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ABSTRACT

The purpose of this study is to assess the cognitive function in early stages of progressive
supranuclear palsy (PSP). Visual event-related potentials (visual ERPs) were examined in five
non-demented patients with PSP and seven control subjects. ERPs were recorded using Figure
(non-verbal) and Kanji (verbal) oddball paradigms. The latencies and amplitudes of N100 and
P300 components were not significantly different between the PSP and control groups.
However, the score of Hasegawa’s dementia scale-revised (HDSR) was correlated with P300
amplitudes in the Figure task only in the PSP group. Since the P300 amplitude is related to
attentional resources, changes in visual ERP induced by non-verbal stimuli might be associated
with the attentional impairment even in early stages of PSP. In the Kanji task but not in the
Figure task, the reaction time was prolonged in the PSP group, and positively correlated with
the P300 latency in both groups. Visual verbal stimuli might be a good tool to evaluate the
information processing in the early stages of PSP.

Recording of visual ERP using both non-verbal and verbal stimuli could be helpful to assess a
mild cognitive dysfunction in PSP.
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Visual stimuli

Progressive supranuclear palsy (PSP) is a
degenerative disorder characterized by the pro-
gressive development of supranuclear gaze palsy,
pseudobulbar paresis, axial rigidity, gait distur-
bance, and dementia®. It has been reported that
PSP is accompanied by subcortical dementia®.
Event-related potentials (ERP) are widely accept-
ed as electrophysiological parameters related to
cognitive function®, especially in demented
patients. Previous studies on auditory ERPs in
demented patients revealed delayed latencies of
the early and late components in subcortical
dementia such as Huntington’s disease and
Parkinson’s disease, and delayed latencies of the
late but not early components in cortical dementia
such as Alzheimer’s disease”.

Recording of ERP using different types of para-
digms such as visual/auditory, or verbal/non-ver-
bal could provide a tool to evaluate various types
of cognitive dysfunctions in patients with
Alzheimer’s disease®, Parkinson’s disease', apha-
sia'?, corticobasal degeneration®®, or motor neu-
ron disease®.

The purpose of this study is to assess cognitive
function in PSP by recording visual ERP, using
non-verbal and verbal stimuli, and to compare
ERP parameters with the conventional intelli-
gence score obtained from Hasegawa’s dementia
scale-revised (HDSR).

PATIENTS AND METHODS

1. Subjects

Five patients with PSP (male/female=2/3, mean
age +SD 64.2+13.6 years, ranging 51-71 years)
and seven age-matched control subjects
(male/female=3/4, age 65.1+8.57 years, ranging
56-75 years) were examined. The diagnosis of PSP
was based on the presence of the following feature:
(1) age of onset, 50 years or older, (2) parkinsonian
signs including bradykinesia, postural or gait dis-
order, and axial rigidity, without resting tremor,
(3) pseudobulbar signs including dysarthria and
dysphagia, (4) extraocular movement abnormali-
ties characterized by supranuclear vertical palsy
with or without horizontal palsy, (5) progressive
course, and (6) no radiologic abnormalities other
than subcortical or midbrain atrophy®. Duration of
illness was 22.2+13.3 (mean +SD) months in the
PSP patients. Informed consent was obtained from
all subjects concerning the present study.
2. ERP recording

The visual oddball paradigm was used to elicit
ERP. We used Figure and Kanji (symbolic charac-
ters used in China and Japan) as visual oddball
stimuli (Table 1). ERP was recorded around 10:00
a.m. in order to avoid the influence of a circadian
variation in P300. In each trial, 100 stimuli (tar-
get, 20%; non-target, 80%) were randomly present-
ed on a 14 inch electronic tachistoscope screen
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Table 1. Oddball paradigm

target non-target
20% 80%
non-verbal
Figure O X, ¥, O, &
verbal
Kanji JIl i, ¢k, H, 7

Kanji: symbolic characters used in China and Japan
JIl: river
W: mountain, ‘K: fire, H: field, #: forest

viewed from a distance of 1 m. The stimuli were
flashed for 500 msec. The interstimulus interval
was 2.0 sec. The subjects were instructed to make
a push-button response and to count the target
stimuli.

