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jögren-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.1

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.2,3

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 (DWI), and proton MR spectroscopy
(H-MRS) findings.

Diffusion-Weighted
Magnetic Resonance Imaging and

Proton Magnetic Resonance Spectroscopy of
Sjögren-Larsson Syndrome: Case Report

AABBSS  TTRRAACCTT  Sjög ren-Lars son syndro me (SLS) is a ra re, au to so mal re ces si ve con ge ni tal di sor der that
af fects ma inly skin and cen tral ner vo us system. It is cha rac te ri zed by spas tic dip le gi a or tet rap le gi -
a, men tal re tar da ti on and con ge ni tal icht hyo sis. We re port a 2-ye ar-old pa ti ent with SLS in whom
both mildly res tric ted dif fu si on of wa ter in im me di a te pe ri ven tri cu lar whi te mat ter and mildly in-
cre a sed dif fu si on of wa ter in the rest of pe ri ven tri cu lar whi te mat ter we re ob ser ved on dif fu si on-
we igh ted ima ges. Bra in mag ne tic re so nan ce spec tros copy de mons tra ted typi cal high, sharp li pid
pe ak at 1.3 ppm that was stab le at long TEs.  

KKeeyy  WWoorrddss::  Sjög ren-Lars son syndro me; dif fu si on mag ne tic re so nan ce ima ging 

ÖÖZZEETT  Sjög ren-Lars son sen dro mu (SLS) na dir gö rü len, ağır lık lı ola rak san tral si nir sis te mi ve de ri -
yi et ki le yen oto zo mal re se sif, kon je ni tal bir has ta lık tır. Spas tik dip le ji ve ya tet rap le ji, men tal re tar -
das yon ve kon je ni tal ik ti yo sis ka rak te ri ze dir. Biz bu ra da iki ya şın da ki SLS’li bir ol gu nun pe ri -
ven tri kü ler be yaz cev her de ki ha fif kı sıt lan mış di füz yo nu nu ve ge ri ka lan pe ri ven tri kü ler be yaz
cev her de ki art mış di füz yo nu di füz yon ağır lık lı gö rün tü ler de göz lem le dik. Be yin manyetik rezonans
spek tros ko pi de uzun TE de ğer le rin de 1.3 ppm’de ti pik yük sek, kes kin li pid pi ki ni gös ter dik.
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CA SE RE PORT
A 2-ye ar-old boy was bro ught for eva lu a ti on of
comp la ints of ina bi lity to walk, ina bi lity to spe ak,
and dry, scaly le si ons on the trunk. He was born
af ter a full-term nor mal preg nancy and de li very
wit ho ut an te na tal or pe ri na tal comp li ca ti ons. On
physi cal exa mi na ti on, ge ne ral dryness and sca ling
we re no ted all over his body that sug ges ted SLS.
Icht hyo sis ini ti ally was se en at birth and gra du ally
wor se ned. His men tal and mo tor de ve lop ment was
de la yed. Blo od pyru va te and lac ta te le vels and uri -
ne ami no  a cid le vels we re wit hin nor mal ran ges.
Dif fu se mi ni mal ab nor ma lity was no ted in elec-
troencephalography (EEG). Bra in magnetic reso-
nance imaging (MRI) re ve a led a very subt le T2
ab nor ma lity in the pe ri ven tri cu lar whi te mat ter
when he was 8-months of age (Fi gu re 1).

Ho we ver, bra in MRI was re pe a ted at two ye -
ars of age and it was sig ni fi cantly ab nor mal. Bra in
MRI, dif fu si on MRI and H-MRS we re per for med
on a Phi lips Gyros can In te ra (1.5 T) MR system by
using a stan dard he ad co il..  

T2- we igh ted (TR: 4000, TE: 111, sli ce thick-

ness 5 mm, FOV 160) and FLA IR (TR: 8200, TE:
109, sli ce thick ness 5 mm, FOV 160) ima ges re ve -
a led dif fu se, se ve re whi te mat ter di se a se in vol ving
fron tal and pa ri e tal lo bes bi la te rally (Fi gu re 2). In
ad di ti on, ab nor mal high-sig nal in ten si ti es we re al -
so no ted in the sple ni um and ge nu of the cor pus
cal lo sum on T2-we igh ted se qu en ces. The re was no
ab nor mal con trast en han ce ment. The ba sal gang li -
a and ce re bel lum we re fre e of ab nor mal T2 sig nal.
Sub cor ti cal U fi bers we re spa red.  

