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Increasing Microbleeds in CADASIL
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Following left thalamic hemorrhage and several isch-
emic episodes, a 45-year-old male with mild hypertension
and diabetes mellitus was diagnosed with CADASIL by
genetic testing (fig. la). Despite less-characteristic evi-
dence of CADASIL in the external capsules and the poles
of the temporal lobes (fig. 1b), cerebral microbleeds in-

2963G>T
v

Thr Cys/Phe Leu

RVAATAYATAAT

FLAIR images

creased yearly on T2* MRI (fig. 1¢), indicating the patho-
genesis of microbleeds in CADASIL may be independent
of white matter hyperintensity lesions [1] and cerebro-
vascular risk factors may modulate the progression of mi-
crobleeds in CADASIL [2].

Fig. 1. a Genetic testing revealed p.Cys988Phe (C.2963G>T) mutation in exon 18 of the patient’s NOTCH3 gene. b FLAIR imaging
at 51 years of age showed the anterior temporal poles and the external capsules appeared relatively sparse in this case as compared

with typical findings of CADASIL.
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T2*-weighted images

n
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Fig. 1. ¢ T2*-weighted imaging revealed prominent cerebral microbleeds that increased in number from year to year. Arrows point
to the new microbleed lesions.
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Early Involvement of the Corpus Callosum in a Patient with
Hereditary Diffuse Leukoencephalopathy with Spheroids
Carrying the de novo K793T Mutation of CSFIR

Yasufumi Kondo', Michiaki Kinoshita’, Kazuhiro Fukushima’,
Kunihiro Yoshida® and Shu-ichi Ikeda’

Abstract

We herein report the case of a 41-year-old Japanese man with hereditary diffuse leukoencephalopathy with
spheroids (HDLS) who carried the de novo K793T mutation in the colony-stimulating factor 1 receptor gene
(CSFIR). He showed a gradual decline of his cognitive and mental functions over the following six months. .
On brain MRI, a thin corpus callosum with T2- and FLAIR-high signal intensity in the splenium was con-
spicuous, whereas cerebral deep and periventricular white matter lesions were mild. We propose that a diag-
nosis of HDLS should be considered in patients with presenile dementia presenting with corpus callosum le-
sions on MRI, even in cases with a lack of any apparent family history.

Key words: HDLS, CSFIR, de novo mutation, corpus callosum

(Intern Med 52: 503-506, 2013)
(DOI: 10.2169/internalmedicine.52.8879)

Introduction

Hereditary diffuse leukoencephalopathy with spheroids
(HDLS) is an autosomal-dominant white matter disease
caused by mutations in the colony-stimulating factor 1 re-
ceptor gene (CSFIR) (1). It is characterized clinically by
adult-onset behavioral, cognitive and motor dysfunction and
pathologically by a widespread loss of axons and myelin
sheaths and the appearance of axonal spheroids and pig-
mented macrophages (2-4). Several sporadic patients who
fulfill the clinical and pathological criteria for HDLS have
been reported (5-8). However, it remains unknown whether
these sporadic cases reflect phenotypic copies, reduced dis-
ease penetrance or are caused by de novo mutations in the
genes responsible for the HDLS phenotype (4).

We herein describe the case of an HDLS patient who car-
ried a novel de novo K793T mutation in CSFIR. This is the
second family, next to the Norwegian family described by
Rademakers et al. (1), in which both parents have been
shown to not carry the causative CSFIR mutation. The cases

of these families clearly suggest that a subset of sporadic
cases of HDLS are caused by de nove CSFIR mutations.
Furthermore, we propose that involvement of the corpus cal-
losum on MRI may be an early diagnostic clue indicating a
diagnosis of HDLS.

Case Report

A 41-year-old Japanese man had been well until 40 years
of age when he began to show a decline in his cognitive
function. He was first noticed to have difficuity performing
occupational tasks and handling a cell phone in October
2011. In January 2012, he twice developed confusion and
unresponsiveness while during drinking alcohol. His wife
encouraged him to visit the hospital in February 2012,
where he was suspected of having presenile dementia.
Thereafter, he became unable to use a personal computer or
drive a car and had to quit working. His wife noted that his
speech and gait had become awkward. His previous medical
history was unremarkable. There was no particular family
history of psychiatric or neurological diseases. His parents
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Figure 1. Brain MRI images. Brain MRI images of the patient (at 41 years of age) are shown. Di-
latation of the lateral ventricles and hyperintense foci are observed in the cerebral deep and peri-
ventricular white matter on FLAIR-weighted images (arrow, A-C). The corpus callosum is atrophic
and shows high signal intensity in the splenium (arrowhead) on FLAIR-weighted (A) and T2-

weighted images (D).

and two sisters were healthy.

