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"H MR Spectroscopy in Parkinson’s Disease and

Progressive Supranuclear Palsy : Preliminary Study

Kee Hyun Chang, M.D., Beom Seok Jeon, M.D.2, In Chan Song, M.S.3-4,

Byoung Goo Min, Ph.D.3, Man Chung Han, M.D.

Purpose: To determine whether "H magnetic resonance spectroscopy (MRS) is
useful in differentiating idiopathic Parkinson’s disease (IPD) from progressive
supranuclear palsy (PSP), based on metabolite ratios.

iViaterials and Methods:Using a 1.5 T MR Unit, single voxel "H MRS using
STEAM with a TR of 2000 ms and a TE of 135 ms was performed in seven PD and
eight PSP patients. Five age-matched volunteers(mean age, 63 years) and
another five younger healthy volunteers(mean age, 30 years) were studied as nor-
mal controls. The regions of interest were the putamen and pallidum, with a size
of 2 X 2Xx 2cm. After measuring the spectral intensities of each metabolite
(N-acetylaspartate=NAA, choline =Cho, creatine=Cr and lactate), relative peak
height ratios of NAA/Cr, Cho/Cr and NAA/Cho, and lactate levels among four
groups were compared.

Results: NAA/Cho and NAA/Cr ratios were statistically lower inthe PSP group
than the IPD group (1.21 + 0.26 versus 1.45 + 0.20, and 1.26 + 0.23versus1.38 + 0.
19, respectively: p<0.05). NAA/Cho and NAA/Cr ratios were significantly lower
in age-matched controls than in younger normal controls (1.39 + 0.21 versus 1.76
+0.15, and 1.36 =0.13 versus 1.79 = 0.17, respectively: p<0.05). However,
NAA/Cho and NAA/Cr ratios between age-matched controls and IPD were not
significantly different (p>0.05). Cho/Cr ratios were not different among four
groups. Lactate was not detected inany patients.

Conclusion: NAA/Cho and NAA/Cr ratios in the corpus striatum were signifi-
cantly lower in the PSP group than in the age-matched control and IPD groups.
These results suggest that loss of neuron cells in the corpus striatum is more
prominent in PSP than in IPD, and that NAA/Cho and NAA/Cr ratios may help in
differential diagnosis of IPD and PSP.
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INTRODUCTION

Parkinsonism is a clinical syndrome with rest
tremor, bradykinesia, rigidity, freezing and loss of pos-
tural reflexes as cardinal features. It is generally
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classified into idiopathic Parkinson’s disease (IPD),
symptomatic or secondary parkinsonism and Par-
kinson-plus syndrome. IPD is the most common cause
of parkinsonism, and the main pathology lies in the ‘-
substantia nigra pars compacta (SNpc). Severe de-
pletion of dopaminergic neurons in the SNpc and sub-
sequent nigrostriatal dopaminergic denervation are
responsible for parkinsonian symptoms. Dopami-
nergic replacement and dopamine receptor agonists
are highly effective. Symptomatic parkinsonism is
caused by known disease processes such as infarctsin
the basal ganglia, or biochemical blockade of the
nigrostriatal system by neuroleptics. It can be correctly
diagnosed by clinical information and neuroimaging
studies (1). Parkinson-plus syndrome includes a var-
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iety of neurodegenerative disorders with parkinsonian
features as a part of the broad neurological manifes-
tation. Progressive supranuclear palsy (PSP) is the
most common Parkinson-plus syndrome (2). The path-
ology of PSP is much more widespread in distribution
than that of IPD, and is characterized by neuronal loss
and gliosis in the globus pallidus, putamen, subthal-
amic nucleus, red nucleus, dentate nucleus, and in the
periaqueductal gray and tectum of the brainstem (3).
L-dopa and dopamine receptor agonists are ineffective
and the course is much more aggressive, with a fatal
outcome in five to eight years (4, 5). Unresponsiveness
to L-dopa and dopamine receptor agonists is thought to
be due to loss of receptor neurons in the striatum (6).
The diagnosis usually depends on characteristic clini-
cal features. It is, however, often difficult to differen-
tiate IPD from Parkinson-plus syndrome such as PSP
by clinical criteria and neuroimaging studies (2, 7). As
hoth IPD and Parkinson-plus syndrome are degenerat-
ive diseases without a specific known cause, there are
no definite biochemical and neurophysiological tests
to make a differential diagnosis, though recent
advances in imaging studies have made some prog-
ress in these diseases. There may be increased iron
deposition in the SNpc, demonstrable by MR imaging
in IPD (8). However, clinical application to individual
cases is limited because of the wide overlap with the
normal population (9). In PSP, brainstem atrophy and
decreased signal in the putamen may be seen, but are
not sensitive or specific (10). In IPD, a fluorodopa PET
scan shows a decreased uptake of fluorodopa in the
striatum with an anterior-posterior down-sloping and a
greater decrease in the gradient, putamen, whereas in
PSP it shows a decreased uptake of fluorodopa in the
whole putamen. (11). Most importantly, the basic ques-
tion of L-dopa responsiveness or intactness of receptor
neurons is not addressed.

