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Abstract We investigated the vi-
sual event-related potentials
(ERPs) in two subtypes of multi-
system atrophy (MSA) in 15 MSA-
C patients, 12 MSA-P patients, and
21 normal control (NC) subjects.
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ORIGINAL COMMUNICATION

Visual event-related potential changes
in two subtypes of multiple system
atrophy, MSA-C and MSA-P

We used a visual oddball task to
elicit ERPs. No significant changes
were seen in N1 or N2 latency, in
either MSA-C or MSA-P, compared
with the NC group. An early stage
of visual information process re-
lated to N1 and a visual discrimi-
nation process related to N2 might
be preserved in both MSA-C and
MSA-P. The P3a peak was more fre-
quently undetectable in MSA than
in the NC group. Significant P3a
amplitude reduction in both MSA-
C and MSA-P suggests impairment
of the automatic cognitive process-
ing in both MSA-C and MSA-P. Sig-
nificant difference was found in
P3b latency and P3b amplitude
only in MSA-C, compared with the
NC group. The result suggests the
impairment of the controlled cog-
nitive processing after the visual
discrimination process in the MSA-
C group. We further investigated
the correlation between visual ERP
changes and magnetic resonance

imaging (MRI) data. Quantitative
MRI measurements showed re-
duced size of the pons, cerebellum,
perisylvian cerebral area, and deep
cerebral gray matter in both MSA-
C and MSA-P, and of the corpus
callosum only in MSA-P, as com-
pared to NC group. In both MSA-C
and MSA-P, P3b latency was signif-
icantly correlated with the size on
MRI of the pons and the cerebel-
lum. P3b latency in the whole MSA
group was also significantly corre-
lated with the size of the pons and
the cerebellum. These results indi-
cate that P3b latency changes in
parallel with the volume of the
pons and the cerebellum in both
MSA-C and MSA-P.

Key words multiple system
atrophy - visual event-related
potentials - oddball paradigm -
cognitive functions - quantitative
MRI measurements

Introduction

The term multiple system atrophy (MSA) was first pro-
posed in 1969 for three different entities, olivoponto-
cerebellar atrophy (OPCA), striatonigral degeneration
(SND), and Shy-Drager syndrome. According to the di-
agnostic criteria proposed by the Minneapolis Consen-
sus Conference on MSA [3], MSA patients are divided
into patients with predominant cerebellar features
(MSA-C) and patients with predominant parkinsonian

features (MSA-P). Although cognitive dysfunction was
not considered a main feature of MSA [1, 21], Wenning
et al. reported that mental disturbance in pathologically
proven MSA patients was relatively common; mild in
22 %, moderate in 2 %, and severe in 0.5 % [28]. The SND
group, when compared with an age and IQ matched
normal control group, showed abnormal results on neu-
ropsychological tests sensitive to frontal lobe dys-
function [21, 22]. The SND group, when compared with
a MMSE score-matched parkinson’s disease group,
showed significant deficits in attention tasks [11]. How-
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ever, it is still not certain whether SND patients have
deficits in global intelligence. Hirono et al. showed mild
abnormalities in Wechsler Adult Intelligence Scale test,
verbal fluency, visuospatial function, and depression
scale in patients with spinocerebellar degeneration in-
cluding OPCA [6]. They hypothesized that frontal lobe
dysfunction exists in spinocerebellar degeneration with
impaired cerebello-cerebral interconnections. From
these neuropsychological studies, we can assume that
the occurrence of mild cognitive deficits in MSA is not
uncommon.

Many neurophysiological studies have used event-re-
lated potentials (ERPs) to evaluate cognitive impair-
ments in neurodegenerative diseases. The ERPs during
an oddball task can be regarded as an electrophysiolog-
ical index of cognitive function. P3a after rare nontar-
gets and P3D after rare targets reflect automatic and con-
trolled cognitive processing, respectively [10,30]. Recent
reports [16, 27] indicate that neuropsychological evalu-
ation may contribute to the differential diagnosis of
movement disorders including MSA. Therefore, ERP
testing may also assist in the differential diagnosis of
MSA.

