
Introduction

Tuberous sclerosis complex (TSC) is the archetype of
disorders intermediate between blastomatous processes
and dysplastic states. It belongs to the group of diseases
described by the term ªphakomatosesº by Van der
Hoeve (1933) or ªneuroectodermal dysplasiasº by van
Bogaert (1935) [1].

Because TSC is a disease with protean clinical mani-
festations, any organ or tissue may be involved, leading
to a myriad of symptoms and associations of symptoms.
Indeed, the clinical features of TSC vary considerably
and the classic diagnostic triad, first described by Vogt
(1908), i. e. mental deficiency, epilepsy and facial angio-
fibromas, may be lacking. Epilepsy, with or without
mental retardation, is the most common clinical presen-
tation. Facial angiofibroma (once called ªadenoma se-

baceumº) is the most readily recognised feature of
tuberous sclerosis, and without this sign the disease
may pass unrecognised. Retinal lesions called ªphako-
mataº may also occur. Besides these more common fea-
tures, a whole range of other signs and symptoms of
variable importance, caused by neurological, renal, car-
diac, pulmonary, osseous and cutaneous dysplasias, can
be present [1, 2].

Diagnosis is easy in patients in whom epilepsy, facial
angiofibroma and intellectual deficits predominate, ei-
ther with or without other minor symptoms. Conversely,
diagnosis is very difficult when manifestations are in-
complete (`formes fruste' cases). In these patients, mo-
lecular investigation for the TSC genes may be helpful,
particularly when only secondary or tertiary features
are present [3]. Cases have been reported in which the
subungual lesions, the so-called Koenen tumours, were
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Abstract Background. Tuberous
sclerosis is a protean, genetically
determined disease that may involve
any organ or tissue and lead to a
great number of symptoms and clin-
ical features.
Objective. Diagnosis can be very
difficult in cases with incomplete
manifestations (formes fruste) lack-
ing the classic signs of the disease.
Materials and methods. We report a
case fulfilling the diagnostic criteria
for tuberous sclerosis (shagreen
patches, hypomelanotic macules,
renal cysts and angiomyolipomas,
and ªmigration tractsº in the cere-
bral white matter) in association
with a giant intracranial aneurysm,
but lacking mental retardation, epi-
lepsy and facial angiofibroma.

Results. Fourteen other cases of tu-
berous sclerosis and intracranial an-
eurysms, all but one without any
clear sign of polycystic kidney dis-
ease, were found in the literature.
Conclusion. We suggest that vascu-
lar dysplasias in general and aneu-
rysms (mainly intracranial) in
particular can be added to the other
non-primary diagnostic features for
the clinical diagnosis of tuberous
sclerosis.
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the sole clinical manifestation of tuberous sclerosis [4].
Other partial forms may show only neurological mani-
festations, namely epilepsy, mental retardation or sub-
ependymal tumours. In addition, a correct diagnosis is
particularly difficult in those cases which occur with
purely cardiac, renal, hepatic or pulmonary lesions in
the absence of any cutaneous and brain lesions [1].
Tsukada and Pickren [5] made the diagnosis incidentally
during an autopsy on a woman who died from carcino-
ma of the breast, and who completely lacked the three
major symptoms.

We report on a patient with TSC without mental re-
tardation, epilepsy and facial angiofibroma who showed
a giant intracranial aneurysm. The relative frequency of
this association is discussed, and a critical review of the
literature is presented.

Case report

A normally developed 11-year-old boy was referred for investiga-
tion of a low midline back mass suspected as being a pre-sacral li-
poma. On examination, a huge depigmented skin area was
evident at the antero-lateral surface of the right thigh. Facial an-
giofibroma, subungual fibroma and retinal hamartomas were ab-
sent. Seizures and other neurological abnormalities were absent
from his past history. A midline elevated lesion, 10 cm in diameter
and covered by pale skin with the texture of orange peel, was evi-
dent (Fig.1). Ultrasound showed it to be hypoechoic, containing
hyperechoic bundles, and compatible with sub-epidermal fibrosis
(ªshagreen patchº).

X-rays of the lumbar spine demonstrated sclerosis of the poste-
rior margins of several thoraco-lumbar vertebrae and pedicles
from T12 to L4 (Fig.2). To exclude bone metastases from abdomi-
nal or intracranial neurogenic tumours, abdominal ultrasound
(US) and cranial magnetic resonance imaging (MRI) were per-
formed. US showed a small right kidney containing cysts, the larg-
est being 5 cm in diameter. In the cortex of the left kidney were
multiple non-shadowing hyperechoic foci compatible with angio-
myolipomas. On MRI of the brain, a giant right internal carotid ar-
tery (ICA) aneurysm, 2 cm in diameter, was evident (Fig.3). The
aneurysm, originating from the supra-clinoid portion of the ICA,
showed neither thrombosis nor calcification. Magnetic resonance
angiography showed the aneurysm to be fusiform in shape. The
left ICA was normal (Fig.4). Based on these findings, a diagnosis
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Fig.1 Midline, elevated, low-
back mass covered by ªorange
peelº skin

