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Diffusion-Weighted
Magnetic Resonance Imaging and

Proton Magnetic Resonance Spectroscopy of

Sjogren-Larsson Syndrome: Case Report

Sjogren-Larsson Sendromunun Difiizyon Agirlikl

Manyetik Rezonans Goriintiileme ve
Proton Manyetik Rezonans Spektroskopi ile
Degerlendirilmesi

ABSTRACT Sjogren-Larsson syndrome (SLS) is a rare, autosomal recessive congenital disorder that
affects mainly skin and central nervous system. It is characterized by spastic diplegia or tetraplegi-
a, mental retardation and congenital ichthyosis. We report a 2-year-old patient with SLS in whom
both mildly restricted diffusion of water in immediate periventricular white matter and mildly in-
creased diffusion of water in the rest of periventricular white matter were observed on diffusion-
weighted images. Brain magnetic resonance spectroscopy demonstrated typical high, sharp lipid
peak at 1.3 ppm that was stable at long TEs.
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OZET Sjogren-Larsson sendromu (SLS) nadir goriilen, agirlikl olarak santral sinir sistemi ve deri-
yi etkileyen otozomal resesif, konjenital bir hastaliktir. Spastik dipleji veya tetrapleji, mental retar-
dasyon ve konjenital iktiyosis karakterizedir. Biz burada iki yasindaki SLS’li bir olgunun peri-
ventrikiiler beyaz cevherdeki hafif kisitlanmis difiizyonunu ve geri kalan periventrikiiler beyaz
cevherdeki artmus difiizyonu difiizyon agirlikh goriintiilerde gozlemledik. Beyin manyetik rezonans
spektroskopide uzun TE degerlerinde 1.3 ppm’de tipik yiiksek, keskin lipid pikini gosterdik.

Anahtar Kelimeler: Sjogren-Larsson sendromu; difizyon manyetik rezonans goriintiileme
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jogren-Larsson syndrome (SLS) is a rare, autosomal recessive conge-

nital disorder that affects mainly skin and central nervous system. It

is characterized by spastic diplegia or tetraplegia, mental retardation
and congenital ichthyosis.!

The defect in fatty alcohol oxidation is caused by the deficiency of mi-
crosomal fatty aldehyde dehydrogenase (FALDH), a component of the fatty
alcohol, nicotin adenin dinucleotid (NAD) oxidoreductase enzyme complex.
In addition to this deficiency, genetic mutations on chromosome 17 also ca-
use this syndrome.?3

In the case presented here, we describe the nature of the cerebral in-
volvement in SLS. We document conventional magnetic resonance (MR)
imaging, diffusion-weighted imaging (DWTI), and proton MR spectroscopy
(H-MRS) findings.
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I CASE REPORT

A 2-year-old boy was brought for evaluation of
complaints of inability to walk, inability to speak,
and dry, scaly lesions on the trunk. He was born
after a full-term normal pregnancy and delivery
without antenatal or perinatal complications. On
physical examination, general dryness and scaling
were noted all over his body that suggested SLS.
Ichthyosis initially was seen at birth and gradually
worsened. His mental and motor development was
delayed. Blood pyruvate and lactate levels and uri-
ne amino acid levels were within normal ranges.
Diffuse minimal abnormality was noted in elec-
troencephalography (EEG). Brain magnetic reso-
nance imaging (MRI) revealed a very subtle T2
abnormality in the periventricular white matter
when he was 8-months of age (Figure 1).

However, brain MRI was repeated at two ye-
ars of age and it was significantly abnormal. Brain
MRI, diffusion MRI and H-MRS were performed
on a Philips Gyroscan Intera (1.5 T) MR system by
using a standard head coil.

T2- weighted (TR: 4000, TE: 111, slice thick-

ness 5 mm, FOV 160) and FLAIR (TR: 8200, TE:
109, slice thickness 5 mm, FOV 160) images reve-
aled diffuse, severe white matter disease involving
frontal and parietal lobes bilaterally (Figure 2). In
addition, abnormal high-signal intensities were al-
so noted in the splenium and genu of the corpus
callosum on T2-weighted sequences. There was no
abnormal contrast enhancement. The basal gangli-
a and cerebellum were free of abnormal T2 signal.
Subcortical U fibers were spared.

