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Genetics Corner: Risk of Epilepsy in an
Asymptomatic Infant with Prenatally Diagnosed
Tuberous Sclerosis
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Case History:

A healthy 10-month old male infant who had been prenatally di-
agnosed with tuberous sclerosis (TSC) was referred for a genetic
consultation. The diagnosis of TSC in this child was made prena-
tally via gene testing on a chorionic villus sample by a maternal-
fetal medicine consultant. Fetal hydronephrosis was briefly not-
ed on an ultrasound exam at ~20 weeks gestation, but there were
no other signs of TSC in the fetus. The mother herself reported
polycystic ovarian syndrome and chronic emesis but denied tera-
togenic exposures, diabetes, or other ilinesses during her preg-
nancy. The baby was born at term by NSVD without complications
and received routine newborn care. Birth weight and birth length
were 7 Ibs 14 oz. and 20.5 inches, respectively. He passed his
newborn hearing screen. He was discharged with his mother.

Since birth, this infant has been healthy and developing normal-
ly. He has not had any imaging studies or specialist evaluations to
date. At the genetic clinic visit, his mother voiced concern about
his risk for seizures after his upcoming MMR vaccination because
his father, who also had TSC, had a seizure after his MMR vac-
cination as an infant.

The physical examination revealed a well-nourished, well-devel-
oped, alert, nondysmorphic male infant in no distress. He had
one hypomelanotic macule on his right forearm. His neurologic
examination was normal. He was socially engaged, vocal, and
moved all extremities symmetrically. He demonstrated good mus-
cle mass, strength, and tone.

Developmental history:

The patient met age-appropriate developmental milestones. He
sat alone at 5-6 months of age and is almost standing unassisted
at ten months. He said his first word at eight months of age and
had a vocabulary of 3 words at ten months.

Family and social history:

The patient is the only child born to his parents. The patient’s fa-
ther, in his 30s, was diagnosed at age 30 with tuberous sclerosis
as an incidental finding when he had a brain MRI for another indi-
cation. He has facial angiofiboromas, migraine headaches, benign
brain tumors, and a history of learning difficulties in school. He
had a seizure with fever as an infant after receiving his MMR vac-
cine, but he has had no seizures since age 2. A pathogenic vari-
ant in TSC1 was identified in the patient’s father: ¢.2006_2007ins
TTTAGGTTGCCTTT (p.Leu669Phefs*60).

The paternal grandmother and her mother are also affected by
TSC. The paternal grandmother underwent genetic testing for
tuberous sclerosis after the patient’s father was diagnosed with
TSC, and she has the same pathogenic variant. She has angiofi-
bromas and brain and kidney tumors. She had “convulsions” when
she was younger. The paternal great-grandmother had been clini-
cally diagnosed with tuberous sclerosis in the past but had not had
genetic testing. She has unspecified kidney issues.

Assessment and counseling:

This infant has a tuberous sclerosis complex (TSC) based on
his family history, physical exam, and prenatal genetic test re-
sults. The hypomelanotic macule on his forearm is one of the ear-
liest indicators of TSC and, in this patient, it is the sole manifesta-
tion of TSC at presentation. After an uneventful delivery, this infant
was asymptomatic and went home with his mother without further
interventions until ten months of age when he presented for an
outpatient genetic consultation.

Although prenatal diagnosis provided the opportunity for early in-
tervention in this case, the opportunity was missed, possibly be-
cause the fact that he was asymptomatic was overly reassuring
to his family and his medical providers. Preventive management
has an important role in the neonatal care plan of all affected new-
borns with TSC, even if asymptomatic. His mother’s concern for
seizure risk following routine immunizations motivated us to focus
on the risk of epilepsy in TSC for this report and highlight preven-
tive interventions appropriate at the time of diagnosis for all new-
borns with TSC.