ERPs were recorded from Fz, Cz, and Pz elec-
trodes (international 10-20 system), referred to
linked earlobe electrodes (A1A2). The impedance
of the electrodes was below 10kQ. The bandpass
filter was 0.05-100 Hz. EOG artifacts over+50uV
from the prestimulus baseline were rejected. The
analysis time was 1 sec including the 160 msec
prestimulus period.

3. Psychological test

We assessed the mental function of all subjects,
using HDSR. HDSR is a Japanese screening test
for mental function, including orientation, imme-
diate memory, calculation, and verbal function.

The HDSR scores range from 0 to 30*".
4. Data analysis

The N100 and P300 components were identified
by two observers. The N100 component was
defined as the largest negative peak within the
latency window between 70 and 200 msec. The
P300 component was defined as the maximum
positive peak following the N100-P200-N200 com-
ponents within the latency window between 275
and 500 msec”. The latencies of ERP components
were measured from the stimulus onset to the

control PSP

AP300 A P300 I‘UILV

—‘_______k___.
0 500 msec 0 500 msec

Fig. 1. Grand average waveform.

Grand average waveforms of ERPs recorded from Pz
are presented. The latencies and amplitudes of N100
and P300 are not significantly different between the
two groups.

Table 2. Correct rate and RT obtained from Figure and Kanji stimuli

Figure Kanji
correct rate (%) RT (msec) correct rate (%) RT (msec)
PSP 98.7+0.8 487+141 96.0%+1.8 560%+126
control 98.4+0.9 467+116 98.7 +0.8 446 = 55
(*p<0.05 vs. control)
Table 8. ERP components
control PSP
AVE SD AVE SD
Figure N100 latency (msec) 148 + 28 152 + 31
N100 amplitude V) Fz 3.056+1.76 455231
Cz 2.46 +2.14 3.84 + 2.73
Pz 2.24 + 1.17 3.25+1.89
P300 latency (msec) 428 + 54 399 + 51
P300 amplitude V) Fz 7.02 £ 5.62 10.97 + 8.60
Cz 7.50 = 5.88 11.88 +6.07
Pz 12.03 £ 2.10 12.21 + 5.69
Kanji N100 latency (msec) 185 = 36 167 = 30
N100 amplitude V) Fz 483 +241 4.25 £ 2.97
Cz 4.76 = 3.30 5.26 + 2.18
Pz 2.02 £1.01 3.66 + 2.51
P300 latency (msec) 438 + 42 430 + 50
P300 amplitude V) Fz 7.08 +5.29 9.32 +£5.36
Cz 7.33 +5.18 11.87 + 4.58
Pz 11.77 + 3.34 13.67 + 3.70
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Fig. 2-a. Relationship between HDSR and N100
latencies.

N100 latencies were not significantly correlated with
the HDSR scores.
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Fig. 2-b. Relationship between reaction time (RT)
and N100 latencies.

N100 latencies were not significantly correlated with
RT.
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Fig. 2-c. Relationship between HDSR and N100
amplitudes.

N100 amplitudes were not significantly correlated
with the HDSR scores.

peak, and the amplitudes of ERP components
were measured relative to the prestimulus base-
line.

One way analysis of variance (one way ANOVA)
was applied to the HDSR scores, the accuracy of
performance (correct rate), and the reaction time
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Fig. 3-a. Relationship between HDSR and P300
latencies.

P300 latencies were negatively correlated with the
HDSR scores in Figure and Kanji tasks only in the
PSP group (*p<0.05).
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Fig. 3-b. Relationship between reaction time (RT)
and P300 latencies.

In both groups, significant positive correlations
between RT and P300 latency were observed in the
Kanji task (*p<0.05) but not in the Figure task.
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Fig. 3-c. Relationship between HDSR and P300
amplitudes.

