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A case of early neonatal diagnosis of familial tuberos sclerosis
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ABSTRACT

Background. Tuberous Sclerosis Complex (TSC) is a multisystemic neu-
rocutaneous genetic condition with autosomal dominant inheritance. It is
characterized by hamartomas that affect multiple organs, in particular skin,
central nervous system, heart, lungs and kidney.

Case presentation. Here we report a case of early post-natal diagnosis of
familial TSC.

Conclusions. TSC is a quite rare genetic disease and early diagnosis is very
uncommon, given few cases published in literature. In our patients, early
diagnosis has been performed by using early postnatal ultrasound screen-
ing, without a prenatal diagnosis.

INTRODUCTION sor genes TCS1 and TCS2 respectively located on
chromosome 9 and 16 that codify for the proteins
Tuberous Sclerosis Complex (TSC) is a multisys-  hamartin and tuberin [3, 5].

temic neurocutaneous genetic condition with au-
tosomal dominant inheritance. It is characterized
by hamartomas that affect multiple organs, in par-
ticular skin, central nervous system (CNS), heart,
lungs and kidney [1-4].

There are several genes involved in the aetiology
of this disease in particular the tumour suppres-

The role of this protein complex is to control cel-
lular growth, by suppressing mTOR (mechanistic
target of rapamycin) pathway, involved in the pro-
liferation and inhibition of cellular apoptosis. Inac-
tivating mutation or deletion leads to a permanent
mTOR pathway activation and so to the develop-
ment of hamartomas in multiple organs [6].
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Skin manifestations (hypopigmented macule,
“confetti lesions”, angiofibroma, cephalic plaque,
shagreen patches, ungual fibroma) are the most
common and overall, they affect 90% of patients [4,
5,7, 8].

The main neurological manifestation is epilepsy
(70-90%) that starts usually in the first three years
of life; in addition, TSC patients have a high risk
of neurocognitive impairment (autism, mental
retardation, movement disturbance). Notably,
neuroimaging shows cortical and subcortical tu-
bers, subependymal nodules in the lateral ventri-
cles, subependymal giant astrocytomas (SEGA)
[4, 10, 11].

Whilst, cardiological manifestations are represent-
ed by rhabdomyomas, diagnosed in the foetus and
new-born, usually in the ventricular wall. These are
mostly asymptomatic, even though they can cause
cardiomegaly, arrythmias and even death [9].
Other manifestations are renal (80% of cases) as
angiomyolipoma [10, 12], pulmonary (lymphan-
gioleiomyomatosis) [10], ophthalmological (ret-
inal hamartoma) and hepatic (angiomyolipoma)
[7, 13].

Importantly first diagnostic criteria of 1998 have
been reviewed in 2012 in the second International
Tuberous Sclerosis Complex Consensus Confer-
ence, by including genetic tests. Based on the new
criteria, a pathogenic mutation in TSC1 or TSC2, is
sufficient to assess the diagnosis, regardless clini-
cal manifestations [7]. Nevertheless, 10% to 25% of
patients could not have a pathogenic mutation in
conventional genetic testing. Therefore, a normal
molecular test cannot exclude a diagnosis of TSC.
Clinical criteria are divided into major: hypopig-
mented macules (= 3, with at least 5 mm diameter),
angiofibroma (= 3) or fibrous cephalic plaque, un-
gual fibromas (> 2), shagreen patch, multiple reti-
nal hamartomas, cortical dysplasia, subependymal
nodules, subependymal giant cell astrocytoma,
cardiac rhabdomyoma, lymphangioleiomyomato-
sis, angiomyolipoma (= 2); and minor: “confetti”
lesion, enamel pits (> 3), intraoral fibroma (> 2), ret-
inal hypopigmented macule, multiple renal cysts
and nonrenal hamartomas. If two major criteria or
one major and two minor criteria are all meet di-
agnosis can be definitive. While it can be probable
with one major criterion or two or more minor.
The diagnostic suspect comes usually from pre-
natal individuation of cardiac rhabdomyomas;
in the post-natal period, the identification of hy-
popigmented macules on the skin has been ob-
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served; in childhood the seizures are the most
common clinical manifestation followed by cog-
nitive impairment.

