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ABSTRACT
Despite recent advances in next-generation sequencing, the underlying etiology of adult-onset leukoencephalopathy has been 
difficult to elucidate. Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) 
is a representative hereditary adult-onset leukoencephalopathy associated with vasculopathy. Leukoencephalopathy in spastic 
paraplegia type 4 (SPG4) is known to be rare, but it might be underestimated because most spastic paraplegia with leukoen-
cephalopathy is rarely considered. We report a case of co-occurring SPG4 and CADASIL. A 61-year-old male presented with sud-
den visual impairment after a headache. He showed a spastic gait and had a family history with similar symptoms. An SPG4 
gene mutation and a pathogenic variant in the NOTCH3 gene were found. This case shows that the diverse and complex clinical 
manifestations of patients with extensive leukoencephalopathy are related to more than one gene mutation. We also suggest the 
necessity for relevant genetic tests in the diagnosis of adult-onset leukoencephalopathy.
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Hereditary spastic paraplegias (HSPs) are a group of clinically 
and genetically heterogeneous disorders with progressive spas-
tic gait disturbance and weakness in the lower limbs.1 Spastic 
paraplegia type 4 (SPG4) caused by the SPAST gene mutation is 
the most common subtype of HSP. Extensive white matter (WM) 
changes in SPG4 are not frequent.1,2

We report a patient with extensive WM lesions and progres-
sive spastic paraplegia of SPG4 having concurrent mutations in 
NOTCH3 and SPAST.

CASE REPORT

A 61-year-old male presented with visual disturbance after a 
severe pulsating headache. He had developed progressive spas-
tic gait five years ago, and his mother and maternal cousins 
had also shown gait disturbances (Supplementary Figure 1 in 
the online-only Data Supplement). The differential diagnosis 
of progressive myelopathy with paraplegic gait was made for 
other causes, including genetic testing. DNA analysis of the pa-
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tient revealed a five-base deletion in exon 9 of the SPG4 gene 
(c.1215_1219del, p.N405fs; SPAST gene) (Figure 1A), which was 
a previously reported mutation. As an SPG4-related imaging fea-
ture, a thin corpus callosum was suspicious, but magnetic reso-
nance imaging (MRI) showed no obvious atrophy in the cere-
bellum or spinal cord.

On admission for visual disturbance and severe headache, neu-
rologic examination revealed left homonymous hemianopsia. 
Brain MRI showed focal acute infarctions in the right parietal 
cortices, but there was no definite abnormality corresponding to 

left homonymous hemianopsia, and the visual disturbance grad-
ually improved over two days after admission to the hospital. Elec-
troencephalogram did not show epileptiform discharge. Detailed 
etiologic work-up for ischemic stroke, including magnetic res-
onance angiography, echocardiography, and 24-hour Holter 
monitoring, did not reveal a specific etiology. He had a history 
of recurrent headache compatible with migraine. Given the ac-
companying migrainous headache and history of migraine, we 
presumed that the causes of the transient visual field defect and 
acute cerebral infarction would be atypical migraine aura and 
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Figure 1. Sanger sequencing chromatograms. The heterozygous pathogenic mutations in the SPAST gene [c.1215_1219del (p.N405fs)] (A) 
and NOTCH3 gene [c.224G>C (p.Arg75Pro)] (B) were confirmed. Chromatograms from a normal control subject are also shown for compari-
son. The blue underline and arrows in Figure 1A represent the deletion location and both ends of the deletion breakpoint, respectively. The 
red circle and arrow in Figure 1B indicate the codon affected by the missense mutation and the corresponding variant location, respectively.
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migrainous infarction, respectively. Interestingly, brain MRI fur-
ther showed fronto-parieto-occipital confluent hyperintense le-
sions in the cerebral WM, indicating leukodystrophy-like lesions 
(Figure 2). On detailed history-taking, he had been experienc-
ing word retrieval failures and difficulty remembering conver-
sations or the names of people for several months. However, the 
Mini-Mental State Examination and Montreal Cognitive As-
sessment scores were 28 and 22, respectively, and there were no 
significant difficulties in activities of daily living ascribed to cog-
nitive impairment. Because of the abnormal MRI findings and 
clinical features such as migraine, we additionally performed se-
quencing of the NOTCH3 gene despite unclear family histories 
related to CADASIL. He had a heterozygote of a pathogenic vari-
ant, c.224G>C (p.Arg75Pro) in exon 3 of the NOTCH3 gene 
(Figure 1B). SPG4- and/or CADASIL-relevant symptoms and 
signs of the patient are summarized as a Venn diagram in Sup-
plementary Figure 2 (in the online-only Data Supplement).