Fig.2 Anteroposterior radio-
graph of the lumbar spine
showing multiple sclerotic ped-
icles from T12 to L4 (arrows)

Fig.3 Sagittal T1-weighted
MRI of the brain showing a
right parasellar lesion compati-
ble with a giant right ICA an-
eurysm (arrow)

Fig.4 MRA of the intracranial
vessels. The right ICA aneu-
rysm is fusiform in shape (ar-
rows) and the left ICA is
normal (arrowheads)

Fig.5 Axial proton density brain MRI showing a hyperintense
area in the white matter of the right frontal region (arrow) con-
sistent with an ischaemic lesion. There are bilateral linear
white-matter hyperintensities radiating from the surface of the
brain to the ventricles (arrowheads), compatible with ªmigration
tractsº



of giant ICA aneurysm in the presence of presumptive TSC was
made. Ten days later, conventional angiography confirmed the
MRI findings. In the same session, endovascular occlusion of the
right ICA was undertaken. Mild left hemiparesis developed 3 h lat-
er, but cleared completely by 72 h. MRI 2 months later showed an
ischaemic lesion in the white matter of the right frontal lobe. Fur-
thermore, bilateral white matter abnormalities radiating from the
surface of the brain to the ventricles were evident (Fig. 5). Both
parents and the 16-year-old sister of the patient underwent com-
plete clinical examination, including dermatological and ophthal-
mological evaluations, MRI of the brain and abdominal US. Two
hepatic cysts were demonstrated in the patient's father, and a
huge depigmented skin area was evident on the trunk of the sister;
no abnormalities were detected in the patient's mother. At follow-
up 3 years later, the child was perfectly well.

Genetics

All four family members (the patient, his parents and sister) under-
went genetic evaluation. For molecular analysis, 8 mg of DNA ex-
tracted from peripheral blood leucocytes [6] were double-digested
with EcoRI and HindIII restriction enzymes and analysed by
Southern blot after 0.8 % agarose gel electrophoresis. The TSC2
probe used was a mix of the 32P-labelled cDNA clones 4B2 and
4.9, a kind gift from J. Sampson [7]. The TSC1 genomic configura-
tion was tested by two overlapping polymerase chain reaction
(PCR) fragments (exons 3±16 and 15±23), that spanned the entire
TSC1 coding sequence [8]. The genotype at polymorphic markers
located within the TSC2 gene, an insertion/deletion of an Alu se-
quence in intron 2, a minisatellite in intron 8 (N. M. unpublished)
and an EcoRV RFLP in exon 40 [9], and in the untranslated 3' tail
of PKD1, the microsatellite KG8, were assessed by PCR as previ-
ously described [10]. Mutation analysis of the entire TSC2 and of
the 2/3 TSC1 (i. e., exons 15±23) was performed with the protein
truncation test (PTT). Southern blot analysis of the proband
DNA from leucocytes did not show any apparent rearrangement
of the expected TSC1 and TSC2 gene configurations. Moreover,
at autoradiography, the intensity of each EcoRI and HindIII frag-
ment was not reduced when compared with the band pattern of
normal controls, suggesting that both TSC1 and TSC2 alleles
were preserved. Four TSC2 and PKD1 intragenic polymorphisms
were typed in the patient and in his relatives, but none was infor-
mative. However, the contribution of both paternal and maternal
16p13.3-linked alleles was confirmed by testing two and one mark-
ers (HBAP1, D16S521 and D16S291) telomeric to TSC2 and cen-
tromeric to PKD1, respectively.

The screening by PTT for either nonsense or frameshift muta-
tions in the full-length TSC2 transcript and in approximately two-
thirds of the 3' end of TSC1 did not show evidence of truncated
proteins.

Discussion

A revision of the TSC diagnostic criteria [11] showed
that 45% of individuals affected with TSC have normal
intelligence, only 29% present the complete Vogt triad
and 6 % have none of these three features. On this basis,
the classic Vogt triad has been replaced by a modern
and more inclusive set of diagnostic criteria [12] (Ta-
ble 1), so that TSC can be diagnosed by the presence of
even only one type of lesion from a list of several unique

findings that are usually multiple in TS but are only
rarely found in the normal population. By means of
these criteria, we may distinguish the patients with a
definite diagnosis from those who present subtle or in-
complete features of TS [3]. The disease is inherited as
an autosomal dominant trait. However, up to 70 % of
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Table 1 Diagnostic criteria for tuberous sclerosis complex (TSC)
(hist. histologic confirmation, Rx radiographic evidence). Primary
diagnostic criteria are in bold; secondary are in italics; tertiary are
in roman

