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ABSTRACT

Objective: To describe the brain MRI characteristics of hereditary diffuse leukoencephalopathy
with spheroids (HDLS) with known mutations in the colony-stimulating factor 1 receptor gene
(CSF1R) on chromosome 5.

Methods: We reviewed 20 brain MRI scans of 15 patients with autopsy- or biopsy-verified HDLS
and CSF1R mutations. We assessed sagittal T1-, axial T1-, T2-, proton density-weighted and
axial fluid-attenuated inversion recovery images for distribution of white matter lesions (WMLs),
gray matter involvement, and atrophy. We calculated a severity score based on a point system
(0�57) for each MRI scan.

Results: Of the patients, 93% (14 of 15) demonstrated localized WMLs with deep and subcortical
involvement, whereas one patient revealed generalized WMLs. All WMLs were bilateral but asym-
metric and predominantly frontal. Fourteen patients had a rapidly progressive clinical course with
an initial MRI mean total severity score of 16.7 points (range 10�33.5). Gray matter pathology
and brainstem atrophy were absent, and the corticospinal tracts were involved late in the disease
course. There was no enhancement, and there was minimal cerebellar pathology.

Conclusion: Recognition of the typical MRI patterns of HDLS and the use of an MRI severity score
might help during the diagnostic evaluation to characterize the natural history and to monitor
potential future treatments. Indicators of rapid disease progression were symptomatic disease
onset before 45 years, female sex, WMLs extending beyond the frontal regions, a MRI severity
score greater than 15 points, and mutation type of deletion. Neurology® 2012;79:566–574

GLOSSARY
CI � confidence interval; CSF1R � colony-stimulating factor 1 receptor; FLAIR � fluid-attenuated inversion recovery;
HDLS � hereditary diffuse leukoencephalopathy with spheroids; MLD � metachromatic leukodystrophy; MS � multiple
sclerosis; SI � signal intensity; WM � white matter; WNL � white matter lesion; X-ALD � X-linked adrenoleukodystrophy.

Adult-onset leukoencephalopathies encompass a diverse group of disorders affecting the brain’s
white matter.1,2 Hereditary diffuse leukoencephalopathy with spheroids (HDLS) is an auto-
somal dominant white matter (WM) disease first described in 1984.3 It is characterized by
depression, memory decline, executive dysfunction, motor impairments, and seizures. The
disease is caused by mutations in the protein tyrosine kinase domain of the colony-stimulating
factor 1 receptor (CSF1R), encoded by the CSF1R gene on chromosome 5q32.4

HDLS can mimic many neurologic diseases.5 MRI has significant diagnostic value in leu-
kodystrophies.1,2 Currently, MRI patterns for different stages of HDLS are unknown. This
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report describes the neuroimaging characteris-
tics of patients with pathologically proven
HDLS, all carriers of the CSF1R mutation.
We have identified potential diagnostic indi-
cators of HDLS and indicators of whether the
disease will be progressive or static. We cre-
ated a scoring system for MRI findings. The
MRI severity score might help track the natu-
ral history of HDLS and evaluate the efficacy
of potential treatments.

METHODS Protocol approvals. The study was approved
by the Mayo Clinic Institutional Review Board and the institu-
tional review board committees of the participating institutions.
Informed consent was obtained from the participants, their rela-
tives, or both.

Clinical and pathologic studies. We reviewed the medical
records of 15 patients from 9 families, all of Caucasian descent.4

Family members were cared for in the United States (12 pa-
tients), Norway (2 patients), and Germany (1 patient). All pa-
tients had neuropathologic examinations; 9 had autopsies and 6,
who are currently alive, had biopsies.

MRI studies. There were 26 brain MRI studies performed on
15 CSF1R mutation carriers, 6 of which were not scored because
of poor image quality. Longitudinal MRI studies were per-
formed on 3 patients. The MRI examinations were performed
for diagnostic purposes at multiple centers using 1.5-T MRI
scanners. Sagittal T1-weighted, axial T1- and T2-weighted, and
axial fluid-attenuated inversion recovery (FLAIR) images were
obtained for all patients except one, who was imaged without
FLAIR sequences but with an axial proton density series. All
patients had contrast-enhanced studies. We used axial FLAIR
and axial T2-weighted sequences for scoring. Two readers with
expertise in HDLS reviewed the MRI examinations in a blinded
fashion; each MRI scan was evaluated twice, 3 months apart. We
resolved differences in interrater scoring by adjudication between
the reviewers.