Differences in the distribution of striatal pathologic
lesions between IPD and PSP might be reflected by a
difference in metabolites detectable on 'H magnetic
resonance spectroscopy (MRS), thus contributing to a
better understanding and diagnosis of parkinsonism.
The pathologic findings lead to the hypothesis thatcer-
ebral metabolites such as N-acetylaspartate (NAA),
choline (Cho), and creatine compounds (Cr), which can
be measured by in vivo 'H MRS in the striatum may be
more prominently decreased in PSP than in IPD. The
purpose of this study is to determine whether the spec-
tral intensities of the metabolites in the striatum as
measured by single voxel "H MRS demonstrate any
differences between IPD and PSP.

MATERIALS and METHODS

Seven patients with IPD (four men and three women,
53 —68 years ; mean 60 years) and eight patients with
PSP (six men and two women, 61 —75 years ; mean 68

years) were examined with in vivo single voxel 'H
MRS. The diagnosis of IPD followed the criteria of Core
Assessment Program for Intracerebral Transplan-
tation (12). IPD duration was 3—10 years and patients
were moderately to severely affected (Hoehn-Yahr
scale:2.5—4). The criteria for PSP followed those of
Golbe et al (5). Duration of the disease was 1 —8 years
and the Hoehn-Yahr scale was 3—5. In both groups of
patients, MR imaging normal other than nonspecific
findings such as diffuse brain atrophy or low signal in-
tensity in the putamen on T2-weighted images. Three
patients with PSP had multiple small foci of high inten-
sity in the periventricular white matter on T2-weighted
images. Five age-matched (two men and three wo-
men, 59 —73 years ; mean 63 years) and five younger
(five men, 27 —32 years;mean 30 years) control
subjects were also studied. ‘
All 'H MRS measurements were performedonai.5T
MR unit (Magnetom SP, Siemens, Erlangen, Germany)
using a standard CP head coil and spectroscopy pack-
age. In every patient the MR spectra were obtained
from both the right and left striata with a voxel size of
2 X 2 X 2cm, using STEAM sequence (TR=2000ms,
TE=135ms, 128scans). First, a set of three T2-wei-
ghted orthogonal axial, coronal and saggital images of
the brain was acquired using the turbo spin echo tech-
nique, and an image at the level of the basal gangliain
each plane was chosen as a reference for voxel lo-
cation. The voxel included primarily the basal ganglia,
encompassing both the putamen and globus pallidus
(Fig. 1). Approximately 10—20% of the voxel volume
was estimated to be outside the striatum. Field hom-
ogeneity was shimmed to give alocalized water-proton
spectral line width of 4 —8 Hz before data acquisition.
Following the zero-filling of raw data to 4096 points,
exponential line broadening (center :0ms, half time:

Fig. 1. T2-weighted MR image in a normal younger control sub-
ject showing avoxel of 2 X2 X2 cm in the rightcorpus striatum
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150ms) was applied before Fourier transformation.
The spectra were phased manually and second-order
baseline was corrected. After measurement of the
peak heights of the metabolites’ resonances including
NAA, Cho and Cr, the relative peak height ratios of
NAA/Cho, NAA/Cr, and Cho/Cr were calculated and
compared among four groups. A peak of lactate (1.34
ppm) or lipid in the 0.9t0 1.3 ppm region, if present, was
then selected. MR spectral data were analysed by one
of the authors (I. C. S.) blinded to the clinical diagnosis.
The student unpaired t-test was used for statistical
analysis.

