
Review began 06/06/2023 
Review ended 06/24/2023 
Published 06/26/2023

© Copyright 2023
Aljaberi et al. This is an open access article
distributed under the terms of the Creative
Commons Attribution License CC-BY 4.0.,
which permits unrestricted use, distribution,
and reproduction in any medium, provided
the original author and source are credited.

A Case Report of Cerebral Autosomal Dominant
Arteriopathy With Subcortical Infarcts and
Leukoencephalopathy Misdiagnosed as Multiple
Sclerosis
Kholoud Aljaberi  , Amna Ahli  , Sudhir Kumar Palat Chirakkara  , Ahmed Shatila 

1. Neurology Department, Sheikh Shakhbout Medical City, Abu Dhabi, ARE 2. College of Medicine and Health Sciences,
Khalifa University, Abu Dhabi, ARE

Corresponding author: Kholoud Aljaberi, kholoud_74@hotmail.com

Abstract
Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) is
a rare genetic disorder due to a NOTCH 3 mutation on chromosome 19 resulting in a small vessel disease
that may mimic many other neurological disorders like migraine, stroke, transient ischaemic attack (TIA),
dementia and psychiatric illnesses. The disease is confirmed by genetic testing and other investigations like
MRI and skin biopsy are also helpful. Here, we present a 43-year-old male with a confirmed CADASIL
through genetic testing, who was initially diagnosed as having multiple sclerosis due to recurrent attacks of
focal neurological deficits in the form of weakness and vertigo and other progressive features like mental
slowing and difficulties in performing the usual tasks at work, He had a strong family history of neurological
illnesses from his mother’s side that made us think of an alternative diagnosis.
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Introduction
CADASIL or cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
syndrome is an inherited systemic non-amyloid and non-atherosclerotic vasculopathy characterized by
white matter lesions and subcortical lacunar infarcts. It is the most common hereditary cause of adult-onset
stroke and vascular dementia [1]. It results from mutations of the NOTCH3 gene located on chromosome
19p13.1 having an autosomal dominant pattern of inheritance [2]. The presentation is variable, including
stroke or transient ischaemic attacks (TIAs; 43%), migraine (40%) depression (9%) cognitive impairment
(6%), and epilepsy (2-10%) [3]. The exact prevalence is unknown. One of the studies conducted by Razvi et
al., using the national register of CADASIL in Scotland, estimated the prevalence of genetically confirmed
CADASIL to be 1.98 per 100,000 adults and a probable mutation prevalence of 4.14 per 100,000 [4]. In
another study, the prevalence of cysteine-changing NOTCH3 variants was found to be one in 452, about 100-
fold higher than expected based on CADASIL prevalence estimations of two to five in 100,000 [5]. The
literature from MENA (Middle East and Africa) region is sparse [6].

Case Presentation
A 43-year-old, right-handed male presented with left-hand weakness of three months duration. He was
diagnosed to have multiple sclerosis (MS) previously. His symptoms started two years earlier with an episode
of sudden-onset vertigo unrelated to head and body movements and left leg heaviness, which lasted for one
day. After several months, he experienced two episodes of dysarthria and tongue heaviness lasting for a few
hours. Three months before his presentation to us, he started to experience left-hand weakness not
affecting his work along with cognitive slowing in the form of difficulty in calculation.

On reviewing the previous MRI, the diagnosis of MS was questionable because of the location and shape of
the white matter lesions. He was born of a non-consanguineous marriage. His only sibling, his sister, was
diagnosed with MS at the age of 40. Her illness was progressive, not responding to MS treatment. His mother
who died in her 50s had obsessive-compulsive disorder with psychotic features. His three maternal uncles
died in their 50s, two due to myocardial infarction and one due to stroke. All his three children were healthy.
He denied any family history of dementia or migraine.

On examination, he scored 25 in MMSE. He had intact cranial nerves, decreased power over the left upper
limb (4/5), deep tendon reflexes +3 without clonus, positive Babinski, normal sensory exam, intentional
tremor in the left hand, and normal regular and tandem gaits.