We defined white matter lesions (WMLs) as areas of promi-
nent T2 hyperintensity and assessed signal intensity (SI) visually.
We considered WM signals with intensity higher than that of
gray matter as pathologic. We recorded the presence, distribu-
tion, and pattern of SI abnormalities in the cerebrum, cerebel-
lum, and brainstem and compared them with results for healthy
controls.6,7 We divided the patterns of WML distribution into
localized (involving 1–3 lobes) or generalized (all lobes in-
volved). We scored the WMLs according to the degree of SI
abnormalities, where 0 indicated none, 1 indicated mild, and 2
indicated marked.

We scored atrophy as focal or generalized. We analyzed all
lobes for focal atrophy, defined as a definite loss of parenchymal
volume and sulcal dilation.8 Cortex atrophy was scored as 0
(none), 1 (mild), or 2 (marked). The genu, body, and splenium
of the corpus callosum, cerebellum, and brainstem were analyzed
and scored as 0 (absence of atrophy) or 1 (presence of atrophy).
We viewed enlarged ventricles as indicative of central atrophy.
One point was given for a third ventricular diameter between 5
and 10 mm, and 2 points were given for a third ventricular
diameter greater than 10 mm.

We calculated a severity score (0�57) for each MRI scan
based on a point system, derived by assessing the location and

distribution of WMLs, atrophy, and abnormal T2 SI in gray
matter. We modified the MRI scoring systems for X-linked adre-
noleukodystrophy (X-ALD),9 Krabbe disease,10 and metachro-
matic leukodystrophy (MLD).11 We recorded structural changes
and other additional features. We designed the scoring system to
evaluate all cerebral regions with respect to abnormal SI and
atrophy. If a specific region had unilateral involvement, a score
of 0.5 was given. We evaluated and scored the basal ganglia and
thalamus for abnormal T2 hyperintensities as 0 (absent) and 1
(present). The total MRI severity score was further subdivided to
analyze the different components of the score such as total WML
score and total atrophy score (table 1).

Statistical analysis. Numerical variables were summarized
with a sample mean and range. We assessed associations between
total MRI severity score, total WML score, total atrophy score,
age at initial MRI, and disease duration at initial MRI using the
Spearman test of correlation. Spearman r was estimated along
with a 95% confidence interval (CI). p � 0.05 was considered
statistically significant.

RESULTS Clinical and pathologic studies. Patient
characteristics are summarized in table e-1 on the
Neurology® Web site at www.neurology.org. The
mean age at onset was 44.3 years; the mean disease
duration, from symptom onset to death, was 5.8
years; and the mean age at death was 53.2 years.
Mean disease duration in the 4 deceased patients (all
women) with onset before 45 years of age was 3.8
years. In the 5 deceased patients with onset after
45 years (all male), the mean disease duration was 7.4
years. All patients were initially misdiagnosed. Neu-
ropathologically, all had myelin loss and axonal
spheroids in cerebral WM, confirming the diagnosis
of HDLS.3,5

MRI characteristics. We categorized the patients into
3 groups: mild (total MRI severity score, 1.0�6.0
points), moderate (total MRI severity score,
7.0�15.0 points), and severe disease burden (total
MRI severity score, 16.0�57.0 points). One patient
had mild disease burden (4 points) on the initial
MRI scan, 4 patients had moderate disease burden
(mean points 12.7, range 10.0�14.5), and 10 pa-
tients had severe disease burden (mean points 20.5,
range 16.5�33.5). The moderate group had a mean
disease duration of 6.7 years (range 5.0�8.0 years)
compared with the severe group, who had a mean
disease duration of 5.3 years (range 3.0�11.0 years).
Only the patient with mild disease burden had a sta-
ble clinical disease course during the study period;
the other 14 patients had a progressive clinical
course. For patient 6 (highest total MRI severity
score), the clinical course was also one of the shortest.
Four patients with the shortest disease duration (4
years or less) all had a total MRI severity score greater
than 16 points (mean score 22.1, range 16.0�33.5).

