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Abstract
We describe a neonate presenting on first day of life with refractory seizures secondary to a single, large area of focal cortical dys-
plasia (FCD) who underwent surgical resection at age 3 weeks leading to resolution of seizure activity and dramatic improvement in
developmental trajectory. Surgical intervention for epilepsy is infrequently offered for neonates, often reserved only for those with
catastrophic presentations. This case demonstrates that surgical intervention can be safe and efficacious in neonates for pharmaco-
resistant seizures associated with a focal lesion. Rapid whole exome sequencing in this case yielded a germline novel de novo TSC1
mutation, leading to a genetic diagnosis of tuberous sclerosis complex (TSC). Our patient demonstrates an atypical neonatal pre-
sentation of TSC. Limited data is available for those with isolated FCD in TSC; this is the first reported case in a neonate.
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Introduction
Seizures within the first day of life often occur secondary to acute
brain injury, and therefore are classified as acute symptomatic
seizures. Acute symptomatic seizures account for 75% of neona-
tal seizures.1 Localized seizures that are refractory to medications
raise suspicion for localization-related epilepsy. Catastrophic epi-
lepsy, referring to frequent seizures with developmental regres-
sion or stagnation, can present in neonates and is an indication
for surgical evaluation. In such cases, early surgical intervention
is associated with improved cognitive outcomes.2 This case dem-
onstrates that surgical intervention can be effective for neonates
with pharmaco-resistant seizures associated with focal lesions
and that rapid whole exome sequencing can provide successful
genetic diagnosis in the neonatal period.

Case
A male infant, conceived via in vitro fertilization (IVF), was
born at 38 weeks by urgent c-section for placental abruption

and met physiologic criteria for therapeutic hypothermia.
Refractory seizures started within the first hour of life, arising
from the left central region by scalp EEG. MRI on day of
life 4 demonstrated a T1 hyperintense, T2 hypointense corti-
cally based lesion in the posterior aspect of the left middle
frontal gyrus suspected to represent focal cortical dysplasia
(FCD; see Figure 1). Electrographic seizures persisted despite
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therapeutic dosing with phenobarbital, fosphenytoin, levetirace-
tam, topiramate and continuous midazolam infusion, which led
to hemodynamic compromise requiring vasoactive support. In
addition, therapeutic trials of pyridoxine, pyridoxal 5-phosphate,
folinic acid, and biotin were attempted without response. On day
15, the patient was transferred to a tertiary care center. The neu-
rological examination on arrival was notable for profound
encephalopathy, diffuse hypotonia, absence of spontaneous
movements, and sluggish response to noxious stimuli. EEG
showed near-continuous spike discharges at C3 (see Figure 2).
A craniotomy was performed with stereotactic guidance on day
of life 18 with MRI-confirmed total resection of the radiographic
lesion without complications, following which there was dra-
matic improvement in encephalopathy with spontaneous eye
opening, visual fixation, and movement in all 4 extremities
without any additional modification to the pre-operative sched-
ule and dosing of anti-seizure medications. Pathology demon-
strated dysplastic neurons and innumerable balloon cells,

histologically consistent with focal cortical dysplasia IIb
(FCDIIb). Rapid whole exome sequencing using peripheral
blood demonstrated a novel de novo germline missense muta-
tion in TSC1 (c.621C>A, p.(Y207X), pathogenic variant).
Genetic testing from surgically resected tissue revealed 4
genetic variants including the same TSC1 mutation (TSC1
p.Y207*, FH p.S419L, FANCD2 splice site alteration, NBN
p.R714*). The infant underwent screening with cardiac and
renal ultrasound, skin exam with Wood’s lamp, and ophthalmol-
ogy evaluation and no other clinical characteristics of TSC were
identified. There were no further concerns for clinical seizure
activity, and given his dramatic clinical improvement, an EEG
was not repeated during hospitalization. The infant was success-
fully weaned off respiratory support, oral feeding was advanced,
antiseizure medications were weaned to levetiracetam monother-
apy and he was discharged home on day of life 33. At the
3 month post-operative follow-up, he remains seizure-free
and demonstrates age-appropriate developmental skills.