RESULTS

In all patients specira were obtained unevent- fully,
taking approximately one hour per patient. All the
spectra were of acceptable quality, even though some
showed poor baseline correction, and wereincludedin
the data for subsequent analysis. In all subjects, "H MR
spectra demonstrated peak resonances of three
metabolites of NAA, Cho and Cr. The spectra from
younger and age-matched control subjects and from
patients of IPD and PSP are shown in Fig. 2. Table 1
shows a comparison of mean values of NAA/Cho,
NAA/Cr, and Cho/Cr ratios in all control subjects and
patients with IPD and PSP.

Mean values of NAA/Cho and NAA/Cr ratios in the

elderly age-matched control subjects were lower than
those in the younger control subjects, respectively (1.
39 + 0.21 versus 1.76 = 0. 15 for NAA/Cho, p<0.05;1.
36 +0.13 versus 1.79 + 0.17 for NAA/Cr, p<0.05).
However, the mean values of NAA/Cho and NAA/Cr
ratios were not different between age-ma- tched con-
trol subjects and IDP (1.39 + 0.21 versus 1.45 + 0.20
for NAA/Cho, p>0.05;1.36 = 0.13 versus 1.38 = 0.19
for NAA/Cr, p>0.05). Mean values for NAA/Cho and
NAA/Cr in PSP patients were lower than those of
patients with IPD (1.21 = 0.26 versus 1.45 + 0.20 for
NAA/Cho, p<0.05;1.26 + 0.23 versus 1.38 = 0.19 for
NAA/Cr, p<0.05), even though the spectral pattern of a
given patient with PSP appeared to be not significantly
different from that of age- matched controls and IPD
patients, as in Fig. 2. Mean values of NAA/Cho and
NAA/Cr ratios tended to be slightly higher in the left
striatum than in the right one, but were not statistically
significant. There was no difference between sexes.

Mean values of Cho/Cr ratios were not significantly
different among the four groups. A resonance peak of
lactate or lipid was not detected in any subjects
examined.

DISCUSSION

Morphological neuroimaging studies such asCT and
MR imaging are of limited value in distinguishing the

5 5 Fig. 2. In vivo 'H MR spectra obtained on a
] 1.5 T MR unitusing a STEAM sequence with
44 4 a TR of 2000 ms and a TE of 135 ms for a
A B younger healthy control (a), an elderly
© 3 g 3 age-matched control (b), a patient with IPD
-5;’ 24 Cho E 2 (c) and a patient with PSP (d).
Cr NAA/Cho and NAA/Cr ratios of (a) are
4 1 higher than those of (b), (c) and (d).
0 o Although mean NAA/Cho and NAA/Cr ratios
of PSP groups are statistically lower than
; 3 3 I — p 3 z ; those of IPD group, the metabolite ratios in
1 0 o
Chemical shift / ppm Chemical shift / ppm (b) appear to be similar to those of (c) and
a b (d).
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4 4
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Table 1. Mean Values of Metabolite Ratios in Striata in Control Subjects and Patients with IPD and PSP

_ - mean(SD)
NAA/Cr* Cho/Cr NAA/Cho **
Younger control
Left(n=5) 1.85(0.12) 1.18(0.09) 1.59(0.19)
Right(n=5) 1.73(0.21) 1.14(0.20) 1.56(0.36)
Total(10/5) 1.79(0.17) 1.16(0.15) 1.57(0.27)
Age-matched control

Left(n=5) 1.41(0.11) 1.03(0.23) 1.40(0.21)
Right(n=4) 1.31(0.15) 0.96(0.07) 1.38(0.24)
Total(9/5) 1.36(0.13) 0.99(0.17) 1.39(0.21)

IPD
Left(n=7) ' 1.41(0.19) 0.94(0.07) 1.50(0.14)
Right(n=7) 1.36(0.20) 0.99(0.21) 1.40(0.24)
Total(14/7) 1.38(0.19) 0.96(0.15) 1.45(0.20)

PSP
Left(n=10) 1.33(0.29) 1.09(0.21) 1.24(0.24)
Right(n=10) 1.19(0.13) 1.07(0.32) 1.18(0.29)
Total(20/10) 1.26(0.23) 1.08(0.26) 1.21(0.26)