The distribution of MRI lesions is summarized in
table 2. MRI images from representative patients are
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shown in figures 1 and 2 and figure e-1. All patients
demonstrated bilateral, asymmetric WMLs, and all
had frontal predominance of WMLs. Of the pa-
tients, 93% (14 of 15) had localized WMLs on the
initial MRI examination. One patient had general-
ized WMLs (patient 6). All had deep and subcortical
WM involvement, and 14 of 15 had periventricular
involvement. The one patient without periventricu-
lar involvement had the lowest total MRI severity
score of 4 points (patient 1).

Thirteen patients had bilateral frontoparietal in-
volvement, whereas 2 had only frontal involvement:
mild in one (patient 1) and marked in the other (pa-
tient 4). All patients had preservation of the subcorti-
cal U-fibers, except patient 6. Temporal lobe WMLs
were seen in 3 patients (20%); one of these also had
occipital WM involvement (patient 6). The average
total MRI severity score for these patients was 25.2
points (range 19�33.5).

There was no evidence of an association between
total MRI severity score and age at the initial MRI
(r � 0.04, 95% CI �0.49 to 0.54, p � 0.89) or
disease duration at the initial MRI (r � �0.33, 95%
CI �0.72 to 0.22, p � 0.23), as shown in figure e-2,
A and B, respectively. However, there was evidence
that the total WML score decreases as disease dura-
tion at the time of MRI increases (r � �0.54, 95%
CI �0.82 to �0.04, p � 0.040), as displayed in
figure e-2C.

Eleven patients had increased T2 SI in the corpus
callosum. By using the categorization of mild, mod-
erate, and severe disease burden with regard to the
corpus callosum, there was a trend of increasing in-
volvement in the severe disease burden group; how-
ever, 2 patients in the moderate group and 1 patient
in the severe group did not have involvement of the
corpus callosum.

Three patients (20%) had involvement of the
projection fibers and a total MRI severity score
greater than 18 points. The posterior limb of the in-
ternal capsule was affected in 1 patient and the pon-
tine corticospinal tract in 2 patients. None of the 15
patients had an affected anterior limb of the internal
capsule. The brainstem was affected in 3 patients
(20%). The WM signal was due to corticospinal tract
involvement in 2 patients (patients 4 and 6), with
more diffuse WM signal involvement of anterolateral
pons in the third patient (patient 13). Abnormal SI
was seen in the cerebellar peduncle only in patient 7,
whose severity score was 16 points.

In all 14 patients with cortical atrophy, the atro-
phy was in the same region as the WML, except for
patients 1 and 4, in whom there was atrophy of the
parietal cortex without WML involvement. In addi-
tion, central atrophy was present in all patients, ex-