DWI was ob ta i ned with sing le-shot ec ho pla-
nar ima ging tech ni qu e. The dif fu si on sen si ti vity
pa ra me ters we re al te red by var ying the gra di ent
amp li tu de whi le ke e ping the gra di ent du ra ti on and
se pa ra ti on ti me cons tant. Thre e dif fu si on-we igh -
ted ima ges we re ac qu i red with b va lu es of 0, 500,
and 1000 s/mm2 and sli ce thick ness 5 mm. Ap-
parend diffusion coefficient (ADC) va lu es we re cal-
cu la ted in the re gi ons of ab nor mal T2 sig nals in
ce reb ral whi te mat ter, bi la te rally. ADC va lu es
whe re hype rin ten si ti es we re ob ser ved in the im-
me di a te pe ri ven tri cu lar whi te mat ter on DWI ran -
ged between 0.65-0.78 x10-3 mm2/s indicating
slightly res tric ted dif fu si on of wa ter. ADC va lu es

(A) (B)
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.



Turkiye Klinikleri J Med Sci 2011;31(6)1580

Karadeli ve ark. Radyoloji

whe re no hype rin ten sity was ob ser ved on DWI in
the re gi ons of ab nor mal T2 sig nals in the ce reb ral
whi te mat ter ran ged between 1.4-1.7x10-3 mm2/s
con sis tant with slightly in cre a sed dif fu si on of wa -
ter (Nor mal ADC va lu es for whi te mat ter 0.82-1.24
x 10-3 mm2/s (Fi gu re 3).4

Mul ti-vo xel H-MRS was per for med with po -
int-re sol ved spec tros copy (PRESS). Ac qu i si ti on pa-
ra me ters we re 1500/36 (TR/TE), 1500/136 (TR/TE),
and 1500/272 (TR/TE). All spec tra ob ta i ned from
the ab nor mal whi te mat ter are as sho wed ab nor mal
spec tral pe aks at 1.3 ppm in the re gi on ex pec ted for
li pids (Fi gu re 4). 

DIS CUS SI ON
SLS is a ra re au to so mal re ces si ve di sor der cha rac -
te ri zed by the pre sen ce of con ge ni tal icht hyo sis,
spas tic dip le gi a, mild to mo de ra te men tal re tar da -
ti on, and re ti no pathy. It was des cri bed in de ta il by
Sjög ren and Lars son in 1957.1

Icht hyo sis is se en at birth and wor sens with ti -
me. Con ge ni tal icht hyo sis usu ally brings the pa ti -
ent to me di cal at ten ti on, whe re as spas ti city and

men tal re tar da ti on be co me ap pa rent la ter in the
first or se cond ye ar of li fe. It usu ally pre sents af ter
in fancy as brow nish ver ri co us lic he ni fi ed hyper ke -
ra to sis.5 This skin ap pe a ran ce was pre sent all over
the body of our pa ti ent. Pru ri tus was an ac com pan -
ying di sab ling fe a tu re and was al ways pre sent. Our
pa ti ent had no skin bi opsy. We di ag no sed the pa ti -
ent with cli ni cal, la bo ra tory, and ima ging fin dings.  

Ocu lar fin dings such as ju ve ni le ma cu lar dys-
trophy have been des cri bed in SLS pa ti ents.6 Un-
for tu na tely, oph thal mo lo gic exa mi na ti on was not
per for med in our pa ti ent.

Spas ti city be co mes ma ni fest at 4-30 months of
age. The cli ni cal spec trum is ranges from tho se who
are con fi ned to whe el-cha ir to tho se who can walk,
but spas tic ga it is ob ser ved in these pa ti ents. Ten-
don ref le xes are in cre a sed and Ba bins ki ref le xes
may be po si ti ve bi la te rally. The cli ni cal prob lems
(i.e. spas tic ga it, de ve lop men tal de lay, po or ba lan -
ce) in our pa ti ent we re si mi lar to other SLS pa ti -
ents re por ted in the li te ra tu re. 

