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PURPOSE: To compare the MR findings of eight cases with clinical diagnosis of Hallervorden
Spatz disease (HSD) with the pathologic findings of two other cases of HSD. MATERIALS AND 
METHODS: The eight imaged cases were studied with 0.5-T (seven cases) and/or 1.5-T (five 

cases) units. Six patients also had CT scans. The two other cases with proven HSD had detailed 
histologic evaluation. RESULTS: The 1.5-T findings showed abnormalities confined to the pallidum, 

which presented a diffuse low signal intensity in T2-weighted images, and an anteromedial area of 
high signal intensity (eye-of-the-tiger sign). In 0.5-T studies, low signal intensity was less evident 

and poorly detectable in spin echo, but gradient-echo images could enhance its demonstration; 
the area of high signal intensity was always well demonstrated. In three cases (three with 1.5 T , 

one with 0.5 T) a central spot of low signal intensity was seen in this area. The pathologic cases, 
in addition to neuroaxonal swellings and iron deposits , exhibited areas of "loose" tissue with 

vacuolization and lesser amounts of iron in the anteromedial part of the pallidum, in a location 
corresponding to the area of high signal intensity of the imaged cases. CONCLUSION: Comparison 

of MR findings with the pathologic studies demonstrates that the low signal intensity in T2-
weighted images at 1.5 T corresponds to iron deposits in a dense tissue , and that the high signal 

intensity of the eye-of-the-tiger sign corresponds to an area of loose tissue with vacuolization. No 
correlation was found in the two pathologic cases for the central spot of low signal intensity . 

Index terms: Hallervorden-Spatz disease; Degenerative brain disease; Basal ganglia , magnetic 

resonance 
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Hallervorden-Spatz disease (HSD) is a rare neu
rologic disorder characterized by progressive dys
tonia, with oromandibular involvement, mental 
deterioration, pyramidal signs, and retinal degen
eration (1). Both familial and sporadic cases have 
been reported (2-4). 

No biologic markers have been found in HSD. 
HSD is part of the neuroaxonal dystrophies (5, 
6), but the diagnosis of HSD can not be obtained 
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by skin or conjunctival biopsy, as in other neu
roaxonal dystrophies (5-7). 

The characteristic pathologic findings of HSD 
are the presence of iron deposits in the globus 
pallidus and neuroaxonal swellings. Therefore, 
since iron can be detected by high field intensity 
magnetic resonance (MR) imaging, the possibility 
of diagnosis in vivo by imaging studies could be 
expected. In fact, a few reports have already 
shown some of the characteristic MR findings of 
HSD (8-15). 

Our series of MR studies of eight cases clini
cally diagnosed as HSD points out the distribution 
of the MR abnormalities in the pallidum at inter
mediate and high field intensity. 

Since no pathologic studies are available from 
our series, the MR abnormalities were compared 
to a detailed pathologic study obtained at another 
institution on two patients with proven HSD. 

Materials and Methods 

Of 10 patients clinically diagnosed with HSD at our 

Institute, eight could be submitted to MR studies. The 
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TABLE I: Clinical features in the eight imaged patients with HSD 

Age 
Disease 

Pa tient Sex 
D . F T . Generalized Oromandibular Pyra mida l Re tina l Men ta l 1m-

urat1o n a mi 1anty 
(yr) ) Dyston ia Dystonia S igns Degeneration 

(y r 

1 M 26 16 Yes Yes 

2 M 12 Yes Yes 

3 M 17 11 Yes Yes 

4 F 10 3 Yes Yes 

5 F 12 10 Yes Yes 

6 F 19 5 Yes Yes 

7 M 17 7 No Yes 

8 M 9 5 No Yes 

Note:-+ = mild; ++ = moderate; +++ = severe. 

remaining two patients (a brother of cases 1 and 2, and a 
sister of case 5) could not be examined because of the 

severity of dystonia. 

Clinica l diagnosis was obtained through clinical history , 

neurologic examination , exclusion of other possible dys

tonic disorders by appropriate laboratory tests , and follow

up ( 16). Disease duration at the moment of first MR studies 

ranged from 1 to 15 years. 

MR studies were performed with a 0.5-T scanner in 

seven cases and with a 1.5-T unit in five cases. 

A ll the 1.5-T studies included sagitta l spin echo (SE) 

T1-weighted images (TR/ TE 200-450/17-35) and axial SE 

images with long TR and short and long TE (2000/ 23-

1 00) , with 5-mm thickness. In all cases, similar SE corona l 

images were available. In one case, axial T2* gradient-echo 

images were obtained (TR/ TE/ pulse angle 300/ 18/20°). 

