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Mutations in the Potassium channel subfamily T member 1 (KCNT1) gene have been

reported in a range of epileptic encephalopathies. Here we report the case of a

12-year-old male suffering from multiple types of epileptic seizures and cognitive decline

from the age of 10. The patient had four types of epileptic seizures, including tonic

seizures, atypical absence seizures, myoclonic seizures, and generalized tonic-clonic

seizures. The electroencephalogram showed generalized slow spike-and-slow-waves,

mutiple-spike-and-slow-waves, as well as short-term fast rhythms bursts. Thus, he was

diagnosedwith Lennox-Gastaut syndrome. The patient had failed to control seizures after

using five first-line antiepileptic drugs. Whole exome sequencing revealed a missense

KCNT1 mutation (c.625 C>T). Previous studies revealed that quinidine could block

the KCNT1 channel. Therefore, we assumed that quinidine might be effective for him.

Add-on treatment with quinidine was started when the patient was 12 years old. After

an 8-month treatment, the frequency of seizures and epileptiform discharges were

significantly reduced. In conclusion, quinidine therapy may offer a new choice for the

treatment of Lennox-Gastaut syndrome with KCNT1 mutations.

Keywords: quinidine therapy, Lennox-Gastaut syndrome, KCNT1mutation, sodium-activated potassium channel,

epileptiform discharges

INTRODUCTION

Potassium channel subfamily T member 1 (KCNT1), also known as Slack, is a member
of the Slo-type sub family of potassium channel genes (1–3). It has been reported that
KCNT1 mutations were detected in many early onset epileptic encephalopathies, such
as epilepsy of infancy with migrating focal seizures (EIMFS) and autosomal dominant
nocturnal frontal lobe epilepsy (ADNFLE) (4–7). Previous studies demonstrated that
KCNT1 channels are expressed in neurons and interneurons in the cortex and the
CA3 region of the hippocampus (8, 9). Electrophysiological studies have revealed that

Abbreviations: EIMFS, epilepsy of infancy with migrating focal seizures; ADNFLE, autosomal dominant nocturnal frontal

lobe epilepsy; EEG, electroencephalogram; WES, whole exome sequencing; PMA, phorbol-12-myristate-13-acetate.
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KCNT1 mutations enhance the channel-mediated potassium
conductance and increase the K+ currents in neurons and
interneurons, which result in the imbalance between neuronal
excitation and inhibition (10, 11). In vitro functional studies
have shown that these mechanisms may be responsible for
epileptogenesis associated with KCNT1mutations (10).

Quinidine has been used as a class I antiarrhythmic drug
to prevent ventricular arrhythmias. Recent works revealed
that quinidine could block the KCNT1 channel (10, 12).
Thus, quinidine is expected to be effective in improving
electrophysiological abnormalities caused by KCNT1 mutations.
Recently, there have been several reports about the quinidine
treatment of KCNT1-related epileptic encephalopathies, such as
EIMFS, ADNFLE, and West syndrome (10, 13–16). Quinidine
has become a new method for the treatment of KCNT1-related
epilepsy syndromes.

Here we report a patient suffering from Lennox-Gastaut
syndrome with a missense mutation in KCNT1 (c.625C>T)
treated with quinidine. We describe the improvement of the
clinical symptoms, the adverse effects, and the dosage adjustment
of quinidine during the treatment. Then we review the literature
on quinidine treatment of the epilepsy syndrome with KCNT1
mutation.

CASE PRESENTATION

The patient was a 12-year-old male who had his first seizure
attack at the age of 10, and had four types of epileptic seizures.

FIGURE 1 | EEG demonstrations before quinidine therapy. (A) Interictal EEG before quinidine therapy showed a large number of 3–5Hz slow waves with middle and

high amplitude in the anterior region in background. (B) Multiple-spike-and-slow-waves of 0.5–1Hz were observed during the sleep period. (C) Slow

spike-and-slow-waves of 1.5–2.5Hz were observed when the patient was awake. (D) Ictal EEG of the tonic seizure showed short-term fast rhythms burst of 16–20Hz.