P300 amplitudes recorded from Pz were positively
correlated with the HDSR scores in the Figure task
(*p<0.05) but not in the Kanji task in the PSP group.
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(RTs) for comparison of the two groups. Two-way
ANOVA (group x stimulus type) was applied to
the latencies of each ERP component measured at
Pz. Three-way ANOVA (group x stimulus type x
electrode) was performed on amplitudes of each
ERP component.

Correlation analysis was performed on the
latencies or amplitudes of ERP components in
relation to the HDSR scores. One-way ANOVA
was performed to compare RT in the two groups.
Correlation analysis was performed between RT
and latencies of ERP components.

RESULT
1. the HDSR scores

the HDSR scores (mean +SD) were 27.2+1.92 in
the PSP and 29.9+0.38 in the control group. There
was no significant difference between the two
groups.

2. ERP components

The grand average waveforms are presented in
Fig. 1.

Correct rates were decreased and RTs were pro-
longed in the PSP group compared with the con-
trol group in the Kanji task (p<0.05) but not in the
Figure task (Table 2). Mean values and standard
deviation (SD) of ERP measurements are shown in
Table 3.

N100 component

Two way ANOVA of the N100 latencies (group x
stimulus type) or three way ANOVA of the N100
amplitude (group X stimulus type X electrode)
revealed no significant factor effect (Table 3).
N100 latencies were not significantly correlated
with the HDSR scores (Fig. 2-a) or RT (Fig. 2-b).
N100 amplitudes were not significantly correlated
with the HDSR scores (Fig. 2-c).

P300 component

Two way ANOVA of the P300 latencies revealed
no significant factor effect (Table 3). P300 laten-
cies were negatively correlated with the HDSR
scores in the Figure and Kanji tasks only in the
PSP group (Fig. 3-a). A significant correlation
between the P300 latencies and RT was observed
only in the Kanji task in both groups (Fig. 3-b).

Three way ANOVA of the P300 amplitudes
revealed no significant factor effect. Fig. 3-c shows
the correlations between the HDSR scores and
P300 amplitudes. P300 amplitudes recorded from
Pz were positively correlated with the HDSR
scores in the Figure task but not in the Kanji task
in the PSP group (Fig. 3-c).

DISCUSSION
1. Mental function and ERP in PSP
The slowness of mental activities associated
with psychomotor retardation is an important fea-
ture in subcortical dementia®. It has been reported
that the findings of auditory ERP are different
between cortical and subcortical dementia.

Patients with Alzheimer’s disease showed pro-
longed latencies of N2 and P3 with normal laten-
cies of N1 and P2. In contrast, latencies of N1, P2,
N2, and P3 were prolonged in patients with sub-
cortical dementia such as Parkinson’s disease and
Huntington’s disease”. N1, N2, P2, and P3
described above correspond to N100, N200, P200
and P300, respectively, in our study.

Although PSP is accompanied by subcortical
dementia®, the ERP abnormalities are different
from those in Parkinson’s disease and
Huntington’s disease”. On visual stimuli,
decreased amplitudes and increased latencies of
P300 have been reported in PSP**, Decreased
amplitudes of auditory N1 and P3 without
changes in latencies have been demonstrated in
PSP without dementia or with mild dementia®. In
the present study, the latencies and amplitudes of
N100 and P300 were not different between the
PSP and control groups. We assume that the lack
of changes in N100 and P300 in PSP may be
explained by a mild cognitive dysfunction in such
patients at the early stages of PSP, as examined
in this study.

2. Relationship between P300 and neuropsycholog-
ical test

The relationship between ERP parameters and
scores of neuropsychological tests have been
assessed in neuropsychological diseases, including
Alzheimer’s disease® and Parkinson’s disease?. It
has been reported that latencies of P300 induced
by non-verbal visual stimuli showed a negative
correlation with scores of mini-mental state exam-
ination (MMSE) in patients with psychiatric disor-
ders (cognitively impaired, schizophrenic and
depressed patients)® and Alzheimer’s disease®.
The latencies of auditory P300 and N200 were
negatively correlated with scores in the cognitive
test in non-demented Parkinson’s disease?.