MRI brain with and without contrast showed multiple white matter hyperintense lesions on T2 and fluid-
attenuated inversion recovery (FLAIR) sequence in the frontoparietal region (Figures 1, 2). A few of them are
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irregular and show a central area of hypointensity (Figure 3). Symmetric confluent areas of white matter
hyperintensity were seen in the peri-ventricular high parietal region extending from the subcortical to the
periventricular region (Figure 4). No enhancing lesions were found following the administration of the
contrast. CT angiography of the head and neck and echocardiogram were unremarkable. There were no
oligoclonal bands in the cerebrospinal fluid. The autoimmune workup was negative.

FIGURE 1: Brain MRI, T2, axial view
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FIGURE 2: Brain MRI, FLAIR, axial view
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FIGURE 3: Brain MRI, FLAIR, axial view
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FIGURE 4: Brain MRI, FLAIR, sagittal view

Based on the extensive family history of neurological manifestations, we ordered a whole genome
sequencing that was positive for a NOTCH3 mutation.

Discussion
NOTCH3 mutations have been associated with CADASIL worldwide. The NOTCH3 gene is located on
chromosome 19 [7]. It is a large gene that contains 33 exons encoding single-pass transmembrane receptors
rich in epidermal growth factor repeats (EGFRs), found in the extracellular domain expressed on vascular
smooth muscle wall and pericytes. It was described that there are over 200 mutations in NOTCH3. The
protein has 2321 amino acids with 34 epidermal growth factor (EGF) contained in the extracellular domain
(ECD) [8]. A total of 230 unique CADASIL mutations have already been reported [9]. Most cases are missense
mutations involving cysteine amino acid. This resulted in an odd number of cysteine residues in a given EGF
repeat [8]. In a normal EGF repeat, there are six cysteine residues forming three disulfide bonds. However, a
mutation resulting in the formation of an odd number of cysteine residues disrupts the disulfide bonds
causing structural abnormalities in the ECD. Further, the free cysteine residues undergo oligomerization and
interfere with NOTCH trafficking, resulting in the clinical presentation of small vessel disease [7,8]. The
function of NOTCH3 in vascular smooth muscle has been recently recognized. However, it is not yet clear
whether CADASIL pathology occurs as indirect sequelae of abnormal NOTCH3 gene product accumulation or
as a direct perturbed NOTCH signal regulation [4].

Clinical manifestations start between 20 and 40 years. Hypertension and smoking expedite ischemic events.
Younger adults tend to present more with migraine with and without aura and ischemic events while older
adults who are in their fifties experience recurrent ischemic events and cognitive decline. Dementia is seen
after the age of 60, likely due to recurrent ischemic attacks. Other features like seizure, encephalopathy, and
depression are also reported [10,11]. Life expectancy is reduced with an average age of death of 64.6 years in
males and 70.7 in females [12].

CADASIL cases were misinterpreted previously until genetic testing became available. The clinical diagnosis
is based on several conditions including (1) onset at age 40-50 years, (2) absence of stroke risk factors, (3)
frequent lacunar infracts leading to pseudobulbar paralysis and dementia, and (4) family history of the
disease suggesting autosomal dominant inheritance [13]. MRI abnormalities observed in CADASIL are signs
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of leukoaraiosis that may include multiple subcortical infracts, the presence of hyperintense signals in the
white matter, cerebral microbleeds [14], enlarged perivascular spaces, and brain atrophy, and they tend to
affect the temporal lobes and external capsule [9]. It is estimated that some MRI abnormalities can be seen
and detected approximately 15 years prior to the onset of the disease [14]. Genetic testing is the gold
standard to confirm CADASIL [13]. Histologically, it is characterized by the presence of a granular
osmiophilic material layer around the vascular smooth muscles in the brain on electron microscopy. It may
also be found in the skin, and hence biopsy can be used as a diagnostic modality for the disease [13].