Figure 1. MRI obtained on day of life 4 demonstrated T1 hyperintensity in the left posterior frontal lobe associated with abnormal gyration
pattern that may reflect an area of cortical dysplasia.

Figure 2. Focal spike discharges at C3 are at times nearly continuous, but arrhythmic and without focal evolution.

2 Child Neurology Open



Discussion
Diagnostic uncertainty was one of the major challenges of this
case. The initial presentation of clinical seizures and other
physiologic criteria were concerning for the possibility of neo-
natal hypoxic-ischemic encephalopathy, which is one of the
leading causes of neonatal seizures.3 Therefore, this patient
appropriately received therapeutic hypothermia. By contrast,
the focality of the observed seizures raised concern for a possi-
ble underlying structural brain lesion, the presence of which
was confirmed by MRI on day of life 4. The radiographic dif-
ferential diagnosis for this epileptogenic lesion based on T1
hyperintensity included a melanocytic or a dysembryoplastic
neuroepithelial tumor. Although it is atypical for malformations
of cortical development to appear T1 hyperintense, the abnor-
mal gyration pattern and the wedge-shaped signal abnormality
extending to the ependymal surface had a similar appearance to
the transmantle sign that is associated with FCDIIb (Figure 1).
This led our team to suspect a malformation of cortical develop-
ment,4,5 which was confirmed after resection by histopathology.
The classic radiographic appearance of FCDIIb is T1-hypointense
and T2-hyperintense. By comparison our patient’s lesion was
T1 hyperintense, which is likely is related to the immature myeli-
nation pattern in neonates.6,7

Histopathologic and whole exome sequencing revealed the
surprising result of FCDIIb and a germline mutation in TSC1.
Singular areas of FCD are an uncommon manifestation of
tuberous sclerosis complex (TSC), which is a condition associ-
ated with characteristic skin, kidney, lung, heart, and brain find-
ings. A diagnosis of TSC is determined by either clinical criteria
or identification of a pathogenic variant in the TSC1 or TSC2
genes. Genetic studies are typically initiated based on clinical
suspicion. TSC1 and TSC2 code for hamartin and tuberin,
respectively, which form a complex that inhibits mTOR signal
pathways. Sixty percent of mutations that are associated with
malformation of cortical development involve mTOR-MAP
kinase pathways.8 Mutations in these genes can result in
FCDIIb with characteristic balloon cells and disruptions of corti-
cal lamination, as seen with our patient.8

TSC gene mutations have been reported in isolated FCD.9

These are often somatic mutations and not associated with syn-
dromic TSC. It is likely that syndromic TSC occurs with germ-
line mutations. However, hemimegalencephaly is an example
of an extensive malformation of cortical development, which
may occur with germline TSC mutations, but is not associated
with syndromic TSC.9 In these cases, hemimegaloencephaly
occurs in the setting of a two hit phenomena, with both germline
and somatic mutations. This suggests that the clinical spectrum
of TSCmay differ due to somatic, germline, or a combination of
mutations. There have been few reports of individuals who have
a single FCD as the only brain manifestation of TSC despite
meeting the clinical criteria for TSC diagnosis based on
cardiac, skin, lung or kidney findings. One study documents 5
children out of 105 that underwent presurgical evaluation for
solitary FCD that were ultimately diagnosed with TSC based
on other classic clinical criteria.10 An isolated area of FCD

associated with a germline TSC1 mutation has only been reported
in 2 related patients with novel mutation, but has not previously
been documented in a neonate.11 Pathogenic mutations identified
in FCD are more frequently somatic and therefore testing per-
formed on blood or other genetic sampling, often may not be
diagnostic.9 Currently, genetic testing for malformations of corti-
cal development is not standardized and it is possible that some
individuals with isolated FCD and germline TSC mutation may
be unrecognized. Diagnosis by genetic analysis may correspond
with a broader TSC phenotype compared to diagnosis by clinical
criteria. It is therefore uncertain whether existing data, based
largely on clinical criteria, are accurate for counseling families
of those patients diagnosed with TSC by genetic testing without
other classical clinical features, as in our patient.

