Get Clarity On Generics =) messvs

WATCH VIDEO

Brain MR Imaging Findingsin

Woodhouse-Sakati Syndrome
A.H. Abusrair, S. Bohlega, A. Al-Semari, F.S. Al-Ajlan, K.
Al-Ahmadi, B. Mohamed and A. AlDakheel

AINR Am J Neuroradiol 2018, 39 (12) 2256-2262
doi: https.//doi.org/10.3174/gjnr. A5879

Thisinformation is current as ) :
of August 15, 2025, http://www.ajnr.org/content/39/12/2256


http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
https://doi.org/10.3174/ajnr.A5879
http://www.ajnr.org/content/39/12/2256

ORIGINAL RESEARCH
ADULT BRAIN

Brain MR Imaging Findings in Woodhouse-Sakati Syndrome

A.H. Abusrair, A. Al-Semari, K. Al-Ahmadi, ““'B. Mohamed, and “¥A. AlDakheel

S. Bohlega, F.S. Al-Ajlan,

ABSTRACT

BACKGROUND AND PURPOSE: Woodhouse-Sakati syndrome is a rare autosomal recessive disorder characterized by hypogonadism,
alopecia, diabetes mellitus, and progressive extrapyramidal signs. The disease is caused by biallelic pathogenic variants in the DCAFI7 gene.
The purpose of this study was to describe the spectrum of brain MR imaging abnormalities in Woodhouse-Sakati syndrome.

MATERIALS AND METHODS: We reviewed brain MR images of 26 patients with a clinical and genetic diagnosis of Woodhouse-Sakati
syndrome (12 males, 14 females; age range, 16—45 years; mean age, 26.6 years). Follow-up studies were conducted for 6 patients.

RESULTS: All patients had abnormal MR imaging findings. The most common abnormalities were a small pituitary gland (76.9%), pro-
nounced basal ganglia iron deposition (73%), and white matter lesions in 69.2%. White matter lesions showed frontoparietal and periven-
tricular predominance. All white matter lesions spared subcortical U-fibers and were nonenhanced. Prominent perivascular spaces (15.3%)
and restricted diffusion in the splenium of the corpus callosum (7.6%) were less frequent findings. Follow-up studies showed expansion of
white matter lesions with iron deposition further involving the red nucleus and substantia nigra. Older age was associated with a more
severe degree of white matter lesions (P < .001).

CONCLUSIONS: Small pituitary gland, accentuated iron deposition in the globus pallidus, and nonenhancing frontoparietal/periventricu-
lar white matter lesions were the most noted abnormalities seen in our cohort. The pattern and extent of these findings were observed to
correlate with older age, reflecting a possible progressive myelin destruction and/or axonal loss. The presence of pituitary hypoplasia and
white matter lesions can further distinguish Woodhouse-Sakati syndrome from other neurodegenerative diseases with brain iron accu-
mulation subtypes.

ABBREVIATIONS: NBIA = neurodegenerative diseases with brain iron accumulation; WSS = Woodhouse-Sakati syndrome; SNHL = sensorineural hearing loss

I n 1983, Woodhouse and Sakati' described an autosomal reces-
sive syndrome of hypogonadism, alopecia, diabetes mellitus,
deafness, and extrapyramidal signs in several consanguineous
Saudi families.>”® To date, a total of 76 affected individuals, be-
longing to 32 families, have been reported in the literature.> While
most cases are from Saudi Arabia and the Middle East,> affected
individuals from other ethnicities have been reported.®'' Ho-
mozygous pathogenic variants in the DCAFI7 gene (formerly
known as C20Rf37), allocated to chromosome 2q31.1, were dis-
covered as the underlying cause of Woodhouse-Sakati syndrome
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(WSS).>'? The pathogenesis of the syndrome and the underlying
gene remain unclear.

