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Abstract 

The Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy (CADASIL) it’s a 
genetic disorder that affects the small blood vessels in the brain for a pathological variant in the NOTCH3 gene, located 
on chromosome 19. It is of great interest to know its correct diagnosis based on expression and variable clinical 
symptomatology due to episodes of migraine, dementia, cerebral ischemic episodes, psychiatric disorders and motor 
difficulties. Factors involved in the differential diagnosis of this genetic disorder will be discussed, based on general 
international criteria like Neuroimaging Findings and Genetic Testing. In addition, its clinical manifestations will be 
analyzed in various patient contexts to identify specific features related to individual genetic variations. 

Keywords: Hereditary cerebral arteriopathy; NOTCH3 gene mutations; Recurrent subcortical strokes; Progressive 
chronic leukoencephalopathy; CADASIL; Variable neuropsychiatric symptoms 

1. Introduction

CADASIL (Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and Leukoencephalopathy) (OMIM: 
125310) is a rare cerebrovascular disease with a global prevalence of 2–5 per 100,000 people. It is the most common 
hereditary cause of stroke and vascular dementia. [1, 2, 3,] 

This genetically inherited disease is primarily characterized by multiple cerebrovascular accidents, beginning with 
migraine as an initial symptom between the ages of 20 and 30 in one-third of patients. This is followed by episodes of 
focal neurological deficits caused by transient ischemic attacks or cerebral infarctions, ultimately progressing to major 
neurocognitive impairment. [1, 2, 3,] 

1.1. Genetic Basis and Pathophysiology 

CADASIL is a rare genetic disease and the most frequent hereditary cause of small vessel disease in the brain. It results 
from a pathological variant in the NOTCH3 gene, located on the short arm of chromosome 19 (19p13.2–p13.1). This 
gene encodes a receptor-type transmembrane protein that belongs to the NOTCH receptor family. The NOTCH3 protein 
is predominantly expressed in vascular smooth muscle cells and pericytes, playing an essential role in intercellular 
signaling during development and in maintaining vascular integrity. [3] 

CADASIL follows an autosomal dominant inheritance pattern, meaning that each affected individual has a 50% chance 
of passing on the pathogenic mutation to their offspring. However, sporadic cases due to de novo mutations have been 
reported, indicating that the absence of family history does not exclude the diagnosis. [3] 
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At the molecular level, the most common pathogenic mutations affect exons that encode the cysteine-rich EGF-like 
repeat domains of the NOTCH3 protein. These mutations alter the number and arrangement of cysteine residues, 
disrupting the protein’s three-dimensional conformation and promoting the accumulation of granular osmiophilic 
material (GOM), visible under electron microscopy. These deposits are found in the basal membrane of smooth muscle 
cells in the media layer of small- and medium-sized cerebral arteries, triggering a progressive arteriopathy. [3] 

Histopathological changes include arterial wall thickening, smooth muscle cell loss, fibrosis, and luminal narrowing, 
leading to chronic cerebral hypoperfusion. These alterations contribute to recurrent subcortical infarctions and 
progressive leukoencephalopathy, the hallmark clinical features of the disease. The progression of these chronic 
ischemic events is associated with neurological symptoms such as migraine with aura, cognitive decline, psychiatric 
disorders, and ultimately subcortical dementia. [3] 

The diagnosis is confirmed through genetic analysis identifying a mutation in the NOTCH3 gene and may be supported 
by characteristic findings on brain MRI, such as white matter hyperintensities—particularly in the anterior temporal 
poles, external capsule, and basal ganglia. [3] 

 
Available from Del Rio Espínola et al  [4] 

Figure 1 CADASIL Physiopathology 

2. Clinical Manifestations  

CADASIL presents with a heterogeneous clinical picture, predominantly neurological, with symptoms typically 
beginning in early adulthood and progressing over time. The most common manifestations are cerebrovascular events, 
reported in up to 85% of cases, including transient ischemic attacks and lacunar infarctions, in the absence of traditional 
vascular risk factors. [5, 6, 7, 8]  

Migraine with aura, which may precede ischemic events, typically appears between the ages of 20 and 30 and is present 
in 20–40% of patients. Over time, the disease progresses to cognitive impairment, initially presenting as executive 
dysfunction and slowed processing speed, with preserved episodic memory, and later evolving into major 
neurocognitive disorder (NCD) with a pseudobulbar component. [5, 6, 7, 8]  