There are only a few previous ERP studies on MSA,
and these reported the results from a small number of
OPCA or SND patients [12,26]. Our present study inves-
tigated statistical abnormalities of visual oddball ERPs
in MSA-C and MSA-P. We also examined the morpho-
logical changes of the brain in MSA-C and MSA-P, by
quantitative magnetic resonance imaging (MRI) mea-
surements, and investigated the correlation between vi-
sual ERP changes and MRI data.

Subjects and Methods

Subjects

Diagnosis of MSA was determined on the basis of neurological ex-
amination as well as history of present illness and sporadic features
of family histories. All patients were diagnosed as probable MSA on
the basis of the diagnostic criteria for MSA proposed by the Min-
neapolis Consensus Conference [3]. Any patient with cerebral infarc-
tions on MRI was excluded from the study. We investigated the pa-
tients diagnosed as MSA in Neurology Service, Yokohama City
University Hospital, through 1996 to 2000. From these MSA patients,
we only enrolled subjects who could still perform a visual oddball
task. The MSA patients consisted of 15 MSA-C patients (7 men and 8
women) and 12 MSA-P patients (6 men and 6 women). The age of the
MSA-C group ranged from 46 to 77 years, with a mean (standard de-
viation, SD) of 61.5 (9.2),and the age of the MSA-P group ranged from
49 to 74 years, with a mean (SD) of 62.3 (7.3). The normal control (NC)
group consisted of 21 elderly healthy volunteers (9 men and 12
women) who were age-matched to the MSA-C and MSA-P patients.
All the NC subjects showed normal neurological findings and had no
specific neurological diseases. None of the NC subjects had any his-
tory of medical or psychiatric disorders or any abnormal MRI find-
ings. The age of the NC group ranged from 48 to 77 years, with a mean
(SD) of 61.6 (9.0).

The duration of illness and the clinical motor severity scores in

MSA-C and MSA-P patients are shown in Table 1. The onset age was
defined as the age at which the patients first noticed neurological
symptoms. The duration of illness in the MSA-C group ranged from
1to 9 years,with a mean (SD) of 3.7 (2.6),and that in the MSA-P group
ranged from 1 to 8 years, with a mean (SD) of 3.3 (2.0). The clinical
motor severity scores in the patients were classified into 5 grades [5]:
Grade 1, patients who did not need any assistance in walking; Grade
2, patients who needed assistance only when trying to stand, turn,and
step up or down; Grade 3, patients who needed assistance in walking;
Grade 4, patients who were unable to walk and needed assistance in
standing; and Grade 5, bedridden patients. The clinical motor sever-
ity scores in the MSA-C group ranged from Grade 1 to Grade 5, with
amean (SD) of 2.47 (1.1), and those in the MSA-P group ranged from
Grade 1 to Grade 5, with a mean (SD) of 2.33 (1.5).

On the Wechsler Adult Intelligence Scale-Revised (WAIS-R) test in
MSA-C, the full-scale IQ ranged from 71 to 102 with a mean (SD) of
89.0 (11.4), verbal IQ ranged from 69 to 107 with a mean (SD) of 93.2
(15.6), and performance IQ ranged from 76 to 96 with a mean (SD) of
85.2 (8.8). On the WAIS-R test in MSA-P, the full-scale IQ ranged from
81 to 105 with a mean (SD) of 92.0 (10.8), verbal IQ ranged from 86 to
113 with a mean (SD) of 98.2 (11.0), and performance IQ ranged from
76 to 103 with a mean (SD) of 89.4 (12.1). We also performed the
Hasegawa Dementia Scale-Revised test (full score, 30; demented,
<20), which has been widely used in several epidemiological studies
in Japan [4]. The scores in MSA-C patients ranged from 23 to 30 with
a mean (SD) of 27.1 (2.6), and the scores in MSA-P patients ranged
from 21 to 30 with a mean (SD) of 27.3 (3.3).

As shown in Table 1, MRI data in our patients revealed the follow-
ing abnormalities: slit-like signal changes at the posterolateral pu-
taminal margin, cruciform signal changes in the pons (the “cross
sign”), and atrophy in the pons and the cerebellum.

All subjects gave informed consent, as approved by the Ethical
Committee of Yokohama City University School of Medicine.