The affected individuals have distinctive dysmorphic features
characterized by a long triangular face, prominent nasal bridge,
and hypertelorism."* The disease has a progressive nature, with
predominant neuroendocrine manifestations that become in-
creasingly more frequent during adolescence and early adult-
hood." Virtually all individuals will have the endocrine finding of
progressive childhood-onset hair thinning as the initial manifes-
tation of the disease.” All patients have hypogonadism of a mixed
nature."” More than half of individuals will have variable neuro-
logic manifestations, including progressive extrapyramidal move-
ments (dystonic spasms with dystonic posturing, dysarthria, and
dysphagia), bilateral postlingual sensorineural hearing loss, and
mild intellectual disability.* Less frequently recognized manifes-
tations include seizures, keratoconus, and electrocardiographic
abnormalities.**

The disease is characterized by wide phenotypic variabilities in
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the setting of white matter changes on brain images.>'* There is
no descriptive analysis of these changes, apart from very limited
descriptions in some of the reported cases.

MATERIALS AND METHODS
Patients
This was a single-institution analysis of all available brain studies for
patients with a clinically and genetically confirmed diagnosis of WSS
(26 patients; 12 males, 14 females; age range, 16—45 years; mean age,
26.6 years). Subjects were recruited from June 2009 to September
2017.
All studies were performed at King Faisal Specialist Hospital &
Research Center, a tertiary care referral center in Riyadh, Saudi Arabia.
Proband molecular genetic testing confirmed homozygous
pathogenic variants in DCAFI17 in all participants. The institu-
tional review board approved the study, with all patients provid-
ing written informed consent.

Clinical Assessment

A focused clinical examination with emphasis on neurologic in-
volvement was conducted in all participants in an outpatient set-
ting at the time of MR imaging acquisition. Muscle tone was rated
using the Burke Fahn-Marsden Dystonia Rating Scale-Move-
ment.'® Dystonia was defined as involuntary sustained or inter-
mittent muscle contractions causing abnormal postures and/or
repetitive movements. The involvement of 1 body part (cervical,
mouth and jaw, larynx, limb) was labeled “focal dystonia.” Dysto-
nia was defined as “multifocal” if at least 2 noncontiguous regions
were affected, and “segmental,” if =2 contiguous regions were
involved. Sensorineural hearing loss was confirmed through stan-
dardized audiologic assessment.

Brain Imaging Protocol
Al MR imaging studies in our series, including those shown in the
figures, are representative cases that were obtained using a 1.5T
MR imaging scanner (Genesis Signa; GE Healthcare, Milwaukee,
Wisconsin) with parameters that are widely accepted. Sequence
acquisitions included sagittal T1-weighted images (TR/TE =
300-600/30 ms); axial T1- and T2-weighted images (TR/TE =
3000-7000/90 ms); T2*-weighted gradient recalled-echo images
(TE = 750/50 ms); fluid-attenuated inversion recovery sequences
(TR/TE = 8000-10,000/140 ms; TI = 2200 ms); and axial and
coronal T1-weighted images with intravenous gadolinium. DWI
was acquired with a single-shot EPI spin-echo sequence with TR/
TE = 8000/87.6 ms; FOV = 26 X 26 cm?; matrix = 128 X 128;
NEX 2, 24 sections; a 5-mm section thickness; and a 0.3-mm
section gap. Eight patients underwent a special pituitary MR im-
aging protocol [T1- and T2-weighted spin-echo coronal and sag-
ittal sections using a small FOV (20 X 25 cm) and thin slices (3
mm)] covering the sellar and parasellar regions.

In patients with craniocervical dystonia, head motion was
minimized by firm sponge wedges around the head and restrain-
ing straps during and between the acquisition of images.

MR Imaging Analysis
MR images were reviewed by an expert, board-certified neurora-
diologist (K.A.-A.) who was blinded to patients’ clinical findings.

This was followed by a consensus agreement from the investigat-
ing group. The studies were systematically evaluated for any ab-
normalities of both cortical and subcortical anatomic white and
gray matter structures.

