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Abstract Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy (CADASIL)
is an adult-onset inherited disease, characterised by recur-
rent strokes, migraine and cognitive impairment. We pre-
sent the first Greek family with CADASIL, caused by the
R153C mutation at exon 4 of the Notch3 gene. A member
of this family carrying this mutation was also found to be
heterozygotic for the MTHFR mutation, factor V Leiden
mutation and had low serum levels of antithrombin III, thus
resulting in the appearance of recurrent strokes and throm-
botic episodes since his early adulthood. The co-existence
of these thrombophilic disorders with CADASIL in a single
person poses serious therapeutic dilemmas, as the adminis-
tration of anticoagulant agents may correlate with increased
risk of potentially fatal intracerebral haemorrhage.
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Introduction

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is an adult-
onset inherited disease, characterised by recurrent strokes,
migraine and dementia. It was first described by Van
Bogaert in 1955 [1]. This syndrome is caused by mutations
in the Notch3 gene, a large gene with 33 exons, located at
19p12, which encodes a transmembrane receptor involved
in signalling events that control cell fate decisions during
embryonic development.

Notch3 receptors contain a large number of epidermal
growth factor-like (EGF) repeats in their external domains.
Over 50 mutations have been reported until now, which, in
their vast majority, result in the insertion or removal of a
cysteine residue in the EGF repeats of the Notch protein
[2]. As a consequence of these changes, an accumulation
of granular osmiophilic material (GOM) is observed in the
area surrounding vascular smooth muscle cells of small-
and middle-sized arteries [3-5], but the mechanism
involved in the disease pathogenesis remains elusive.

The mean age of onset is 36.7 years, with a range of
10-59 [6]. The most common presentation is ischaemic
episodes, TIA or stroke — usually lacunar infarcts, which
are observed in 85% of symptomatic individuals.
Cognitive deficits are the second most common feature,
found in about 60% of patients, followed in frequency by
migraine with aura, which is an early manifestation of the
disease, and mood disorders [7]. Patients may also suffer
gait disturbance and poor sphincter control. Recurrent
strokes usually lead to pseudobulbar palsy.

Brain MRI reveals extensive abnormalities of the white
matter, appearing as hyperintensities at T2 weighted and
fluid attenuation inversion recovery (FLAIR) sequences.
The periventricular white matter appears more involved
than the subcortical. All cerebral lobes have lesions, but
there is a predilection for the anterior temporal lobe [8].
The external capsule is typically involved. Internal cap-
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sule, basal ganglia, brainstem, corpus callosum and cere-
bellum may have lesions as well [9]. Cerebral microbleeds
are also found in various parts of the brain, usually at the
cortical and subcortical regions (38% of patients), white
matter (20%), brainstem (14%) and thalamus (13%) [10].
These microbleeds are demonstrated as focal areas of sig-
nal loss on gradient-echo images. Microbleeds are age
related and they appear more frequently in patients with
the R153C mutation of the Notch3 gene and in patients
who are treated with antiplatelet agents [11]. These
patients are at increased risk of intracerebral haemorrhage.

The diagnosis is established by mutation detection, or
skin biopsy demonstrating the deposition of GOM in the
skin arterioles.

CADASIL is probably underdiagnosed because of its
recent description and the large number of mutations that
make mutational analysis difficult to perform. Some diag-
nostic strategies have been proposed, suggesting that
mutational analysis should start with a screening for exon
4 mutations and if this is proved to be negative, proceed to
screening for exons 3, 5 and 6 [12]. Knowing the muta-
tional spectrum present in an area certainly makes diagno-
sis of CADASIL easier.

Surprisingly, there has been no report in the literature,
up till now, of Greek CADASIL cases, giving birth to dis-
cussions about whether the disease is underdiagnosed or
the prevalence of the disorder is smaller in Greece. In this
report we will present the first Greek family diagnosed as
having CADASIL.

Case reports

The pedigree of this family is shown in Fig. 1. Note that
the pedigree is restricted to a part of the family for which
clear information could be obtained, as only three mem-
bers underwent brain MRI examination and two of them
mutational analysis.

I:1 died at the age of 50 because of multiple strokes.
During the last years of his life he was demented. He had
seven elder brothers and sisters. Four of them had multiple
strokes and they all died between the ages of 50 and 60
years, before the era of CT and MRI.

II:1 is a 61-year-old female patient with an unremark-
able history, neurological and neuropsychological exami-
nation. Brain MRI examination, performed because her
son (III:1) had suffered a stroke and was previously diag-
nosed to have CADASIL, revealed typical, multiple white
matter lesions involving the external capsule bilaterally.