Seizures occur less frequently (5–10%), typically generalized tonic-clonic seizures around the age of 50. Rare systemic 
manifestations include acute myocardial infarction, arrhythmias, alopecia, gingivitis, periodontal disease, skin lesions, 
and visual symptoms (aura, diplopia, oscillopsia). Psychiatric disorders affect 20–40% of patients, with apathy and 
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mood disorders (depression, mania) being the most common, followed by psychotic or adjustment disorders. [5, 6, 7, 
8]  

Motor involvement (gait disturbances, urinary incontinence, pseudobulbar palsy) is usually correlated with the 
progression of lesion burden in the central nervous system, reflecting the chronic and degenerative course of the 
disease. [5, 6, 7, 8]  

Table 1 Most Common Clinical Manifestations 

History of recurrent lacunar ischemic strokes (84–87%). 
Subcortical dementia (31–60%) (its incidence increases up to 80% after age 60). 
Migraine with or without aura (22–38%). 
Sensorineural hearing loss (33%). 
Neuropsychiatric disorders such as severe depression, manic episodes, or psychosis (20%). 
Epilepsy (7%). 

[9] 

2.1. Diagnostic Criteria 

CADASIL diagnosis can be classified into three levels: possible, probable, and definite, each with specific criteria to guide 
diagnosis and differentiate from other pathologies. [10] 

2.2. Possible CADASIL 

 Considered in patients with late onset (>50 years), mild symptoms such as affective disorders or global dementia, and 
the presence of minor vascular risk factors (mild hypertension, dyslipidemia, smoking). Family history may be unclear 
and MRI findings are atypical, requiring consideration of alternative diagnoses. [10] 

2.3. Probable CADASIL 

 Applies to cases where symptoms begin before age 50, with at least two key clinical features: stroke-like episodes with 
persistent deficits, migraine, or subcortical dementia. There is an absence of significant cardiovascular risk factors, a 
dominant inheritance pattern, and MRI findings of white matter changes without cortical infarcts. It is crucial to 
differentiate from conditions like Binswanger’s disease or multiple sclerosis. [10] 

2.4. Definite CADASIL 

 Requires fulfilling criteria for probable CADASIL plus genetic confirmation (mutation in the NOTCH3 gene) or 
histopathological findings (GOM in small vessels). This level of diagnosis excludes other conditions with certainty and 
confirms the disease. [10] 

Table 2 Diagnostic Criteria for CADASIL 

Types Characteristics 
Possible CADASIL Late onset (>50 years). 

Stroke-like episodes without permanent signs (minor 
affective disorder or global dementia). 

Minor cardiovascular risk factors (mild hypertension, 
mild hyperlipidemia, smoking, oral contraceptives). 

Unknown or incomplete family lineage. 

MRI showing atypical white matter changes. 
Probable CADASIL Onset before age <50 years. 

At least two of the following findings: 

Stroke-like episodes with permanent neurological signs. 

Migraine. 

Subcortical dementia. 

Absence of etiologically related cardiovascular risk 
factors. 
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Evidence of autosomal dominant inheritance. 

MRI showing white matter changes without subcortical 
infarcts. 

Definite CADASIL Criteria for probable CADASIL plus any of the following: 

Demonstration of NOTCH3 gene mutation. 

Pathological findings consistent with small vessel 
arteriopathy with GOM (granular osmiophilic material) 
deposits 

Exclusion Criteria Onset after age >70 years. 

Severe hypertension or hypertension complicated by 
cardiac or systemic vascular disease. 

Absence of documented familial cases. 

Normal MRI findings after age 35. 
Available from P. Davous et al  [10] 

3. Neuroimaging Findings 

Brain MRI is a key diagnostic tool, often detecting changes before clinical symptoms appear. Typical findings include: 

Table 3 Typical findings in Brain MRI 

Findings Location or Imaging Feature 

White matter hyperintensities. Anterior temporal lobes and external capsule on T2 and 
FLAIR sequences. 

 

Lacunar infarcts Basal ganglia, thalamus, and brainstem. 

Microbleeds Seen in GRE or SWI sequences. 