White matter lesions were described according to their site,
shape, confluency, and multifocality.'® The extent of these
changes was subjectively graded and described as follows: absent
(—); mild (predominantly scattered lesions or confluent periven-
tricular) (+); moderate (patchy scattered) (++); or severe (pre-
dominantly diffuse, vanishing lesions) (+++). All 26 patients
were studied with intravenous contrast material to analyze abnor-
mal enhancement.

The pituitary gland was assessed with focus on the dimensions
and size of the gland. The volume of the pituitary gland was de-
termined by applying the cubic formula (length X width X
height).'”'® Pituitary length was estimated from the maximum
anteroposterior diameter parallel to the floor of the sella on the
sagittal plane. The height was measured in sagittal and coronal
sections, with midline measurement of the distance between the
superior and inferior borders of the pituitary gland. The width of
the gland was estimated with the 2 highest points on the lateral
edges of the plateau of the fossa floor in the midcoronal plane.
Measurements were compared with values of matched groups for
both age and sex. In addition, the sellar and parasellar structures
were observed for any abnormal pathology.

Areas rich in iron were defined on the basis of a standard
protocol,'* and their appearance was described as hypointense on
T2-weighted/FLAIR sequences, isointense on T1 sequences, and
“blooming” hypointense on T2*-weighted acquisitions (gradi-
ent-echo sequences). Areas of focus included the caudate nucleus,
putamen, globus pallidus, thalamus, red nucleus, and substantia
nigra. Abnormal signals were addressed as present (+) or absent
(—). MR spectroscopy was performed in 4 patients.

Diffusion restriction was defined as hyperintense on DWI,
with low apparent diffusion coefficient map values.

Prominent perivascular spaces were described base on three
characteristic anatomic locations,' as type I: along the lenticulo-
striate arteries entering the basal ganglia through the anterior per-
forated substance; type II: along the path of the perforating med-
ullary arteries as they enter the cortical gray matter over the high
convexities and extend into the white matter; and type III: along
the midbrain.

An additional area of focus was the internal auditory canal and
its contents for any abnormal structural or signal abnormalities.

Follow-Up Studies

Six of 26 patients had repeat MR imaging, performed 2-5 years
(mean duration, 3.2 years) from the initial study to assess radio-
logic progression.

Statistical Analysis

Data collection and analysis were performed using Research Elec-
tronic Data Capture (REDCap) tools and JMP statistical software,
Version 14 (SAS Institute, Cary, North Carolina). REDCap is a
secure web application for building and managing on-line surveys
and data bases. Descriptive statistics for categoric variables are
reported using frequencies and percentages. The Spearman test
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Table 1: Clinical and imaging characteristics of WSS

Neurologic Radiologic
Family Sex Age (Yr) Dystonia SNHL Seizure WM Changes ID Pituitary
1 F 18 Focal - - Mild - Small
M 19 - — + Absent + Small
2 F 29 Generalized — - Severe + Normal
F 38 Focal + — Moderate + Small
F 35 Focal + — Mild + Small
3 F 37 Focal — - Severe + Small
M 45 Generalized + — Severe + Small
4 M 22 Focal — — Mild + Normal
M 24 Generalized — - Mild + Normal
5 M 23 — — — Mild - Small
F 21 — — — Mild + Small
M 16 - — — Mild - Small
M 26 Generalized + - Mild + Normal
M 21 — + + Absent + Normal
6 M 20 Generalized — — Mild - Small
F 21 - — - Absent + Small
7 F 32 Multisegmental - - Mild + Small
F 22 Focal — — Absent - Small
F 35 Focal - + Severe + Small
M 2 Multisegmental + - Absent + Small
F 27 Focal + — Absent + Small
8 M 16 - - - Absent - Small
9 F 41 Generalized — — Moderate + Small
10 M 37 Multisegmental + - Moderate + Small
T F 17 Multisegmental - - Absent + Small
12 F 29 — — — Mild - Normal

Note:—SNHL indicates sensorineural hearing loss; ID, iron deposition; +, present; —, absent.

was used to assess the correlation between quantitative MR imag-
ing severity (at the initial test) and age. P = .05 was considered
statistically significant.

