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Section 1
A 6-week-old previously healthy boy who had been born at term presented with episodes of
right facial twitching lasting 30 seconds, occurring multiple times daily. Neurologic examination
was normal. Maternal pregnancy and birth history was unremarkable. Family history was
negative for seizures. Initial EEG monitoring showed multifocal spikes (figure, A and B) and
multifocal seizures, some that were clinically associated with facial twitching. He was treated
with phenobarbital.

Questions for consideration:
1. What are possible etiologies for multifocal seizures in an infant?
2. What testing should be done to evaluate for underlying etiology?
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GO TO SECTION 2

Figure Interictal EEG examples

Interictal EEG examples showing bi-occipital spikes (A) andmultifocal spikes (B) (arrows). LFF 1 Hz, HFF 70 Hz, sensitivity 10 μV/mm, time base 15mm/s. Each
green line = 1 second. (C) Focal seizure starting at C4/P4, migrating to C3/P3. Arrows show fast activity prior to seizure onset; arrowheads show points of
seizure onset and migration. LFF 1 Hz, HFF 70 Hz, sensitivity 30 μV/mm, time base 2 mm/s. Each green line = 1 second. (D) Focal seizure starting at bi-
parasagittal regions, migrating to P7, then P3, P4, and P8. Arrows show fast activity prior to seizure onset; arrowheads show points of seizure onset and
migration. LFF 1 Hz, HFF 70 Hz, sensitivity 30 μV/mm, time base 2 mm/s. Each green line = 1 second.
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Section 2
Possible etiologies for multifocal seizures in infants include (1)
brain structural abnormalities such as traumatic brain injury,
stroke, cortical malformation, or mass, (2) an acute infectious
or inflammatory process causing meningitis or encephalitis, or
(3) ametabolic or genetic process. Initial testing should include
MRI brain and CSF analysis for possible infection. In this case,
head ultrasound on the day of presentation showed no hem-
orrhage, MRI brain with spectroscopy the next day was normal,
and CSF routine studies plus neurotransmitter analysis were
normal without evidence of pleocytosis, making structural or
infectious/inflammatory causes less likely. Screening meta-
bolic and genetic testing were sent, including electrolytes,
plasma amino acids, urine organic acids, acylcarnitine profile,

chromosomal microarray, and an infantile epilepsy gene panel
(GeneDx). While awaiting testing results, seizures became re-
fractory to phenobarbital. Repeat EEG showed seizures that
migrated across contiguous cortical regions (figure, C and
D)—for example, starting in the bi-parasagittal region,
spreading to the left temporal region and then to the right
temporal region. Clinically, some seizures were associated with
clonic movements of the arms and eye twitching lasting 1–2
minutes, sometimes with associated oxygen desaturation.
Seizures were refractory to the addition of levetiracetam and
a trial of IV pyridoxine.

Questions for consideration:
1. What syndrome is associated with migrating seizures?
2. What are possible associated genetic etiologies?

GO TO SECTION 3
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Section 3
Migrating focal seizures in this age group is associated with
epilepsy of infancy with migrating focal seizures (EIMFS).
EIMFS is an early-onset developmental and epileptic encepha-
lopathy (DEE) in which seizures typically start within the first 6
months of life, are focal and asynchronous, and are often re-
fractory to medications. Developmental plateau or regression
occurs after onset of epilepsy. Heterozygous pathogenic variants
in KCNT1, a sodium-activated potassium channel expressed in
neurons and cardiomyocytes, are the most commonly identified
genetic cause of EIMFS, although variants in other genes have
been less commonly reported in cases of EIMFS, including
SCN1A, SCN2A, SLC12A5, SLC25A22, TBC1D4, PLCB1, and
CHD2. Variants in KCNT1 have also been associated with au-
tosomal dominant nocturnal frontal lobe epilepsy; some patients
withKCNT1-associated EIMFS have also been reported to have
cardiac arrhythmias or pulmonary hemorrhage.

