinically, ECG should be reviewed regularly and abnormal ECG should be intervened in time to reduce iatrogenic
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Background

Long QT syndrome (LQTS) is a rare and often prevent-
able cause of sudden cardiac death in young adults. Its
prevalence is about 1/2500 [1]. According to the Practice
Guidelines of the American Academy of Neurology, the
risk of sudden unexpected death in epilepsy (SUDEP)
in children is 0.22/1000 [2], accounting for 7%-17% of
the mortality of patients with epilepsy. QT prolonga-
tion has been identified as one of the main mechanisms
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of SUDEP, as it is associated with fatal arrhythmias.
This condition may be further aggravated by antiepi-
leptic treatment. Although the exact pathophysiologi-
cal mechanism of SUDEP remains uncertain, there are
growing concerns on the impairment of cardiac func-
tion, including arrhythmias caused by seizures. In addi-
tion, the potential role of antiepileptic seizure medicines
(ASMs) has been proposed [3]. Although clinical data
suggest that the use of most antiepileptic drugs does not
cause an additional risk of QT prolongation, there is a
lack of sufficient evidence that these drugs are completely
risk-free for all patients [4]. At present, about 10 types
of ASMs have been reported to induce acquired LQTS
[5-7]. However, LQTS caused by oxcarbazepine has
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not been reported before, and there is no consensus on
ASMs associated with ECG changes and an arrhythmia
risk. To advance the understanding of the ASM-acquired
LQTS and improve the management of this condition, we
report a case of oxcarbazepine-induced LQTS, combined
with a review of related literature.

Case presentation

General information

The patient was a 13-year-old boy. In November 2015 at
the age of 7, he experienced the first seizure, manifested
as a sudden fear-like performance without an obvious
cause in the awake state, followed by systemic rigidity,
accompanied by limb twitching, which lasted for about
2-3 min, and the attack relieved naturally. Then the
patient was sent to the local hospital, but the specific
treatment was not clear. On March 9, 2016, the patient
had a similar seizure. The presentation was the same as
before, sometimes accompanied by secondary general-
ized tonic—clonic seizures. He was diagnosed as epilepsy
(focal motor seizures with impaired awareness and focal
progression to bilateral tonic—clonic seizures). On March
25, 2016, valproic acid treatment was given, with the dose
gradually increasing to 5 ml, q12h (24 kg, 16 mg/kg per
day). On July 20, 2016, seizures still occurred, and the
therapy was changed to valproic acid+ levetiracetam.
On May 13, 2017, seizures occurred again, with condi-
tion of attention deficit hyperactivity disorder. Valproic
acid (same as before) + oxcarbazepine (0.075, q12h initial
dose, gradually increased to 0.15, q12h) treatment was
given to the patient. This therapy continued for 1 year
and 3 months till August 2018, when the patient’s family
refused to adjust the drug dose for the fear of side effects,
but the patient still had one seizure every 5-12 months.
On August 12, 2021, the clinical attack appeared again,
showing sudden unconsciousness. The patient denied
vomiting, chest tightness, chest pain or other symptoms
before and after the attack. ECG recording in a third-
level grade-A hospital in Xi an showed that the QT/QTc
(QT intervals corrected for heart rate) was obviously
prolonged. No abnormality was found in EEG during the
same period. Therefore, clinical suspicion of LQTS was
made. The ASMs were immediately stopped (without
permission from the doctor). Six days later, 2 times tor-
sade de pointes (TdP) was revealed by Holter ECG moni-
toring, with QTc up to 770 ms, and the ECG also showed
huge T wave. Considering the possibility of LQTS, doc-
tors recommended to stop oxcarbazepine. In fact, they
had stopped all antiepileptic drugs since August 12. In
the evening of August 21, the patient again suffered the
attack again, 4 times within 24 h, characterized by fear,
holding others tightly, accompanied by vocalization and
limb exertion. After 10 s, limb convulsions occurred,
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which lasted for 2-3 min, and diminished automati-
cally. The level of consciousness was normalized after
the episode. Local emergency ECG examination showed
that the QT interval was normal. Considering the estab-
lishment of epilepsy diagnosis and seizure frequency,
the patient’s guardian agreed to use ASMs again (valp-
roic acid sustained release tablet 0.5, q12h, about 32 mg/
kg per day+levetiracetam 0.25, q12h, about 16 mg/kg per
day, weight 31 kg) and the clinical seizure was terminated.
AmpSeq multiple PCR high-throughput sequencing per-
formed on September 9 showed no LQTS-related gene
variation. On September 22, no seizures occurred in the fol-
low-up examination, and the ECG QT returned to normal.