RESULTS

Patients

The clinical characteristics of patients are summarized in Table 1.
Dystonia was the most common neurologic manifestation (18
patients, 69.2%), followed by sensorineural hearing loss and sei-
zures seen in 30.7% and 11.5%, respectively. Focal dystonia
(44%) was more common than generalized (23%) and multiseg-
mental (15.3%) dystonia.

Description of MR Imaging Findings
Table 2 summarizes the detailed neuroimaging characteristics in
our series.

A partially empty sella and a small pituitary gland were seen in
20 patients (76.9%); they were the most common MR imaging
abnormalities in our cohort (Fig 1). Patients with WSS had a
significantly smaller mean pituitary gland volume of 173 * 91
mm® compared with healthy control subjects with a mean of
480 * 85 mm’ (P < .005). Six patients (23%) had normal pitu-
itary gland volume. The pituitary stalk varied in size, but most of
the affected individuals had a relatively small stalk. No abnormal
suprasellar and parasellar structures were noted.

Evidence of iron deposition in the globus pallidus was ob-
served in 19 patients (73%) (Fig 2A—C). Involvement of the sub-
stantia nigra and red nucleus was noted in 6 patients (23%) (Fig
2D). MR spectroscopy in 4 patients demonstrated normal major
metabolite peaks. Despite the clinical finding of generalized or
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focal dystonia, 3 patients showed no evidence of iron deposition
on MR imaging.

White matter abnormalities on T2-weighted and FLAIR im-
ages were seen in 18 patients (69.2%). These changes varied in
terms of distribution and extension (Fig 3). Extension of WM
changes was characterized by a periventricular and frontoparietal
predominance (Fig 4A, -B). Involvement of other subcortical
(basal ganglia, thalamus) and infratentorial structures was seen in
3 patients (11.5%) (Fig 4C, -D). Older age was associated with
more severe white matter lesions (r = 0.71, P < .001). All white
matter lesions were nonenhancing and spared the U-fibers.

Prominent perivascular spaces were noted in 4 patients
(15.3%), ranging from type 1 to type 3 (Fig 5). Diffusion restric-
tion involving the splenium of the corpus callosum was noted in 2
patients (Fig. 6). One patient had multiple subcortical diffusion
restrictions.

Follow-up images were available for 6 patients, with a mean
follow-up of 3.2 years from the initial studies (range, 2-5 years).
Progression of WM extension and iron deposition were noted in
all 6 patients.

DISCUSSION
Our study revealed variable abnormalities in all 26 patients, in-
cluding some features described in prior reports (On-line Table).
The observations of a small hypophysis, prominent perivascular
spaces, transient signal changes of the splenium of the corpus
callosum, and the progressive radiologic involvement are previ-
ously undescribed characteristics of the disease.

Endocrine involvement in WSS is invariable, and virtually all
cases are associated with childhood-onset hair thinning with



Table 2: Characteristic brain MR imaging findings in WSS

Descriptive Features on MRI

White Matter Iron Deposition . .
Sex/Age Pituitary Diffusion
Patient  (yr)  Frontal Parietal Temporal Occipital Infratentorial Caudate Putamen RN/SN Atrophy Restriction Comments
1 F/18  + + — + — - — — + + —
2 M9 — — - - - - + - + - Initial study showed no iron deposition
3 F/29 +++ +++ - - - + + + — - Extension of iron deposition on
follow-up study
4 F/38  ++ ++ + + - + + - + + Prominent perivascular spaces
5 F/35 + + + - - - + — — - Prominent perivascular spaces
6 F/37 +++ +++ + + - - + - + - Calcification of the dentate nucleus
7 M/45  +++  +++ + + - + + - + + Loss of corpus callosum volume
8 M/22  + + - - - - + - + - -
9 M/24  + + - - - - + - - Prominent perivascular spaces
10 M/23  + + - - - - - - + - -
n F/21  + + - - - - + + - -
12 M/16  + + - - - - - + - Prominent perivascular spaces
13 M/26  + + + + - - + + + - -
14 M/21 — - - - - - + + - — -
15 M/20  + - — - - - - - + — -
16 F/21 — - - - - - + + + - -
7 F/32 + + + + - - + - + - -
18 F/22 - - - - - - - + - -
19 F/35 ++4++ +++ + + + - + - + - Pontine WM signal
20 M2 - - - - - - + + + - -
2 F27 - - - - - - + - + - -
2 M6 — - - - - - - - + - -
23 F/41 ++ 4+ + + - + + + + - -
24 M/37 4+ ++ + + — + + - + - Dentate nucleus calcification
25 7 - - - - - - + - - - -
26 F/29 + + + + + - - - - - Cerebellar WM signal