Cli ni cally, SLS is re a dily di ag no sed, be ca u se
the cli ni cal fin dings are pat hog no mo nic and are

(A) (B)
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.
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as so ci a ted with ne ga ti ve simp le la bo ra tory test re-
sults. Ot her syndro mes with der ma to lo gi cal and
ne u ro lo gi cal fin dings are Rud syndro me, Ref sum

syndro me, map le syrup uri ne di se a se, Hart nup
syndro me, CHILD (con ge ni tal he midys pla si a ich -
tyo sis limb de fects) syndro me, chon drodys pla si a

(A) (B)

(C) (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.
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punc ta ta, Dykes syndro me and X-lin ked icht hyo -
sis. Ich tyo sis, men tal re tar da ti on, hypo go na dism,
poly ne u ro paty, epi lepsy, small sta tu re, and mac ro-
cy tic ane mi a are fe a tu res of Rud syndro me. Ref-
sum syndro me is cha rac te ri zed by icht hyo sis,
poly ne u ri tis, ce re bel lar ata xi a, pa re sis of dis tal ex-
tre mi tes, nystag mus, aty pi cal re ti nis pig men to sa,

de af ness, in cre a sed pro te in in the ce reb ros pi nal
flu id, he xa de nic acid in the se rum. In CHILD syn-
dro me and chon drodys pla si a punc ta ta pa ti ents,
bo ne abnormalities and dyspla si a are com mon.
The fe a tu res of map le syrup uri ne di se a se are my-
oc lo ni a, qu ickly prog res sing men tal de fi ci ency, in-
cre a sed va li ne, le u ci ne, iso le u ci ne le vels in the

(A) (B)

(C) (D)
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.
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blo od, in cre a sed ke to a cid le vels in the uri ne. If un-
tre a ted, de ath wit hin the first few months of li fe is
ine vi tab le. In Dykes syndro me, ce re bel lar de ge ne -
ra ti on and he pa to me galy are as so ci a ted with icht -
hyo sis. For the di a og no sis of Hart nup syndro me,
hype ra mi no-aci du ri a, in di ca nu ri a, in do lic aci du -
ri a and ata xi a, pyra mi dal signs, nystag mus and 
dyplo pi a, men tal re tar da ti on and se a so nal pho to -
der ma ti tis are es sen ti al.7,8 Be ca u se the re is loss of
mye lin and bal lo o ning of mye lin she aths in the ce -
reb ral whi te mat ter, mo de ra te or se ve re men tal re-
tar da ti on oc curs in SLS. Epi lepsy and spe ech
disorders may be pre sent. In the are a of mye lin
loss, de ge ne ra ti on and loss of axis cylin ders and as-
trocy to sis are fo und. Mye lin loss is al so de mons -
tra ted in the pyra mi dal tracts of the bra ins tem and
des cen ding tracts of the spi nal cord, inc lu ding the
la te ral cor ti cos pi nal and ves ti bu los pi nal tracts. De-
ge ne ra ti on and loss of ne u rons are de mons tra ted
in the cor tex. As cen ding tracts and ce re bel lar whi -
te mat ter are not af fec ted.7,9

Se ve re whi te mat ter sig nal in ten sity chan ges
are ob ser ved in SLS pa ti ents on MRI. The cor pus
cal lo sum may al so be in vol ved. It is known that ce -
re bel lar whi te mat ter is not af fec ted.10 In our ca se,
the re was se ve re whi te mat ter di se a se in vol ving
both ce reb ral he misp he res. The pe ri ven tri cu lar
whi te mat ter ab nor ma li ti es we re conf lu ent. The se
fin dings may sug gest that hype rin ten se ab nor ma li -
ti es on T2-wegh ted ima ges ari ses or be co mes ap pa -
rent du ring the pro cess of mye li na ti on. This is
be ca u se the T2 ab nor ma li ti es on bra in MRI we re
very subt le at 8 months of age and we re very ex ten-
si ve at 2 ye ars of age. The re was a prog res si on of
di se a se wit hin two ye ars. In ad di ti on, an ab nor mal
high-sig nal in ten sity was ob ser ved in the sple ni um
and ge nu of the cor pus cal lo sum on T2-we igh ted
ima ges. The re was no ab nor mal con trast en han ce -
ment. No ab nor mal in ten sities were de tec ted in the
ba sal gang li a and ce re bel lum. Sub cor ti cal U fi bers
we re spa red. Be ca u se the ba sal gang li a and ce re -
bel lum we re fre e of ab nor mal T2 sig nal, the se re gi -
ons, nor mal whi te mat ter and gray mat ter we re not
eva lu a ted with MRS. 