Table 1 Brain MRI scoring system for HDLS

Signal changes in brain areas Scorea

Score
per
area

Frontal WM 7

Periventricular 0 1 2

Central (deep) 0 1 2

Subcortical 0 1 2

U-fibersb 0 1

Parietal WM 7

Periventricular 0 1 2

Central (deep) 0 1 2

Subcortical 0 1 2

U-fibersb 0 1

Temporal WM 7

Periventricular 0 1 2

Central (deep) 0 1 2

Subcortical 0 1 2

U-fibersb 0 1

Occipital WM 7

Periventricular 0 1 2

Central (deep) 0 1 2

Subcortical 0 1 2

U-fibersb 0 1

Corpus callosum 6

Genu 0 1 2

Body 0 1 2

Splenium 0 1 2

Projection fibers 6

Internal capsule posterior limb 0 1 2

Internal capsule anterior limb 0 1 2

Midline corticospinal tract in pons 0 1 2

Brainstem WMb 0 1 1

Cerebellum WMb 0 1 1

Total WML score 42c

Thalamusb 0 1 1c

Basal gangliab 0 1 1c

Atrophy

Cerebral cortex 8

Frontal 0 1 2

Parietal 0 1 2

Temporal 0 1 2

Occipital 0 1 2

Central 0 1 2 2

Corpus callosumb 0 1 1

Brainstemb 0 1 1

Cerebellumb 0 1 1

Total atrophy score 13c

Total MRI severity score 57

Abbreviations: HDLS � hereditary diffuse leukoencepha-
lopathy with spheroids; WM � white matter.
a 0, none; 1, mild; 2, marked. If a specific region had unilat-
eral involvement, a score of 0.5 was given.
b Indicates the score of 0 (absent/normal) or 1 (present/
abnormal).
c Maximum score per area.
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cept for patients 1 and 14, who had a mean total
MRI severity score of 8.5 points. There was no evi-
dence of an association between the total WML score
and total atrophy score (r � 0.29, 95% CI �0.26 to
0.70, p � 0.29) (figure e-2D).

Eight patients (53%) had atrophy of the corpus
callosum. Three of these patients did not have WM
SI changes in the corpus callosum. Although none of
the patients had brainstem atrophy, only 3 patients
had slight cerebellar atrophy (20%). One of these
patients had concomitant minimal cerebellar WML.
None of the patients had gray matter lesions, abnor-
mal contrast enhancement, or enlarged perivascular
spaces.

Two of the 3 patients studied longitudinally (pa-
tients 2 and 13) had progression of the WML and
atrophy (figure 2). The average total MRI severity
score for these patients was 20 points, the average
follow-up score was 25 points, and the average
follow-up interval was 18 months. The interval be-
tween the initial MRI and follow-up ranged from 13
to 24 months. Patient 1 had a stable disease burden
with a 24-month interval between the initial MRI
and the last follow-up.

Radiologic-genotype comparison. In each of the 9
families studied, a different heterozygous mutation
in CSF1R was identified (table e-1). All mutations
affect the protein tyrosine kinase domain of CSF1R
either by changing a single amino acid (6 families) or
by small in-frame deletions resulting from splice-site
mutations, leading to single exon deletions (3 fami-
lies) (figure e-3). Overall, the patients from the same
family, carriers of the same mutation, have a similar
MRI pattern, particularly in the same disease stage
(table 2).

When dividing the cases into 2 groups according
to the CSF1R mutation type, exon deletions, or sin-
gle amino acids changes, we observed a lower mean
disease onset age at 36.8 years (compared with 47.1
years), a lower mean disease duration of 4.0 years
(compared with 6.7 years), and a lower mean age of
death of 45.3 years (compared with 57.2 years) in the
deletion group. This finding suggests that CSF1R
mutation affecting multiple amino acids may be as-
sociated with a more aggressive disease course. Inter-
estingly, the total WML score was also higher in the
deletion group (16.1 compared with 11.5). In con-
trast, the total atrophy score was slightly higher in the
patients with a single amino acid change (5.1 vs 3.4).
None of the other brain MRI features were differ-
ently affected between the groups.

DISCUSSION Our report describes the MRI pattern
of HDLS in patients with CSF1R gene mutations. MRI
findings in patients with HDLS have been described
previously in 20 reports,5,12–30 however, without knowl-
edge of the CSF1R gene mutation carrier status.4 We
developed an HDLS MRI severity scoring system,
modified from those devised for X-ALD, Krabbe dis-
ease, and MLD.9–11 Our scoring system provides quan-

Figure 1 MRI scans of patients 4, 6, 12, and 14

(A) Patient 4 (axial fluid-attenuated inversion recovery
[FLAIR]-weighted). Localized confluent white matter lesion
(WML) with interspersed multifocal bifrontal WML (arrow).
WML signal intensity is marked (MRI performed 2.5 years
after the onset of the symptoms). (B) Patient 4 (axial T2-
weighted). Involvement of the corticospinal tracts bilater-
ally (arrows) at the level of mesencephalon (MRI performed
2.5 years after the onset of the symptoms). (C) Patient 6
(axial FLAIR-weighted). Bilateral confluent WML frontopari-
etally (arrows), most pronounced on the right where it also
affects the U-fibers (lower arrow). WML extending into the
corpus callosum (MRI performed 1.9 years after the onset
of the symptoms). (D) Patient 6 (axial FLAIR-weighted). Gen-
eralized confluent WML, most pronounced on the right (ar-
row) (MRI performed 1.9 years after the onset of the
symptoms). (E) Patient 12 (axial FLAIR-weighted). Localized
confluent bifrontoparietal WMLs with frontal predominance
involving the periventricular, deep and subcortical regions
but sparing of the U-fibers (arrow) (MRI performed 3.9 years
after the onset of the symptoms). (F) Patient 14 (axial FLAIR-
weighted). Localized confluent bifrontal WML (thin upper ar-
row) with involvement of the anterior corpus callosum (thick
arrow) and localized focal WML in the biparietal periventricu-
lar and deep regions (lower thin arrow) (MRI performed 3.5
years after the onset of the symptoms). For additional images
of patients 1, 2, 5, 7�11, and 15, see figure e-1.
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titative markers to track HDLS progression and
characterize the natural history of HDLS MRI lesions.