On admission in April 2012, the patient was found to be
normotensive and the general findings were not particular.
He was cooperative, although he did not appear to have any
awareness of being ill. A neurological examination showed a
slow initiation of speech, dysarthria, slight left hemiplegia
and an unstable gait. The patient’s deep tendon reflexes
were slightly exaggerated; however, his plantar responses
were flexor. No rigidity or involuntary movements were ob-
served. The Mini-Mental State Examination score was 23
points and the Frontal Assessment Battery (FAB) score was
10 points. These tests demonstrated poor attention, calcula-
tion and comprehension and a disturbance in verbal fluency;
however, the patient’s short-term memory was relatively
well preserved.

The routine laboratory findings were unremarkable. Tests
with negative or normal results were as follows: vitamin B1,
vitamin B12, anti-nuclear antibody, syphilis, HIV, soluble
interleukin 2 receptor and angiotensin converting enzyme. A
cerebrospinal fluid examination showed a slight increase in
the levels of total protein (51 mg/dL) and tau protein (290
pg/mL, normal value: 0-200 pg/mL). Brain MRI disclosed
frontoparietal lobe atrophy and ventricular dilatation with
high-intensity lesions in the cerebral deep white matter

(Fig. 1). Hyperintense foci were more evident in the right
bemisphere than in the left. The corpus callosum was atro-
phic and showed high signal intensity in the splenium
(Fig. 1). No microbleeds were detected in the white matter
or basal ganglia on T2*-weighted images (data not shown).
There was no atrophy or signal changes in the cerebellum or
brainstem. Cerebral angiography showed no findings of
atherosclerosis. The findings of a nerve conduction study
were normal.

The clinical and neuroradiological findings reminded us
of the possibility of frontotemporal dementia, leukoencepha-
lopathy or leukodystrophy of several genetic causes, vascu-
lar dementia (VaD) (including Binswanger disease), cerebral
autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL), multiple sclerosis
(MS) or progressive multifocal leukoencephalopathy (PML).
Immediately before this patient was referred to us, we expe-
rienced another patient with leukoencephalopathy who ex-
hibited presenile dementia and a thin corpus callosum on
MRI, similar to our patient, and was diagnosed as having
HDLS based on a brain biopsy and a CSFIR analysis (9).
Therefore, we first searched for the CSFIR mutation after
obtaining informed consent from the patient’s wife and par-
ents.
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Figure 2. Molecular analysis of CSFIR. The sequencing re-
sults of exon 18 of CSFIR indicate a heterozygous ¢.2378A>C
(p. Lys793Thr) substitution in the patient (indicated by the
red arrow). The cDNA and protein numberings are relative to
NM_005211.3 starting at the franslation initiation codon and
NP_005202.2, respectively. Neither parent has the mutation.

Genomic DNA was extracted from peripheral blood sam-
ples obtained from the patient and his parents using
the Gentra Puregene Blood Kit (QIAGEN). Exons 12-22 of
CSFIR, the mutation ‘hot spots’ in HDLS patients, were
PCR-amplified according to a previous report (1), purified
and subjected to direct sequencing. We found the p.K793T
(c.2378A>C) mutation in the patient, but not in his parents
(Fig. 2). Similar to the CSFIR mutations reported previ-
ously (1, 9), this mutation is involved in a highly conserved
amino acid in the intracytoplasmic tyrosine kinase domain
of CSFIR. An in silico analysis using PolyPhen-2 indicated
that the change was probably damaging. This mutation was
not detected in 80 Japanese control individuals.

Discussion

Previously, a definitive diagnosis of HDLS was made
based on postmortem, neuropathological examinations only.
Owing to the availability of molecular analyses of CSFIR,
however, our patient was diagnosed as having HDLS in the
early stage when he was still self-supporting at home ap-
proximately six months after the onset of symptoms.

Brain MRI, which disclosed lateral ventricle enlargement
with corpus callosum lesions, was an important tool in the
diagnosis of our patient. Sundal et al. reported the MRI
characteristics of 15 HDLS patients with CSFIR muta-
tions (10). Of these 15 patients, 14 exhibited corpus callo-
sum involvement (the disease duration at the initial MRI
study ranged from 0.5 to 5.0 years). Corpus callosum in-
volvement included atrophy (eight patients), T2- and FLAIR-
high signal intensity (11 patients) and both atrophy and sig-
nal changes in the corpus callosum (five patients) (10). In
our patient, MRI performed at a disease duration of approxi-
mately six months showed atrophy and signal changes in the
corpus callosum. At this stage, the cerebral deep and
periventricular white matter lesions were mild and not con-
fluent. These findings suggest that early involvement of the

corpus callosum can be a diagnostic clue of HDLS.