Visual ERPs

A modified visual oddball task was used to elicit ERPs in MSA-C,
MSA-P, and NC subjects. In the modified oddball task, three kinds of
stimuli [rare target (20 %), rare nontarget (20 %), and frequent non-
target figures (60%)] were presented randomly on an electronic
tachistoscope screen (Iwasaki Correspondence Company, Tokyo).
The duration of each figure presentation was 68 ms. The interval be-
tween the onset of each sequential stimulus was 1600 ms (Fig. 1). Sub-
jects were instructed to press the button with their right thumb only
for rare target stimuli, as rapidly and correctly as possible.

Recordings were made using an evoked-potential analyser “Neu-
ropack-8” (Nihonkoden), while the subjects were sitting comfortably
in a silent and partially darkened room. The signals were recorded at
scalp electrode sites Cz, Pz, and Oz (10-20 International System) us-
ing Ag/AgCl electrodes, referred to linked earlobes (A1/A2) with a
forehead ground. The electrooculogram was monitored with a fore-
head-temple montage at a rejection level of + 100 uV. The inter-elec-
trode resistance, checked before and after each recording session, was
maintained below 5 kQ. Bandwidth of the preamplifiers was 0.1 to 50
Hz. The EEG activity was analysed 100 ms preceding and 900 ms fol-
lowing each visual presentation. We recorded upward deflection of
the electrical potentials as positive activity. Two trials of 10-20 sum-
mations to rare target stimuli were performed for each session, to
confirm the reliability of recording.

N1 was identified after rare targets and rare nontargets as a neg-
ative component at Oz, occurring between 80 and 180 ms after the
stimulus onset. N2 was identified as a negative component occurring
between 200 and 400 ms after the stimulus onset. N2 was measured at
Pz after rare targets and at Cz after rare nontargets, respectively. The
P3 component was identified as the largest positive wave between 300
and 700 ms after the stimulus onset. P3a was defined as the P3 poten-
tial measured at Cz after rare nontargets. P3b was defined as the P3
potential measured at Pz after rare targets. Peak latencies for N1, N2,
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Table1 Age, sex, duration of illness, clinical severity scores, and MRI findings in 15 MSA-Cand 12 MSA-P patients

patient  age (years)  subtype duration of clinical severity ~ putamen pons cerebellum
no. and sex illness (years) scores
T2 (LI) PR (HI) T2 (HI) PR(HI)  T1 (atrophy) T1 (atrophy)
1 46 M MSA-C 1 2 - - + ++ 4+ +
2 58F MSA-C 1 3 + = - ++ ++ ++
3 77M MSA-C 1 3 + - - + + +
4 49M MSA-C 2 1 + - = ++ + +
5 53F MSA-C 2 1 - = + + 4 +
6 62M MSA-C 2 2 - - + . ++ 1+
7 62F MSA-C 2 1 - - + + &= +
8 67 F MSA-C 2 2 - - 4 Sed g 1+
9 71F MSA-C 2 2 ++ ++ ++ -+ ++ ++
10 56 M MSA-C 3 3 + + + + ¥
1 62F MSA-C 5 3 4 - + ++ ++ g
12 53M MSA-C 7 4 - - e ++ ++ ++
13 67F MSA-C 7 3 4 ++ ++ ++ ++ ++
14 76 F MSA-C 7 5 s + e 1+
15 63 M MSA-C 9 2 - = o -+ ++
16 64 M MSA-P 1 1 = = - + - _
17 49F MSA-P 2 2 + + - + - e
18 59F MSA-P 2 1 + + ++ - +
19 62 F MSA-P 2 2 s + - - - -
20 67 M MSA-P 2 4 + - - 4
21 68 M MSA-P 2 1 ++ + A — - +
22 67F MSA-P 3 1 + + + -+ - -
23 74F MSA-P 3 1 + = = = - ¥
24 56 M MSA-P 4 2 ++ ++ - +
25 60M MSA-P 4 4 ++ ++ = S o ++
26 53F MSA-P 6 4 ++ ++ - + ++ ++
27 69M MSA-P 8 5 ++ ++ St e 1+