WMLs were localized bifrontally and asymmetri-
cally in 93% of the patients. Patient 6 (highest total
MRI severity score) showed generalized confluent
WMLs, possibly reflecting disease severity. Current
evidence suggests that HDLS initially manifests fo-
cally in the WM and becomes confluent.5,16,26 Our
study demonstrates that in some patients, lesions de-
velop deep in the WM, spreading to periventricular
and subcortical regions, and finally becoming conflu-
ent and generalized. Focal lesions may occur in the
early stages of HDLS. In the advanced stages, WM
abnormalities are all confluent. This is also true for

other leukoencephalopathies including leukodystro-
phies and the advanced stages of multiple sclerosis
(MS), which may mimic HDLS radiologically. Some
vasculopathies might also reveal confluent WMLs in
advanced stages but usually have additional signal
changes and microhemorrhages in the basal gan-
glia, thalamus, and brainstem.31 The punctate
WMLs in patient 1 could be mistaken for ischemia
and the multifocal lesions in patient 8 for small-
vessel disease. Both patients may have been imaged
at an early stage of the disease burden, because
each lived 2 years or more after the initial MRI
examination, and their mean total MRI severity
score was 8.5 points.

Figure 2 Longitudinal MRI scans of patients 2 and 13

(A) Patient 2 (axial fluid-attenuated inversion recovery [FLAIR]-weighted). Minimal localized multifocal periventricular white
matter lesion (WML) frontoparietally (arrows) (MRI performed 1.8 years after the onset of the symptoms). (B) Patient 2 (axial
FLAIR-weighted). Increase in WML frontoparietally (arrows) with involvement of deep regions (MRI performed 2.8 years after the
onset of the symptoms). (C) Patient 2 (axial FLAIR-weighted). Progression of WML frontoparietally, becoming more confluent
(arrows) with involvement of the corpus callosum (thick arrowhead) (MRI performed 3.5 years after the onset of the symptoms).
(D�G) Patient 2 (coronal FLAIR-weighted). Increase in periventricular, deep, and subcortical involvement of WML (arrows) with
progressive involvement of the corpus callosum (arrowheads). (MRI performed 1.8 [D], 2.8 [E], 3.3 [F] ,and 3.5 [G] years after the
onset of the symptoms). (H, I) Patient 13 (axial FLAIR-weighted). Progression of generalized cortical atrophy with slight progres-
sion of bifrontal WML (arrows) (MRI performed 4.0 [H] and 5.0 [I] years after the onset of the symptoms).
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Fourteen patients had corpus callosum involve-
ment (table 2). This finding may suggest MS or
Susac syndrome. However, in MS, the ependymal
corpus callosal undersurface is involved and charac-
teristic right angle lesions are seen in the sagittal sec-
tions, reflecting the perivenular inflammation.32 In
Susac syndrome, the corpus callosal lesions are cen-
trally located without atrophy.33 They are of variable
shapes and sizes, and they will eventually evolve into
pathognomic central callosal holes. There is a charac-
teristic “string of pearls” in the internal capsule and
leptomeningeal enhancement in Susac syndrome,
which is not expected in MS or HDLS.33 Some vas-
culopathies can involve the corpus callosum but usu-
ally include neighboring structures.31

