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Abstract

Tuberous sclerosis complex is a rare multi-systemic disorder that could be complicated by disabling

neurological manifestations including intractable epilepsy. It is an autosomal dominant disorder

with variable penetrance. Familial tuberous sclerosis probably occurs more often than is reported

in the literature. This article reports on a Nigerian man with tuberous sclerosis complex who

presented in status epilepticus with documentation of tuberous sclerosis in his family and discussed

the manifestations, diagnostic criteria, clinical evaluation, investigation and management of

patients with tuberous sclerosis complex.
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Introduction

Tuberous sclerosis also called tuberous
sclerosis complex (TSC) is a rare, multi-
system autosomal dominant disorder of
cellular differentiation and proliferation
characterized by hamartomas in most organ
systems including the brain and other vital
organs such as the kidneys, heart, eyes, lungs,
and skin. It usually affects the central
nervous system and results in a combination
of symptoms including seizures,
developmental delay, behavioral problems,
skin abnormalities, and renal disease. Patients
with TSC are frequently diagnosed with co-
morbid neurological disorders including
epilepsy, intellectual disability, behavioral
abnormalities, sleep disorders, and autism

spectrum disorders (ASD)*. The name
tuberous sclerosis comes from the
characteristic tuber or nodules in the brain,
which calcify with age and become hard or
sclerotic. The disorder, once known as epiloia
or Bourneville's disease was first identified by
Désiré-Magloire Bourneville, a French

neurologist over 100 years ago'.

The disorder affects as many as 25,000 to
40,000 individuals in the United States and
about 1 to 2 million individuals worldwide,
with an estimated prevalence of one in 6,000 to
9,000, TSC occurs in all ages, races and
ethnic groups, and in both genders.

TSC is caused by defects or mutations, on two
genes-TSC1 and TSC2. The transmission of
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TSC is by autosomal dominant trait with
variable penetrance. Although some
individuals inherit the disorder from a parent
with TSC, most cases occur sporadically.
Many TSC patients show evidence of the
disorder in the first year of life. However,
clinical features can be subtle initially and
many signs and symptoms take years to
develop. As a result, TSC may be
unrecognized or misdiagnosed for years.

Case Presentation

An eighteen year old Urhobo man from
Oghara was rushed into our emergency
department by the father with complaints of
repeated seizures and loss of consciousness.
He had a fever three days prior to
presentation. No history of use of any
medication or trauma to the head. He has
been having recurrent seizures since the age of
eight. Review of systems was negative except
for poor educational performance and
occasional aggressive behavior. He was in
primary six at the time of presentation. No
history of birth asphyxia, neonatal or
childhood major illness. He was fully

Figure 1. Facial angiofibroma (Adenoma sebaceum) in
the patient, with lacerations on the lip and
tongue following a seizure

immunized for age. He is the third child
among five in a monogamous home. Three of
his siblings have epilepsy. At the emergency
room he was found to be having repeated
generalized tonic-clonic seizures with
Glasgow Coma Score (GCS) of 10 in between
attacks, warm to touch with temperature of
37.5°C. He had facial angiofibroma - adenoma
sebaceum on the face (figure 1) {this lesion
appeared first on his face at age of 5 and has
remained till date} and shagreen patches on the
lumbar region (figure 2). Fundoscopic
examination was normal. No signs of
meningeal irritation or focal neurological
deficit. He had intravenous diazepam 10mg
and 5mg at five minutes apart and phenytoin
infusions to abort the seizures. The motor
seizures were aborted within two hours;
however, his GCS remained 13 for twenty-
four hours before full recovery. His working
diagnosis was then status epilepticus
precipitated by malaria in a patient with
tuberous sclerosis. Malaria parasite test was
positive (1+) for Plasmodium falciparum and
he was treated with arthemeter-lumefantrine

combination. The electrolytes,

Figure 2. Shagreen patches on the lumbar region
of the patient
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Figure 3. Patient's father with facial angiofibroma

urea,creatinine, liver function tests and
complete blood count results were normal.

On the third day of admission he had another
seizure which started with an abnormal
behavioral changes characterized by a strange
expression of aggression on his face followed
by slapping of a nearby patient and a nurse,
screaming and generalized tonic-clonic
seizures lasting for four minutes associated
with foaming saliva, upward rolling of the
eyes, urinary incontinence and post-ictal
sleep. The patient had positive history of
occasional aggressive behavior without
accompanying motor seizures.

