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The Syndrome of ‘Hard Swellings’
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Answer: C

A 63-year-old Chinese hawker presented with episodic 
left-sided dull abdominal pain over several years, associated 
with increasing abdominal distention and early satiety. She 
also had very occasional dyspnoea. Physical examination 
revealed bilateral ballotable renal masses. A slightly 
raised fi brous plaque was noted on the left side of her 
forehead. Her full blood count, renal panel, liver panel 
and electrocardiogram showed normal results. Computer 
tomography showed cystic pulmonary parenchymal 
changes (Fig. 1), renal cysts and large bilateral renal 
angiomyolipomas (Fig. 2a). The renal angiomyolipomas 
showed areas of vascularity with contrast enhancement, 
and their poorly enhancing areas had Hounsfi eld unit of 
-80, consistent with fat (Fig. 2b). She declined further 
evaluations and follow-up appointments despite repeated 
counselling and sought herbal remedies on her own. She 
was admitted 3 years later for a stroke. Magnetic resonance 
imaging showed subependymal nodules and white matter 
tubers in the brain (Fig. 3).

Fig. 1. Computer tomography scan showing cystic pulmonary 
parenchymal changes consistent with lymphangioleiomyomatosis.

Fig. 2. Computer tomography (CT) scan of the patient. At A, the contrast-
enhanced CT shows large bilateral renal angiomyolipomas, with displacement 
of bowels. At B, non-contrasted CT shows a Hounsfi eld unit of -80 (yellow) 
in a poorly enhanced area of the left renal angiomyolipoma, consistent with 
fat. The Hounsfi eld unit of a left renal stone (red) and that of bowel gas 
(green) are also shown.

What is the genetic disorder in this patient?
A. von Hippel-Lindau disease
B. Birt-Hogg-Dubé syndrome
C. Tuberous sclerosis complex
D. Multiple endocrine neoplasia type 1
E. Multiple endocrine neoplasia type 2
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Table 1. Clinical Diagnostic Criteria for Tuberous Sclerosis Complex

Major Features Minor Features

Hypomelanotic macules 
(3 or more, at least 5 mm diameter)

‘Confetti’ skin lesions

Angiofi bromas (3 or more), or fi brous 
cephalic plaque*

Dental enamel pits 
(3 or more)

Ungual fi bromas 
(2 or more)

Intra-oral fi broma 
(2 or more)

Shagreen patch Retinal achromic patch

Multiple retinal hamartomas Multiple renal cysts*

Cortical dysplasias* 
(tubers or cerebral white matter radial 
migration lines)

Non-renal hamartomas

Subependymal nodules*

Subependymal giant cell astrocytoma

Cardiac rhabdomyoma

Lymphangioleiomyomatosis*

Angiomyolipomas* 
(2 or more)
*These features were found in our patient.

Discussion
Tuberous sclerosis complex (TSC) is a rare autosomal 

dominant genetic disorder with multiple organ involvement. 
It has a population prevalence of about 1 in 12,000.1 The 
name of the disease was derived from the Greek word 
‘skleros’, meaning ‘hard’; and the Latin word ‘tuber’, 
meaning ‘swelling’. These ‘hard swellings’ refer to the 
thickened gyri found upon post-mortem examinations of 
the brains of TSC patients by French neurologist Désiré-
Magloire Bourneville in 1880.

The mutations for TSC have been mapped to 2 tumour-
suppressor genes, TSC1 in 9q34, and TSC2 in 16p13, 
encoding for the proteins hamartin and tuberin respectively. 
These 2 proteins function as a regulatory complex 
responsible for inhibiting the activity of mammalian target 
of rapamycin (mTOR), via inhibition of the small GTPase 
ras homolog enriched in brain (Rheb).2 Since mTOR is 
involved in the signaling pathway leading to cell growth 
and proliferation, TCS1 or TSC2 mutation would result in 
the formation of various tumours.

The diagnosis of TSC can be made based on genetic 
or clinical diagnostic criteria. According to the 2012 
International Tuberous Sclerosis Complex Consensus 
Conference, the identifi cation of either a TSC1 or TSC2 
pathogenic mutation is suffi cient to establish a diagnosis 
of TSC, regardless of clinical symptoms.3 However, up 
to 25% of TSC patients have no identifi able mutations on 
conventional genetic testing, so a normal result does not 

exclude TSC.3 The clinical diagnostic criteria for TSC is 
listed in Table 1, and a defi nite diagnosis of TSC can be 
established if a patient has 2 major features, or 1 major 
feature plus 2 or more minor features.3 While various 
benign tumours in the brain, lungs, kidneys, heart and 
skin are commonly found in TSC patients, none of them is 
pathognomonic for TSC. Our patient has at least 5 major 
features and 1 minor feature to support her diagnosis of TSC.

With its multiple organ involvement, the management 
of TSC should be based on a multi-disciplinary 
approach.4 Genetic counselling should be provided for 
newly diagnosed patients and their family members.4 
Neurological and psychiatric assessment for any TSC-
associated neuropsychiatric disorders (TAND) like 
seizures, intellectual disabilities, psychiatric disorders 
and occupational problems should be performed. Surgical 
resection of symptomatic or complicated subependymal 
giant cell astrocytoma may be necessary.4 Pulmonary 
function test should be considered in patients with 
lymphangioleiomyomatosis.4 An electrocardiogram 
is recommended even in adult TSC patients without 
cardiac symptoms to exclude conduction defects.4 An 
ophthalmological assessment is useful in detecting any 
visual fi eld defects or retinal lesions.4 Dermatological 
consults should be made for symptomatic, disfi guring or 
rapidly growing skin manifestations; and similarly, dental 
consults should be made if enamel pits or oral fi bromas 
lead to functional or cosmetic issues.4

Fig. 3. Magnetic resonance imaging (T2 fl uid-attenuated inversion recovery) 
showing subependymal nodule (red arrow) and subcortical tubers (green arrows).
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Fig. 4. Family tree of our patient showing 
the autosomal dominant pattern of 
inheritance in tuberous sclerosis complex.
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TSC renal manifestations are a signifi cant cause of 
morbidity and mortality. Based on data from Mayo Clinic 
(Minnesota), 28% of TSC deaths are attributed to renal 
problems.5 Symptomatic or large renal angiomyolipomas 
can be treated by selective angioembolisation.6 Nephrectomy 
may be necessary in gigantic angiomyolipomas, with or 
without a nephron-sparing approach.6 The most feared renal 
complication is acute massive retroperitoneal hemorrhage 
from a large angiomyolipoma, which has a high mortality 
rate.6 The risk of bleeding is related to the size and the grade 
of the angiogenic component of the angiomyolipoma.6 The 
patients’ renal function and blood pressure should also be 
monitored regularly.4

With better understanding of the pathophysiology of 
TSC, new therapeutic options are being developed. These 
include the use of mTOR inhibitors for subependymal giant 
cell astrocytoma, renal angiomyolipomas and pulmonary 
lymphangioleiomyomatosis.4

Further enquiry into the family history of our patient 
suggested that her mother and brother had features of 
TAND, such as learning diffi culties and seizures at an early 
age; and she also has a 35-year-old unmarried son with 
epilepsy and learning diffi culties (Fig. 4). These features 
among her family members conform to the autosomal 
dominant pattern of inheritance in TSC.

Neurological assessment of our patient did not reveal any 
defi cits except for mild residual right-sided weakness from 
her stroke, without signifi cant functional compromise to 

her daily activities. Fundoscopic examination and visual 
fi eld testing were normal.

Her symptoms of left-sided abdominal pain and early 
satiety remains, but she is still not keen for any further 
interventions.
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