CADASIL management is challenging, as there is no definitive therapy. Vascular risk factor management
minimizes the chance of recurrent ischemic events. In acute ischemic events, thrombolysis is not
recommended for deep ischemic events although it may be considered in case of a large vessel disease [15].
For migraine presentation, acetazolamide can be used as a prophylaxis, as it was found to increase cerebral
blood flow [12]. For dementia, donepezil used in a multicenter trial showed some improvement in executive
function [12].

Conclusions
We discussed a middle-aged male who presented with recurrent episodes of neurological symptoms and
signs with brain MRI features suggestive of white matter disease. He was initially misdiagnosed with
multiple sclerosis. However, the strong family history and genetic tests confirmed CADASIL. CADASIL is a
genetic disease that has variable clinical features, with stroke and migraine being the most common forms of
presentation. The diagnosis was confirmed by genetic testing that revealed a NOTCH3 mutation, MRI played
an important role in characterizing the lesions. Management was mainly supportive by addressing vascular
risk factors for stroke and symptomatic treatment for the other associated symptoms.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Eikermann-Haerter K, Yuzawa I, Dilekoz E, Joutel A, Moskowitz MA, Ayata C: Cerebral autosomal dominant

arteriopathy with subcortical infarcts and leukoencephalopathy syndrome mutations increase susceptibility
to spreading depression. Ann Neurol. 2011, 69:413-8. 10.1002/ana.22281

2. Manini A, Pantoni L: Cadasil from bench to bedside: disease models and novel therapeutic approaches . Mol
Neurobiol. 2021, 58:2558-73. 10.1007/s12035-021-02282-4

3. Schon F, Martin RJ, Prevett M, Clough C, Enevoldson TP, Markus HS: "CADASIL coma": an underdiagnosed
acute encephalopathy. J Neurol Neurosurg Psychiatry. 2003, 74:249-52. 10.1136/jnnp.74.2.249

4. Razvi SS, Davidson R, Bone I, Muir KW: The prevalence of cerebral autosomal dominant arteriopathy with
subcortical infarcts and leucoencephalopathy (CADASIL) in the west of Scotland. J Neurol Neurosurg
Psychiatry. 2005, 76:739-41. 10.1136/jnnp.2004.051847

5. Cho BP, Nannoni S, Harshfield EL, Tozer D, Gräf S, Bell S, Markus HS: NOTCH3 variants are more common
than expected in the general population and associated with stroke and vascular dementia: an analysis of
200 000 participants. J Neurol Neurosurg Psychiatry. 2021, 92:694-701. 10.1136/jnnp-2020-325838

6. Bohlega S, Al Shubili A, Edris A, et al.: CADASIL in Arabs: clinical and genetic findings . BMC Med Genet.
2007, 8:67. 10.1186/1471-2350-8-67

7. Schoemaker D, Arboleda-Velasquez JF: NOTCH3 signaling and aggregation as targets for the treatment of
CADASIL and other NOTCH3-associated small-vessel diseases. Am J Pathol. 2021, 191:1856-70.
10.1016/j.ajpath.2021.03.015

8. Wang T, Baron M, Trump D: An overview of Notch3 function in vascular smooth muscle cells . Prog Biophys
Mol Biol. 2008, 96:499-509. 10.1016/j.pbiomolbio.2007.07.006

9. Ferrante EA, Cudrici CD, Boehm M: CADASIL: new advances in basic science and clinical perspectives . Curr
Opin Hematol. 2019, 26:193-8. 10.1097/MOH.0000000000000497

10. Desmond DW, Moroney JT, Lynch T, Chan S, Chin SS, Mohr JP: The natural history of CADASIL: a pooled
analysis of previously published cases. Stroke. 1999, 30:1230-3. 10.1161/01.str.30.6.1230

11. Chabriat H, Lesnik Oberstein S: Cognition, mood and behavior in CADASIL . Cereb Circ Cogn Behav. 2022,
3:100043. 10.1016/j.cccb.2022.100043

