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Abstract

Background: CADASIL is the most common single-gene disorder causing ischemic stroke. CADASIL has been linked
to mutations in NOTCH3 gene, due to heterozygous missense mutations. The disease is of insidious onset, present-
ing with initial clinical features in third and fourth decade of life. However, it is now being increasingly acknowledged
that individual clinical presentation, age, time of onset as well as disease severity are quite varied among patients with
CADASIL most likely leading to under- or mis-diagnosis. The authors thereby report a genetically confirmed case of
CADASIL with atypical clinical course and findings.

Case presentation: A 48-year-old woman presented with complaints of episodic headache, relapsing-remitting
neurological illness, progressive cognitive impairment, and acute-onset loss of speech and ambulation. She was ear-
lier being treated as a case of CNS demyelination for 10 years. On examination, vital parameters were within normal
limits. Neurological examination revealed that the patient was drowsy, not verbalizing, not obeying commands, with
movement of all four limbs on painful stimuli, hypertonia of all limbs, grade 3 4 deep tendon reflexes, bilateral striatal
toe and extensor plantar response. Magnetic resonance imaging of brain showed involvement of anterior temporal
lobe and external capsule along with multiple acute infarcts. Cerebrospinal fluid analysis was found to be normal.
Exome sequencing revealed heterozygous missense mutation in exon 2 of NOTCH3 gene. A definite diagnosis of
CADASIL was made and patient was started on fluoxetine and aspirin, following which there was significant improve-
ment over 4-6 weeks. Patient is able to carry out daily activities independently although continues to have mild
persistent cognitive impairment with excessive talking and over familiarity.

Conclusions: As CADASIL has a relapsing and partially remitting course with frequently observed varied clinical
presentation, patients may receive treatment for demyelination which may not be necessary. Hence, detailed fam-
ily history along with knowledge of characteristic magnetic resonance imaging findings seen in CADASIL can help
discern the diagnosis.
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Introduction

Cerebral small-vessel disease is a condition that is fre-
quently seen in association with ischemic stroke and
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and leukoencephalopathy) was first introduced in the
year 1993 and the disease’s gene locus was addition-
ally mapped to chromosome 19q12 [2]. Heterozygous
missense mutations in NOTCH3 gene are linked to
CADASIL [3, 4]. Most mutations involve exon 4 fol-
lowed by 3, 6, 2 and 5 [5]. The disease is of insidious
onset, presenting with initial clinical features in the third
and fourth decade of life. Predominant clinical manifes-
tations include migraine with aura, recurrent ischemic
strokes, transient ischemic attacks, cognitive impair-
ment, multiple affective symptoms such as depression,
apathy, behavioral and mood changes [6—8]. However, it
is now being recognized to a large extent that individual
clinical presentation, age, and time of onset as well as dis-
ease severity are quite varied, even among individuals in
the same family [9], most likely leading to under or mis-
diagnosis. As only a few cases of the disease have been
reported from around the world especially from India,
we report a genetically confirmed case of CADASIL with
atypical clinical course and findings.

Case presentation

A 48-year-old woman presented to the neurology
department with complaints of episodic headache since
20 vyears, relapsing—remitting neurological illness since
10 years, slowly progressive cognitive impairment since
6 months and acute-onset loss of speech and ambulation
since one week. The headaches were episodic, amnestic,
hemi-cranial, associated with visual aura and occasionally
also with drooping of one eyelid and double vision, last-
ing for about 4-5 h, subsiding with analgesics. History of
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relapsing—remitting neurological illness for 10 years, with
the 1st episode being right hemiparesis and 2nd episode
left hemiparesis within a span of 2 years, both of which
improved within few weeks. The present admission was
following a self-limiting fever episode, after which there
was worsening of cognitive impairment which gradually
progressed to akinetic mutism and drowsy state over a
week along with dual incontinence. Patient was earlier
treated in another institute as multiple sclerosis (MS)
with pulse steroids and beta-Interferon for 3 years, fol-
lowing which patient was switched to mycophenolate
mofetil and treated for 7 years due to financial con-
straints. During the 10 years of treatment, patient contin-
ued to have headaches. On examination, vital parameters
were stable and within normal limits. Neurological exam-
ination revealed that the patient was drowsy, not verbal-
izing, not obeying commands, there was movement of
all four limbs on painful stimuli, hypertonia of all limbs,
grade 3+deep tendon reflexes, bilateral striatal toe and
extensor plantar response.

Family history revealed that patient’s mother had
migraine with aura and several episodes of stroke with
first episode at around 40 years, developed progressive
cognitive impairment at about 60 years of age and was
bed bound, died of aspiration pneumonia at 65 years of
age. All of patient’s four siblings also suffer from migraine
with aura (Fig. 1).

The patient’s routine blood investigations, serum
homocysteine levels and CSF (cerebrospinal fluid) anal-
ysis were normal. Oligoclonal bands were not detected,
and ANA (antinuclear antibody) profile was negative.