Brain atrophy on MRI has shown to correlate
with clinical parameters in MS. Cortical atrophy
present in patients with MS is partially independent
of WML load, and the pattern of atrophy differs
from normal aging.34 The cortical atrophy in MS
may have regional variation, more prominent within
the regions of most corticocortical connections. At-
rophy is limited in primary motor, sensory, and vi-
sual cortices, even though these areas often have
prominent WMLs.34 This does not completely fit
with findings in HDLS; although cortical atrophy
was present in 93% of our patients, the WMLs in the
specific distributions were more prominent than the
atrophy. Twelve of the patients had localized atrophy
in the same region as the WMLs, and of those, pa-
tient 6 trended toward more generalized atrophy. In-
terestingly, when the whole group was compared for
cortical atrophy, the parietal lobe had the greatest
atrophy (mean atrophy score 22 points) compared
with the frontal lobe (17 points). We hypothesize
that the cortical atrophy on MRI may reflect irrevers-
ible tissue loss demonstrated neuropathologically in
all deceased patients, reflecting the extent of axonal
damage and loss. The loss of axonal density has been
proposed as the cause of transition into progressive
MS and of the continuous and irreversible neuro-
logic decline seen in MS.34,35 It is not known whether
this phenomenon is true for HDLS.

Atrophy of the anterior and posterior aspects of
the corpus callosum has recently shown significant
correlation to the increasing load of age-related WM
changes in elderly neurologically normal subjects
with leukoaraiosis.36 In our study, 8 patients had at-
rophy of the corpus callosum, which is also reported
in MS and dementia, a finding only partially ex-
plained by Wallerian degeneration.37,38

There was U-fiber preservation in 93% of the pa-
tients with HDLS. The diagnostic utility of this find-
ing is limited, because it is found in other WM
disorders.1,2 Importantly, none of our patients had
gray matter pathology on MRI. Many of the disor-

ders that can demonstrate WMLs also have abnor-
malities in the gray matter, including MS, Alzheimer
disease, certain leukodystrophies, Parkinson disease,
atypical Parkinson disease and vasculopathies,1,31,39

and other non-neurodegenerative disorders, distin-
guishing them from HDLS.

Age at onset and disease course varied among pa-
tients with different mutations. This may be related
to specific mutations; however, even onset ages var-
ied significantly within the same family, potentially
reflecting the influence of currently unknown genetic
modifiers or environmental factors. Individuals from
the same families can show unique MRI findings,
including corpus callosal WMLs, atrophy, or both
(table 2). These features may be useful markers to
follow the disease course in different family members
and to evaluate response to future clinical research
trials.

In our study, indicators of rapid progressive dis-
ease were disease onset before 45 years, female sex,
WMLs extending beyond the frontal regions, and a
total MRI severity score greater than 15 points.
There was significant evidence that the total WML
score decreases as disease duration at the time of MRI
increases. The individual with the highest total MRI
severity score also had one of the shortest durations,
the highest total WML score, and a mutation of de-
letion type. Overall, a total MRI severity score less
than 15 was suggestive of longer disease duration.

Our study demonstrates that the MRI abnormal-
ities in patients with HDLS have a characteristic pat-
tern, most recognizable in the middle stages. Minor
WMLs in early stages lack diagnostic specificity.
End-stage HDLS is characterized by confluent in-
volvement of the cerebral WM, which may also be
nonspecific. The MRI abnormalities are generally
similar among patients with the same mutation and
slightly different in patients with different muta-
tions. There are limitations in interpreting these re-
sults, because this study did not use the same imaging
technique protocols for all patients, and the MRI
studies were performed at different time points in
disease progression. The number of patients included
in this study is small and MRI examinations were
limited. Prospective longitudinal studies with a more
uniform imaging protocol are warranted.

Typical MRI findings for patients with HDLS
with CSF1R gene mutations include T2 hyperintense
foci in the periventricular, deep, and subcortical bi-
frontal or bifrontoparietal cerebral WM, as well as
involvement of the corpus callosum and corticospi-
nal tracts; central atrophy; and no significant gray
matter pathology, no brainstem atrophy, and no
enhancement. Cerebellar pathology is minimal.
Knowledge of the MRI appearance may assist in
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correctly diagnosing HDLS with CSF1R gene
mutations.
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