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Hemimegalencephaly (HME) is a rare disease characterized by partial or complete hypertrophy of
one cerebral hemisphere. It is associated with intractable seizures, developmental delay, hemiparesis,
and other neurological symptoms. Tuberous sclerosis (TSC) is a neurocutaneous syndrome that
affects various organs, including the heart, brain, skin, kidney, and eyes, and is caused by mutations
in 7SCT and TSC2 genes. Herein, we report the case of a patient with TSC and HME who required
early neurosurgical treatment during the neonatal period. A full-term girl was suspected to have TSC
prenatally because of left ventriculomegaly and cardiac masses on fetal ultrasonography. HME was
confirmed by postnatal neuroimaging studies. Multiple rhabdomyomas and renal cysts were com-
patible with TSC. Serially performed electroencephalography (EEG) showed intractable electrical
seizures in the left hemisphere with secondary generalization, despite rare clinical convulsions. As
anti-epileptic drugs did notimprove electrical seizures, corpus callosotomy was performed at 39 days
of age. Postoperatively, the frequency of secondary generalization of seizures was significantly reduced
on EEG. A novel frameshift mutation in ¢. 1743_1744insCAAGG (p. Thr582GInfsTer49) in the TSCT
gene was confirmed using targeted next-generation sequencing.
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Introduction

Hemimegalencephaly (HME) is a rare congenital disease characterized by partial or com-
plete hypertrophy of one cerebral hemisphere.' It is associated with intractable seizures,
developmental delay, hemiparesis, and other neurological symptoms.” Anti-epileptic drugs
are not effective in controlling seizures in HME because ictal discharges from the damaged
brain rapidly spread to the contralateral side.**

Tuberous sclerosis (TSC) is an autosomal dominant genetic disease and neurocutaneous
syndrome, which is known to result from mutations in 7SCI (9p34.13) or 7SC2 (16p13.3).%
This syndrome affects various organs, including the brain, heart, kidney, eye, and skin,
and may lead to cortical dysplasia, subependymal nodules and subependymal giant cell

astrocytomas, cardiac rhabdomyomas, renal angiomyolipomas, retinal nodular hamarto-
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mas, facial angiofibromas, and hypomelanotic macules.”
The TSC-associated brain lesions can cause seizures, neuro-
developmental delays, and other neurological deficits.”

Only a few cases have been reported in association with HME
and TSC, and there have been no reports in Korea since a single
case of HME and TSC was diagnosed in a 1-month-old infant in
2009.° We report the case of a patient diagnosed with HME as-
sociated with TSC who was suspected of having TSC prenatally,
was further diagnosed with HME after birth, and required aggres-

sive early medical and surgical treatment due to intractable

epilepsy.
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Case

A 34-year-old mother was transferred to Severance Hospital
because of fetal left ventriculomegaly and cardiac masses
diagnosed at 35 weeks of gestation (Fig. 1). A female baby
was born at a gestational age of 37 weeks and 4 days, at 3.2
kg, by cesarean section, with an Apgar score of 5 at 1 minute
and 8 at 5 minutes. At birth, she required positive pressure
ventilation due to weak crying and weak activity. She had no
visible abnormalities including skin lesions, except for the
macrocephaly.

Brain sonography (Fig. 2) and brain magnetic resonance
imaging (MR]) (Fig. 3) revealed several tubers in the right hemi-
sphere and HME and band heterotopia in the left hemisphere.

Fig. 1. Prenatal ultrasound at intrauterine period 37 weeks and 0 days. (A) Brain sonography
showed left side ventriculomegaly. (B) Echocardiography revealed masses sized 15x11 mm (right
ventricle) and 13x9 mm (left ventricle). Written informed consent was obtained for publication of
this case report and accompanying images.

Fig. 2. Brain ultrasound at 1 day after birth (post-conceptual age 37 weeks and 5 days). (A) Coronal
view of brain ultrasound showed left sided ventriculomegaly. (B) Sagittal view of brain ultrasound.
Ventriculomegaly of the left lateral ventricle and band heterotopia were noted (arrow).
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Targeted next-generation sequencing (NGS) of the central
nervous system anomaly was used to define disease etiology.
We identified a heterozygous frameshift mutation in c. 1743_
1744insCAAGG (p. Thr582GInfsTer49) in the 7SCI gene, which
has not been previously reported.

Serial electroencephalography (EEG) from the day of birth

revealed continuous electrical seizures originating from the left

hemisphere and secondary generalization to the contralateral

Fig. 3. Brain magnetic resonance imaging at 5 days after birth (post-
conceptual age 38 weeks and 0 days). (A) Coronal view of T1-weighted
image. The arrow indicates a tuber. (B) Axial view of T2-weighted
image. The arrowhead indicates band heterotopia associated with
hemimegalencephaly. Midline deviation to the right is also noted.
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side (Fig. 4A), despite her first clinical seizure (clonic movement
of the right arm) being noted on the fourth day after birth.
The EEG findings did not improve after taking 3 kinds of anti-
epileptic drugs (phenobarbital, topiramate, and vigabatrin).
Therefore, on the 39th day of her life, corpus callosotomy
(functional hemispherectomy) was performed to control the
electrical status epilepticus. Postoperative EEG performed at
5 months of age, revealed that subclinical seizures originating
from the left side remained, but the duration was decreased
from 10 to 15 minutes to 1 to 2 minutes; moreover, secondary
generalization was not observed (Fig. 4B). However, the post-
operative course was complicated by intraventricular hemorrh-
age and posthemorrhagic hydrocephalus (Fig. 5). An external
ventricular drainage catheter was temporarily inserted and
removed after resolution of the hydrocephalus.