His brain computerized tomographic scan
revealed calcified subependymal nodules
(figure 4) and calcified occipital cortical tuber
(figure 5).Renal ultrasound scan revealed no
abnormality.

His father (figure 3) and one of his siblings
have facial angiofibroma. His late paternal
grandfather was said to also have facial
angiofibroma. His father and siblings were
examined and had no retina lesion or any
other skin lesions. He was discharged after

Figure 4: CT brain of the patient showing Calcified
Sub-ependymal nodules

Figure 5: CT brain showing calcified left occipital
Cortical Tuber

five days on admission on phenytoin and seen
in the out-patient clinic a week after discharge.
Further imaging evaluation planned for the
family members could not be carried out as we
lost the patient and his relatives to follow up.

Discussion

The case presented is that of a familial tuberous
sclerosis complex. In familial cases, TSC is an
autosomal dominant disorder, and can be
transmitted directly from one parent with the
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faulty gene to a child. An offspring of a
‘patiL:nt with TSC has a 50 percent chance of
developing the disorder. The offspring of 4
'TSC patient has variable clinical expression
andseverity ranging from not manifesting the
same

severe form of the disorder. The patient‘
reported in this article presented with a severe
form of the disorder among the family
\

mental retardation, abnormal behaviors,

merhbers with a combination of epilepsy,

facial angiofibroma (adenoma sebaceum),
shagreen patches, ash leaf and calcified
Fubﬁ:pendymal nodules and occipital corticaH
tuber. The father of the index patient has an,
apparent mild disease. At the age of 56 years
he 'has never experience any othe
marifestation except the skin lesion (facial
angiofibroma).One of his siblings was
reported to have the facial angiofibroma and
epilepsy, while two other siblings have
pilfpsy with good educational records‘
The‘

Fresentation of the disorder in this family

support the clinical variability in
manifestations of the TSC as reported inl

without skin manifestations.

literatures™™’. \

| The transmission of the disorder is by anl
autosomal dominant trait with variable
penetrance. Two genes are responsible for
‘TS(%, TSC1 and TSC2. The TSC1 gene,
discovered in 1997, is on chromosome 9 and

ﬁ'roduces a protein called hamartin. The
\

chrébmosome 16 and produces the protein

SC2 gene, discovered in 1993, is on

tuberin’. These proteins regulate the enzyme|
complex, a kinase, mTORCI1, which
constitute a key cellular pathway important
|

[Ei)lr ?rotein synthesis and cell size regulation.
amartin and tuberin act in a complex

mechanism as growth suppressors by
‘inhibiting the activation of the kin‘ase,‘
mTORCI1. Loss of regulation of mTOR
occurs in cells lacking either hamartin of
tuberin, and this leads to the activation of|the

‘and development, and the generation‘

of
|

enlarged cellsas seenin TSClesions."

Most- cases—oceur sporadically- due to new,—

‘spontaneous mutations in TSC1 or TSC2. Jl"he‘

Lfrequency of mutations reported in 7SC2 i
consistently higher than in 7SCI1 in familial
tuberous sclerosis complex as 7SCI mutations
account for only 10 to 30% of the families
identified with TSC". In sporadic cases of TSC,
‘there is an even greater excess of mutatioqs in1
15C2. identification of 7SCI
mutations appears to be twice as likely" in

However,

familial cases as in sporadic cases. o

Three types of brain lesions are seen in TSC!
cortical tubers, subependymal nodules (SEN)

(SEGA). The cortical tubers, for which the

\
\
and subependymal giant-call astrocytomas
\
‘disease is named, generally form on the surface‘
\

of the brain, but may appear deep in the bfain}
Farenchyrna. The neurologic manifestations

and neurobehavioral abnormalities, such as
and beh 1 ab lit h as
\

of TSC include epilepsy’* cognitive disabiiity,

autism.”" Seizures occur in about 90% of|thel
patients™. Seizures of all types may octur,
including infantile spasms; tonic-cloniq
‘seizures; or tonic, akinetic, atypical abseTlce,‘
myoclonic, complex partial or generalized
‘seizures. The manifestations are closely relilted‘
to the number of cerebral cortical tubers that
are present in over 80% of patients'"”. Patients
with numerous lesions on neuroimaging tend
to have difficult seizure control”. Brain

magnetic resonance imaging (MRI)| or



demonstrates the cortical tubers,
‘subépendymal nodules and subependymal‘
gainlt cell astrocytomas”. The CT best
demonstrates the calcified subependymal
nodules that characterize TSC*" as shown in|
the (case presented. Subependymal giant cell

astrpcytoma occur in 10% of the patients.‘
About 50% to 60% of individuals with TSC

retardation. Behavioral problems, such as
aggression, sudden rage, attention deficit
hyperactivity disorder and obsessive
‘con}pulsive disorder occur in children With‘
TSC and can be difficult to manage. About‘

one-third of children with TSC meet criteria‘

For dutism spectrum disorder"".