The first type of seizure was tonic axial seizures characterized by
flexion of the neck and body and the extension of four extremities
for several seconds. The tonic seizures could last several seconds.
This type of seizure occurred predominantly at night and the
frequency was about 4–5 times per week. The second type was
atypical absence seizures, which manifested as a sudden loss of
consciousness and the resuming of normal activity right after
the seizure. This type of seizure could last about 15 s and the
frequency was 4–5 times per week. The third type was the
myoclonic seizure, presented as prominent myoclonic jerks of

bilateral upper limbs. The frequency of this type of seizures was

2–3 times per day. The last type of seizure was the generalized
tonic-clonic seizure, which could last about 5min. The mean
frequency of this type of seizure was <1 time per week.

The patient was a full-term infant with no history of
perinatal asphyxia, head injury, encephalitis, and febrile
convulsions. His family history was unremarkable. He had a

mild degree of intellectual impairment and learning disability
after the onset of the disease. The physical examinations were

normal. Auxiliary examinations, including blood routine
examination, serum biochemical examination, thyroid function,

autoimmunity antibody, and blood ammonia, were normal. The
electrocardiogram was normal and the QT interval (QTc) was
372ms. There was no lesion on the brain MRI. The Wechsler
Intelligence Scale showed a borderline cognition impairment.
The electroencephalogram (EEG) before treatment showed that
there was a large number of 3 to 5Hz slow waves with middle
and high amplitude in the anterior region in the background.
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Fast rhythms bursts of 16 to 20Hz and multiple-spike-and-slow-
waves of 0.5 to 1Hz were observed during the sleep period. Slow
spike-and-slow-waves of 1.5 to 2.5Hz were observed during
awake time (Figure 1).

The patient was diagnosed with Lennox-Gastaut syndrome
after considering his multiple types of epileptic seizures, mental
retardation, and typical electroencephalographic features. He
was refractory to a multiple anti-epileptic drugs treatment,
including sodium valproate (8 mg/kg/day), levetiracetam (50
mg/kg/day), clonazepam (0.0375 mg/kg/day), topiramate (3.75
mg/kg/day), and lamotrigine (2.5 mg/kg/day). Whole exome
sequencing (WES) identified a novel heterozygous KCNT1
mutation (chr9:138649026; c.625C>T; p.Arg209Cys) inherited
from his father. This missense mutation was highly likely to
cause the dysfunction of the KCNT1 channel and led to a gain-
of-function phenotype. This alteration had not been previously
reported and was not found in the ExAC database (http://exac.
broadinstitute.org/), and was predicted to be likely pathogenic.

This study was approved by the human research ethic
committees of Xuanwu hospital capital medical university.
Written informed consent was obtained from all participants
and guardians of minors for the quinidine therapy and the
publication of this study. Additive quinidine therapy to our
patient was initiated at 12 years of age. The doses of the
above anticonvulsants remained unchanged. In the month before
quinidine therapy, the patient had 16 tonic seizures, 12 atypical
absence seizures, 10 myoclonic seizures, and 1 generalized tonic-
clonic seizures.

After admission, the quinidine therapy was initiated with 5
mg/kg/day in 3 divided doses under electrocardiographic (ECG)
monitoring. The QTc ranged from 361 to 415ms, with an average
of 378ms (the normal limit of QTc is within 450ms). After 1
month of treatment, the dose of quinidine was titrated to 10
mg/kg/day and he had 13 tonic seizures during this month.
The dose was maintained during the following 2 months. QTc
was in normal range (391–436ms). There was also no other
adverse effect of quinidine. At the fourth month, the dose of
quinidine was increased to 13.75 mg/kg/day in 3 divided doses.
The frequency of tonic seizures ranged between 4 and 6 times
per month. The mean QTc interval was 383ms. As no adverse
effects were experienced, the dose of quinidine was maintained
to 13.75 mg/kg/day during the following 4 months. The patient
had 4 tonic seizures per month. The frequency of tonic seizures
subsided by 75% (Figure 2A), whereas the frequency of the other
types of seizures was not reduced significantly.