DWI was obtained with single-shot echo pla-
nar imaging technique. The diffusion sensitivity
parameters were altered by varying the gradient
amplitude while keeping the gradient duration and
separation time constant. Three diffusion-weigh-
ted images were acquired with b values of 0, 500,
and 1000 s/mm? and slice thickness 5 mm. Ap-
parend diffusion coefficient (ADC) values were cal-
culated in the regions of abnormal T2 signals in
cerebral white matter, bilaterally. ADC values
where hyperintensities were observed in the im-
mediate periventricular white matter on DWI ran-
ged between 0.65-0.78 x10° mm?/s indicating
slightly restricted diffusion of water. ADC values

(A)
FIGURE 1: (A) & (B) Axial T2-weighted images which were taken when the patient was 8 months year old, demonstrate very subtle T2 abnormality in the
periventricular white matter of cerebral hemispheres bilaterally.
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(A)
FIGURE 2: (A) & (B) Axial T2-weighted images which were taken when the patient was 8 months year old, demonstrate very subtle T2 abnormality in the
periventricular white matter of cerebral hemispheres bilaterally.

where no hyperintensity was observed on DWI in
the regions of abnormal T2 signals in the cerebral
white matter ranged between 1.4-1.7x10° mm?/s
consistant with slightly increased diffusion of wa-
ter (Normal ADC values for white matter 0.82-1.24
x 10 mm?s (Figure 3).*

Multi-voxel H-MRS was performed with po-
int-resolved spectroscopy (PRESS). Acquisition pa-
rameters were 1500/36 (TR/TE), 1500/136 (TR/TE),
and 1500/272 (TR/TE). All spectra obtained from
the abnormal white matter areas showed abnormal
spectral peaks at 1.3 ppm in the region expected for
lipids (Figure 4).

I DISCUSSION

SLS is a rare autosomal recessive disorder charac-
terized by the presence of congenital ichthyosis,
spastic diplegia, mild to moderate mental retarda-
tion, and retinopathy. It was described in detail by
Sjogren and Larsson in 1957.!

Ichthyosis is seen at birth and worsens with ti-
me. Congenital ichthyosis usually brings the pati-
ent to medical attention, whereas spasticity and
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(B)

mental retardation become apparent later in the
first or second year of life. It usually presents after
infancy as brownish verricous lichenified hyperke-
ratosis.” This skin appearance was present all over
the body of our patient. Pruritus was an accompan-
ying disabling feature and was always present. Our
patient had no skin biopsy. We diagnosed the pati-
ent with clinical, laboratory, and imaging findings.

Ocular findings such as juvenile macular dys-
trophy have been described in SLS patients.® Un-
fortunately, ophthalmologic examination was not
performed in our patient.

Spasticity becomes manifest at 4-30 months of
age. The clinical spectrum is ranges from those who
are confined to wheel-chair to those who can walk,
but spastic gait is observed in these patients. Ten-
don reflexes are increased and Babinski reflexes
may be positive bilaterally. The clinical problems
(i.e. spastic gait, developmental delay, poor balan-
ce) in our patient were similar to other SLS pati-
ents reported in the literature.

Clinically, SLS is readily diagnosed, because
the clinical findings are pathognomonic and are
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(© (D)
FIGURE 3: (A) & (B) Axial diffusion-weighted images and corresponding ADC maps (C &D) demonstrate slightly restricted diffusion in the periventricular white
matter (arrows) and increased diffusion of water in the rest of the cerebral white matter, in the abnormal regions.

associated with negative simple laboratory testre- ~ syndrome, maple syrup urine disease, Hartnup
sults. Other syndromes with dermatological and syndrome, CHILD (congenital hemidysplasia ich-
neurological findings are Rud syndrome, Refsum  tyosis limb defects) syndrome, chondrodysplasia
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FIGURE 4: Reference image (A), Proton MR spectra obtained from cerebral white matter at TE: 36 msn (B), TE: 136 msn (C), TE: 272 msn (D). Note the pres-

ence of high, sharp lipid peak at 1.3 ppm that is apparent in all three MR spectra.

punctata, Dykes syndrome and X-linked ichthyo-
sis. Ichtyosis, mental retardation, hypogonadism,
polyneuropaty, epilepsy, small stature, and macro-
cytic anemia are features of Rud syndrome. Ref-
sum syndrome is characterized by ichthyosis,
polyneuritis, cerebellar ataxia, paresis of distal ex-
tremites, nystagmus, atypical retinis pigmentosa,

1582

deafness, increased protein in the cerebrospinal
fluid, hexadenic acid in the serum. In CHILD syn-
drome and chondrodysplasia punctata patients,
bone abnormalities and dysplasia are common.
The features of maple syrup urine disease are my-
oclonia, quickly progressing mental deficiency, in-
creased valine, leucine, isoleucine levels in the
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blood, increased ketoacid levels in the urine. If un-
treated, death within the first few months of life is
inevitable. In Dykes syndrome, cerebellar degene-
ration and hepatomegaly are associated with icht-
hyosis. For the diaognosis of Hartnup syndrome,
hyperamino-aciduria, indicanuria, indolic acidu-
ria and ataxia, pyramidal signs, nystagmus and
dyplopia, mental retardation and seasonal photo-
dermatitis are essential.”® Because there is loss of
myelin and ballooning of myelin sheaths in the ce-
rebral white matter, moderate or severe mental re-
tardation occurs in SLS. Epilepsy and speech
disorders may be present. In the area of myelin
loss, degeneration and loss of axis cylinders and as-
trocytosis are found. Myelin loss is also demons-
trated in the pyramidal tracts of the brainstem and
descending tracts of the spinal cord, including the
lateral corticospinal and vestibulospinal tracts. De-
generation and loss of neurons are demonstrated
in the cortex. Ascending tracts and cerebellar whi-
te matter are not affected.”’