STEAM sequence (TR/TE = 2000/135 ms) is used for all spectra.
The values are based on the peak heights of resonances.
IPD=idiopathic parkinson’s disease

neurodegenerative causes of parkinsonism and often
show no abnormality. Parkinson-plus syndromes may
show low signal intensity in the putamen and SNpc on
T2-weighted MR images, indicating iron deposit (7, 8,
10). Such a low striatal signal, however, can also be
seen in many elderly normal subjects (9). The presence
of atrophy of the brainstem, cerebrum, and cerebellum
may help distinguish IPD from Parkinson-plus syn-
drome, butis neither specific nor sensitive (10).
Clinical in vivo '"H MRS shows promise as a tool to
improve diagnostic accuracy under these conditions. A
few investigations of '"H MRS spectral findings have
been reported (13—15). In a study by Heerschap et al
(13), mean values of NAA/Cho and NAA/Cr ratios
measured in the striatum of IPD were not significantly
different from those of normal controls, as in the pres-
ent study. Recently, there has been a multicenter study
reporting '"H MR spectra measured in the striatum of
IPD patients (15) ; in that study, the combining data from
all ages demonstrated no significant difference of
NAA/Cho and NAA/Cr ratios between normal control
subjects and IPD patients, whereas considering those
in elderly age-matched patients, there was a significant
decrease of NAA/Cho ratios in IPD patients compared
to normal controls. These are not consistent with the
results of the present study. In a study by Bowen et al
(14), in which the metabolites were measured in the oc-
cipital lobes, NAA/Cho and NAA/Cr ratios of IPD
patients were not significantly different from those of
normal controls. However, the lactate/NAA ratio was
described as elevated in IPD patients. Inhibition of
mitochondrial electron transport and concomitant in-

*p<0.006 for PSP vs. IPD
Student unpaired t-testis used for the statistical analysis.
PSP=progressive supranuclear palsy

**p<0.003 for PSP vs. IPD

crease in free radical generation due to defects in oxi-
dative pho- sphorylation have been suggested as a
pathogenesis of dopaminergic cell loss in IPD. Bowen
et al (14) interpreted a significant increase of the lac-
tate/NAA ratio in the occipital lobes of IPD patients as a
consequence of impairment of oxidative phosphoryla-
tion. However, in the present study we did not observe
an increase of lactate in the basal ganglia in either the
control or parkinsonian patients. No detection of lac-
tate signal in the present study might be due to use of
the STEAM sequence with a TE of 135 ms, in which
J-modulation of lactate reduces its signal intensity.
However, other group also did not observe increased
lactate levels in a recent '"H MRS study on IPD patients
(15). Further investigations are needed for the detec-
tion of lactate signal in IPD patients.

In our present study, the mean values of NAA/Cr and
NAA/Cho ratios of the elderly age-matched control
subjects and the patients with IPD and PSP are slightly
lower than those of the published data (13, 15). The dif-
ference is probably caused by differing measurement
parameters including repetition time, echo time, pulse
sequence (double spin echo or STEAM), and post-
processing including calculation of peak areas versus
peak heights.

Our data showing that NAA/Cr and NAA/Cho ratios
were lower in older than in younger controls suggest
that neuronal cells in the striatum of healthy subjects
decrease with aging. This is consistent with the diffuse
brain atrophy with the aging process. To our knowl-
edge, there has been no report in the literature that
NAA/Cr and NAA/Cho ratios are lower in PSP than in
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IPD patients. That result in the present study is in
agreement with the hypothesis that there is more loss
of neuronal cells in the striatum of PSP patients. Decr-
eased NAA/Cho and NAA/Cr ratios in PSP mightbe due
to decreased NAA or alternatively due to increased
Cho and Cr. Absolute quantitation of the metabolites
would resolve the question. However, the age differ-
ence between IPD and PSP (mean ages:60 and 68)
may also contribute to the difference, and will need to
be further pursued

In conclusion, mean values of NAA/Cho and NAA/Cr
ratios in the striatum were lower in PSP than in the
age-matched controls and IPD, whereas those rations
were not different between the age-matched controls
and IPD. These results support the hypothesis that
there is more loss of neuronal cells in the striatum in
PSP than in IPD. Thus, 'H MRS measurement of NAA,
Cho and Cr, and their ratios may be of help in
differentiating PSP from IPD.
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