12. Di Donato I, Bianchi S, De Stefano N, et al.: Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) as a model of small vessel disease: Update on clinical,
diagnostic, and management aspects. BMC Med. 2017, 15:41. 10.1186/s12916-017-0778-8

13. Stojanov D, Vojinovic S, Aracki-Trenkic A, Tasic A, Benedeto-Stojanov D, Ljubisavljevic S, Vujnovic S:
Imaging characteristics of cerebral autosomal dominant arteriopathy with subcortical infarcts and
leucoencephalopathy (CADASIL). Bosn J Basic Med Sci. 2015, 15:1-8. 10.17305/bjbms.2015.247

14. Schoemaker D, Quiroz YT, Torrico-Teave H, Arboleda-Velasquez JF: Clinical and research applications of

2023 Aljaberi et al. Cureus 15(6): e40986. DOI 10.7759/cureus.40986 6 of 7

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://dx.doi.org/10.1002/ana.22281
https://dx.doi.org/10.1002/ana.22281
https://dx.doi.org/10.1007/s12035-021-02282-4
https://dx.doi.org/10.1007/s12035-021-02282-4
https://dx.doi.org/10.1136/jnnp.74.2.249
https://dx.doi.org/10.1136/jnnp.74.2.249
https://dx.doi.org/10.1136/jnnp.2004.051847
https://dx.doi.org/10.1136/jnnp.2004.051847
https://dx.doi.org/10.1136/jnnp-2020-325838
https://dx.doi.org/10.1136/jnnp-2020-325838
https://dx.doi.org/10.1186/1471-2350-8-67
https://dx.doi.org/10.1186/1471-2350-8-67
https://dx.doi.org/10.1016/j.ajpath.2021.03.015
https://dx.doi.org/10.1016/j.ajpath.2021.03.015
https://dx.doi.org/10.1016/j.pbiomolbio.2007.07.006
https://dx.doi.org/10.1016/j.pbiomolbio.2007.07.006
https://dx.doi.org/10.1097/MOH.0000000000000497
https://dx.doi.org/10.1097/MOH.0000000000000497
https://dx.doi.org/10.1161/01.str.30.6.1230
https://dx.doi.org/10.1161/01.str.30.6.1230
https://dx.doi.org/10.1016/j.cccb.2022.100043
https://dx.doi.org/10.1016/j.cccb.2022.100043
https://dx.doi.org/10.1186/s12916-017-0778-8
https://dx.doi.org/10.1186/s12916-017-0778-8
https://dx.doi.org/10.17305/bjbms.2015.247
https://dx.doi.org/10.17305/bjbms.2015.247
https://dx.doi.org/10.1016/j.neulet.2019.01.014


magnetic resonance imaging in the study of CADASIL. Neurosci Lett. 2019, 698:173-9.
10.1016/j.neulet.2019.01.014

15. Guey S, Lesnik Oberstein SA, Tournier-Lasserve E, Chabriat H: Hereditary cerebral small vessel diseases and
stroke: a guide for diagnosis and management. Stroke. 2021, 52:3025-32. 10.1161/STROKEAHA.121.032620

2023 Aljaberi et al. Cureus 15(6): e40986. DOI 10.7759/cureus.40986 7 of 7

https://dx.doi.org/10.1016/j.neulet.2019.01.014
https://dx.doi.org/10.1161/STROKEAHA.121.032620
https://dx.doi.org/10.1161/STROKEAHA.121.032620

	A Case Report of Cerebral Autosomal Dominant Arteriopathy With Subcortical Infarcts and Leukoencephalopathy Misdiagnosed as Multiple Sclerosis
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Brain MRI, T2, axial view
	FIGURE 2: Brain MRI, FLAIR, axial view
	FIGURE 3: Brain MRI, FLAIR, axial view
	FIGURE 4: Brain MRI, FLAIR, sagittal view

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