M = male, F = female

T1T1 weighted images; T2 T2 weighted images; PR proton weighted images; (L/) low intensity MRl lesions; (HI) high intensity MRI lesions; putamen (LI/HI) MRI lesions in the
posterolateral putamen; pons (Hl) cruciform signal changes in the pons (the “cross sign”)

+ moderate; ++ distinct; — absent

1600 ms
< >4+—r< >« >« >4+—>
<+
68 ms
R rare target (20%)
1 rare nontarget (20%)
+ frequent (60%)

Fig.1 Asketch representing the time course and the task for a visual oddball par-
adigm

P3a,and P3b were measured as the interval between the stimulus on-
set and each peak. The peak latencies were not measured in trials
where the peak could not be clearly recognized. The P3a and P3b am-
plitudes were defined as the amplitude difference between the P3a
and P3b peaks and the prestimulus baseline. When the P3 peaks could

not be clearly determined, the peak amplitudes were arbitrarily de-
fined as the maximum upward deflection in pV from the prestimulus
baseline, during the period between 300 and 700 ms after the stimu-
lus. Reaction time was defined as the mean interval between the on-
set of a rare target stimulus and the subject’s button press.

Quantitative MRI measurements

MRI was performed with a 1.5-T MRI scanner (Signa, General Elec-
tric, Milwaukee, WI, USA) in MSA-C, MSA-P and NC subjects. The
planes of sectioning in axial images were parallel to the AC-PC line
(anterior commissure — posterior commissure line). Section thick-
ness of the axial plane was 10mm and that of the sagittal plane was
5mm. Quantification of brain MRI morphology was carried out from
axial and sagittal T1-weighted images (TIWTI: echo time, 15 ms; rep-
etition time, 500 ms). Four T1WI slices were chosen for quantitative
square MRI measurements, and consisted of three axial slices (A, B,
C) and one midsagittal slice (D), as shown in Fig.2. Slice A was
through the upper portion of the lateral ventricles. Slice B was
through the basal ganglia and the thalamus. Slice C was through the
middle cerebellar peduncle. NIH Image version 1.62 was used for au-
tomated MRI measurements. The anatomical boundaries between the
brain tissue and the cerebrospinal fluid were defined as the points
with mean signal intensities between the brain tissue and the cere-
brospinal fluid. The ventricular areas were excluded from the mea-
surements. We examined the square measurements of eleven brain re-
gions, as shown in Fig. 2: (1) upper cerebral area in slice A, (2) anterior
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Fig.2 The upper half of Fig. 2 shows square MRI measurements which were done
at seven sites (1-7) in three axial slices (A,B,C) and at four sites (8-11) in a mid-
sagittal slice (D). The boundary between region (2) and region (3) was the line
through the most anterior point of the anterior horn in the lateral ventricle (slice B).
The boundary between region (3) and region (4) was the line at the most posterior
point of the thalamus (slice B). The boundary between region (3) and region (5) was
the line that joined the outermost edges of the caudate nucleus (head), the puta-
men, and the thalamus (slice B). The pontine area (6) included the area of the mid-
dle cerebellar peduncle (slice C). The lower margin of the midbrain (9) was a line
drawn perpendicular to the long axis of the pons, at the junction of the ventral por-
tions of the midbrain and the pons (slice D). The lower margin of the pons (10) was
a line drawn perpendicular to the long axis of the pons, at the junction of the ven-
tral portions of the pons and the medulla (slice D). The dotted line indicates the out-
ermost edge of the posterior fossa (slice D). The lower half of Fig. 2 shows the mean
and SD of the MRI area ratio for regions (1) — (11).

cerebral area in slice B, (3) perisylvian cerebral area in slice B, (4) pos-
terior cerebral area in slice B, (5) deep cerebral gray matter in slice B,
(6) pons in slice C, (7) cerebellum in slice C, (8) corpus callosum in
slice D, (9) midbrain in slice D, (10) pons in slice D, and (11) cerebel-
lum in slice D. To compensate for individual variation in head size, we
measured a reference area as a standard for the regions of interest. As
a reference area, we measured the total area of the cranial fossa (TCF)
in slice A and slice B, and the total area of the posterior fossa (TPF) in
slice C and slice D. The TCF in two axial slices (A, B) was used to stan-
dardize regions (1)-(5). The TPF in axial and midsagittal slices (C, D)
was used to standardize regions (6)-(11). The MRI area ratio was cal-
culated as the area of each region from (1) to (5) divided by that of the
TCF and as the area of each region from (6) to (11) divided by that of
the TPF, according to the method previously described [13, 14, 23].