The 0.5-T studies included sagittal SE (350-450/ 30) or 

gradient-echo ( 400-450/ 17 -1 8/ 90°) T1-weighted images, 

and axial SE intermediate and T2-weighted images (2000-

2200/ 50-1 00) of 5- to 7-mm thickness. Intermediate and 

T2-weighted SE coronal images were also avai lable in all 

cases. In addition , coronal or axial T1-weighted SE and/ or 

gradient-echo images were performed. In four cases, T2*

weighted images were also obtained (680/ 25/ 15°). 

In six cases, computed tomography (CT) studies were 

also available. 

The pathologic specimens that were compared with our 

MR studies were obtained from two cases from another 

institution . The pathologic cases will be referred to as cases 

P1 and P2 . The first case, a 9-year-old girl , had a progres

sive neurologic disorder beginning in early infancy. CT scan 

at age 5 demonstrated a small calcification in the right 

basal ganglia . The second patient, a woman who died at 

31 years of age in a mental institution , also had onset of 

her disease in early infancy. 

The brains of these two patients were sampled widely 

and the basal ganglia were submitted , in toto , for paraffin 

embedding and step-sectioning. Five-micron sections were 

prepared at each 1.5 mm and , at each level , slides were 

sta ined with hem atoxylineosin (H&E), solochrome cyanine, 

Bielschowsky , Prussian blue (iron), von Kassa (calcium}, 

pairment 

+++ Yes Yes +++ 

+ No Yes + 

+++ Yes Yes +++ 

++ No Yes + 

+++ Yes Yes +++ 

++ Yes Yes ++ 

+++ Yes Yes ++ 

+++ Yes Yes + 

and phosphotungstic acid hematoxylin (PT AH) stains. Fi

nally , selected slides were immunocytochemically stained, 

using the streptavidin-biotin method , for neurofilaments 

and glial fibri llary acidic protein. 

Results 

Clinical Aspects of Imaged Cases 

The essential clinical data of our eight cases 
are summarized in Table 1. 

The familial cases were two brothers (cases 1 
and 2), a brother and a sister (cases 3 and 4), and 
cases 5 and 6, which came from two different 
families in which there was history of HSD. 

The parents of the familial cases 1 to 5 were 
examined with MR and found to be normal. 

Neuroradiologic Findings 

CT. In four of six cases, CT demonstrated high 
densities consistent with calcifications in the me
dial part of the pallidum (Table 2). These high 
densities were tiny and symmetrical in two cases 
(Fig. 1A), slightly larger in another patient (case 
3); in one case, tiny high densities were visible 
only on the right side. There were no abnormal 
densities in the rest of the pallidum nor in other 
areas of the brain. 
MR. MR demonstrated somewhat different find
ings in 1.5-T and 0.5-T studies. At both field 
strengths, abnormalities were confined to the 
pallidum (Table 2). 

In 1.5-T studies , the most striking finding , seen 
in all cases, was very low signal intensity with 
very sharp margins in the pallidum, in T2-
weighted images (Fig. 2A). However, in the cen
tral or anteromedial part of the pallidum there 
was always an area of high signal intensity (Figs. 
28 and 38), which sometimes was more evident 
in proton density images and partly obscured in 
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TABLE 2: Pallidal abnormalities in e ight patients with HSD 

Dura tion of the 
MR Disease at Time of 

Case 
Examination (y r) 

Sex Age CT 
No. 0.5 T 1.5 T MR 

T1 T1 PD T2 T2* T1 T1 PD T2 T2* CT 

SE GE SE SE GE SE GE SE SE GE 
0.5 T 1.5 T 

M 26 N ! !et !!et !!et 8 15 

2 M 12 Not per- N !et !et ! e t 
formed 

3 M 17 Calcifications ! !! ! !et ! ll ~: 111~: 
8 9 8 

bilatera l 

4 F 10 Not per- ! !! !et !et ! ! et !!!et 2 
formed 

5 F 12 N N N et let 7 8- 10 
N et et 

6 F 19 Calc ifications ! !! et let 11~: ! 1~: I 111~: 
5 5 5 

right cs cs 

7 M 17 Calcifications ! 1 et 111~: 
4 4 

bi latera l cs 

8 M 9 Calc ifications ! !et !et !!et ! !et !!et ! !!et 4 4 4 

bi la te ra l 

Note: - N = normal; ! = mildly ; !! = moderately; !!! = markedly decreased signal intensity; et = eye-of-the-tiger sign; cs = centra l spot of 
hypointensity. 

Fig . 1. Case 7. 
A, CT scan shows tiny areas of increased density consistent with ca lcifications in the internal segment of the pallidum (arrows) . 
Band C, MR 1.5-T SE sequence (2000/ 28-1 00) in axia l section shows marked pallidal hypointensity in T2-weighted image consistent 

with iron deposits and a central spot of hypointensity within the hyperintense "eye-of-the-tiger" sign (arrows). 