Severe white matter signal intensity changes
are observed in SLS patients on MRI. The corpus
callosum may also be involved. It is known that ce-
rebellar white matter is not affected.'® In our case,
there was severe white matter disease involving
both cerebral hemispheres. The periventricular
white matter abnormalities were confluent. These
findings may suggest that hyperintense abnormali-
ties on T2-weghted images arises or becomes appa-
rent during the process of myelination. This is
because the T2 abnormalities on brain MRI were
very subtle at 8 months of age and were very exten-
sive at 2 years of age. There was a progression of
disease within two years. In addition, an abnormal
high-signal intensity was observed in the splenium
and genu of the corpus callosum on T2-weighted
images. There was no abnormal contrast enhance-
ment. No abnormal intensities were detected in the
basal ganglia and cerebellum. Subcortical U fibers
were spared. Because the basal ganglia and cere-
bellum were free of abnormal T2 signal, these regi-
ons, normal white matter and gray matter were not
evaluated with MRS.

Miyanomae et al. first described the results of
H-MRS in a 20-year-old bedridden patient with
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SLS. H-MRS (TR: 2000/ TE: 35) revealed a high-li-
pid spectral peak of 1.3 ppm."

The spectra of 1.3 ppm and 0.9 ppm of H-MRS
are thought to be assigned to the methylene and
methyl groups of lipid, respectively. The presence
of abnormal lipid signals has also been reported in
patients with other degenerative disorders, inclu-
ding other peroxisomal disorders (Zellweger’s syn-
drome) and multiple sclerosis. However, in these
patients, the lipid peaks at 1.3 ppm and 0.9 ppm
were less intense, broader, and visualized with only
a short TE. Davie et al. speculated that they repre-
sented myelin breakdown products secondary to
demyelination.'?'® The spectral peak was observed
only at 1.3 ppm in our patient. This peak was not
probably related to myelin breakdown products
due to its stability on long echo times. The spectral
peak at 1.3 ppm in our patient was high and sharp,
similar to NAA and probably reflected the accu-
mulation of lipids because of the FALDH defici-
ency. FALDH catalyzes the oxidation of medium-
and long-chain fatty aldehydes derived from fatty
alcohols. Therefore, the accumulated lipids may be
fatty alcohol or related metabolites.

To our knowledge, DWI characteristics in SLS
patients have not been reported in the literature.
ADC values in the regions of hyperintensities on
DWI in the immediate periventricular white matter
ranged between 0.65-0.78 x10°* mm?®/s consistant
with slightly restricted diffusion of water. This
slightly restricted diffusion may suggest active inf-
lammatory process causing demyelination. Howe-
ver, the main pathologic findings in these patients
are incomplete myelination instead of demyelina-
tion. The conventional MRI findings are also com-
patible with initially delayed and eventually
permanently incomplete myelination.!* In additi-
on, there was no choline increase on H-MRS in our
patient; this was against active inflammation con-
sistant with active demyelination. Other than the-
se small areas of restricted diffusion, ADC values
were slightly increased (1.4-1.7x10° mm?/s) consis-
ting of slightly increased diffusion of water in the
abnormal areas in cerebral white matter. We spec-
ulate that the mild increase in ADC values might be
due to the accumulation of mobile lipid molecules.
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In addition, the presence of high ADC values of the
white matter might be related to relatively increa-
sed molecular motion of water indicating disintig-
ration of the white matter (somewhat loosening of
the tissue) secondary to lack of myelination.

The peak at 1.3 ppm on H-MRS is narrow and
also visible at a long TE of 136 and 272 msn. This
finding suggests that the accumulated lipids are
mobile molecules that move freely or within inter-
cellular or intracellular droplets. Lipids located in
lipid bilayers have a low mobility and lead to

broad resonance at short TEs; these lipids are not
visible at long TEs on H-MRS. Although neuropat-
hologic examinations demonstrate severe axonal
damage in SLS patients, we did not find decreased
NAA on H-MRS; this argues against extensive ax-
onal damage.

In conclusion, the abnormal peak suggesting
lipid accumulation at 1.3 ppm on H-MRS most
probably suggests the diagnosis of SLS. Both
slightly restricted and increased diffusion of water
can be observed on DWTI in SLS patients.
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