She had no clinical seizures 3 months after the corpus
callosotomy. Clinical seizures recurred in the form of infantile
spasms at 4 months of age. EEG findings revealed multifocal
spikes (hypsarrhythmia) in the right hemisphere, which
was on the contralateral side of the HME. When the patient
was discharged from the neonatal intensive care unit at ap-
proximately 7 months of age, she was taking 3 anti-epileptic

drugs (topiramate, levetiracetam, and vigabatrin) and showed
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Fig. 4. Comparison of pre-operative and postoperative electroencephalography (EEG). (A) Pre-operative
EEG performed at 32 days after birth. There were subclinical seizures with evolving ictal rhythmic discharges
from the left occipital (T3-O1) or centro-temporal areas (Fp1-T3, T3-C3). The subclinical seizures spread to
the contralateral side. (B) Postoperative EEG performed at 5 months of age. There was inconsistent asym-
metric voltage attenuation on the left side of the brain which was the side affected by the hemimegalen-
cephaly. There were subclinical seizures with evolving ictal rhythmic discharges from the left side of brain,

but there was no spreading to contralateral side.
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Fig. 5. Postoperative magnetic resonance image performed after
corpus callosotomy was performed (post-conceptual age 44 weeks
and 0 days, 46 days of age, 6 days after operation). Posthemorrhagic
hydrocephalus of the right ventricle was noted. (A) Axial view of T2-
weighted image. (B) Coronal view of T2-weighted image.

1D 1.45cm
2D 1.09¢cm
3D1.28cm
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no clinical seizures.

Prenatal echocardiography revealed multiple cardiac masses
(15%11 mm and 13x9 mm). After birth, the size of rhabdo-
myomas (14 x 10 mm on the right ventricle [RV] side, 3%X4 mm
on the ventricular septum, and 11x 11 mm on the left ventricle
[LV] side) were similar to the antenatal sonography findings,
and had not significantly changed for 5 months (11.4 x8 mm on
RV, 3x4 mm on septum, and 12.9x8 mm on LV) and steadily
had no effects on the hemodynamic status (Fig. 6). Multiple
tiny renal cysts were found 6 weeks after birth and gradually
enlarged to 12 mm in size at the age of 5 months (Fig. 7).

She received enteral nutrition through a nasogastric tube
because of feeding difficulties. A gastrostomy was performed at

the age of 5 months. She was diagnosed with diabetes insipidus

4D0.89¢cm

Fig. 6. Echocardiography findings revealed multiple rhabdomyomas without significant change in size.
Rhabdomyomas on the right ventricle (RV) are indicated by arrows, and rhabdomyomas on the left ven-
tricle (LV) are indicated by arrowheads. (A) Echocardiography performed on 2 days after birth identified, 3
masses: RV, 15x10 mm; septum, 3x4 mm; and LV, 11x11 mm. (B) Echocardiography performed on 5
months of age identified, 3 masses: RV, 12x8 mm; septum, 3x4 mm; and LV, 13x8 mm.

Fig. 7. Kidney ultrasound shows renal cyst. (A) tiny right renal cyst was noted at 6 weeks of age. (B) Further
increase in the size of the renal cyst was noted at 5 months of age (d=1.46x1.62 cm).
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on the 45th day of life, a week after the corpus callosotomy.
Oral desmopressin is needed to balance osmolarity and elec-
trolytes. There were no abnormal findings in the retina, auto-
mated auditory brainstem response, or brainstem-evoked res-
ponse audiometry.

After discharge from the neonatal intensive care unit, she was
hospitalized again at the age of 11 months for treatment with
high-dose prednisolone (60 mg/day) due to worsening hypsarr-
hythmia and was successfully treated. In evaluations conducted
at 12 months of age, clinical seizures did not recur, rhabdo-
myomas were stable in size, and the size of the renal cysts
decreased with good kidney function. This study was approved
by the Severance Hospital Institutional Review Board (approval
number: 4-2022-0492).

Discussion

The incidence of TSC is estimated to be 1:6,000 live births
globally.” Epilepsy occurs in 80% to 90% of patients with TSC over
their lifetime, including severe epileptic encephalopathy infantile
spasms in 30% to 40%.” The diagnosis of TSC in the neonatal
period and early start of anti-epileptogenic treatment before
the onset of clinical seizures is being emphasized to improve
neurodevelopmental outcomes of patients with TSC patients.®
As cardiac tumors (rhabdomyomas) are the first possible pre-
sentation of TSC, all neonates with antenatally detected car-
diac tumors need to be thoroughly evaluated for TSC via phy-
sical examination, brain MRI, and genetic testing” HME, a
hamartomatous malformation affecting one cerebral hemi-
sphere,’ occurs sporadically or is associated with neurocutaneous
syndromes including TSCs." Since first reported by Sims in 1835,
HME has been known as one of the most devastating brain
malformations accompanying intractable seizures that frequently
appear in the neonatal period.” The presence of these 2 disorders
seems to be associated with a worse clinical course than that of
HME or TSC alone.”