Data on ERPs and MRI area ratios were measured independently
by different data analysts. The analysts of ERPs were not given access
to the data of the analysts of MRI area ratios, and vice versa.

Statistical analysis

Statistical analysis was performed using a Stat View J-5.0 computer
program (SAS Institute Inc). We used a one-way ANOVA test for com-

parison of the mean values of quantitative ERP and MRI measure-
ments among the MSA-C, MSA-P, and NC groups. We used Pearson’s
correlation coefficient (r) in MSA, to evaluate the relationship be-
tween ERP and MRI and between ERP and duration of illness. When
r was 0.50 or more, the correlation was regarded as significant.

Results
ERP data

All of the normal subjects and the MSA patients could
perform the task at an error rate not exceeding 5%.
Grand mean ERP waveforms during the task were ob-
tained from midline electrodes (Fig.3). The mean and
SD of the ERP values and reaction time in MSA-C, MSA-
P,and NC subjects are shown in Fig. 4. The P3a peak was
more frequently undetectable in the MSA-C and MSA-P
groups than in the NC group; P3a peaks were unde-
tectable in 6/15 MSA-C patients (40 %), in 8/12 MSA-P
patients (67 %), and in 2/21 NC subjects (9.5%). One-
way ANOVA was used to determine the statistical
differences of ERP and reaction time values among the
MSA-C, MSA-P, and NC groups. Dunnett and Bonfer-
roni/Dunn tests were further applied to N1 latency, N2
latency, P3b latency, P3b amplitude, P3a amplitude, and
reaction time. No significant changes were seen in N1 or
N2 latency to either rare targets or rare nontargets, in ei-
ther MSA-C or MSA-P, compared with the normal con-
trol group. Significant difference was found for P3a am-
plitude and reaction time in both MSA-C and MSA-P
group, compared with the normal control group (Table
2). Significant difference was found for P3b latency and
P3b amplitude in MSA-C but not in MSA-P, compared
with normal control group (Table 2).

MRI findings

As shown in Table 1, abnormal intensity in the putamen
was found in 8/15 MSA-C patients (53 %) and in 11/12

rare target (Pz)

rare nontarget (Cz)

MSA-C

MSA-P P3a
===-=NC P

VW
»” vAs
"W N2
5 w -&-[ 1 1 1 1 1 1 1 1 ]
-100 o 900 -100¢ . 900
time(ms) time(ms)

Fig.3 Grand mean waveforms of visual ERPs in MSA-C (thick solid line), MSA-P
(thin solid line), and NC subjects (dotted line). Upward deflection of the tracing in-
dicates positive activity. P3b latency after rare target stimuli was delayed in MSA-
C.P3aand P3b amplitudes were reduced in both MSA-C and MSA-P.



MSA-P patients (92 %). The “cross sign” in the pons was
found in all MSA-C patients and in 10/12 MSA-P pa-
tients (83 %). Atrophy of the pons or the cerebellum was

rare target

(ms) (1V) (ms)
700 T ) 700 T
600 25 600
500 500 1
20 - -
400 400 1
15 1
300 - 300 -
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Fig.4 The upper half of Fig. 4 shows the mean and SD of ERP latency and ampli-
tude and reaction time for rare target stimuliin MSA-C, MSA-P, and NC subjects. The
lower half of Fig. 4 shows the mean and SD of ERP latency and amplitude for rare
nontarget stimuliin MSA-C, MSA-P, and NC subjects.
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seen in all MSA-C patients and in 9/12 MSA-P patients
(75%).

The mean and SD of the MRI area ratios at 11 sites in
MSA-C, MSA-P, and NC subjects are shown in Fig.2.
One-way ANOVA was used to determine the statistical
differences of MRI area ratios among MSA-C, MSA-P,
and NC groups. Dunnett and Bonferroni/Dunn tests
were applied to the 11 MRI ratios. Significant difference
was found only for the perisylvian cerebral area (slice B),
the deep cerebral gray matter (slice B), the pons (slices C
and D), the cerebellum (slices C and D), and for the cor-
pus callosum (slice D) (Table 2).