Background:

TSC (OMIM 191100) is an autosomal dominant disorder caused
by excessive activation of the mTOR signaling pathway by hetero-
zygous inactivating pathogenic variants in either TSC1 or TSC2. It
occurs in approximately 1 in 6000 births and is inherited from an
affected parent in about one-third of cases. In the other approxi-
mately two-thirds of cases, the responsible gene variants occur as
de novo events. The penetrance of TSC is thought to be 100%,
which means that all individuals with pathogenic variants ex-
press the disorder to varying degrees. However, the phenotype of
TSC can be highly variable, even among affected members of the
same family, so the disease does not “run true.” Although no gen-
otype-phenotype correlations regarding specific pathogenic vari-
ants in TSC1 have been reported, pathogenic variants in TSC1
are generally associated with a milder phenotype than pathogenic
variants inTSC2.

In TSC, hamartomas develop in many organs: brain, heart, skin,
kidneys, and lungs but the most severe manifestations are neuro-
logic. The prevalence of intellectual disability is 40-70%, and se-
vere or profound disability is reported in 30-45% of patients. There
is a strong association between mental handicap and epilepsy.
Early-onset epilepsy, especially infantile spasms, is strongly linked
to severe intellectual disability in TSC.
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Epilepsy and neurodevelopmental comorbidities

Patients with TSC are at high risk of developing epilepsy. Seizures
occur in about 80% of TSC infants, usually in the first year of life.
Rapid treatment is important because seizures, especially uncon-
trolled seizures, increase the risk for TSC-associated neuropsy-
chiatric disorders (TAND) such as intellectual disability/develop-
mental delay and autism. Unfortunately, in approximately 65%
of those patients with TSC who develop epilepsy, seizures are
severe and drug-resistant. Because mTOR activation can cause
increased neuroexcitability and seizures, mTOR inhibitors have
been studied for their antiepileptic therapeutic effect with positive
results. The EXamining everolimus In a Study of Tuberous scle-
rosis 3 (EXIST-3) trial demonstrated decreased seizure frequency
with the mTOR inhibitor everolimus in TSC-related refractory sei-
zures in subjects aged 2-65 years old (French et al. 2016). Atten-
tion has now become focused on preventing epilepsy in at-risk
infants with TSC by initiating treatment before clinical seizures are
evident, and evidence is accumulating that this is beneficial.

“Vigabatrin is the most effective first-
line monotherapy for TSC-associated
infantile spasms and/or focal seizures
in the first year of life (Curatolo et al.,

2018).”

Vigabatrin is the most effective first-line monotherapy for TSC-as-
sociated infantile spasms and/or focal seizures in the first year of
life (Curatolo et al., 2018). It has also been shown to be effective
as a preventive therapy. In 2011, Joswiak and colleagues demon-
strated that vigabatrin, when initiated before the onset of seizures
in at-risk infants with TSC, reduced the severity of their epilepsy
and their risk of intellectual disability. In their study, a standard
therapy group (n=31) received antiepileptic treatment early but af-
ter the onset of seizures. A preventive therapy group (n=14) was
treated when active epileptic discharges were seen on EEG but
before the onset of clinical seizures. At 24 months of age, the de-
velopmental delay was significantly more frequent and severe in
the standard versus the preventive group (48% vs. 14%; p=0.031;
mean |Q score 68.7 vs. 92.3; p<0.05). The preventive group had
a higher ratio of seizure-free children (93% vs. 35%; p=0.004), a
lower incidence of drug-resistant epilepsy (7% vs. 42%; p=0.021),
and lower numbers who required polytherapy (21% vs. 55%;
0.039). These authors concluded, “preventative antiepileptic treat-
ment of infants with tuberous sclerosis complex and high risk of
epilepsy markedly improves their neurodevelopmental outcome
and reduces the incidence of drug-resistant seizures.”