Auxiliary examination

Blood routine tests in the Outpatient Department of
Neurology on March 2016: WBC 7.88 x 10°/1, N 47.14%,
RBC 4.03x10'%/1, PLT 187 x10°/1, ALT 15.00 UJ/L,
AST 25.00 U/L, BUN 3.40 mmol/l, CR 35.80 umol/l, K*
4.80 mmol/l, Na* 140.00 mmol/l, CI" 101.00 mmol/],
Ca®* 2.30 mmol/l, Mg?* 0.81 mmol/l, P>* 1.89 mmol/l.
Parathyroid hormone concentration was within the nor-
mal range and hematuria metabolic disease screening
showed normal results. ECG revealed sinus tachycardia;
cranial MRI showed no abnormalities. On September 9,
2017, video-EEG showed spikes in the left central area,
the parietal area and the parietal occipital area in the
midline during the interictal phase (Fig. 1).

On August 12, 2021, prolonged QT/QTc (QTc 607 ms,
huge T wave) was found. On August 19, Holter ECG
showed that the longest QTc reached 770 ms (Fig. 2).
The ECG QT interval returned to normal on August
21, and blood routine was reviewed again during the
period (on August 18): WBC 7.89 x 10°/, N 61.40%,
RBC 4.42 x 10'%/1, PLT 294 x 10%/, liver and kidney func-
tion (ALT 9.00 U/, AST 17.00 U/, BUN 2.90 mmol/],
CR 40.00 umol/l), myocardial enzyme spectrum KT
4.30 mmol/l, Na* 146.00 mmol/l, Cl~ 108.00 mmol/l, Ca**
2.39 mmol/l, Mg*" 0.88 mmol/l, and P** 1.47 mmol/l.

Literature retrieval

Literature published in English language was searched using
terms "antiepileptic drugs/AEDs/ASMs" and "LQTS" in
Wanfang, CNKI and Pubmed databases. Non-human studies
were excluded (Fig. 3). A total of 105 papers were retrieved.
After reading the abstracts and titles, only 24 papers remained,
from which 3 were further excluded after reading the full-text.
These studies involved 12 ASMs, including carbamazepine,
lamotrigine, levetiracetam, clonazepam, valproic acid, esm-
likazepine, lorazepam, thiopental sodium, midazolam, topira-
mate, pregabalin and pirenpanet. There were no reports of
LQTS caused by oxcarbazepine. Twelve case reports and
two studies reported LQTS caused by levetiracetam.
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Fig. 1 Interictal video EEG. a Sharp waves distributed in the left temporal, central and midline areas. b, ¢ Average channel pattern (b) and
longitudinal bipolar channel pattern (c) from the same interictal EEG. At the longitudinal bipolar channel pattern, phase inversion of C3 was seen.
Rectangular boxes show sharp waves
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Fig. 2 ECG recordings at four different periods. QTT interval is often measured on lead Il or V5. a, b QTc of 607 ms and huge T waves detected by
ECG on August 12, and changes in the S-T segment. ¢, d QTc of 558 ms detected by ECG on August 19. e Holter ECG monitoring of Torsades de

Discussion

LQTS is an electrophysiological disease of the heart,
which is characterized by prolonged QT interval and
abnormal T waves, and is directly associated with life-
threatening TdP ventricular arrhythmias. Polymorphic
ventricular arrhythmias characterized by self-limiting
bursts of TdP can lead to clinical symptoms such as diz-
ziness, palpitations, syncope, epilepsy, and even sudden
cardiac death in severe cases. The diagnostic criteria for
LQTS [8] are as follows: (1) 12-lead ECG detects QT
interval >480 ms or risk score>3.5 according to the