Progressive brain atrophy Noticeable in advanced stages. 
[11] 

These imaging features help differentiate CADASIL from other leukoencephalopathies such as multiple sclerosis or 
cerebral amyloid angiopathy. [11] 

Table 4 Evolutionary Stages of CADASIL (Association Between Clinical Features and MRI Findings) 

Stage Stage I Stage II Stage III 

Age 
(years) 

20-40 40-60 >60 

Clinical 
Features  

Migraine (with or 
without aura) 

Stroke episodes and/or 
neuropsychiatric disorders 

Subcortical dementia 

MRI 
Findings 

Lesions confined 
to the white 
matter 

Coalescent white matter lesions and 
well-defined lesions in the basal 
ganglia  

Diffuse leukoencephalopathy and 
multiple well-defined lesions in the basal 
ganglia  

Available from M. Verin et al [12] 

4. Diagnostic Genetic Testing 

As mentioned above, the gold standard for the diagnosis of CADASIL is molecular genetic analysis of the NOTCH3 gene, 
which has a sensitivity close to 100%. A scoring system (Table 3) was developed to assess patient selection for this test. 
A score higher than 15 is considered indicative of a candidate for testing. [13] 



GSC Advanced Research and Reviews, 2025, 23(03), 103-109 

107 

Table 5 Patient Selection Scale for NOTCH3 Gene Analysis 

Feature Score 

Migraine 1 

Migraine with aura 3 

Stroke 1 

Stroke Onset before age 50 2 

Psychiatric disorders 1 

Major neurocognitive disorder  3 

Leukoencephalopathy  3 

Leukoencephalopathy extending to the temporal pole 1 

Leukoencephalopathy extending to the external capsule 5 

Subcortical infarcts 2 

Family history in at least 1 generation 1 

Family history in at least 2 generations  1 

Available from Pescini F et al[13]  

5. Further Relevant Clinical and Diagnostic Considerations 

CADASIL has been described as a multisystemic disease, with involvement extending beyond the central nervous 
system. Documented cases have included cardiovascular abnormalities (such as arrhythmia and acute myocardial 
infarction), neuromuscular symptoms including myopathies and polyneuropathies, as well as atypical dermatological 
and ophthalmological manifestations, suggesting a more generalized compromise of the vascular endothelium. [11] 

Another significant observation is the early clinical onset, with migraines with aura potentially presenting in the second 
or third decade of life—often decades before cerebrovascular events or cognitive decline. This early presentation may 
lead to diagnostic delays or confusion with primary headache disorders, underscoring the importance of a thorough 
evaluation in young patients with a suggestive family history. [11] 

Psychiatric manifestations should also be recognized as part of the clinical spectrum of CADASIL. Disorders such as 
depression, apathy, emotional lability, and even psychotic symptoms may precede neurological deterioration, 
sometimes resulting in misdiagnoses such as schizophrenia or major affective disorders. This phenotypic variability 
highlights the need for a multidisciplinary diagnostic approach. [11] 

From an imaging standpoint, brain magnetic resonance imaging (MRI) may reveal characteristic lesions up to 15 years 
before clinical onset. T2-weighted and FLAIR hyperintensities located in the external capsule, anterior temporal lobes, 
and pons are highly predictive of CADASIL and help distinguish it from other causes of leukoencephalopathy. [11] 

Regarding genetic diagnosis, although most cases follow an autosomal dominant pattern due to mutations in the 
NOTCH3 gene, de novo mutations have been reported. Therefore, the absence of family history should not preclude the 
diagnosis. In this context, genetic testing remains the diagnostic gold standard and is particularly warranted in patients 
with suggestive clinical and imaging findings. [11] 

Currently, there is no curative treatment for CADASIL. Therapeutic strategies focus on symptomatic management and 
secondary prevention of ischemic events. The use of anticoagulants or thrombolytics requires special caution due to the 
potential risk of hemorrhage stemming from the inherent vascular dysfunction in this disease. Consequently, 
therapeutic approaches must be carefully individualized. [11] 
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5.1. Differential Diagnosis 

The differential diagnosis should include entities such as Binswanger’s disease, primary central nervous system angiitis, 
and multiple sclerosis. Additionally, various genetic disorders must be considered, including CARASIL, MELAS 
syndrome, Fabry disease, and small vessel vasculopathies associated with COL4A1 gene mutations. [14, 15, 16] 

6. Conclusion 

CADASIL is a rare but clinically significant hereditary cerebrovascular disease and the leading genetic cause of stroke 
and vascular dementia. It arises from mutations in the NOTCH3 gene, resulting in progressive arteriopathy with severe 
neurological consequences. The broad spectrum of symptoms—from early-onset migraines to cognitive decline and 
psychiatric disturbances—makes diagnosis challenging. Thus, a comprehensive clinical approach supported by 
neuroimaging and, crucially, genetic testing is essential. Early and accurate recognition of this condition improves 
clinical management, genetic counseling, and patient quality of life. Further research into disease mechanisms will help 
identify therapeutic targets and develop effective treatments, as current management remains limited to symptomatic 
relief. 
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