Correlation of ERP findings to duration
of illness and MRI area ratios

As shown in Table 3, Peason’s correlation coefficient was
used in MSA-C and MSA-P subjects, to analyse the cor-
relation of P3b latency to duration of illness and MRI
area ratios for 5 sites: the perisylvian cerebral area (slice
B), the deep cerebral gray matter (slice B), the corpus
callosum (slice D), the pons (slice D),and the cerebellum
(slice D).In MSA-C, P3b latency was significantly corre-
lated with duration of illness and MRI area ratios for the
pons, and the cerebellum.In MSA-P,P3b latency was sig-
nificantly correlated with MRI area ratios for the corpus
callosum, the pons, and the cerebellum. Peason’s corre-
lation coefficient was also used for the whole MSA group
(15 MSA-C and 12 MSA-P subjects), to analyse the cor-
relation of P3b latency to duration of illness and MRI
area ratios for the 5 sites. P3b latency was significantly
correlated with MRI area ratios for the pons and the
cerebellum.

Table2 Analysis of variance in ERP and MRI data

one way ANOVA Dunnett Bonferroni/Dunn
MSA-C MSA-C  MSA-P MSA-C  MSA-P MSA-C
MSA-P Vs Vs Vs Vs Vs
NC NC NC NC NC MSA-P
ERP
P3b latency F = 14.6%%%* v *xxx *%
P3b amplitude F= 6.3** v *¥%
P3a amplitude F= 7.4% 4 v *% *x
reaction time F= 7.3** v v Xk *%
MRI measurements
(3) perisylvian cerebral area  F= 3.3* (4 v
(5) deep cerebral gray matter F= 3.4* (4 (4
(6) pons F = 22.4%%xx v v wxxx Wk **
(7) cerebellum F = 14.6%*** v 4 *kwR *
(8) corpus callosum F= 43* v *x
(10) pons F = 07 5*%xx v - xxx%
(11) cerebellum F = 26.9%*** v v P P

The numbers, (3), (5)-(8), (10), (11) correspond to numbers in Fig 2.

v significant difference

*p < 0.05; % p < 0.01; *** p < 0.001; *** p < 0.0001
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Table3 Correlation of P3b latency to other factors in MSA-C, MSA-P, and the
whole MSA group

MSA-C MSA-P MSA
(n=15) (n=12) (n=27)
duration of illness r=0.778 ns ns
(p=0.001)
(3) perisylvian cerebral area ns ns ns
(5) deep cerebral gray matter ~ ns ns ns
(8) corpus callosum ns r=-0733 ns
(p = 0.0046)
(10) pons r=-0714 r=-0635 r=-0.766
(p=0.0046) (p=0.0244) (p<0.0001)
(11) cerebellum r=-0.663 r=-0661 r=-0.717
(p=0.0117) (p=0.0171) (p<0.0001)

The numbers, (3), (5), (8), (10), (11) correspond to numbers in Fig 2.
ns not significant

500 500
w0 | e 80
4
) a oA
460 P 460
.
P3b 440 - '!‘3. 440 o %

latency A A L, % 0% o °
inms 420 a . 420 o o O

400 a 4| 400 OO% o

380 380 j 00

360 +————— —

— 360 +—— : .
6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20

MRI ratio of the pons in % (slice D)

® MSA-C A MSA-P O NC

Fig.5 Scattergrams of the P3b latency after rare targets versus MRI area ratio of
the pons [region (10) in slice D]. The left half of this figure shows scattergrams of
P3b latency (Pz) versus the MRl area ratio of the pons for MSA-C (closed circles) and
MSA-P patients (closed triangles). The right half of this figure shows scattergrams
of P3b latency (Pz) versus the MRI area ratio of the pons for NC subjects (open cir-
cles)

Discussion

We employed the same task which we have used in past
studies on ERP waveforms recorded from 32 scalp elec-
trodes in normal subjects [30] and on ERP changes in
Parkinson’s disease and other parkinsonian syndromes
[25, 26]. N1 was measured at Oz, since we observed N1
with enhanced negativity to rare targets at the posterior
scalp sites [30]. P3a was typically larger in amplitude
than P3b over the frontal and central electrode sites [2,
9]. We observed P3a with enhanced positivity to rare
nontargets at the frontal and vertex sites and P3b with
enhanced positivity to rare targets at the parietal sites
[30]. Therefore, P3a and P3b were defined as P3 poten-
tials measured at Cz after rare nontargets and at Pz after
rare targets, respectively.

