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Background and Purpose: Susceptibility-weighted imaging (SWI) has been shown to be
superior in its ability to demonstrate brain mineralization than other conventional MR imaging.
The goal of our study was therefore to assess the frequency and extent of putaminal hypoin-
tensity in parkinsonian variant MSA using SWI. Methods: 11 patients with multiple system
atrophy-parkinsonian type (MSA-p), 30 patients with Parkinson’s disease (PD), and age
matched 30 controls were investigated using 3 Tesla MRI. The pattern of putaminal hypoin-
tensity was measured using a visual grading scale and scored from 0 to 3. Results: Hemi-
or bilateral putaminal hypointensity (a score of = 2) and hyperintense rim were recognized in
81.8% and 54.5% of 11 MSA-p, respectively. The scores of putaminal hypointensity of MSA-
p were significantly higher than other groups (p < 0.001), a score of = 2 differentiated MSA-p
from other groups. And all five patients with early disease stage also showed these character-
istic findings. Conclusions: SWI appears to be useful for depicting putaminal hypointensity
even in early stage of MSA-p. This finding suggests that iron deposition associated putaminal
degeneration can occur early in the disease process.
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It is challenging to distinguish patients with the Parkinson variant of multiple system atro-
phy (MSA-p) from those with Parkinson’s disease (PD) in early stages of the disease.' The
evaluation of putaminal changes using brain MRI has been shown to be useful in the differ-
ential diagnosis of PD and MSA-p.

Typical alterations predominately found in MSA-p patients include putaminal atrophy and
a hyperintense lateral rim corresponding to neuronal cell loss and gliosis in this area.” The
ability of T2*-weighted gradient echo (T2*W) sequences to detect the paramagnetic effects of
iron deposition in the putamen has been discussed in previous studies.** However, these char-
acteristic MRI features are predominantly found in cases in advanced stages of disease.
Moreover, conventional MRI sequences are not sensitive enough to detect subtle putaminal
alterations in early disease stages. Currently, diffusion-weighted MRI® and MRI-based volu-
metric measurements® are useful methods for evaluating subtle putaminal pathology, but these
methods are not practical for use in daily clinical practice as they require advanced analysis
techniques. Thus, the development of a simpler method for evaluating putaminal changes is
necessary.

A newer MRI technique, susceptibility weighted imaging (SW1), is more sensitive for the
detection of brain mineralization, including iron deposition, than conventional MRI sequenc-
es.” Additionally, SWI creates better anatomic images in which the basal ganglia structures
are easily visible. The goal of our study was therefore to develop a simple method for evalu-
ating putaminal changes in patients with MSA-p by SWI that could aid in the differential di-
agnosis from PD.
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Methods

Subjects

Eleven patients with MSA-p, thirty patients with PD, and
thirty age-matched controls were enrolled. Patients who had
been diagnosed with either MSA or PD and followed-up at
Pusan National Univeristy Yangsan Hospital underwent 3-T
MRI between March 2009 and August 2010 and had no non-
degenerative structural lesions on brain MRI. Clinical diag-
noses of MSA and PD were made according to the consensus
statement by Gilman et al.® and the UK Parkinson’s Disease
Society Brain Bank Clinical Diagnostic Criteria,” respective-
ly. This was a retrospective study of data housed at our hos-
pital. The privacy of patients was completely protected, and
the study was approved by the institutional ethics committee.

MRI protocol and image analysis

All brain MRI was performed using the 3 Tesla MRI sys-
tem (Verio, Siemens, Germany). The axial scans were set par-
allel to the intercommissural line. The following sequences

Grade 0 Grade 1

were performed routinely: axial T2-weighted images, axial
fluid attenuated inversion recovery images, axial T1-weighted
images, and susceptibility-weighted images. The following
imaging parameters were used for the SWI sequence: TR =28
ms, TE =20 ms, Flip angle = 20°, matrix size = 320 x 240, and
slice thickness = 2 mm.

The signal intensity of each putamen and the localization of
abnormality on SWI were evaluated separately by two raters,
a neurologist (L.J.H) and a neuroradiologist (B.S.K). In cases
of discrepancy between grades assigned by the two raters, the
final grade for analysis was decided by consensus between the
two raters. The SWI slice in which the putamen was best vi-
sualized was used. The putaminal signal intensity and distri-
bution was assessed and scored as follows: Grade 0: similar
to CSF intensity; Grade 1: condensed lineal lateral margin
without a posterolateral gradient, greater than CSF intensity;
Grade 2: marked hypointensity with a posterolateral gradient,
similar to the vein of Galen; Grade 3: marked postereolateral
to anteromedial hypointensity (Figure 1). If the scores of the
two sides (right/left) differed, the higher score of the more hy-

Grade 2 Grade 3

Figure 1. Axial SWI images demonstrate increasing grades of putaminal hypointensity (indicated by white arrows, grades 0 to 3). SWI: sus-

ceptibility weighted imaging.