Neonatal onset epilepsy in the setting of TSC is rare, more
commonly developing around 3-5 months of age.12 In a large
cohort of children with TSC, only 5.7% had onset of epilepsy
in the neonatal period, and in those cases, children presented
with multiple characteristic TSC brain lesions including cortical
tubers, subependymal nodules, subependymal giant-cell astrocy-
tomas.12 Our case is unique in that there was neonatal presentation
of refractory seizures associated with isolated FCD and a germline
TSC1 mutation in absence of other clinical signs of TSC.

In a previous report, a cohort of 21 patients with TSC who
developed seizures in the neonatal period, those with FCD
were more likely to have drug resistant epilepsy and more
likely to have severe intellectual disabilities.12 Eleven patients
showed large cortical malformations, and the majority of the
children without FCD had experienced perinatal events that
were independent risk factors for seizures. These findings
suggest that large areas of FCD are commonly associated
with a more severe clinical phenotype. Three children in this
cohort received epilepsy surgery between 4-6 months of age,
all of whom had improvement in seizure control. One patient
who underwent FCD resection had normal psychomotor devel-
opment, suggesting that relatively early surgical intervention
for refractory seizures may be developmentally beneficial for
children with TSC. Notably, all children in the reported
cohort had multiple brain lesions characteristic of TSC.

Epilepsy surgery is infrequently performed within the first
30 days of life12–14; the youngest reported case of surgical resec-
tion of a focal lesion was 12 days old.15 Surgical intervention in
the neonatal/infant population poses special challenges including
blood loss in the setting of very low circulating blood volume,
and unmyelinated white matter that is delicate and difficult to
manipulate without iatrogenic parenchymal injury. Surgical
adjuncts, such as cranial fixation, image guided navigation, intra-
operative imaging (including intra-operative MRI), and stereo-
tactic EEG planning, may be more difficult or impossible to
utilize.16 Small size and low systemic blood volume pose addi-
tional challenges. The risks of surgery and anesthesia are there-
fore different than even in other older pediatric patients, and
must be weighed against the benefits of early surgical interven-
tion which include the potential for improved seizure control,
maximizing developmental capacity, and overall reducing the
effect of seizure burden on neurodevelopmental outcomes.13
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Our team recommended surgical resection due to a substantial,
refractory seizure burden despite maximal medical therapy,
which itself was limited by the impact of this therapy on
hemodynamic stability. The patient demonstrated remarkable
clinical improvement and seizure freedom immediately post-
operatively. He continues to be seizure free at 3-months post-
surgical follow up.

The majority of individuals with TSC have epilepsy and
mild to moderate intellectual disability. Recent investigations
have been looking into whether early and aggressive treatment
in TSC may reduce incidence or severity of neurodevelopmen-
tal sequala.17,18 Everolimus, an MTOR inhibitor is a targeted
treatment for TSC, has only been used in the neonatal period
for treatment of cardiac rhabdomyomas. This treatment was
not considered at initial presentation as TSC mutation was not
known at the time of surgical intervention. In TSC, FCD has
been associated with worse neurodevelopmental outcomes,12

in the absence of genetic syndromes such as TSC, large FCD
can be associated with intractable epilepsy and impaired neuro-
development. Early surgical resection for FCD may signifi-
cantly reduce or eliminate seizure burden and greatly improve
neurodevelopmental outcomes,13 though there is essentially
no data on early surgical resection of FCD in TSC patients.
Our patient’s neonatal presentation of TSC is uncharacteristic.
The isolated genetic basis for the TSC diagnosis in our case
likely precludes counseling based either on FCD data or on
more classic presentations of TSC in infancy.
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