A wide variety of cutaneous lesions may be
seerlin patients with TSC. The most common
skinl lesions include: hypomelanotic macules
(ashileaf spots), found in about 80% to 90% of
the jpatients, may be seen anywhere on the
‘bodpf at birth;

adenoma sebaceum), which are reddish spots

facial angiofibromas

age bf five years are made up of vascular and

or acneiform eruptions” on the malar region
of the face that become apparent around the

connective tissue elements; shagreen patchj
ungual and subungual fibromas and other
pigmentary lesions such as confetti lesions,

Poli‘osis and café au lait spots. Shagreen
atches, usually found on the lower back or

nape of the neck are irregularly shaped,‘

andlappear after the age of five. The patient,

‘sligllltly raised, leathery textured skin lesions

his father and one of his siblings have facial
angiofibromas, but he alone has shagreen
patches. His facial angiofibroma and shagreen,

Patﬁhes were noticed as from age 5.
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about 55 to 80% of the patients are benign
tumors composed of abnormal Vesgels,‘
immature smooth-muscle cells, and fat célls,
with multiple tumors in each kidney™". Theyt
are the most common kidney lesions in TSC|

every 300 people without TS‘Cl.‘

Angiomyolipomas caused by TSC are usu‘ally‘

‘found in both kidneys and in most cases they

produce no symptoms. However, they

can
sometimes grow so large that they cause painl
or kidney failure. In addition]| to
angiomyolipomas, epithelial renal lesions thag
‘include epithelial cysts, polycystic kidTney‘

\
\
associated with hypertension and renal failure

Other rarel
kidney problems include renal cell carcinoma,|

disease, and renal-cell carcinomas may dev lop‘
in patients with TSC. Epithelial cysts are‘

generally asymptomatic and are more often
. . 18,19
than are angiomyolipomas.

developing from an angiomyolipoma, and
encocytomas, benign tumors unique‘ to

‘individuals with TSC. a

ung lesions are present in about one-thir of‘
adult women with TSC and are much less

men.

Lymphangiomyomatosis, also called

commonly seen in
lymphangioleiomyomatosis, affects womenl
almost exclusively and is characterized| by
widespread pulmonary proliferation| of
‘abnormal smooth-muscle cells and C}Tstic‘
changes within the lung parenchyma®.
ymphangiomyomatosis is usually diagno‘sed‘
‘during early adulthood and is initigllyj
manifested by dyspnea or pneumothofrax!
Multinodular, multifocal pneumodyte
hyperplasia (MPH) is another lung lesion withy

a more benign tumor that occurs in men ‘and1

Tumors called cardiac rhabdomyomas  are

women equally.

! S B



found in 50% to 70% of hearts of infants and
glouhg children with TSC, and they are often
seed on prenatal fetal ultrasonography!
Rhabdomyoma may be associated with

cardiac failure, dysrhythmias, including atrial

‘rhalgdomyomas if they do not cause problems
at birth-when in most cases they are at theirl
largest size, they often regress spontaneously!
in later life”. |
Benign tumors called phakomas are
sometimes found in the eyes of individuals

polyps, gum fibromas, and dental pits may‘

‘Witl} TSC, appearing as white patches on the
retina. Pancreatic cysts, bone cysts, rectal

hlsolbe seen in individuals with TSC. |

The diagnosis of TSC is based upon clinical
criteria. The diagnostic criteria for TSC
consist of a set of major and minor diagnostid
features”. Currently the results of molecular,
genetic testing of the TSC1 or TSC2 loci are
viewed as corroborative. No single feature is‘

diagnosis. The clinical manifestations of TSC

diagjnostic thus, a detailed evaluation of all the
elincal features is necessary to make the

appéar at distinct developmental points™. Forl
initial diagnostic evaluation, careful
dermatologic examination of the skin,
Funﬁiuscopic examination to identify retinal‘
hamartomas, MRI or CT of the brain to
identify tubers and subependymal giant-cell‘
tumors and ultrasonography with or without
CT) or MRI of the kidneys to identifyl
angiomyolipomas are necessary. In women

with TSC, CT of the lungs is indicated to look

for ;subclinical lymphangiomyomatosis. In

| |
e +

rhabdomyomas.