A number of neurological diseases involving presenile de-
mentia should be differentiated from HDLS. One of the key
points for making the differential diagnosis is the regional
distribution of white matter lesions. For example, white mat-
ter lesions in X-linked adrenoleukodystrophy are observed
predominantly in the parietooccipital lobes (11), whereas
those in HDLS are frontal dominant (10). White matter le-
sions in the temporal tip and external capsules are pathogno-
monic in CADASIL (12); however, they were not observed
in seven HDLS patients, including the present patient (Ki-
noshita et al. unpublished observation). However, the MRI
findings of HDLS closely resemble those of primary pro-
gressive MS or VaD, as they commonly show relatively
symmetrical white matter lesions with corpus callosum atro-
phy (8, 13-15). We are now carrying out a detailed examina-
tion of the MRI characteristics of HDLS patients in com-
parison with those of VaD patients (Kinoshita et al. manu-
script in preparation).

The patient was sporadic with both parents being healthy
until their late sixties or early seventies. The mode of inheri-
tance of HDLS is autosomal-dominant, however, several
sporadic patients who met the clinical and neuropathological
criteria for HDLS have been reported (5-8). Such patients
might be reported under a diagnosis of pigmentary ortho-
chromatic leukodystrophy (POLD), which shows quite simi-
lar clinical and neuropathological features to HDLS (4).
Based on their clinical and neuropathological similarities,
HDLS and POLD have been proposed to belong to a single
disease entity (2, 4, 16-18). Therefore, the molecular basis
of HDLS and POLD has increasingly attracted much atten-
tion since the discovery of CSFIR as a causative gene for
HDLS.

Our case suggests that the incidence of HDLS may be
much higher than previously estimated because sporadic
HDLS cases might be overlooked unless postmortem exami-
nations are undertaken. We propose that more careful atten-
tion should be paid to HDLS as a possible cause of prese-
nile dementia, regardless of a patient’s family history. Now,
a premortem diagnosis of HDLS can be established using a
molecular analysis of CSFIR. Making an early diagnosis is
of great importance in furthering the understanding of se-
quential changes in clinical and neuroradiological findings
among patients with HDLS.

The authors state that they have no Conflict of Interest (COI).

Acknowledgement

We thank Ms. Eri Ishikawa and Kayo Suzuki (Research Cen-
ter for Human and Environmental Sciences, Shinshu University)
for their technical assistance in the molecular analysis of CSFIR.

This work was supported by Grants-in-Aid from the Research
Committee for Hereditary Cerebral Small Vessel Disease and As-
sociated Disorders, the Ministry of Health, Labour and Welfare
of Japan.

505



Intern Med 52: 503-506, 2013 DOI: 10.2169/internalmedicine.52.8879

References

1. Rademakers R, Baker M, Nicholson AM, et al. Mutations in the
colony stimulating factor 1 receptor (CSFIR) gene cause heredi-
tary diffuse leukoencephalopathy with spheroids. Nat Genet 44:
200-205, 2012.

2. Marotti ID, Tobias S, Fratkin JD, Powers JM, Rohdes CH. Adult
onset leukodystrophy with neuroaxonal spheroids and pigmented
glia: report of a family, historical perspective, and review of the
literature. Acta Neuropathol (Berl) 107: 481-488, 2004,

3. Freeman SH, Hyman BT, Sims KB, et al. Adult onset leukodys-
trophy with neuroaxonal spheroids: clinical, neuroimaging and
neuropathologic observations. Brain Pathol 19: 39-47, 2009,

4. Wider C, Van Gerpen JA, DeArmond S, Shuster EA, Dickson
DW, Wszolek ZK. Leukoencephalopathy with spheroids (HDLS)
and pigmentary leukodystrophy (POLD): a single entity? Neurol-
ogy 72: 1953-1959, 2009.

5. van der Knaap MS, Naidu S, Kleinschmidi-Demasters BK, Kam-
phorst W, Weinstein HC. Autosomal dominant diffuse leukoen-
cephalopathy with neuroaxonal spheroids. Neurology 54: 463-468,
2000.

6. Yamashita M, Yamamoto T. Neuroaxonal leukoencephalopathy
with axonal spheroids. Eur Neurol 48: 20-25, 2002.

7. Moro-de-Casillas ML, Cohen ML, Riley DE. Leucoencephalopa-
thy with neuroaxonal spheroids (LENAS) presenting as the cere-
bellar subtype of multiple system atrophy. J Neurol Neurosurg
Psychiatry 75: 1070-1072, 2004.

8. Keegan BM, Giannini C, Parisi JE, Lucchinetti CF, Boeve BF,
Josephs KA. Sporadic adult-onset leukoencephalopathy with
neuroaxonal spheroids mimicking cerebral MS. Neurology 70:
1128-1133, 2008.

9. Kinoshita M, Yoshida K, Oyanagi K, Hashimoto T, Ikeda S. He-
reditary diffuse leukoencephalopathy with axonal spheroids caused

10.

11.

12,

13.

14.

15.

16.

17.

18.

by R782H mutation in CSFIR: case report. J Neurol Sci 318:
115-118, 2012.

Sundal C, Van Gerpen JA, Nicholson AM, et al. MRI characteris-
tics and scoring in HDLS due to CSFIR gene mutations. Neurol-
ogy 79: 566-574, 2012.