Note:—RN indicates red nucleus; SN, substantia nigra; —, absent; +, mild (predominantly scattered lesions or confluent periventricular); ++, moderate (patchy scattered);
+++, severe (predominantly diffuse, vanishing lesions).

FIG1. Sagittal TI-weighted MR imaging for patient 22 shows a partially
empty sella and a small pituitary gland (arrow).

frontotemporal alopecia, hypogonadism, and decreased insulin-
like growth factor-1.>*'*> Hypogonadism manifests as delayed
puberty with a lack of secondary sexual characteristics. Hypogo-
nadism is distinctive by mixed origin. Women tend to develop
hypergonadotropic hypogonadism, while men have hypogo-
nadotropic hypogonadism.'” Both sexes share an insufficient hy-
pothalamic-pituitary response.”* Low insulin-like growth fac-
tor-1 and hypogonadism might be manifestations of a small
hypophysis. Other endocrine manifestations, however, cannot be
explained by pituitary hypoplasia. Hypothyroidism, reported in
30% of patients and usually observed after the age of 25,” is of a

peripheral origin. Type 2 diabetes mellitus was seen in up to 66%
of patients and has no clear underlying pathology. In addition,
diabetes is inconsistent with the observed low insulin-like growth
factor-1 values. The hypothesized mechanism for the onset of
diabetes, similar to that of hypothyroidism, in the absence
of an underlying autoimmunity, is likely related to gonadal
dysgeneses."'?

Pituitary hypoplasia in the setting of a genetically based syn-
drome has rarely been described.”® Reproductive defects, hypo-
gonadism along with confluent white matter abnormalities, and a
partially empty sella on MR imaging are features similar to those
seen in Gordon Holmes syndrome and Boucher-Neuhduser syn-
drome. Both disorders are autosomal recessive as well.”"** Cere-
bellar involvement in both conditions and chorioretinal dystro-
phy in Neuhiuser syndrome are features distinct from those in
WSS.ZZ,Z3

Diffuse cerebral white matter signal abnormalities are a feature
of many inherited degenerative disorders. White matter changes
might be the result of cerebral white matter degeneration, demy-
elination, or hypomyelination. Vascular leukoencephalopathies
might cause multifocal white matter abnormalities in the early
stages, which eventually progress into more confluent lesions in
advanced stages. Vasculopathies are characterized by the almost
invariable presence of additional multifocal lesions in the basal
ganglia, thalami, and the brain stem. This cohort showed rare
involvement of these structures. Hypomyelination disorders are
characterized by less marked and more widespread T2 hyperin-
tensity compared with that seen in our series.'® The finding of
transient signal changes of the splenium of the corpus callosum
is a feature that might be seen in demyelinating or vascular
conditions.”**®
Preservation of U-fibers in diffuse white matter disease has
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FIG2. Axial T2-weighted (A), FLAIR (B), and T2* (C) MR images in case 11 show putaminal blooming artifacts (arrows) reflecting iron accumulation.

An axial T2* MR image (D) in case 3 shows iron deposition in the substantia nigra (arrowheads).