Brain
Subependymal nodule or giant cell astrocytoma (hist.)
Cortical tuber (hist.)
Multiple calcified subependymal nodules protruding into the ven-
tricle (Rx)
Cerebral tubers (Rx)
Noncalcified subependymal nodules (Rx)
Cerebral white-matter ªmigration tractsº or heterotopias (Rx)
Infantile spasms

Skin
Facial angiofibroma
Multiple ungual fibromas
Shagreen patch
Forehead plaque
Hypomelanotic macules
ªConfettiº skin lesions

Eye
Multiple retinal astrocytomas
Other retinal hamartoma or achromic patch

Heart
Cardiac rhabdomyoma (hist. or Rx)

Kidney
Renal angiomyolipoma (hist. or Rx)
Renal cysts (hist.)
Renal cysts (Rx)

Lung
Pulmonary lymphangiomyomatosis (hist.)
Pulmonary lymphangiomyomatosis (Rx)

Bone
Bone cysts (Rx)

Mouth
Randomly distributed enamel pits in deciduous and/or permanent
teeth
Gingival fibromas

Others
Affected first-degree relative
Hamartomatous rectal polyps (hist.)
Hamartoma of other organs (hist.)

Definite TSC
One primary feature, two secondary features of one secondary plus
two tertiary features

Probable TSC
Either one secondary plus one tertiary feature or three tertiary
features

Suspect TSC
Either one secondary feature or two tertiary features



cases are due to a new germ-line mutation. Linkage
studies have established genetic heterogeneity, with
two TSC genes mapped to chromosome 9 (TSC1) and
to chromosome 16 (TSC2), respectively [13, 14]. Ham-
artomas require complete loss of function of the two al-
leles at either TSC locus; the first mutation is inherited,

whereas the second allele is mutated somatically. The
number and tissue distribution of the second somatic
mutations may in part account for the protean manifes-
tations of TSC. Indeed, even within the same family a
given mutation may be associated with a variety of clin-
ical phenotypes, including ªformes frusteº, which may

209

Case no./age/sex Reference Aneurysm Associated features

1/12 years/F [26] ICAs bilateral,
fusiform

Hypomelanotic macules
Facial angiofibroma
Ungual fibromas
Calcified SENs

2/24 years/M [28] MCA, saccular ADPKD
Kidney AMLs

3/26 years/F [35] intraventricular
(necropsy)

Vogt triad
Kidney AMLs
Hypomelanotic macules
Ungual fibromas
Liver, spleen and lung hamartomas
Cortical tubers
SENs

4/17 years/F [29] ICA giant + ACA Facial angiofibroma
Hypomelanotic macules
Mental handicap
Seizures

5/53 years/M [27] ICA giant Hypomelanotic macules
Retinal hamartoma

6/7 years/M [20] ACA giant,
enlarging

Hypomelanotic macules
Seizures

7/6 years/F [30] ICA giant, fusi-
form + ACA

Hypomelanotic macules
Moderate mental handicap
Seizures

8/6 years/F [31] ICA giant, fusi-
form + ACA

Seizures
Mental handicap
Hypomelanotic macules

9/29 years/M [33] ICA giant + VA
calcified

Abdominal aneurysm and aorta coarctation
Facial angiofibroma
Ungual fibroma
Hypomelanotic macules
Scoliosis
Left hemiparesis
SENs calcified

10/35 years/F [2] ICA giant Mental handicap
Seizures

11/1 year/M [32] ACA arteritis Seizures
Mental handicap

12/young boy/M [22] VA giant

13/5 months/M [34] ICA giant, fusiform
+ ACA, MCA
ectasias

Seizures
Subependymal tumor
Retinal hamartoma
Hypomelanotic macules

14/30 years/M [39] MCA saccular ADPKD
Seizures
Mental handicap
Facial angiofibroma
SENs calcified
Cortical tubers

Table 2 Tuberous sclerosis and
intracranial aneurysms: review
of the literature (ACA anterior
cerebral artery, AML angio-
myolipoma, ICA internal caro-
tid artery, MCA middle
cerebral artery, ADPKD auto-
somal dominant polycystic
kidney disease, SEN subepen-
dymal nodules, VA vertebral
artery)



be confusing both to the clinician and to the radiologist
[15].

With regard to bone lesions, several isolated case re-
ports have described abnormalities of the lumbosacral
spine and pelvis in TSC [16±18] with a prevalence as
high as 40 % [19]. In the list of diagnostic criteria for
TSC (Table 1), cysts are the only bone lesion men-
tioned. However, the most commonly reported osseous
involvement is sclerotic (or osteoblastic) lesions affect-
ing the edges of vertebral bodies and pedicles of any
portion of the lumbosacral spine and pelvis. The roent-
genographic appearance is characteristic, being virtually
diagnostic of the disease. When the lesion is less pro-
nounced, it may simulate purely osteoblastic metastases
[19]. Bony changes have not been emphasised in the lit-
erature and tend to be overlooked, probably because
they are asymptomatic. Thus, bone lesions are consid-
ered of little diagnostic significance [11].