Poll-The BT, Girtner J. Clinical diagnosis, biochemical findings
and MRI spectrum of peroxisomal disorders. Biochim Biophys
Acta 1822: 1421-1429, 2012.

Chabriat H, Bousser MG. Cerebral autosomal dominant arteriopa-
thy with subcortical infarcts and leukoencephalopathy. In: Hand-
book of Clinical Neurology. Vol 89 (3rd series). Duyckaerts C,
Litvan I, Eds. Elsevier, New York, 2008: 671-686.

Lyoo IK, Satlin A, Lee CK, Renshaw PF. Regional atrophy of the
corpus callosum in subjects with Alzheimer’s disease and multi-
infarct dementia. Psychiatry Res 74: 63-72, 1997.

Yamauchi H, Fukuyama H, Shio H. Corpus callosum atrophy in
patients with leukoaraiosis may indicate global cognitive impair-
ment. Stroke 31: 1515-1520, 2000.

Yaldizli O, Atefy R, Gass A, et al. Corpus callousm index and
long-term disability in multiple sclerosis patients. J Neurol 257:
1256-1264, 2010.

Itoh K, Shiga K, Shimizu K, Muranishi M, Nakagawa M, Fushiki
S. Autosomal dominant leukodystrophy with axonal spheroids and
pigmented glia: clinical and neuropathological characteristics. Acta
Neuropathol 111: 39-45, 2006.

Ali ZS, Van Der Voorn JP, Powers JM. A comparative mor-
phologic analysis of adult onset leukodystrophy with neuroaxonal
spheroids and pigmented glia-a role for oxidative damage. J Neu-
ropathol Exp Neuro] 66: 660-672, 2007.

Wong JC, Chow TW, Hazrati LN. Adult-onset leukoencephalopa-
thy with axonal spheroids and pigmented glia can present as fron-
totemporal dementia syndrome. Dement Geriatr Cogn Disord 32:
150-158, 2011.

© 2013 The Japanese Society of Internal Medicine
http://www.naika.or.jp/imonline/index.html

506



INTERNAL & MEDICINE

[0 ORIGINAL ARTICLE [

Corpus Callosum Atrophy in Patients with Hereditary
Diffuse Leukoencephalopathy with Neuroaxonal Spheroids:
An MRI-based Study

Michiaki Kinoshita®, Yasufumi Kondo®, Kunihiro Yoshida®, Kazuhiro Fukushima’,
Ken-ichi Hoshi®, Keisuke Ishizawa®, Nobuo Araki*, Ikuru Yazawa’,
Yukihiko Washimi®, Banyu Saitoh’, Jun-ichi Kira’ and Shu-ichi Ikeda'

Abstract

Objective Hereditary diffuse leukoencephalopathy with neuroaxonal spheroids (HDLS) is an adult-onset
white matter disease that presents clinically with cognitive, mental and motor dysfunction. Several autopsy
reports have indicated that the corpus callosum (CC), the largest bundle of white matter, is severely affected
in patients with HDLS. The aim of this study was to evaluate corpus callosum atrophy (CCA) quantitatively
in HDLS patients.

Methods We assessed CCA in six genetically-proven HDLS patients (HDLS group), in comparison with
that observed in 20 patients with vascular dementia (VaD group) and 24 age-matched patients without or-
ganic central nervous system (CNS) disease (non-CNS group). Using midsagittal MR images, five measure-
ments of the CC were obtained: the width of the rostrum (aa’), body (bb’) and splenium (cc’), the anterior to
posterior length (ab) and the maximum height (cd). Next, the corpus callosum index (CCI) was calculated as
(aa’ + bb’ + cc’)/ab.

Results All HDLS patients had white matter lesions in the CC and frontoparietal lobes on the initial MRI
scans. Compared with that observed in the VaD and age-matched non-CNS groups, the CCI was significantly
decreased in the HDLS group (with VaD group, p<0.01; with non-CNS group, p<0.01).

Conclusion This study showed significant atrophy of the CC in all HDLS patients on the initial MRI scans
obtained 6-36 months after onset. We propose that the early appearance of CCA, frequently accompanied by
high-intensity in the genu and/or splenium, on T2 images is an important diagnostic clue to HDLS.