Schwartz Long QT syndrome clinical diagnostic scor-
ing system; and (2) in unexplained syncope, a repeated
12-lead ECG suggested QT interval > 460 ms, with exclu-
sion of secondary factors. The pathogeneses of LQTS
include congenital LQTS caused by mutations in the
genes encoding repolarization current ion channels, and
acquired LQTS induced by other causes that increase
depolarized Na* and Ca*" currents (iNa+and iCa,
respectively) or decrease repolarized K* currents (IKs,
IKr and Ik1), prolong the duration of action potentials,
and lead to a prolonged QT interval [9]. Studies have
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linked acquired LQTS to electrolyte abnormalities, brad-
ycardia, heart diseases, use of certain medications, suba-
rachnoid hemorrhage, malnutrition, immunodeficiency
virus and genetic predisposition. Among them, the drug-
induced LQTS (diLQTS) is most commonly seen with
antihistamines, antibiotics, antidepressants and prody-
namic drugs [10].

The case in this report had suffered repeated ste-
reotyped seizures for 6 years, and the main manifes-
tations were focal motor seizures with disturbance
of consciousness and focal generalization to general-
ized seizures. Video EEG showed epileptic discharges
in the interictal period. The episode showed fear of
panic-like expressions at first, followed by a decrease
in consciousness level with / without limb jerks for
1-3 min. After anti-epileptic treatment, the seizures
were reduced, and diagnosis of epilepsy was made.
After 51 months of treatment with combined valproic
acid and oxcarbazepine, the episodes decreased, with

an interval of 12 months to 18 months. However, his
illness flared up again on August 12, 2021. ECG indi-
cated a prolonged QT interval and a large T wave. ECG
revealed prolonged QT interval for three times in dif-
ferent third-level grade-A hospitals, and QTc fluctua-
tion within 553-770 ms. In addition, Holter dynamic
electrocardiogram monitoring found two times Tor-
sades de Pointes, which were consistent with the
LQTS diagnostic criteria [8]. At the same time, blood
biochemical measurements were normal, so electro-
lyte disorders were excluded. Both ASMs (valproic
acid 4 oxcarbazepine) were stopped without permis-
sion from the patient’s family members. Nine days later,
he suffered 4 attacks again. The QT/QTc (456—470 ms)
returned to normal 10 days later, and huge T waves dis-
appeared. ASMs (valproic acid 32 mg+ levetiracetam)
were taken again after consulting an epilepsy special-
ist, after which the seizures disappeared, and ECG per-
formed 1 month later revealed no QT prolongation or
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abnormal T wave changes. This indicates that the QT
prolongation was related to oxcarbazepine.