Age: 29 Age: 27

Age: 4
Fig. 1 Pedigree chart of patient

Age: 1

Age: 72 Migraine with aura, recurrent stroke, cognitive impairment
Died at Age: 65
Age: 53 Migraine with aura N Age: 51 Migraine with aura Age: 48 Migraine with aura Age: 41 Migraine with aura Age: 37
Age: 52 Age: 45 Age: 39 Age: 37
Age: 31 Migraine with aura  Migraine with aura Age: 28 Age: 26 Age: 24 Migraine with aura Age: 22 Age: 22 Age: 21 Age: 19

Age: 23
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MRI (magnetic resonance imaging) brain and screen-
ing of whole spine was done which revealed diffusion
restriction involving corpus callosum and bilateral
periventricular white matter in DWT (diffusion-weighted
imaging) (Fig. 2A and C) and ADC (apparent diffusion
co-efficient) images (Fig. 2B and D). T1 post-contrast
showed no contrast enhancement (Fig. 3A, B). Hyperin-
tense signal change involving bilateral frontal subcortical,
deep subcortical white matter, bilateral periventricular
white matter and corpus callosum (Fig. 4A, B) as well as
hyperintense signal changes in bilateral anterior temporal
and external capsule was seen on FLAIR (fluid-attenu-
ated inversion recovery) images (Fig. 5A, B). TOF (time-
of-flight) angiography was found to be normal. Based
on the imaging findings, CADASIL was suspected, and
NOTCHS3 gene analysis was requested. A heterozygous
missense variation in exon 2 of the NOTCH3 gene that
resulted in the amino acid substitution of tryptophan for
cysteine at codon 49 was detected.
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At the end of history and examination three possible
differentials were considered, namely relapsing—remit-
ting multiple sclerosis (RRMS), CNS vasculitis and
CADASIL. The present encephalopathy episode along
with absence of lesions involving the spine and brainstem
after 10 years of illness but with involvement of ante-
rior temporal lobe were all considered to be unlikely of
RRMS. In view of normal CSF and TOF angiogram find-
ings with presence of positive family history, it was also
less likely to be CNS vasculitis. Typical clinical and imag-
ing features along with family history pointed towards
the possibility of CADASIL. Hence, exome sequencing
was requested which helped clinch the diagnosis.

The patient was given aspirin 75 mg/day for secondary
stroke prevention. Apathy and mutism were treated with
fluoxetine 20 mg/day and increased up to 40 mg/day.
Patient showed significant improvement over 4—6 weeks.
She currently is only on the above-mentioned medica-
tions. Patient has mild persistent cognitive impairment

Fig.2 A and C Showing DWI with B and D showing ADC images of multiple foci of diffusion restriction involving genu and body of corpus
callosum and bilateral periventricular white matter suggestive of acute lacunar infarcts

Fig. 3 A and B Showing T1 post-contrast images with no contrast enhancement of the diffusion restricting foci
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Fig.4 A and B Showing FLAIR image with multiple hyperintense signal changes involving subcortical white matter of bilateral frontal lobes,
bilateral periventricular white matter, bilateral corona radiata and corpus callosum

Fig. 5 A and B Showing T2 FLAIR images with hyperintense signal changes in bilateral anterior temporal lobes and external capsule

with excessive talking and over familiarity, however, has
been able to carry out her daily activities independently.
Patient continues to remain under follow-up and review.

Discussion

Cerebral autosomal dominant arteriopathy with sub-
cortical infarcts and leukoencephalopathy (CADASIL)
is one of the broadly acknowledged heritable reason
for stroke and vascular dementia in adults, with clinical
and neuroimaging features bearing semblance to that
of sporadic small-artery disease [10]. The clinical diag-
nosis of CADASIL is commonly based on the following

conditions: (1) clinical onset at 40-50 years; (2) absence
of stroke risk factors; (3) frequent lacunar infarction
episodes leading to focal neurological deficits, cognitive
impairment and dementia (migraine, cerebral infarc-
tion, and dementia in 30%, 85%, and 30—90% of patients,
respectively); and (4) familial distribution of the disease
or similar symptoms [11]. Patients with CADASIL have
decreased life expectancy and there also currently exists
no effective treatment for the disease.

Our 48-year-old patient presented with recurrent
strokes, long-standing migraine with aura and encepha-
lopathy. Historically and on clinical examination as our
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patient was in encephalopathy, MRI of the brain and
spine was done to help with the diagnosis, however imag-
ing findings with involvement of anterior temporal lobe
and external capsule led us to suspect CADASIL rather
than a case of CNS demyelination [12]. Recent studies on
CADASIL have recognized the anterior temporal lobe
and external capsules as sites of predilection for WMHs
(white matter hyperintensities) which, if affected [13, 14],
are very useful in differentiating it from other forms of
small-vessel disease [14, 15]. According to Markus et al.,
anterior temporal lobe involvement has a much higher
specificity than external capsule involvement [7], speci-
ficity being 100% in juxtapose to 45%, respectively. WMH
lesions also tend to be symmetrical and bilateral, distrib-
uted in the periventricular and deep white matter. MRI
may also show lacunar infarcts and cerebral microbleeds.

To confirm the diagnosis of CADASIL, gene analy-
sis was requested and the observed heterozygous mis-
sense variation in the patient was present in the EGF-like
domain of the NOTCH3 protein. Though different mis-
sense (p.Cys49Tyr) affecting the same domain had previ-
ously been reported in patients affected with CADASIL,
the (p.Cys49Trp) variant has not been reported in the
Genome Aggregation Database—gnomAD (a collec-
tion of research articles and related content from the
gnomAD Consortium that describe and analyze human
genetic variation). The disease is associated with vascular
smooth muscle degeneration primarily involving small
vessels which is linked to mutations in the NOTCH3 gene
(cysteine-altering pathogenic variants) whose product
is a transmembrane receptor which are predominantly
expressed in adults by vascular smooth muscle cells and
pericytes. However, the pathogenesis of CADASIL still
remains unclear [16].

Conclusion

As CADASIL has a relapsing and partially remitting
course, patients may receive treatment for demyelination
which may not be necessary. The presence of encepha-
lopathy, migraine, and stroke in patients with relapsing—
remitting illness should lead one to further probe into the
family tree for a heritable neurological illness. In addi-
tion, knowledge of characteristic MRI findings seen in
CADASIL can help discern the diagnosis.
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