Video EEG (VEEG)was performed regularly during treatment
and the number of epileptic discharges was counted by four
expert technicians who had not seen the patient’s clinical
information. One slow spike-and-wave complex or one episode
of paroxysmal fast rhythms in EEGs were counted as one
epileptiform discharge. 1323 epileptiform discharges were
recorded during a 24-h video EEG before the treatment of
quinidine. We subsequently applied the 24-h VEEG every 3
months to evaluated the efficacy of the quinidine treatment. The
total number of epileptic discharges was 512, 652, and 598 in the
next 3, 6, and 9 months, respectively. The epileptiform discharges
decreased by 54.80% (Figure 2B).

FIGURE 2 | The changes of the seizure frequency and epileptiform discharges

along with the changes of quinidine dosages. (A) The patient was given

quinidine at a starting dosage of 5 mg/kg/day. The dose slowly increased and

maintained at 13.75 mg/kg/day. As the dosage of quinidine increased, the

frequency of tonic seizures (the main type of seizures in the patient) gradually

reduced from 16 times per month to 4 times per month. (B) The epileptiform

discharge of EEG was 1,323 times per 24 h before taking the quinidine. The

epileptiform discharge was 512 times per 24 h in the 3rd month, 652 times per

24 h in the 6th month, 598 times per 24 h in the 9th month. With the increase

of dosages, the epileptiform discharge showed a significant reduction.

DISCUSSION

In this case, the patient had four types of epileptic seizures,
including tonic seizures, atypical absence seizures, myoclonic
seizures, and generalized tonic-clonic seizures. The EEG
before treatment showed generalized slow spike-and-slow-waves,
multiple-spikes-and-slow-waves, and short-term fast rhythms
bursts. He was diagnosed with Lennox-Gastaut syndrome. The
WES identified a missense KCNT1 mutation (c.625 C>T).
Quinidine was reported to be effective in patients with KCNT1
mutations. Thus, we applied this drug to our patient. After a
treatment period of 8 months, the frequency of tonic seizures and
epileptiform discharges decreased significantly.

Up to now, the exact mechanism of KCNT1-related epilepsy
is still unknown. Previous studies suggested that this mutation
resulted in a gain of function in this potassium channel, and
the magnitude of gain of function correlated with the clinical
severity (10). It has been confirmed that quinidine can block
KCNT1 channels in vitro (10, 12, 17, 18). In our study, the patient
was treated with quinidine for 8 months and the frequency of
seizures and epileptiform discharges were significantly reduced.
Thus, quinidine therapy was effective for our patient. Our study
suggested that quinidine therapy might offer a new method for
the treatment of KCNT1-related epilepsy syndromes.
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We summarized a total number of 16 unrelated cases [15
sporadic patients and 5 patients of a pedigree (13–16, 19–
24)] with KCNT1-related epilepsy syndrome treated with
the quinidine reported previously (Table 1). The mutation
sites were c.1887G>C; p.K629N, c.1283G>A; p.R428Q
(recurrent in two unrelated patients), c.808C>C/G; p.Q270E,
c.2965G>T, c.2849G>A; p.R950Q, c.1955G>T; p.G652V,
p.R428Q, c.1421G>A, c.2386T>C; p.Y796H, c.1193G>A,
c.820C>A, p.L274I, c.2849G>A; p.R950Q, c.2677G>A; p.E893K
and c.2782C>T; p.R928C. All KCNT1 mutations reported were
heterozygousmissensemutations except for those not mentioned
in the literature. In these 16 cases, the treatments were effective
in 8 cases (13–16, 19) and the others were ineffective (Effective
response was defined as >50% reduction in seizure frequency)
(14, 20–24).