Wu and colleagues (Wu et al., 2019) used serial routine 1 hour
awake and sleep video EEGs as a biomarker for epileptogen-

esis in at-risk infants with TSC. They studied 40 seizure-naive
infants who had TSC, aged seven months or younger, following
them until two years of age with video EEGs at baseline, every
six weeks until six months, every three months until 12 months,
then every six months until 24 months of age. They found that
interictal epileptiform discharges (IEDs) on EEG predicted clini-
cal seizures by age 2 with a positive predictive value of 77.3%
and a sensitivity of 85%. Among the 32 infants who completed
the study, 20 developed seizures, and 17 of these had persistent
IEDs on multiple EEGs. In contrast, among the 12 infants who
did not develop seizures, only 5 had IEDs on a single EEG that
later resolved. The EEG changes preceded the onset of clinical
seizures by a mean of 3.6 months. By demonstrating significant
developmental decline only in the infants with ongoing seizures
but not in infants who never developed seizures or whose sei-
zures were controlled, these authors also showed that “decline in
developmental outcome in infants with TSC is clearly linked to the
persistence of seizures.”

Most recently, the international EPISTOP clinical trial (Kotulska et
al., 2020) compared the effectiveness of vigabatrin as a preven-
tive therapy (after EEG evidence of epileptic activity) versus its use
as conventional antiepileptic treatment (after the onset of clinical
seizures) in TSC infants. Among 94 infants with TSC, aged four
months or less, and without seizure history who participated in EEG
surveillance, 54 were eligible for preventive treatment with vigaba-
trin in either a randomized arm or an open-label arm of the study.
Of these, 25 had preventive treatment at the time of abnormal EEG,
and 25 had no preventive treatment at the time of abnormal EEG.
The median time from birth to the first clinical seizure was about
four times longer with preventive treatment than conventional treat-
ment (614 days vs. 124 days). Patients in the preventive treatment
group were about three times more likely to remain free of clinical
seizures over the study period (46% vs.15%, p=0.011). The preven-
tive treatment group had a lower median proportion of days with
seizures (17% vs. 62%, p=0.022) and less frequent drug-resistant
epilepsy (31% vs. 77%, OR=0.15) than the conventional treatment
group. None of the patients who received preventive treatment de-
veloped infantile spasms, whereas 10 of 25 patients on conven-
tional therapy did. Importantly, there were no adverse events re-
lated to preventive treatment. The authors support the use of serial
video-EEG monitoring “beginning at the time of diagnosis of TSC
in infants and the immediate initiation of antiepileptic treatment with
vigabatrin at the onset of epileptogenic activity."

We communicated this recommendation to the patient’s pediatri-
cian and family in the hope that an EEG could be performed prior
to the patient’s upcoming MMR vaccination. The patient was re-
ferred to the Pediatric Neurology service for brain MRI and further
follow up.

The sum of current evidence is rapidly changing the standard of
care for infants with TSC. Neonatal practitioners have an impor-
tant role in advancing the health of these babies by ordering se-
rial EEGs and advocating for preventive therapy, if needed, with
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vigabatrin when epileptogenic activity is present.

“The sum of current evidence is rapidly
changing the standard of care for infants
with TSC. Neonatal practitioners have
an important role in advancing the
health of these babies by ordering serial
EEGs and advocating for preventive
therapy, if needed, with vigabatrin when
epileptogenic activity is present.”

Practical applications:

1.

Recognize the important role you have as a neonatal care
provider in improving the lives of infants with tuberous scle-
rosis complex

Consult a pediatric neurologist whenever a newborn infant
has TSC, even when the baby is asymptomatic, to initiate
EEG surveillance, brain imaging and create a treatment plan

Anticipate that clinical seizures will develop in the first year
of life in most infants with TSC.

Understand that early and close video EEG monitoring pro-
vide a biomarker for seizure susceptibility in TSC, and early
treatment based on EEG monitoring significantly improves the
neurodevelopmental outcome of young children with epilepsy.

Order EEG surveillance in infants with TSC prior to the onset
of seizures to identify and treat early epileptiform changes

Recognize that antiepileptic treatment with vigabatrin begun
prior to the onset of clinical seizures in infants with TSC im-
proves neurologic outcome more than the same therapy ini-
tiated after the onset of seizures.
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