Our patient showed electric seizures in the left hemisphere,
which was the affected side of the HME, and the seizures did
not improve despite multiple anti-epileptic drugs. Surgical
intervention was needed, and corpus callosotomy was perform-

ed on the 39th day of life. In a review of 21 cases from 1961 to
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2019, Sidira et al.? reported that most patients with HME and
TSC were found to have symptoms such as seizures within 1
month of age (range, 049 days: median 2 days). The patient
reported in Korea had the first clinical seizure on the 26th day of
birth and was diagnosed with HME and TSC approximately 36
days after birth.® Of the 21 previously reported cases, 10 patients
underwent surgery (including anatomical hemispherectomy,
corpus callosotomy, and craniotomy), and 8 of whom had
surgery before the age of 12 months.” From the literature re-
views, the earliest surgery case was performed on the 30th
day of birth, because of clinical seizures immediately after
birth, and repeated status epilepticus on EEG.!" Postoperative
outcomes vary, and most patients maintained a seizure-free
period for 2 months to over 5 years.

In our patient, secondary generalization of seizures starting
from the left side tended to improve after corpus callosotomy.
However, hypsarrhythmia occurred on the right side at approxi-
mately 4 months of age. Salamon et al."” reported that post-sur-
gical seizure control results are likely to be poorer when corpus
callosotomy or hemispherectomy is performed in patients with
bilateral cerebral hemispheric abnormalities. In the case of TSC
lesions on the contralateral side of the HME, the prognosis for
seizure control is expected to be worse.

When the first Korean patient with TSC and HME was re-
ported in 2009, this case was described as an unusual associa-
tion between 2 rare central nervous system diseases. How-
ever, recent studies have shown that both TSC and HME are
categorized under the same disease classification of malfor-
mations of cortical development.” Advances in NGS and
single-cell technologies have demonstrated that mutations in
the mammalian target of rapamycin (mTOR) pathway are a
common cause of brain malformations, including TSC, HME,
and focal cortical dysplasia.” Abnormal hyperactivation of the
mTOR pathway leads to abnormal cell growth and proliferation,
which may be a common mechanism underlying TSC and
HME. The mTOR inhibitor has recently been used in patients
with TSC-associated subependymal giant cell astrocytoma
since its approval in 2010. Regarding HME cases, a reduction in
seizure frequency after using an mTOR inhibitor in 3-month-
aged HME patients was reported in 2019.'° As clinical studies of
mTOR inhibitors for patients with HME are just emerging, anti-

epileptogenic medication might become an early treatment of
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choice for mMTORpathies, including TSC and HME.

Hemispherectomy is advocated as the most appropriate
treatment modality for HME cases with refractory epilepsy and
cognitive deterioration after trials with anti-epileptic medica-
tions."* However, brain surgery is associated with high mortality
and morbidity, especially in early infancy.’ In our case, the
patient underwent corpus callosotomy at age of 39 days for
electrical intractable seizures, and postoperative hemorrhage
occurred. Since refractory seizure is always accompanied by
a devastating prognosis, surgical access to status epilepticus
in patients with HME should be considered actively, although
it may result in surgery-related complications. If an mTOR
inhibitor is introduced as an effective anti-epileptogenic agent,
it can delay brain surgery, and might have benefits in terms of
both seizure control itself and the reduction of complications
due to early surgery. A recent study reported that mTOR in-
hibitors were effective for relapsed seizures 1 year after hemi-
spherectomy in patients with TSC and HME."”

Lastly, we detected a novel heterozygous frameshift mutation
in c.1743_1744insCAAGG (p.Thr582GInfsTer49) of TSCI in
our patient. No further genetic studies were conducted on the
family because of parental refusal. However, there was no fa-
milial history of diagnosed TSC, and no family members had sus-
picious findings such as neurological symptoms or skin lesions.

To the best of our knowledge, there have been approximately
20 case reports of the association between TSC and HME.
This is the first reported case in Korea, although its evaluation
started immediately after birth and medical treatment was
initiated before symptoms appeared, surgical treatment was
eventually required under this diagnosis. Our patient was
diagnosed with prenatal TSC accompanied by ventriculomegaly
and HME was confirmed immediately after birth. On EEG
monitoring, we found electrically intractable seizures, and used
anti-epileptic drugs: however, there was no improvement.
Early surgical intervention was performed, and clinical progress
improved in the short term. In patients with the association
of TSC and HME, early EEG monitoring might help to reveal
subclinical seizures and status epilepticus even before clinical
seizures appear. Early administration of anti-epileptic drugs
and surgical intervention should be guaranteed, and frequent

clinical follow-up and EEG monitoring are needed.
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