Based on the diagnostic criteria the clinical

probable or possible. Two major feature§ or

‘diagnosis could be classified as defiﬁite,

one major feature plus two minor features are

required for a-definite clinical diagnosis-of - — — — —

TSC; one major and one minor feature)are,

‘required for a probable diagnosis of TSC; one

fibroma, shagreen patch, hypomelanotid

major or two-or -more minor features-are — — —

needed for a possible diagnosis of TSC”. The

major features are facial angiofibroma, unéual‘

macule, cortical tuber, subependymal nodule/
subependymal giant-cell tumor, retinal
‘harmatoma, cardiac rhabdomyoma, rﬁenal‘

angiomyolipoma and lyrnphagiomyomat?sis.‘
The minor features are multiple pits in dental
enamel, hamartomatous rectal polyps, bone
‘cysts, cerebral white-matter radial migraﬁon‘
lines, gingival fibromas, retinal achromid
patch, multiple renal cysts and 'confetti' skin|
lesions”. .
The patient reported in this article has definite,
‘tuberous sclerosis complex with three m jor

shagreen patches (figure 2), subependymal‘

features namely facial angiofibroma (figure 1),

\
\
cortical tuber (figure 5). The presencd of
possible TSC in the father (figure 3), one of his

siblings and in his grandfather (with |the
history of facial angiofibroma) strongly,

calcified nodules (figure 4) and a calci ied

support the diagnosis of the rare presentaniion1
‘of familial tuberous sclerosis complex in ‘this‘
three generations.

There is no cure for TSC, although treatment‘

is available for a number of the sympthms.
Antiepileptic drugs may be used to control

seizures. Vigabatrin, an inhibitor ofl I
aminobutyric |

\
e
\



acid transaminase, is particularly useful for

medications may be prescribed for behavioral

treatment of infantile spasms in TSC. Specific

problems. Interventional programs including
special schooling and occupational therapy
ma

and‘ developmental issues. Surgery may be‘

Respiratory insufficiency due to LAM can bel

needed in case of complications connected to

risk' of hemorrhage from kidney tumors.

treated with supplemental oxygen therapy ot
lung transplantation if severe. \

. Everolimus, an mTOR inhibitor, was
approved by the United States food and drug
‘adn}inistration agency in 2010 to treat sub-‘

ependymal giant cell astrocytomas in
individuals with TSC who require treatment
but' are not candidates for surgeryl.‘
Rapamycin has been shown to be effective inl
treating SEGA, and it is still undergoing
clinjcal trials.” |
/Angther important issue in the management

‘of TSCis long-term follow-up, including the‘

periodically image the brain and abdomen to

(mor‘ﬁtoring of lesion growth. No conclusive
guidelines for surveillance have been
‘estahlished for this disease, but most centers

monitor the growth of lesions in the brain
and| kidney.” It is a standard practice to|
perform brain and abdominal imaging at least
every 3 years, and more often in patients With‘

‘grox‘vth. Annual MRI of the brain is suggested‘

brain or renal lesions that have progressive
in p‘atients until they are at least 21 years of
age,'and then MRI should be done every 2 to 3
yeats both to diagnose and to monitor
subependymal giant-cell tumors. In patients

with multiple angiomyolipomas or a single
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ultrasonography, MRI, or CT is indicated. In
‘patients with lymphangiomyomatosis, anhual
pulmonary-function testing may be useful to
monitor lung function, and some patients may!
require more frequent assessments. Although
electroencephalography is not part_of jthe
‘diagnostic workup for TSC, it remainﬁ an
important tool in patients with TSC and

‘Qpilgpsp to define background cerebral
\ |

hypsarrhythmia in infantile spasms, land

activity, characterize patterns such' as

identify seizure foci. Periodic dermatologid
y &

evaluation is useful, since facial angiofibromas
can cause cosmetic challenges that may reqpire

lifetime surveillance for lesion growth in

patients with TSC permits early recognition o

laser therapy or surgical removal. In general,

potentially life threatening complications. | |

Genetic counseling should be offered to
patients to aid with family planning bearinlg inl
imind that as an autosomal dominant disorder,
affected persons carries approximately 50%
‘risk of having an affected child. BN

\ |
Conclusion BN
'TSCisarare multisytemic disorder that occurs
‘worldwide. This report has documented‘the‘
occurrence of this rare disorder amon

igerians. There is need for physicians to

including screening of the family members for

carefully evaluate patients with suspected TSC

the occurrence of familial TSC. |
\ [
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