In the current case, metabolic testing and chromosomal
microarray were normal. However, the infantile epilepsy
gene panel demonstrated a heterozygous pathogenic
variant in KCNT1 (c.1283G>A p.R428Q). This specific
variant has been reported previously in 8 cases of EIMFS
and 3 cases of nonspecific DEE, and has been demon-
strated to have a strong gain of function effect on po-
tassium channel opening. Although the exact mechanism
of associated epileptogenesis is uncertain, it had been
proposed that increased current through KCNT1 chan-
nels in excitatory neurons permits rapid neuronal re-
polarization, leading to increases in action potential firing
rates.1

Question for consideration:
1. Are there medications that are specific for treatment of

this condition?
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Section 4
Four previous reports have described the use of quinidine, an
antiarrhythmic agent and weak KCNT1 antagonist, in patients
with EIMFS due to a KCNT1 R428Q variant. In one case,
quinidine was titrated up to 42 mg/kg/day (serum level
1.5–4.0 μg/mL) and resulted in improved seizure control in
a patient who developed EIMFS at 10 weeks of life, but was not
treatedwith quinidine until 25months of age.2 In another case of
a 9-month-old patient with EIMFS, quinidine was increased to
126 mg/kg/day and was associated with development of ven-
tricular tachycardia, so the dose was reduced to 73 mg/kg/day
and was associated with a moderate decrease in seizures.3 In one
other case, quinidine was ineffective at improving seizure burden
in a 1.5-month-old patient with EIMFS at a goal dose of 50 mg/
kg/day and a maximum serum quinidine level of 1.3 μg/mL.4

There are 9 additional reports describing use of quinidine in
16 patients with EIMFS due to KCNT1 variants other than
R428Q. Five patients showed some improvement in seizure
frequency with quinidine treatment5–8 while 11 did not, al-
though in some of these cases quinidine use was limited by
prolongation of the QT interval or development of arrhyth-
mia. Notably, in the patients in whom quinidine has been
effective in reducing seizures, there have not been significant
developmental gains.

In the current case, a high frequency of seizures (17–120 per
day) continued despite use of phenobarbital, levetiracetam,
phenytoin, lacosamide, and topiramate at doses in the thera-
peutic range. Quinidine was added at 9.5 weeks of age and
initially titrated up to 35 mg/kg/day over 2 days. One day after
reaching 35 mg/kg/day (and a serum quinidine level of 0.5 μg/
mL), seizure frequency decreased from 106 per day to 1 per
day. However, several days later, seizure frequency increased up
to 91 per day, so quinidine was increased to 50 mg/kg/day,
after which seizures decreased to 13 per day (at a quinidine
level of 1.2 μg/mL). However, this dose was associated with
QT interval prolongation to 511 ms, so quinidine dosing was
reduced to 30 mg/kg/day and seizure frequency again in-
creased to 80–130 per day. Vigabatrin and stiripentol were
added, with only modest benefit. At 10 months of age, the
patient continues to have frequent daily seizures, and continues
to be significantly delayed with poor head control, intermittent
eye tracking, and evolving spasticity.

Discussion
There are now 20 reported cases of use of quinidine for
KCNT1-associated EIMFS, including this report, with 9
patients having at least a partial reduction in seizure frequency,
and 11 patients having no reduction in seizures. The reason for
response variation is unclear, but some factors that may in-
fluence treatment response include the type of variant, age at
treatment onset, and pretreatment seizure frequency. In addi-
tion, there is some debate as to whether quinidine can cross the

blood–brain barrier at doses that do not prolong the QT in-
terval. In vitro modeling may help predict which KCNT1 var-
iants may be more likely to respond to quinidine and may be
useful for developingmore potentKCNT1 antagonists. For the
time being, adjunct treatments exist; in a recent survey, the
most commonly prescribed therapies for patients with
KCNT1-related EIMFS were levetiracetam, phenobarbital, and
ketogenic diet, with ketogenic diet or vigabatrin being relatively
more successful for seizure control.9

Genetic testing may identify an etiology in up to 40% of cases
of DEE.10 Genetic testing should be considered in infants with
medically refractory seizures if there is a pathognomonic
structural change on MRI (e.g., findings suggesting tuberous
sclerosis), if MRI and initial infectious and initial metabolic
testing are negative, or if a specific genetic syndrome is sus-
pected (such as EIMFS or Dravet syndrome). Early recog-
nition of EIMFS on EEG is critical as prompt sequencing of
associated genes may affect medical treatment—for example,
for KCNT1 variants, treatment with quinidine may be helpful;
for SCN1A variants, avoidance of phenytoin is important;
and, for some SCN2A variants, high-dose phenytoin may be
effective. Diagnostic genetic results can also help end the
diagnostic odyssey, inform genetic counseling discussions
regarding recurrence risk and preconception and prenatal
testing, and spare the patient from future testing such as re-
peated MRI scans, lumbar punctures, and exploratory
bloodwork. Although quinidine, the current precision treat-
ment for EIMFS due to aKCNT1 variant, may not be effective
for every patient, the identification of new pathogenic variants
in this gene can support future clinical and basic research
efforts to develop more targeted treatments.
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