II:2 is a 58-year-old female who had experienced
migraine attacks with typical visual aura since the age of
21. Neurological examination was unremarkable.
Neuropsychological evaluation revealed a Mini Mental
State Examination (MMSE) score of 27/30. Brain MRI
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Fig. 1 Genealogy of the family. Affected members are repre-
sented with filled symbols (circles for females). I:1 had 7 broth-
ers and sisters who are not presented here because we could not
obtain a full description of their families

showed typical bilateral areas of hyperintensity in the
white matter, which did not involve the brainstem.

III:1 is a 36-year-old male patient. At the age of 24 he
was hospitalised because of deep vein thrombosis of the
left lower limb. At 30 years of age he had a sudden episode
of abdominal pain. The diagnosis of mesenteric artery
occlusion was established. He underwent extensive sero-
logical testing for thrombophilic disorders and was found
to be heterozygote for the C677T mutation of the gene that
codes the synthesis of the 5,10-methylenetetrahydrofolate
reductase (MTHFR), as well as a factor V Leiden carrier.
He was also found to have low serum levels of antithrom-
bin III. Since then he has been receiving asenocoumarol
with a target INR of 3.0. Because of increased serum
homocysteine levels (13.5 umol/l), he had been given
folate. Five years later he experienced a sudden-onset
numbness of the left arm and left facial area and disorien-
tation. Neurological examination demonstrated mild left
hemiparesis and disorientation. He underwent brain MRI,
which showed multiple sites of T2 and FLAIR hyperin-
tense white matter lesions. His MMSE score was 25/30,
while he performed worse in Symbol Digit Modalities Test
(SDMT) and digit span backwards, revealing mild deficits
in the speed of processing and working memory. His short-
term memory was not affected.

II:2 and III:1 underwent mutational analysis for
CADASIL. DNA was extracted from leukocytes and PCR
amplification of notch3 exons was carried out.
Amplification of notch3 exons 2, 3, 4 and 5 was then
sequenced (Prof. Seelig, Karlsruhe, Germany). They all
gave their written consent. Exons 2, 3, 4 and 5 of the
Notch3 gene were analysed. Both were found to be het-
erozygous for the R153C mutation at exon 4. The father of
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III:1 had been previously examined and was found to be a
carrier of factor V Leiden and MTHFR mutations. Up till
now he has not presented with any thrombotic events.

Discussion

The family presented is the first Greek family with proven
CADASIL. The mutation found is the 7th most common
among German CADASIL patients [7], and is different
from the mutations usually found in the Italian population
[13]. The history, clinical examination and MRI findings
are suggestive of the diagnosis. However there is a history
of deep vein thrombosis and mesenteric artery occlusion in
patient III:1, which had been attributed to the co-existence
of the MTHFR and factor V Leiden mutations, as well as
the low serum levels of antithrombin III.

MTHEFR is an enzyme necessary for the production of
methylenetetrahydrofolate (MTHF), an essential cofactor,
along with vitamin B12 (cobalamin), of methionine syn-
thase which remethylates homocysteine to produce
methionine. Subjects with an MTHFR mutation usually
have higher than normal levels of serum homocysteine and
low levels of folic acid. This has been linked with a high-
er prevalence of thrombotic events. MTHFR mutations are
rather common in the general population and are thought
to be a kind of genetic polymorphism rather than a disease.

Low plasma levels of antithrombin III are found in 1
out of 2000 individuals. Slightly lower than normal levels
of antithrombin III increase the risk of thrombosis signifi-
cantly. After an episode of thromboembolism, patients
with this disorder should be placed on oral anticoagulants
for life, in order to prevent recurrent thrombosis.

Patients that are heterozygous for the factor V Leiden
mutation are 3% of the population worldwide. Carriage of
this mutation increases the risk of thromboembolism sev-
enfold. Patients with this disorder and a history of throm-
botic events should be treated with anticoagulant agents in
order to prevent further complications. Coinheritance of
disorders like those found in our patient (II:1), resulting
in increased risk of vascular events, may have conceivably
additive effects [14, 15]. They may have contributed to the
fact that only this patient has suffered a cerebral stroke,
while his mother and aunt have not yet.

In the case of patient III: 1, the prescription of such a ther-
apy became a matter of discussion, because CADASIL
patients are often found to have cerebral microbleeds, espe-
cially when carrying the R153C mutation of the Notch3
gene. There are cases described in the literature of
CADASIL patients who died because of intracerebral haem-
orrhage after beginning anticoagulant therapy [16—18]. On
the other hand, this unfortunate patient had already experi-
enced, apart from the strokes, two thrombotic events, one of
which was life threatening. Considering the benefit to risk
ratio, we did not discontinue the oral anticoagulant treat-
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ment, as it has not led to haemorrhagic events until the time
of MRI investigations.
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