Key words: hereditary diffuse leukoencephalopathy with neuroaxonal spheroids (HDLS), colony stimulating
factor 1 receptor (CSF1R), white matter lesions (WMLSs), corpus callosum atrophy (CCA),
corpus callosum index (CCI)
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spheroids (HDLS) is an adult-onset white matter disease

Introduction caused by mutations in colony stimulating factor 1 receptor
[CSFIR (1)]. HDLS is characterized clinically by cognitive,

Hereditary diffuse leukoencephalopathy with neuroaxonal —psychiatric and motor dysfunction that is frequently accom-
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Table 1. Clinical Characteristics of Six HDLS Patients

Patient 1 2 3 4 5 6
Sex F M M M M F
Age at disease onset (years) 51 41 53 40 55 27
Age at death (years) alive 41 56 alive 62 alive
Family history + - + + + -
Neuropsychiatric symptoms
Cognitive decline + + + + + +
Depression/Anxiety - + + + + 9
Behavioral change + + + + + +
Frontal releasing signs + + + + + +
Pyramidal tract signs + - + - + +
Parkinsonism + + + + + 9
Apraxia - + + + 9 +
Epilepsy + - + - . +
CSFIR mutation R782H  K793T* R777TW R777W  S759F 1794T*

*: genetically-determined sporadic case carrying a de novo mutation, ?: unknown ot equivocal

because of difficulty to evaluate symptoms

panied by epilepsy (2). The age of onset is quite variable,
ranging from 8 to 78 years, and the mean duration of the
illness has been reported to be 10 years (2) or 5.8 years (3).
Due to its wide variety of neuropsychiatric symptoms and
age of onset, HDLS mimics many neurological diseases, in-
cluding vascular dementia (VaD), cerebral autosomal domi-
nant arteriopathy with subcortical infarcts and leukoencepha-
lopathy (CADASIL), frontotemporal dementia (FTD), multi-
ple sclerosis (MS) and multisystem atrophy [MSA (4-7)].

MRI has significant value in evaluating the distribution
and degree of white matter lesions (WMLs) and is indispen-
sable for diagnosing HDLS. Recently, Sundal et al. reported
the characteristics of 20 MRI scans of 15 patients with
pathologically- and genetically-proven HDLS (3). They re-
vealed that WMLs are predominantly frontal in patients with
HDLS and that WMLs extending beyond the frontal lobes
indicate rapid disease progression.

They also proposed a brain MRI scoring system for
evaluating HDLS that appears to be very useful for tracking
the natural history of HDLS and predicting the prognosis;
however, this system places more emphasis on signal
changes in the white matter (total WML score 42) than on
atrophy (total atrophy score 13) (3).

Since the discovery of CSFIR as the causative gene, it
has become possible to make a definitive diagnosis of
HDLS in the early stage of the disease (1). We recently ex-
perienced a 41-year-old HDLS patient with the K793T mu-
tation in CSFIR (patient 2, Table 1) (8). He was independ-
ent in daily life [modified Rankin Scale (mRS) 2] at the first
presentation. His initial MRI scans (obtained six months af-
ter onset) showed minor WMLs within the frontoparietal
lobes, corresponding to a total WMLs score of only 9/42
points on the MRI grading scale (3), however, diffuse atro-
phy of CC was already evident (8). This distinctive finding
prompted us to assess early CC involvement in HDLS pa-
tients in greater detail.

Corpus callosum atrophy (CCA) has been noted in the
postmortem examinations of advanced HDLS patients with
diffuse widespread WMLs and severe brain atrophy (9-14).

Sundal et al. reported that CC involvement is frequently

22

observed in HDLS patients on initial MRI scans, with the
disease duration ranging from 0.5 to 5.0 years (3); however,
in that study, CCA was roughly evaluated according to
either its ‘presence’ or ‘absence.” Therefore, in this study,
we assessed MRI scans quantitatively to evaluate CCA in
HDLS patients, especially in the early stage of disease with-
out the presence of widespread WMLs on MRI.

Materials and Methods

Subjects

We examined 10 brain MRI scans of six HDLS patients
(four men and two women; age at MRI scan: 29-57 years;
mean agexstandard deviation, 47.3+9.3 years) (Table 2).
Mutations in CSFIR were identified in all patients. Three
patients (patients 1, 3 and 4) had a family history consistent
with antosomal inheritance (15), and two patients (patients 2
and 6) were confirmed to carry a de novo CSFIR mutation.
One patient (patient 5) with a CSFIR mutation also had an
affected brother; however, detailed information on their par-
ents was not available. The detailed clinical information of
the six HDLS patients is summarized in Table 1.

When enrolling patients with VaD, we adopted the guide-
lines of the National Institute for Neurological Disorders
and Stroke-Association Internationale pour la Recherche et
I’Enseignement en Neurosciences [NINDS-AIREN (16)].
We reviewed the medical records at our institution from
April 2007 through March 2011. A diagnosis of VaD was
made in patients fulfilling both the probable VaD criteria in
the NINDS-AIREN and the following additional require-
ments: 1) an age under 80 years, 2) no family history of
neurological or psychiatric diseases, 3) midsagittal MR im-
ages available for measurement. We ultimately identified 20
consecutive patients with VaD (11 men and nine women;
age at MRI scan: 42-79 years, mean 68.5+7.9 years). The
degree of clinical disability at the time of the MRI scan was
assessed in the HDLS and VaD groups using the mRS de-
fined by Sulter et al. (17).