In the present study, the lowest score of HDSR
was 25 in PSP patients. HDSR is a Japanese
screening test for mental function including orien-
tation, immediate memory, calculation, and verbal
function'”. It has been reported that the HDSR
scores correlate with mini-mental state examina-
tion in stroke patients (Hosokawa et al'”) and
regional cerebral blood flow in patients with
Alzheimer’s disease including the early stage of
dementia (Koshi et al®®). We assume that HDSR,
when combined with other examinations such as
ERPs, would be useful for evaluation of the mental
function even in non-demented subjects.

We have demonstrated that the HDSR scores
were significantly correlated with P300 latencies
in Figure and Kanji tasks and P300 amplitudes in
the Figure task in PSP. It has been suggested that
the P300 latency is related to the discriminative
difficulty**®® and that the P300 amplitude is relat-
ed to attentional resources. Frontal dysfunction,
particularly attentional impairment, has been
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demonstrated in PSP?”. In the present study, the
association between the parameters of visual
ERPs and the HDSR scores was observed in PSP
but not in the control group. Pierrot-Deseiligny et
al*® have shown that the global score related to the
frontal lobe function was significantly correlated
with P300 latency and RT. It is likely that visual
P300 might be a sensitive parameter for the atten-
tional impairment in PSP. Sato et al*® have
reported that auditory P300 latencies are not cor-
related with scores of HDS in non-demented PSP.
The discrepancy in findings reported by Sato et
al*® and the present results may be due to the dif-
ference in stimuli; auditory vs. visual, and the
duration of illness. The PSP patients examined in
our study were in the early stages (mean duration
less than 2 years), while those studied by Sato et
al*® were patients at various stages (duration
ranging 2~8 years). We have shown that the
HDSR scores are correlated with the P300 ampli-
tude in the Figure task but not in the Kanji task
in PSP. The association between ERP parameters
and psychological tests is detected when non-ver-
bal stimuli are used for ERP recording as seen in
previous studies®®*. ERPs induced by non-verbal
visual stimuli could be useful for the evaluation of
mental dysfunction, particularly attentional impair-
ment, in the early stages of PSP.

3. Correlation between RT and P300 latency

In the Kanji task, RT was prolonged and the
P300 latency was unchanged in PSP compared
with the control group. RT is expected to be useful
for discriminating deficits in the stimulus eval-
uation process from motor deficits®, and for
detecting a minimal difficulty in sensory discrimi-
nation®. McCarthy and Donchin®® have reported
that RT is influenced by both discriminability and
stimulus-response compatibility and the P300
latency only by stimulus discriminability.

Previous reports have demonstrated a positive
correlation®? or dissociation between the P300
latency and RT®. Kutas et al'® have reported that
the correlation between RT and the P300 latency
is larger in the accuracy instruction than in the
speed instruction. A positive correlation between
RT and P300 latency was observed only in the
Kanji task in both groups. ERPs were recorded
under the accuracy instruction in the present
study, and the Kanji task might possibly require
greater accuracy than the Figure task.

The lack of difference in RT in the Figure task
between the PSP and control groups suggests that
motor impairment does not directly affect RT in
the PSP group. Thus, the increased RT in the
Kanji task in the PSP group would be related to
the stimulus evaluation process rather than motor
impairment. Goodin et al® have shown that the
interval between ERP and RT is increased when
sensory discrimination becomes more difficult.
The Kanji task, which is more difficult to discrimi-

nate than the Figure task, could possibly reveal a
mild impairment of information processing in the
early stages of PSP in the present study.

In conclusion, we suggest that the evaluation of
ERP and RT using various types of stimuli, such
as verbal and non-verbal visual stimuli, might
serve to detect a mild mental dysfunction in early
stages of PSP.
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