Although dysplasias and hamartomatous prolifera-
tions of small blood vessels, including haemangiomas,
are common in TSC, involvement of the medium-sized
and large vessels, including aneurysms, is considered
rare.

Arterial lesions have previously been described in
TSC. Histologically, elastic fibres of the affected arteries
are deficient and fragmented, and there is accumulation
of mucopolysaccharides in arterial walls. Vascular oc-
clusions, ectasias and/or microaneurysms may result
from these changes. Dysplasias of the cerebral vascula-
ture can also occur in NF1 [20]; most commonly, these
dysplastic abnormalities consist of intimal proliferation,
with resultant stenosis or occlusion of the carotid or
proximal middle cerebral artery (MCA) or anterior ce-
rebral artery (ACA), resulting in the moyamoya phe-
nomenon in 60±70% of these patients. Less commonly,
cerebral aneurysms may also be detected [21].

Johnson and Gomez [22] reported one case of coarc-
tation of the aorta in a 9-day-old infant with TSC proven
at post-mortem examination. Nine TSC patients with an
aortic aneurysm [23] and one with an axillary artery an-
eurysm [24] have been reported in the literature. More-
over, the association of TSC with fibromuscular
dysplasia of the aneurysmal vessel has been described
[24, 25].

In our review of the literature, we found 14 patients
with intracranial aneurysms, originating mostly from
the ICA [2, 26±34], ACA [20, 28±31, 33] or MCA
[33±35]. Occasionally, the aneurysm was intraventricu-
lar in location [36] or originated from the vertebral ar-
tery (VA) [22, 33]. In 6/14 patients, the aneurysms were
multiple [26, 28±30, 32, 33] (Table 2). It is of some inter-
est that 9/15 patients with TSC and intracranial aneu-
rysms (including the present case report) presented
with ICA aneurysm (isolated or associated). This per-
centage (60 %) is much higher than the overall inci-
dence of ICA aneurysms (31 %) [37], whereas the

percentage of ACA aneurysms is in line with the report-
ed usual distribution (43 % vs 41%). There is no clear
explanation for this result. Only three of these patients
were older than 30 years of age at the time of diagnosis
(Table 2, cases 5, 10 and 14), and in 9 patients the aneu-
rysm was giant (cases 4±10, 12 and 13).

The pathogenesis of intracranial aneurysms is un-
clear. Certainly, the young age of these patients supports
the view that TSC aneurysms arise from developmental
defects in the arterial wall rather than from atheroscle-
rosis [28]. A careful pathological study of such aneu-
rysms should be helpful in delineating the defect and in
assessing the relationships between TSC-associated an-
eurysm and fibromuscular dysplasia [29]. The close
physical proximity of the gene for autosomal dominant
polycystic kidney disease-1 (PKD1), a condition charac-
terised by a high frequency of intracranial aneurysms,
and the TSC2 gene has recently been shown to play a
major role in the so-called TSC2 and PKD1 contiguous
gene syndrome [35, 38, 39]. No evidence of TSC2 and
PKD1 DNA deletions usually responsible for this syn-
drome was present in our patient. In the available litera-
ture, only two cases (Table 2, cases 2 and 14) presented
with the association of intracranial aneurysm and
PKD1.

The present case, even if probably affected with a
ªforme frusteº of the disease, fulfils the diagnostic crite-
ria for TSC [3]. In fact, two secondary (shagreen patch
and renal angiomyolipomas) and three tertiary (hypo-
melanotic macules, renal cysts and cerebral white mat-
ter ªmigration tractsº) features were present, thereby
allowing a definite diagnosis of TSC. This case of TSC
must be considered sporadic because of the lack of evi-
dence of TSC in other family members. The patient's
mother was completely normal, only two hepatic (not
renal) cysts were present in the father, and only one ter-
tiary feature (hypomelanotic macule) was observed in
the patient's sister. According to Roach et al. [3], two
tertiary features are required for the diagnosis of TSC.

Regarding the TSC mutation analysis, a negative
PTT finding does not exclude a TSC gene defect since
nonsense mutations cannot be detected by this test and
only the 3' end of the TSC1 gene has been investigated
thus far [40].

The intracranial aneurysm in the present TSC patient
represents the 15th reported observation. This associa-
tion, not as rare as previously believed, could be ex-
plained by the tendency for TSC to produce vascular
dysplasias and might suggest that aneurysms can be
part of the spectrum of developmental defects in TSC.
In our opinion, intracranial aneurysm can be added to
the other non-primary diagnostic criteria of TSC.
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