The age-matched control group without organic central
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Table 2. Summary of the MRI Findings
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HDLS (n=6) Ageat Ageat  Disease mRS* HDLS MRI severity score’ Corpus callosum atrophy Evans
Patient onset MRI duraation Total Total Total ab(L) aa’ bb’ cc’ cd(H: CCI B/H BL index
(years) (years)  until the WML atrophy score (B: height)
MRI scan score score body)
(months) (corpus (corpus
) _ callosum)
(n 51 52 19 2 12 (5) 4(1) 16 61.0 5.39 571 2.53 28.14 0.224 0.090 0.042 0.293
12) 57 72 5 23(6) 10(1) 33 64.7 2.62 3.85 2.02 3490 0.131 0.057 0.031 0.371
2(1) 41 4] 6 2 5(1) 41 9 729 5.10 6.37 295 30.56 0.198 0.097 0.040 0.330
2(2) 41 11 3 9(3) 4(1) 13 73.9 372 440 2.73 3133 0.147 0.087 0.037 0.344
3 53 56 36 3 12(5) 5(1) 17 69.0 6.07 6.05 4.18 30.27 0.236 0,138 0.061 0.290
3(2) 57 48 5 16 (6) 9(1) 25 NA NA NA NA NA NA NA NA 0.320
4(1) 40 41 14 2 15 (6) 9D 24 78.3 8.91 6.08 232 34.30 0.221 0.068 0.030 0.360
4(2) 42 28 3 16 (6) (1) 25 79.1 9.64 4.45 3.13 36.15 0.218 0.087 0.040 0.371
5 55 57 33 4 21 (6) 8(1) 32 NA NA NA NA NA NA NA NA NA
6 27 29 8 4 17 (%) 4(1) 22 60.7 6.73 9.37 2.33 19.83 0.304 0.119 0.038 0.286
average 44.500  47.300 27.500 3.300 21.600  69.954 6.023 5785 2775 30.685 0.210 0.093 0.040 0.331
SD 9.691 9.285 19.679  1.100 7432 6.818 2.237 1.612  0.628 4.815 0.050 0.024 0.009 0.034
VaD (n = 20)
average 68.500 2.750 72.620 8.160 7992 468% 28479 0.289 0.169 0.065 0272
SD 7.940 0.887 5.484 1.566 1.540  0.750 4.151 0.050 0.039 0.011 0.026
non-CNS (n =24)
average 49.917 71.141 10.157 10.609 5.635 27.221 0.371 0.208 0.079 0.246
SD 13.789 4.253 2.076 1.808  1.054 2,789 0.056 0.039 0.014 0.022

NA: not analyzed, #: modified Rankin Scale (17), *: proposed by Sundal et al. (3)

F

P
Figure 1. Determination of the corpus callosum index (CCI)

using a midsagittal slice on a T1-weighted MR image (HDLS
patient 2 in Table 1, 41-year-old man).

nervous system diseases (non-CNS group) included 24 pa-
tients (15 men and nine women; age at MRI scan: 29-73
years, mean 49.9+13.8 years). Their diagnoses were as fol-
lows: myasthenia gravis (n=6), psychosomatic disorder (n=
5), benign paroxysmal positional vertigo (n=3), Guillain-
Barré syndrome or Fisher syndrome (n=3), spinal canal
stenosis (n=2), spinal cord tumor (n=2; able to exclude mul-
tiple sclerosis), brachial plexus neuropathy or neuralgic
amyotrophy (n=2) and facioscapulohumeral muscular atro-
phy (FSH) (n=1). Brain MRI was conducted to rule out in-
tracranial lesions in these patients. None of the patients had
WMLs on MRI, except for a small amount of lacunar in-
farctions.

MRI assessments

The brain MRI scans of the VaD group and non-CNS
group were performed in our hospital with a 1.5 Tesla Mag-
netom Avanto scanner (Siemens AG, Erlangen, Germany).
T1-weighted images were obtained using a spin-echo tech-
nique (TE=12-26 ms, TR=250-500 ms, slice thickness=3-4
mm). The scans of the HDLS patients were performed in
four different hospitals, patients 1-4 being examined using
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the same scanner as at our hospital (1.5 Tesla Magnetom
Avanto, using the same acquisition protocol as the other
groups). All of the MRI scans were measured independently
once each by one of the authors (YK) and two additional
examiners (YT and KT) who were blind to the clinical in-
formation, including the diagnoses and ages of the patients.
All measurements were obtained using a computerized
measurement tool on screen on a picture archiving and com-
munication system (PACS) workstation. We measured the
corpus callosum using midsagittal T1-weighted images ac-
cording to previous reports (18-20). Five measurements of
the CC were obtained (Fig. 1): the width of the rostrum
(aa’), body (cc’, abbreviated as B) and splenium (bb’), the
anterior to posterior length (ab, abbreviated as L) and the
maximum height (cd, abbreviated as H). The corpus callo-
sum index (CCI), which has been reported to be a marker
for brain atrophy in MS patients (18, 19), was calculated as
(aa’+bb’+cc’)/ab. The ratios B/L and B/H were also calcu-
lated. The Evans index (the maximum distance between the
two anterior horns/the maximum transverse inner diameter
of the skull at the same level) was measured using axial T1-
weighted images. A comparison between the three investiga-
tors’ evalunations of each indicator of the CCA and the
Evans index was made with the intraclass correlation coeffi-
ciency (ICC) and internal consistency using Cronbach’s al-
pha coefficient. In addition, we assessed the severity of
WMLs and brain atrophy according to the MRI grading sys-
tem proposed by Sundal et al. (3).