Table 1. Demographic characters and SWI scores of the subject groups

MSA-P (n=11) PD (n=30) Controls (n=30)
Demograhic characteristics
Mean (SD) age (years) 61.3(5.8) 62 (8.8) 60.2 (7.1)
Male/Female 14/16 14/16
Mean (SD) disease duration (years) 2.4(1.9) 1.9 (1.48)
Putaminal hypointensity, N x 2
Grade 0 0 32 36
Grade 1 10 27 23
Grade 2 ) 1 1
Grade 3 6 0 0
Higher score (mean + SD) 2.18 +0.68* 0.47 £0.51 0.43 £0.57
Mean score (mean + SD) 1.81 £0.75* 0.48 £0.52 0.42 +0.53

*0<0.001 vs. PD and Controls. N: number of the putamen evaluated, SD: standard deviation, SWI: susceptibility weighted imaging,
MSA-P: multiple systematrophy.
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pointense nucleus and the mean score of both sides were in-
cluded in the analysis. Other parameters such as hyperintense
putaminal rim and hyperintensity of the pons (“hot cross bun”
sign) on T2-weighted images, and brain stem and cerebellar
atrophy were also included.

Statistical analysis was carried out using SPSS software (ver-
sion 12.0, SPSS, Chicago, IL, USA). The Krunskal-Willis test
was used to assess differences in patient characteristics. The
Mann-Whitney U test was used to compare the grade of pu-
taminal hypointensity between groups. The Spearman’s rank
correlation coefficient was used to evaluate the correlation be-
tween age or clinical scales and the grade of putaminal hypoin-
tensity. To verify the reproducibility of the findings, the inter-
rater reliability was evaluated by calculating Cohen’s kappa.

Results

There were no significant differences in mean age, sex dis-
tribution, and disease duration among the MSA-p, PD, and
control groups (Table 1). The inter-rater reliability for putam-
inal hypointensity was good (Cronbach’s alpha = 0.8). The sco-
res corresponding to the grade of putaminal hypointensity on
each sequence are summarized in Table 1. The scores (both
higher and mean scores) of putaminal hypointensity in the
MSA-p group were significantly higher than in the PD and
control groups (p < 0.001). There were no significant differ-
ences in putaminal hypointensity scores between the PD and
control groups. Hemi- or bilateral putaminal hypointensity (a
score = 2) and a posterolateral hyperintense rim were recog-
nized in 81.8%, and 54.5% of the 11 MSA-p cases, respec-
tively; all five patients with disease duration shorter than one
year also showed these characteristic putaminal hypointensity
(Figure 2). Three cases demonstrated hypointensity on SWI (a
score > 2) without a posterolateral hyperintense rim. Atrophy
in the brain stem and cerebellum and the “hot cross bun” sign
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were found in 7 and 2 subjects, respectively. There was no co-
rrelation between putaminal scores and age, disease duration,
or severity using UPDRS-motor scores in MSA-p subjects. In
6 subjects, the region of the putamen that was contralateral to
the more severely affected limb was more hypointense than
that on the ipsilateral side.

Discussion

Assessing the “posterolateral” putaminal margin is impor-
tant for distinguishing patients with MSA-p from those with
PD in the early disease stages.>'*!" Pathologic study indicates
that patients with MSA-p display neuronal cell loss, gliosis,
and ferritin and Fe (3+) deposition predominantly in the pos-
terior areas of the putamen.'>** Several studies have shown
that a posterolateral hyperintense rim corresponding to gliosis
is the hallmark of putaminal abnormality on MRI.'>'* How-
ever, the slit-like hyperintense rim is present in normal sub-
jects, especially in 3 Tesla MRI, after which it becomes in-
creasingly vague.'”'® In our cases, a posterolateral hyperin-
tense rim was not a better marker of MSA-p than putaminal
hypointensity due to its relatively low sensitivity, especially in
early stages of the disease.

A pilot study using 1.5T MRI provided evidence for the di-
agnostic potential of SWI in differentiating PD, PSP, and
MSA-p groups.'” However, in contrast to our results, putamin-
al hypointensity on SWI did not differentiate MSA-p and PD.
According to their grading system, the putaminal signal abnor-
malities were focused only on the signal intensity. The charac-
teristic pattern of putaminal mineralization with a lateral to me-
dial gradient was ignored. In our experience, isolated lineal hy-
pointensity in the lateral putaminal margin without a poste-
rolateral gradient on SWI is a nonspecific finding and is comm-
only observed in age-related physiological mineralization. Our
data suggest that the pattern consisting of posterolateral putam-

Figure 2. A 51-year-old male with par-
kinsonian variant of multiple system at-
rophy. Axial SWI (A) shows marked hy-
pointensity in right putamen (Grade 2).
On T2-weighted image (B), putaminal
hypointensity is subtle compared with
SWI. SWI: susceptibility weighted imag-
ing.
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inal hypointensity with a striking lateral to medial gradient on
SW1 is a highly specific sign of MSA-p.

The characteristic putaminal hypointensity on SWI was ob-
served in most of the MSA-p patients with early disease stage.
This finding suggests that putaminal iron deposition can occur
early in the disease process, which coincides with previous pat-
hological observations.'? This may also explain why we did not
observe a relationship between putaminal signal loss and dis-
ease duration.

Our study is limited by the absence of pathologic diagnosis.
The lack of postmortem definite diagnosis increases the likeli-
hood of misdiagnosis in some patients. Two patients with MSA
did not reveal abnormal findings on SWI, although their clini-
cal symptoms were consistent with MSA-p. Previous studies
also reported a lack of abnormality on T2*W sequences for
some patients.’ Additional studies that evaluate SWI-patholog-
ic correlations with larger samples are still needed.

In conclusion, the simple visual assessment of putaminal
abnormalities on SWI might be valuable for differentiating
MSA-p from PD and healthy subjects in daily clinical prac-
tice. SWI appears to be useful for depicting putaminal hypoin-
tensity, even in patients with disease duration shorter than one
year, suggesting that putaminal iron deposition can occur ear-
ly in the disease process.
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