His 31-year-old daughter did not show any symptoms, but his 
29-year-old son often complained of a mild episodic headache. 
Genetic tests were also performed with his daughter and his son. 
The daughter did not show any pathogenic or likely pathogenic 
variant, but his son had the same pathogenic variants in the 
NOTCH3 and SPAST genes as his father.

DISCUSSION

This case was unusual and unique in the identification of two 
genetic mutations associated with the various clinical pheno-
types of the patient. The patient initially showed gait disturbance, 
which was related to SPG4 resulting from heterozygous muta-
tions in the SPAST gene (2p22.3).

HSPs are a group of clinically and genetically heterogeneous 
disorders with progressive spastic gait disturbance and weak-
ness in the lower limbs.1 SPG4 accounts for 40% of autosomal 
dominant HSP cases. Although most cases of SPG4 are classi-
fied as pure HSP with isolated pyramidal signs (spasticity, hy-
perreflexia, etc.), complicated types of HSP have been reported. 
Manifestations of complicated HSP have included cognitive im-
pairment, epilepsy, widespread effects in gray and WM, devel-
opmental anomalies, ataxia, and seizures.1,2 Nonspecific WM 
lesions in the brain are frequent in complicated phenotypes and 
are occasionally also described in pure HSP forms (e.g., SPG4 
and SPG5).2

Initially, the patient presented with gait disturbance with spas-
ticity and was diagnosed with HSP through SPAST gene sequenc-
ing. His cognitive change occurred slowly afterward, and WM 
lesions were considered a phenotype of complicated HSP. How-
ever, migrainous headache and having the temporal pole involved 
in the WM lesions suggested the differential diagnosis of diseases 

A B
Figure 2. Brain magnetic resonance imaging (MRI). A: Axial fluid-attenuated inversion recovery (FLAIR) image showing high signal intensi-
ty in the bilateral anterior temporal lobes. B: Axial FLAIR image showing confluent high signal intensity involving bilateral cerebral white 
matter.
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other than HSP. NOTCH3 genetic testing was performed be-
cause the brain MRI results were compatible with CADASIL.3

In several studies, the rate of multiple molecular genetic diag-
noses has been reported in 3.2% to 7.2% of cases in which a mo-
lecular diagnosis is made, and it does not seem to be very rare.4-9 
Furthermore, a large-scale retrospective study of 7,374 referrals 
suggested a possible underrecognition of pathogenic variants at 
multiple molecular loci even during an interpretation of whole 
exome sequencing.9 The suggestion was based on the finding that 
the observed proportion of patients with a diagnosis who had 
multiple molecular diagnoses was significantly lower than that 
expected by chance alone.9 Therefore, even if a genetic diagno-
sis is confirmed in a patient, an additional molecular genetic di-
agnosis needs to be considered if the patient has a clinical feature 
that is more compatible with another genetic disorder.

In conclusion, we report a rare case in which two genetic vari-
ants with a SPAST mutation (c.1215_1219del, p.N405fs) and 
NOTCH3 gene mutation (c.224G>C, p.Arg75Pro) were found 
simultaneously. Additionally, extensive WM changes in HSP 
might require consideration of other causes of adult-onset leuko-
encephalopathy, including CADASIL, rather than the HSP itself.10
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Supplementary Figure 1. Pedigree chart. This pedigree shows the phenotype between the patient and family members. *A case of se-
quencing of the SPAST and NOTCH3 genes; †A case of heterozygous pathogenic missense mutation in exon 3 of the NOTCH3 gene 
[c.224G>C (p.Arg75Pro)] and heterozygous pathogenic five-base deletion in exon 9 of the SPAST gene [c.1215_1219del, p.N405fs].
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Supplementary Figure 2. A Venn diagram summarizing SPG4- 
and/or CADASIL-relevant symptoms and signs in the patient. WMHs, 
white matter hyperintensities; SPG4, spastic paraplegia type 4; CA-
DASIL, Cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy. 
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