Here we report a case of early post-natal diagnosis
of familial TSC.

CASE PRESENTATION

A trigeminal pregnancy obtained through intracy-
toplasmic sperm injection technique delivered at
31+6 weeks of gestational age with an emergency
C-section for preterm premature rupture of the
membranes.

The mother had an history of epilepsy treated with
Levetiracetam. She had a postoperative course un-
complicated, and she was discharged at day 3 after
delivery.

The first twin was born without any complication
and discharged day 3 after birth.

The second born, A., had an APGAR score of 2 and
7, at 1 and 5 minutes respectively; she received
Cardio-Pulmonary Resuscitation and ventilated
through endotracheal tube for severe cardiorespi-
ratory depression. Neonatal birth weight was 1,458
grams (25-50° pct), length 40 cm (25-50° pct), crani-
al circumference 28.5 cm (25-50° pct). She received
invasive respiratory assistance for 4 days, then she
underwent non-invasive respiratory assistance un-
til discharge. She received antibiotic therapy with
Ampicillin and Gentamicin. Cultures were always
negative. Echocardiography performed for neo-
natal screening showed multiple hyperechogenic
formations considered as rthabdomyomas, further-
more a Patent Ductus Arteriosus with left-right
shunt and thereby right hyperflux resistant to med-
ical closure therapy. Therefore, she received surgi-
cal closure intervention with no complications. At
physical examination, she also had a prominent
skin lesion on the nape.

The third born, S., had an APGAR score of 2 and
7, at 1 and 5 minutes respectively; she received
Cardio-Pulmonary Resuscitation and ventilated
through endotracheal tube for severe cardiorespi-
ratory depression. Neonatal birth weight was 1,393
grams (25° pct), length 38.5 cm (10-25° pct), cranial
circumference 27.7 cm (10-25° pct). She received in-
vasive respiratory assistance for the first 72 hours
and administered endotracheal surfactant, then
she received non-invasive respiratory assistance
for 48 hours and underwent spontaneous breath-
ing afterwards. Blood tests and cultures were al-
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ways negative. She received a course of 24 hours
phototherapy for neonatal hyperbilirubinemia.
She received partial parenteral nutrition for 11
days and Minimal Enteral Feeding from first day of
life, then completely full enteral feeding with good
weight gain. At physical examination two promi-
nent and rugous plaques on left forearm and left
thigh were detected and suspected for skin fibro-
mas. She started a diagnostic iter and performed
complete ultrasound screening. Abdominal US
showed a left renal hyperechogenic lesion with
intralesional cysts compatible with renal angio-
myolipoma. Echocardiography (Figure 1) showed
multiple rounded endocardia hyperechogenic for-
mations along Intra Atrial Septum and Intra Ven-
tricular Septum considered as rhabdomyomas or
hamartomas. Cerebral US showed right first grade
Intra Ventricular Haemorrhage, bilateral rounded
hyperechogenic > 1 cm nodules localized in the
cortical-subcortical wall (Figure 2), considered as
subependymal nodules. She was then transferred
to the Pediatric Cardiologic Unit and monitored.
After discharge, she experienced seizures and was
admitted to Neurology Unit where she performed
Electroencephalogram consistent for right centro-
temporal epileptiform abnormalities and brain
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Figure 1. Heart ultrasound.
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Figure 2. Cerebral ultrasound.

Magnetic Resonance Imaging with evidence of
bilateral multiple cortical-subcortical and periven-
tricular lesions consistent for hamartomas. She
started antiepileptic therapy with phenobarbital
and clonazepam, with good control.