The purpose of our study was to clarify whether vi-
sual ERP abnormalities exist or not in two MSA sub-
types. As shown in Table 2, visual ERP results found
common to MSA-C and MSA-P, compared with NC sub-
jects,were 1) normal N1 and N2 components to rare tar-
gets and rare nontargets, 2) frequently undetectable P3a

peaks to rare nontargets, 3) significant P3a amplitude re-
duction to rare nontargets, and 4) significantly pro-
longed reaction time to rare targets. Visual ERP results
found in MSA-C but not in MSA-P, compared with NC
subjects, were 1) P3b latency delay to rare targets and 2)
P3b amplitude reduction to rare targets. P3b latency in
MSA-C was significantly longer than in MSA-P.

In previous studies, P3b latency prolongation was
found among 10 OPCA patients during an auditory odd-
ball task [12] and attenuated visual P3a [26] was the only
change found in 9 SND patients. These results are con-
sistent with our present study. N1 as an early auditory
ERP component is thought to reflect normal attention
process [15, 18]. In the missing stimulus paradigm [19,
20] the maximum amplitude was found in the preoccip-
ital region, for N2 associated with omitted flashes.
Therefore, N2 was assumed to reflect a decision process
related to sensory discrimination of attended stimuli. It
is considered that P3a reflects automatic cognitive pro-
cessing and indicates the early cortical response to an
incoming signal [10,17,30].1It is also considered that P3b
reflects controlled cognitive processing and indexes the
attentional and memory-related operations involved in
the processing of that signal [10, 17, 30].

The ERP results in our study suggest that an early
stage of the visual information process related to N1 and
a visual discrimination process related to N2 might be
preserved in both MSA-C and MSA-P. The P3a ampli-
tude attenuation in both MSA-C and MSA-P suggest an
impaired synchronous activity of neural generators re-
lated to automatic cognitive processing during the vi-
sual discrimination process. The P3b abnormality found
only in the MSA-C group suggests the impairment of the
controlled cognitive processing after visual discrimina-
tion process in this group.

Previous MRI studies on quantitative square mea-
surements revealed atrophy of the putamen, the pons,
and the cerebellum in axial and sagittal planes in OPCA
and SND [23, 24, 29]. Recently, the existence of cerebral
atrophy was revealed on quantitative MRI measure-
ments in MSA [7]. As shown in Table 2, MRI results
found common to MSA-C and MSA-P, as compared to
NC subjects, were reduced MRI ratios in the perisylvian
cerebral area, the deep cerebral gray matter, the pons,
and the cerebellum. Reduced MRI ratio of the corpus
callosum was found in MSA-P but not in MSA-C, as
compared with NC subjects. The MRI ratio of the pons
in MSA-C was significantly smaller than in MSA-P.

In the MSA-C group with significantly prolonged P3b
latency, P3b latency was significantly correlated not only
with pontine and cerebellar MRI ratios but also with du-
ration of illness. Therefore, we believe that the correla-
tion between P3b latency and pontine and cerebellar
MRI ratios does not directly prove but strongly suggests
the correlation between P3b latency and ponto-cerebel-
lar degeneration. Even in the MSA-P group without sig-



nificant P3b latency changes, P3b latency was signifi-
cantly correlated with MRI ratios for the pons and the
cerebellum. We further confirmed that P3b latency in
the whole MSA group (MSA-C and MSA-P) was signifi-

cantly correlated with MRI ratios for the pons and the

cerebellum. These results indicate that P3b latency
changes in parallel with pontocerebellar degeneration
in both MSA-C and MSA-P. In our previous study [8] on
22 patients with nondemented Parkinson’s Disease, we
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