There were 9 previously reported patients who suffered
from EIMFS with KCNT1 mutation and treated by quinidine.
The treatment was effective in 7 cases and ineffective in 2
cases. Interestingly, patient 2 and patient 11 had the same
KCNT1 mutation (p.R428Q), but the therapeutic effects were
completely opposite. Patient 2 of Bearden et al. (15) was a 3-
year-old female patient of EIMFS, who became seizure-free after
treatment. Patient 11 of Chong et al. (23) was a 5-year-old male
patient who suffered from an unclassified early onset epileptic
encephalopathy. In this latter case, the seizure frequency did
not decrease significantly. In addition, Mullen et al. (21) studied
the effectiveness of quinidine for six patients (Patient 7 and
five patients of the pedigree) who suffered from ADNFLE with
KCNT1mutations. They found that the seizure frequency of these
six patients decreased by less than 50%. It was reported that one
patient who suffered fromWest SyndromewithKCNT1mutation
benefited from quinidine therapy. Thus, compared to ADNFLE
and other epileptic syndromes, quinidine therapy tended to be
more effective in EIMFS and West syndrome in patients who
carried the KCNT1 mutation. Therefore, we assumed that the
epilepsy phenotype was likely associated with the therapeutic
effect.

Moreover, in a recent study byAbdelnour et al. (20) we noticed
that the response of quinidine therapy may be age-dependent;
younger patients may respond better to this therapy (20). In 16
unrelated cases reported, the mean age of 8 cases responded,
except for those whose ages were not identified in the literature,
was 2.11 ± 1.18 years old (the range was between 3 months
and 3-and-a-half years old) (13–16, 19), and the mean age of
the other cases not responded was 21.13 ± 15.92 years old (the
range was between 6 months and 54 years old) (14, 20–24).
Using a cut-off of 4 years of age, 6/7 patients < 4 years of age
responded, and 0/11 patients > 4 years responded. These data
revealed that efficacy of quinidine for KCNT1-related epilepsy
might also depend on the age at quinidine therapy initiation. In
our case, the patient was diagnosed as suffering from Lennox-
Gastaut syndrome, and quinidine treatment was initiated at 12
years of age. The quinidine therapy proved to be significantly
effective. The therapeutic effect of quinidine may be influenced
by multiple factors. The epilepsy phenotype, initiation age of
therapy, and prior neuronal injury, may all play a role in the
efficacy of quinidine therapy. Henceforth, randomized controlled
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trials (RCT) should be performed to identify the relationship
between the influencing factors and the efficacy of quinidine
therapy.

So far, there is still no consensus on the effective dosage of
quinidine for KCNT1-related epilepsy. The therapeutic dosage of
quinidine in the treatment of pediatric cardiac disease is 15–60
mg/kg/day, and the maximum daily dose is 3,000–4,000mg (14,
25, 26). In our case, we used the initial amount of 5 mg/kg/day.
The dosage was slowly increased to 13.75 mg/kg/day. No adverse
effects of quinidine were reported, and the frequency of tonic
seizures and epileptiform discharges decreased significantly.
Thus, we maintained this dose for treatment. Further studies
are needed to determine the suitable dosage of quinidine for the
treatment of KCNT1-related epilepsy.

Previously, it was believed that the penetration was complete
in patients with KCNT1 mutations. However, it was reported
that there was one individual from an ADNFLE family with
a KCNT1 mutation without causing a phenotype (7). The
authors proposed that this individual’s unaffected status was
most likely due to incomplete penetrance or non-penetrance
(7). For our patient, the WES identified a missense KCNT1
mutation. He was inferred to inherit a KCNT1 mutation
from his unaffected father. We assumed that his father’s
unaffected status might be due to incomplete penetrance
or non-penetrance. Because his grandparental samples
were unavailable, we could not confirm the origin of the
mutations.

CONCLUSIONS

In summary, we used quinidine to treat a patient with KCNT1-
related Lennox-Gastaut syndrome, and the seizure frequency and

epileptiform discharges were significantly reduced. Quinidine
provided valuable clinical experience for the individualized
treatment for epilepsy patients with KCNT1 mutations.
Nevertheless, there are too few cases reported with quinidine
treatment for KCNT1-related epilepsy syndromes. Thus, further
studies are required to confirm the effectiveness and the
suitable dosage of quinidine therapy for KCNT1-related epilepsy
syndromes.
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