The relationship between epilepsy and LQTS is com-
plicated. Seizures can lead to QT prolongation [11-13],
while LQTS can induce epileptic seizures; the two dis-
eases can even be present together [14, 15]. Verrier et al.
even proposed the concept of "epileptic heart", suggest-
ing that recurrent seizures could lead to repeated surges
of plasma catecholamines and hypoxemia that lead to
electrical and mechanical dysfunction of cardiac cells.
By searching the Wanfang, CNKI and Pubmed databases
using "antiepileptic drugs /AEDs/ASMs" and "LQTS" as
keywords, a total of 21 articles were retrieved, includ-
ing 12 case reports, 1 prospective study, 2 reviews, and
6 case—control studies, covering a total of 12 ASMs [16—
19]. Of the ASMs, sodium thiopental, chloronazepam,
lorazepam, and levetiracetam have been reported to lead
to LQTS; in particular, the Na*-blocker ASMs have more
frequent inductions of LQTS. A case—control study con-
cluded that most ASMs do not cause QT prolongation
in children with epilepsy, including valproic acid, carba-
mazepine, and topiramate. However, the authors noted
that the current evidence is insufficient to deny that
ASMs may influence the cardiac repolarization process
[20]. LQTS is caused by prolonged repolarization of car-
diomyocytes, and its pathogenesis is mainly related to the
decrease of fast delayed rectifier potassium currents and
slow delayed rectifier potassium currents. The second is
related to Na' current enhancement. ASMs mainly con-
trol seizures by enhancing GABA activity or blocking
glutamate release. The voltage-gated Na™, Ca?", and K*
plasma channels are most common molecular targets of
ASMs; therefore, ASMs may affect the cardiac myocyte
repolarization, thereby prolonging the QT interval. The
study of Danielsson et al. [4] showed that phenytoin,
carbamazepine and phenobarbital may prolong the QT
interval, with a higher plasma concentration associated
with a greater risk. At the same time, ASMs may prolong
the myocardial cell repolarization process through affect-
ing myocardial cell depolarization in phase 2 and phase 3,
which may lead to LQTS. Recent studies have found that
diLQTS and TdP caused by many drugs (antihistamines,
antipsychotics and antibiotics) with no structural simi-
larities are caused by blockade of cardiac slow activation
and delayed rectification of potassium current through
voltage-gated potassium channels acting on Kv11.1 [10].
The o subunit of this channel is encoded by the KCNH2
gene and contains a total of 1159 amino acids, which is a
member of the voltage-gated potassium channel family.
It consists of six transmembrane domains (S1-S6). The
S1-S4 domains form the voltage sensor domain (VSD)
and respond to the changes of transmembrane voltage.
The S5 and S6 domains form holes for selective filtration.
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Although they are similar to some other voltage-gated
potassium channels, Kv11.1 exhibits some unique inac-
tivation mechanics, with closed, open and inactivated
states. In addition, a prospective pharmacogenomics
study found that ASMs that mainly block Na* channels
are harmful in LQTS2, but have a protective effect in
LQTS1 [21]. Therefore, diLQTS is not only related to the
characteristics of the drug itself, but also to the genetic
susceptibility of the host.

The treatment of acquired LQTS is based on the prin-
ciple of "drug withdrawal, defibrillation, magnesium
supplement, potassium supplement, pacing and medica-
tion". Among them, TdP and ventricular fibrillation are
key pointers to immediate drug withdrawal, and they are
also the main causes of death. diLQTS caused by ASMs
should be alerted, and ASMs should be stopped imme-
diately upon the co-occurrence of TdP and ventricu-
lar fibrillation [8—22]. The risk of Tdp can be increased
in the cases of prolonged QTc, t-U wave malformation
and T wave electric alternation. For example, the active
substance of oxcarbazepine is 10-hydroxy carbazepine,
whose oral peak time is 3—5 times that of oxcarbazepine,
and its half-life is also significantly longer, about 12.48 h.
Moreover, the latter has a strong affinity to red blood
cells, and the intracellular concentration is 50% higher
than the plasma level. Therefore, the biological half-life is
significantly longer than the drug’s half-life [23]. In addi-
tion, attention should be paid to drug interactions. The
case of diLQTS caused by oxcarbazepine had not been
reported previously. In addition, ECG still showed signifi-
cant QTc extension (up to 770 ms) six days after stopping
ASMs, a time significantly longer than the 5-7-h half-life
(5-9 h in children) of the ASMs. This may be associated
with valproic acid. On the 10th day, ECG showed nor-
mal activity, which indicates that the diLQTS caused by
ASMs was reversible.

Conclusions

Although the diLQTS caused by ASMs is extremely rare,
there is still a high clinical risk and medical risk; there-
fore, during the diagnosis and treatment of epilepsy, we
should pay more attention to identifying LQTS and ana-
lyzing its relationship with seizures. ASMs such as oxcar-
bazepine can cause acquired long QT syndrome. ECG
should be reviewed regularly particularly when Na™ or
K" channel blockers are used, and abnormal ECG should
be intervened in time to reduce iatrogenic accidents in
patients with epilepsy.

Abbreviations
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QT Syndromes; TdP: Torsade de pointes; VSD: Voltage sensor domain.
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