Statistical analysis

The statistical analysis was carried out using the nonpara-
metric Mann-Whitney U-test to compare the indicators of
CCA (aa’, bb’, cc’ (B), ab (L), cd (H), BL, BH and CCI)
and the Evans index between the HDLS group and each
control group. We considered p values of <0.05 or less to be
statistically significant.
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Patient 1 Patient 2 Patient3 Patient4

Figure 2. Representative MRI findings of four HDLS patients. A-D: Axial FLAIR images showing
patchy or confluent periventricular-dominant white matter lesions and hyperintensity signals in the
CC, especially in the splenium. E-H: Midsagittal T1-weighted images showing severe diffuse CC at-
rophy (arrowheads). (A and E: Patient 1 at age 52 (approximately 19 months after onset); B and F:
Patient 2 at age 41 (approximately 11 months after onset); C and G: Patient 3 at age 56 (approxi-
mately three years after onset); D and H: Patient 4 at age 42 (approximately 14 months after onset),
each patient number corresponding to that in Tables 1 and 2).

p<00
[ 1
p<0.01
05
$
.
L
04 [ L]
- ;
.
. :
.
03 . H
.
a -
0.2 . .
-
.
0.1

VabD
n=20)

HDLS
n=8)

non-CNS

n=24)

Figure 3. Distribution of the corpus callosum index (CCI) in
the patients with HDLS, vascular dementia (VaD) and control

 individuals without organic central nervous system diseases

(non-CNS). The CCI was significantly decreased in the HDLS

group (0.210+0.050) compared with that observed in the VaD

group (0.289+0.050) (p<0.01) and age-matched non-CNS group

(0.371+0.056) (p<0.01). The horizontal bar indicates the mean

of each group.

Results

All patients with HDLS had WMLs in the CC and fronto-
parietal lobes (Fig. 2; Table 2). The WMLs extended to the
temporal lobes in three patients. The total MRI severity
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scale for HDLS (3) ranged from 9 to 33 (Table 2). As the
disease progressed, volume loss of the cerebral white matter
became evident. None of the patients had high-intensity sig-
nals in the temporal tips or external capsules. Four patients
(seven scans) were screened for cerebral microbleeds using
T2*-weighted images; however, no such bleeding was de-
tected, whereas 11 of the 12 patients (91.7%) examined in
the VaD group had cerebral microbleeds.

Hyperintense signals and atrophy in the CC were detected
on all 10 MRI scans in the six patients (Fig. 2; Table 2).
The CCI was significantly decreased in the HDLS group
(0.210+0.050) compared with that observed in the VaD
group (0.289+0.050) (p<0.01) and age-matched non-CNS
group (0.371+0.056) (p<0.01) (Fig. 3; Table 2). The B/H in-
dex (cc’/cd in Fig. 1) was also significantly reduced in the
HDLS group (0.093+0.024) compared to that observed in
the VaD group (0.169+0.039) (p<0.01) and non-CNS group
(0.208+0.039) (p<0.01). Similarly, the B/L index (cc’/ab in
Fig. 1) was significantly reduced in the HDLS group
(0.040+0.009) compared to that observed in the VaD group
(0.065+0.011) (p<0.01) and age-matched non-CNS group
(0.079+0.014) (p<0.01). The Evans index, an indicator of
lateral ventricle dilatation, was significantly larger in the
HDLS group (0.331+0.034) than in the VaD group (0.272%
0.026) (p<0.01) or non-CNS group (0.246+0.022) (p<0.01).
The inter-rater reliability and internal consistency of the to-
tal measurements were almost good (ICC=0.755-0.951;
Cronbach’s alpha=0.907-0.986) (Table 3).
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Table 3. Inter-rater Reliability and Internal Consistency of the Indicators of Corpus Callosum Atrophy and the Evans Index

HDLS group (n = 8)

VaD group (n = 20)

Non-CNS control group (n=24) Total (n=52)