T2-weighted images. Within this area, in three 
cases, there was a central spot of very low signal 
intensity (Figs. 1 B and 1 C). 

In 0.5-T studies, the signal intensity of the 
greatest part of the pallidum was normal in SE 

T2-weighted images. However , the high signal 
intensity in the central or anteromedial part of 
the pallidum was always evident (Fig. 3A). In one 
case, the central spot of low signal intensity seen 
with the 1.5-Twas evident also in the 0.5-T study. 
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Fig. 2. Case 4; MR 1.5-T. A and B, 
Coronal sections, SE 2000/ 90, show 
marked pallidal hypointensity with an 
area of increased signal intensity in the 
anteromedial part of the pall idum (B, 
arrowheads) . 

The magnetic susceptibility effect of iron was 
enhanced in two cases, giving lower signal inten
sity , in T2*-weighted, gradient-echo images. 
However, the difference in pallidal signal intensity 
between SE and gradient-echo images was more 
evident in our cases in T1-weighted images (Fig. 
4). 

No abnormalities could be demonstrated in the 
substantia nigra with either 1.5-T or 0.5-T mag
nets. 

Patients with different disease duration did not 
show differences in signal abnormalities. One 
patient (case 5), who had two MR examinations 
2 years apart, presented only a questionable in
crease in signal abnormalities. 

Pathologic Findings 

The fresh brain of case P 1 weighed 1280 
grams; the major gross pathologic finding was a 
rusty brown discoloration limited to the globus 
pallid us. The brain weight of case P2 was 81 0 
grams; both the globus pallidus and the substan
tia nigra presented a brownish discoloration (Fig. 
5A). 

On microscopic examination, in both cases, 
there were innumerable dystrophic axons through
out the globus pallidus (Fig. 58). In case P1 , 
dystrophic axons were abundant in the pencilate 
fibers of the caudate nucleus and putamen. This 
was less evident in case P2. In both cases, but 
particularly in case P 1, two histologic patterns 
were appreciated in the globus pallidus. The first 
consisted of a rather "dense" tissue consisting of 
dystrophic axons, reactive astrocytes, and resid
ual neurons. The second pattern was associated 
with a rather "loose" tissue in which the above 
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elements were separated by vacuoles (Figs. 6A, 
6C, and 6D). In case P2, the dense pattern pre
vailed. 

Mineralization was limited to the globus palli
dus and stains for iron were intensely positive 
(Fig. 68). Conversely , stains for calcium were 
negative. Although mineralization of the neuropil 
occurred throughout the globus pallidus, it was 
particularly evident in the central regions. Vessels 
within the globus pallidus showed sclerosis and 
mineralization (Fig. 68), particularly in case P2. 
Immunohistochemical staining for glial fibrillary 
acidic protein emphasized the gliosis of the palli
dum and demonstrated the reactive astrocytes. 
The dystrophic axons showed a spectrum in their 
immunopositivity for neurofilaments. 

It must be mentioned that an additional finding 
in case P2 was the presence of abundant neuro
fibrillary tangles in the neocortex, hippocampus, 
diencephalon, and brain stem. 

Discussion 

High densities on CT consistent with calcifica
tions , similar to those observed in our cases, can 
be observed in Fahr disease (17), in endocrine 
parathyroid disorders (17), and in mitochondrial 
encephalomyopathies, like MELAS (18, 19, 20); 
in these conditions, they are usually coarser than 
those observed in our cases of HSD. Moreover, 
the negative stains for calcium of our two path
ologic cases suggest that the high densities ob
served on CT scans in four of our patients could 
represent iron deposits. 

MR at high field intensity has the property of 
demonstrating iron or other paramagnetic ele
ments because of preferential T2 proton relaxa-
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Fig. 3. Case 8: SE T2-weighted im
ages in 0.5-T (A , 2100/ 100) and 1.5-T 
(B, 2000/ 90) studies. With intermediate 
field intensity (A) the high signal intensity 
areas are well seen (arrows); however, 
high f ield intensity is required to demon
strate satisfactorily the magnetic suscep
tibility effects of iron (B) (arrows). 

Fig . 4. Case 3: MR 0.5-T, T1-
weighted images in SE (350/ 30, A) and 
gradient-echo (410/ 18/ 90° , B) se
quences; pallidal hypointensity is well
seen on ly in gradient-echo images (ar
rows). 