Mi ya no ma e et al. first des cri bed the re sults of
H-MRS in a 20-ye ar-old bed rid den pa ti ent with

SLS. H-MRS (TR: 2000/ TE: 35) re ve a led a high-li -
pid spec tral pe ak of 1.3 ppm.11

The spec tra of 1.3 ppm and 0.9 ppm of H-MRS
are tho ught to be as sig ned to the meth yle ne and
methyl gro ups of li pid, res pec ti vely. The pre sen ce
of ab nor mal li pid sig nals has al so be en re por ted in
pa ti ents with ot her de ge ne ra ti ve di sor ders, inc lu -
ding ot her pe ro xi so mal di sor ders (Zell we ger’s syn-
dro me) and mul tip le scle ro sis. Ho we ver, in the se
pa ti ents, the li pid pe aks at 1.3 ppm and 0.9 ppm
we re less in ten se, bro a der, and vi su a li zed with only
a short TE. Da vi e et al. spe cu la ted that they rep re -
sen ted mye lin bre ak down pro ducts se con dary to
dem ye li na ti on.12,13 The spec tral pe ak was ob ser ved
only at 1.3 ppm in our pa ti ent. This pe ak was not
pro bably re la ted to mye lin bre ak down pro ducts
du e to its sta bi lity on long ec ho ti mes. The spec tral
pe ak at 1.3 ppm in our pa ti ent was high and sharp,
si mi lar to NA A and pro bably ref lec ted the ac cu -
mu la ti on of li pids be ca u se of the FALDH de fi ci -
ency. FALDH ca taly zes the oxi da ti on of me di um-
and long-cha in fatty al dehy des de ri ved from fatty
al co hols. The re fo re, the ac cu mu la ted li pids may be
fatty al co hol or re la ted me ta bo li tes.   

To our know led ge, DWI cha rac te ris tics in SLS
pa ti ents ha ve not be en re por ted in the li te ra tu re.
ADC va lu es in the re gi ons of hype rin ten si ti es on
DWI in the im me di a te pe ri ven tri cu lar whi te mat ter
ran ged bet we en 0.65-0.78 x10-3 mm2/s consistant
with slightly res tric ted dif fu si on of wa ter. This
slightly res tric ted dif fu si on may sug gest ac ti ve inf -
lam ma tory pro cess ca u sing dem ye li na ti on. Ho we -
ver, the ma in pat ho lo gic fin dings in the se pa ti ents
are in comp le te mye li na ti on ins te ad of dem ye li na -
ti on. The con ven ti o nal MRI fin dings are al so com-
pa tib le with ini ti ally de la yed and even tu ally
per ma nently in comp le te mye li na ti on.14 In ad di ti -
on, the re was no cho li ne in cre a se on H-MRS in our
pa ti ent; this was aga inst ac ti ve inf lam ma ti on con-
sistant with ac ti ve dem ye li na ti on. Ot her than the -
se small are as of res tric ted dif fu si on, ADC va lu es
we re slightly in cre a sed (1.4-1.7x10-3 mm2/s) con sis -
ting of slightly in cre a sed dif fu si on of wa ter in the
ab nor mal are as in ce reb ral whi te mat ter. We spe c-
u la te that the mild in cre a se in ADC va lu es might be
du e to the ac cu mu la ti on of mo bi le li pid mo le cu les.
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In ad di ti on, the pre sen ce of high ADC va lu es of the
whi te mat ter might be re la ted to re la ti vely in cre a -
sed mo le cu lar mo ti on of wa ter in di ca ting di sin tig -
ra ti on of the whi te mat ter (so mew hat lo o se ning of
the tis su e) se con dary to lack of mye li na ti on. 

The pe ak at 1.3 ppm on H-MRS is nar row and
al so vi sib le at a long TE of 136 and 272 msn. This
fin ding sug gests that the ac cu mu la ted li pids are
mo bi le mo le cu les that mo ve fre ely or wit hin in ter -
cel lu lar or in tra cel lu lar drop lets. Li pids lo ca ted in
li pid bi la yers ha ve a low mo bi lity and le ad to 

bro ad re so nan ce at short TEs; the se li pids are not
vi sib le at long TEs on H-MRS. Alt ho ugh ne u ro pat -
ho lo gic exa mi na ti ons de mons tra te se ve re axo nal
da ma ge in SLS pa ti ents,15 we did not find dec re a sed
NA A on H-MRS; this ar gu es aga inst ex ten si ve ax-
o nal da ma ge.

In conc lu si on, the ab nor mal pe ak sug ges ting
li pid ac cu mu la ti on at 1.3 ppm on H-MRS most
probably sug gests the di ag no sis of SLS. Both
slightly res tric ted and in cre a sed dif fu si on of wa ter
can be ob ser ved on DWI in SLS pa ti ents.
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