Items Icc Cronbach’s alpha Icc Cronbach’s alpha Icc Cronbach’s alpha cc Cronbach’s alpha
ab (L: length) 0.992 0.999 0.949 0.987 0.920 0.976 0.951 0.986
aa’ 0.899 0.962 0.575 0.840 0.615 0.823 0.755 0.907
bb’ 0.820 0.940 0.627 0.840 0.585 0.840 0.792 0.927
cc’(B: body) 0.656 0.883 0.577 0.801 0.736 0.895 0.832 0.940
cd (H: Height) 0.855 0.943 0.892 0.977 0.815 0.953 0.867 0.963
B/H 0.688 0.916 0.724 0.895 0.692 0.889 0.933 0.979
B/L 0.615 0.864 0.598 0.815 0.737 0.895 0.842 0.950
CCI 0.840 0.946 0.738 0.904 0.565 0.876 0.830 0.938
Evans index 0.913 0.970 0.844 0.950 0.853 0.960 0.859 0.952

ICC: Intraclass correlation coefficiency

Discussion

The occurrence of CCA with WMLs has been reported in
some demential disorders, such as VaD, including
Binswanger’s disease, and CADASIL, MS and leukodystro-
phies, including HDLS. This was a quantitative study con-
ducted to understand CC involvement in HDLS itself, and
the aim was not primarily to compare the disease with the
occurrence of CCA in VaD for diagnostic purposes to distin-
guish it from HDLS. We selected a VaD group as a control
simply because VaD is the most common and representative
disease involving CCA with WMLs.

Due to their clinical and neuroradiological similarities, it
is sometimes difficult to differentiate between HDLS and
other diseases involving CCA with WMLs, especially in the
early stage of the disease. The lack of a family history does
not preclude the possibility of HDLS, as several sporadic
patients who fulfill the clinical and neuropathological crite-
ria for HDLS have been reported (4, 5, 8, 21). Furthermore,
the occurrence of HDLS due to a de novo CSFIR mutation
has hitherto been confirmed in two families in which the
parents of the patient had no mutations of interest (1, 8),
and one such family was newly added in this study (patient
6). The most reliable method of discriminating HDLS is
currently genetic testing for CSFIR. Because genetic testing
for CSFIR is not presently commercially available, identify-
ing laboratory or neuroradiological hallmarks of HDLS is of
value in order to select candidates for further processing to
genetic testing.

Recently, Sundal et al. reported that 14 of 15 patients ex-
hibited CC involvement (the disease duration at the initial
MRI study ranged from 0.5 to 5.0 years). The CC involve-
ment included atrophy (eight patients), T2 and FLLAIR high
signal intensity (11 patients) and both atrophy and signal
changes in the CC (five patients) (3). These data appear to
indicate that hyperintense signals and atrophy in the CC are
not correlated with each other. This may be partly because
CCA was evaluated using a score of 0 (absence of atrophy)
or 1 (presence of atrophy). Therefore, we evaluated CCA
quantitatively in this study.
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As to data regarding the measurement of CC in healthy
Japanese subjects, Takeda et al. reported CC measurements
in 205 Japanese individuals without CNS disorders (94 men,
mean age: 57.3x20.8 years; range: 6-90 years; and 111
women, 61.2+17.6 years; range: 9-86 years). These values
are similar to those of our study, including the widths of the
rostrum (aa’); mean + SD 9.91+1.82 (our non-CNS group,
10.16+2.08), body (bb’): 5.58+1.08 (5.64+1.05), splenium
(cc’): 9.94+1.56 (10.61x1.81) and anterior to posterior
length (ab): 69.7+4.24 (71.14+4.24), although there was a
difference in the range of ages between the two studies. In
another study, the CC measurements of 15 Japanese healthy
men (mean age: 56.2+6.9) were reported as follows: aa’:
10.6+1.4, bb’: 5.3x1.1, cc’: 10.4x1.4 and ab: 72.7+8.5 (22).
These data were also very close to those of our measure-
ments, as well as the ranges of ages, in the non-CNS group.
In addition, the CCI was 0.362 when calculated using the
mean data for the trial (our non-CNS group: 0.371+0.056).
These results support the reliability of the CCI data for our
non-CNS group, in spite of the limitation in the number of
cases.

In our study, all of the patients had abnormal hyperinten-
sive signals in the CC on their initial MRI scans (disease
duration ranging from six to 36 months). Furthermore, the
CCI was significantly decreased when compared with that
observed in the VaD and age-matched non-CNS groups. In
this study, the mean age at MRI in the VaD group (68.5
years) was much higher than that noted in the HDLS group
(47.3 years). Takeda et al. showed that the widths of the ros-
trum (aa’), body (cc’, B) and splenium (bb’) of the CC de-
crease with age in normal Japanese individuals (20). Con-
versely, the maximum height (cd, H) and anterior to poste-
rior length (ab, L) gradually increase with age. These data
indicate that the CCI, B/H and B/L decrease with age. Tak-
ing the difference in the mean age between the HDLS and
VaD groups into consideration, we can say that the de-
creases in the CCIL, B/H and B/L in the HDLS group were
conspicuous compared with those observed in the VaD
group.

In addition, the CCI observed in the HDLS patients was
much less than that at diagnosis in the MS patients (0.345%