A, Coronal section of the cerebral hemispheres demonstrates pigmentation of globus pallidus (arrows). 
B, The globus pallidus contains dystrophic axons (arrows) , residual neurons, astrocytes, and foci of mineralization. Neurons in the 

adjacent basal nuclei (inset) frequently contained neurofibrillary tangles. Hematoxy lineosin , X 320, inset X 640. 
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Fig . 6. CasePl . 
A , Coronal section of the lenticular nucleus demonstrates a "loose" area (arrows) bounded by the anterior commissure (*), internal 

capsule (**), and putamen (P). The caudate nucleus (C) and insula (I) are identified. Heidenhain 's myelin , X5.5. Compare with Figure 
28. 

8 , Pallidal iron deposits are found in both the brain tissue and the walls of lenticulostriate vessels ( V) . Perls ' Prussian blue, X 160. 
C, The "loose" area consists mainly of reactive astrocytes (arrows) and dystrophic axons (large arrowheads) separated by vacuoles 

(small arrowheads) . Hematoxylineosin, X 320. 
D, Mineralization (arrows) is more evident in the "dense" areas. Hematoxylineosin, X 320. 

tion enhancement ( 11, 21 , 22). This magnetic 
susceptibility effect is proportional to the square 
of the magnetic field intensity and causes a loss 
of signal intensity in T2-weighted images (22). 
MR exquisitely demonstrates the presence of iron 
in the pallidum in HSD (8-15); in one reported 
case, the MR-pathologic correlation is presented 
(14). In this report , MR demonstrates a small area 
of higher signal intensity within the low signal 
intensity of the pallidum in T2-weighted images. 
However, only a few reports emphasize that the 
signal intensity in the pallidum is not uniformly 
low, but that there is an area of higher signal 
intensity in the central or anteromedial part of 
the globus pallid us (11 , 12, 15). This has been 

called the "eye-of-the-tiger" sign by Sethi et at 
(12). 

The eye-of-the-tiger sign was demonstrated in 
all of our cases (Figs. 2 and 3). The high signal 
intensity, well demonstrated in both 1.5-T and 
0.5-T studies, is consistent with a lesser amount 
of iron and high water content. In 0.5-T studies, 
in which iron magnetic susceptibility effects are 
poorly detectable, this high signal intensity area 
within the pallidum could, therefore, suggest 
HSD. 

High signal intensity in the globus pallidus, 
however, can be observed in a variety of lesions , 
including ischemia and a few metabolic disorders 
such as organic acidurias (23). Other disorders 
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affecting the basal ganglia, such as Leigh disease 
and other mitochondrial encephalopathies, infan
tile bilateral necrosis, and Wilson disease, more 
frequently involve the neostriatum, particularly 
the putamen, rather than the pallidum (24-27). 

In our series of patients with clinical diagnosis 
of HSD, MR both at high and intermediate field 
intensity demonstrates pathologic findings con
fined to the pallidum, suggesting iron deposits in 
almost the entire nucleus, except for a small area 
of signal intensity consistent with increased water 
content. 

The pathologic reports of HSD cases (1, 5 , 6 , 
16, 28) never clearly mention a different distri
bution of the histologic abnormalities within the 
pallidum. Only Dooling et al (2) stated that gliosis 
and destructive changes tend to occur mostly in 
the internal segment of the pallidum. 

The histologic findings of the pathologically 
proved cases here reported demonstrate that, 
particularly in case P1 , there are areas with dif
ferent tissue density within the pallidum (Fig. 6). 
The areas of vacuolization with less abundant 
iron deposits provide a good explanation for the 
areas of high signal intensity in T2-weighted im
ages constantly observed in MR studies (compare 
Fig. 6A with MR studies) . 

In HSD, the iron in the globus pallidus does not 
extend beyond its boundaries, and this also cor
responds well to the sharp margin of low signal 
intensity seen in T2-weighted images (Figs. 2A 
and 38). If tiny deposits of calcium are present, 
they are in any case limited to a much smaller 
area than the deposits of iron, which involve the 
whole pallidum up to its edges, as demonstrated 
by the extent of the magnetic susceptibility ef
fects observed on MR (Fig. 1 ). 

In spite of the good correspondence between 
the MR features and the pathologic findings of 
HSD cases, a few clinical and imaging problems 
regarding the specificity of diagnosis of HSD 
remain. Other neuroaxonal dystrophies, with a 
somewhat different clinical presentation from that 
of our HSD cases, present the same pathologic 
abnormalities in the globus pallidus, as reported 
by Dooling et al (2) and Eidelberg et al (28). The 
central spot of hypointensity seen in three of our 
cases within the hyperdense area in the antero
medial part of the pallidum (Fig. 1) was not seen 
in any other case reported in the literature that 
we reviewed nor was it found to have a correlate 
in the two pathologic cases we studied. 
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