FIG 3. Axial FLAIR MR images show varying degrees of white matter lesions. Patients 1and 26 (A
and B) show a mild degree of white matter lesions, with faint periventricular (A; arrows) and small
scattered signal intensities (B; arrows). In patient 4 (C), images show patchy signal intensities
(arrows), representing a moderate degree of white matter lesions. A more diffuse, vanishing high
signal intensity (arrows) is seen in images (D) for patient 7.
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16 Alexander disease,

diagnostic utility.
metachromatic leukodystrophy, and X-
linked adrenoleukodystrophy are the
most notable disorders with this dis-

262 QOur cohort re-

tinctive feature.
vealed a variable degree of subcortical
periventricular and frontoparietal
prominence WM changes of a progres-
sive nature. These findings are opposed
to frontal and parieto-occipital pro-
minence in Alexander disease and
X-linked adrenoleukodystrophy, re-
spectively.'®*® In addition, contrast en-
hancement may be seen in both disor-
ders and was not seen in any of our
patients. Brain stem lesions, rarely seen
in WSS, are a frequent feature of Alexan-
der disease.”

Although considered atypical, WSS
shares some characteristics with neuro-
degenerative diseases with brain iron ac-
cumulation (NBIA). NBIA are a group
of inherited neurologic disorders with
hallmark clinical manifestations of pro-
gressive dystonia and spasticity in the

31,32 and

setting of brain iron deposition
are characterized by symmetric acceler-
ated iron deposition involving the gray
matter nuclei (globus pallidus, substan-
tia nigra, red nucleus, dentate nucleus,
putamen, and thalamus). “Tron deposi-
tion in the globus pallidus and, later in
the disease, in the substantia nigra was
observed in some of our patients. This
feature has been described in neuroax-
onal dystrophy, a rare progressive form
of NBIA."* Evidence of iron deposition
may precede or follow the development
of clinical symptoms in some NBIA, a
characteristic also seen in our cohort.>”
In comparison with other NBIA, ex-
trapyramidal features in WSS consist of
focal or multisegmental and, in some



FIG 4. Axial (A) and coronal (B) FLAIR MR images for case 24 show
white matter changes with frontal predominance (arrows). Axial
FLAIR images show signal intensities (arrows) involving the pons (C) in
patient 19 and the cerebellum (D) in patient 26.

FIG 5. Axial T2 images show type | (A) and type IIl (B) prominent
perivascular spaces.

FIG 6. Axial DWI (A) and ADC map (B) sequences show diffusion re-
striction involving the splenium of corpus callosum.

patients, generalized dystonia.” The presence of white matter
changes and a small hypophysis in the setting of brain iron accu-
mulation is a major distinction between WSS and other NBIA
subtypes.

Interfamilial and intrafamilial phenotypic variability is a well-
recognized feature of WSS.>** The spectrum of DCAFI7 gene
mutations has expanded, with 9 mutations reported in the litera-
ture to date. When one considered all known variants, DCAF17
was found to poorly correlate with the severity of the associated
phenotypes.” Our series revealed a similar discrepancy when cor-
relating clinical features with neuroimaging findings. We found
no correlation between iron deposition and neurologic involve-
ment. Despite the clinical findings of generalized or focal dysto-
nia, 3 patients showed no evidence of abnormal iron deposition
on MR imaging.

Our study has several limitations. First, all participants were
recruited at variable clinical stages of the disease. In addition, all
follow-up studies were not systematically performed, with no spe-
cific time interval from the initial study. This feature would poorly
characterize the rate of progression of the disease.

CONCLUSIONS

Small pituitary gland, accentuated iron deposition in the globus
pallidus, and nonenhancing frontoparietal/periventricular WM
changes are the most noted brain MR abnormalities in WSS. The
presence of WM changes and pituitary involvement can further
distinguish WSS from other NBIA subtypes. The progressive na-
ture and variability of brain MR imaging findings that poorly
correlate with the clinical characteristics, along with the lack of the
underlying pathology, should be addressed in future studies.
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