Based on 2012 Criteria of second International Tu-
berous Sclerosis Complex Consensus Conference,
the second twin had cardiac rhabdomyoma (major
criterion) and one skin fibroma, thus a diagnosis
of TSC was probable. The third twin had a cardi-
ac rhabdomyoma (major criterion), subependymal
nodules (major criterion), one renal angiomyolipo-
ma, and two skin fibromas so a definitive diagno-
sis of TSC has been made.

In suspicious of hypothesis of familial Tuberous
Sclerosis, a genetic panel was performed, that re-
sulted negative for all the three children and both
parents.

DISCUSSION

TCS is a multisystemic neurocutaneous genetic
condition with autosomal dominant inheritance.
The first manifestation of TSC is a cardiac tumor
assessed by using foetal ultrasound [14, 15]. With
regards to clinical manifestation of TCS in the fetal
period cardiac rhabdomyomas are often seen and
these are, usually identified through US screen-
ing of second trimester. However, it remains chal-
lenging to detect these benign hamartomas in
other organs such as the brain, the kidneys, the
heart, and the skin. Notable, foetal magnetic res-
onance imaging (MRI) is useful in detecting ext-
racardiac hamartomas but is difficult to use as a
screening tool.

A family history of TSC is an important clue in the
diagnosis of foetal TSC and it may require a target-
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ed genomic sequencing of TSC1 and TSC2 genes,
to improve the efficacy of prenatal detection of TSC
and facilitate prognosis, counselling, and poten-
tial early intervention to improve the outcomes of
these individuals [16].

In 2012, the Tuberous Sclerosis Consensus Confer-
ence updated diagnostic criteria and surveillance
management of the disease [7]. In the recent years,
relevant data on clinical and genetic came from the
TOSCA (TuberOus SClerosis registry to increase
disease Awareness) study, a long registry of pa-
tients with TSC [10]. In this registry the median
age of diagnosis of TSC was one year, with central
nervous system (CNS) involvement (most of the
time seizures) as the main postnatal characteristic
(73.3%) while cardiac rhabdomyoma detected in
22.1% of patients antenatally. In addition, genetic
testing was available in 53.5% of patients, while no
mutation identified in 19.6% of patients.

In the case we described there was no family histo-
ry of TSC, but the mother of the three twins had a
not defined history of epilepsy even though with-
out a clear diagnosis and with no evidence of car-
diac or skin abnormalities.

The early diagnosis of TSC has been assessed by
using echocardiography and cerebral ultrasound
performed in the early days of life for prematurity
screening. In our twins the genetic test for TSC1
and TSC2 genes was negative.

Our epileptic patient in the follow up was treated
with antiepileptic therapy but new studies have
been made on mTOR inhibitors as a molecular
target for the treatment of TSC manifestation in-
cluding epilepsy, behaviour, TSC-related subep-
endymal giant cell astrocytomas (SEGA) and renal
angiomyolipoma [17].

This treatment is also safe and efficacious in TSC
patients under 2 years of age. However, no predic-
tion on long term safety under maintenance ther-
apy can be made and further multicentre studies
and registers with larger cohorts and longer fol-
low-up periods are awaited.

In the last few years, noninvasive prenatal diag-
nosis (NIPD) based on cell-free DNA (cfDNA)
has been introduced into the clinical application
for some monogenic disorders but not for tuber-
ous sclerosis (TSC) yet, which is an autosomal
dominant disease caused by various variations in
TSC1 or TSC2 gene. However, recently, Yang et al.
showed that NIPD based on c¢fDNA is feasible for
TSC, but required to be confirmed with more sam-
ples [18].
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CONCLUSIONS

In summary, TSC is a quite rare genetic disease and
early diagnosis is very uncommon, given few cases
published in literature. In our patients, early diag-
nosis has been performed by using early postnatal
ultrasound screening, without a prenatal diagnosis.
In the next future a better knowledge of this disease,
leads to an early diagnosis and treatment without
requiring a genetic positive test or family history.
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