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I1. lithium, valproic acid, carbamazepine
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1. lithium
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FHERAOFE D VRSN E—DERTH 5.
R LIRS & ) (kG - ARG O first-line 1578
ELTRAREECZETHLDIEIZ (, FTH APAY,
Expert Consensus 200094 lithium % first-line VG EZE & L
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% lithium fRAEE L 79 L RERHBE L THHET 5 &
BEEX lithum RABETO~ 4%, 77 KIREH
TIE38~0B%THorzb v, 72, Davis b¥IZ L
AT lithium ARFEEBBEE TIZ 29 %, 77 RIRATETIE
4% TdHorz L BT 5. Geddes b, BHFLY
V— FOBSHEED lithium lRABET14 %, 77 t&RiR
FEET24%THN, IDOWMIEY - FOBEEI
lithium BREBEET 25 %, 7T RBRAE T2 % Tho
72 & L /-, Baldessarini 5003, 1970 ~ 1990 4%
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APA : American Psychiatric Association, VA : Clinical practice guidelines for bipolar disorder from the
Department of Veterans Affairs, TMAP : Texas Medication Algorithm Project
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lithium IMHZ S BEBIRT LI b T aR7
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12, FNoEE BbN b BKREE L mEFIHER
W22V lithium & HERL TRERD Z L &9 5.
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{2 3BT second-line IG5 ¥, Expert Consensus 2000942
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lithium O A %13 33.3 %, carbamazepine O F #)EE I3
314 % Td - 7-7%, lithium, carbamazepine fff H Tl
552 % Cd o7& . Hartong 53D HERFEHIC
17 5 lithium & carbamazepine & D B B THEE
83 4 lithium IR B 44 IR 1241 (27.2 %), carba-
mazepine IR A EE 50 i 21 B (35.6 %) TH o7z,
carbamazepine & ¥ lithium ® 5 ASFEHEFEFIZENTH
Y, lithium EEEE L ) FFREEEOF L DRIRD
BV RSN D 5.

b

FUB LR E O MG - HEFFERIC 31T 2 lithium O
MFPBERICELT, 74 87471260, FHIHR

72 (72)  BE21 Vol.10 No.1 2007

DI S NPT VIR EOBYE B, OKDKE
# (valproic acid, carbamazepine) & MEIL7z. BRIt
7 B lithium I BUBRMEBEO SO L L 63, i
B - MR B AEYEEORLTH A7, lithium
BT RCOEFIFEFHRTE 2D TERV. &
1%, lamotrigine DO ARFRFEFTOEA VR ND 2
FOEIREEOE 2, FRICSREE SR, —AT
LS OBEOFMAETHENS LA FLTRE
7y,

ZEE

1) Schou M, et al : The treatment of manic psychoses by the
administration of lithium salts. J Neurol Neurosurg
Psychiatry 17 : 250, 1954.

2) Goodwin FK, et al : Manic-Depressive Illness. Oxford
University Press, New York, 1990.

3) Silvesterstone T, et al : Long term treatment of bipolar disor-
der. Drugs 51 : 367-382, 1996.

4) Gitlin MJ, et al : Relapse and impairment in bipolar disorder.
Am ] Psychiatry 152 : 1635-1640, 1995.

5) American Psychiatric Association : Practice guideline for the
treatment of patients with bipolar disorder . Am J Psychiatry
151 (suppl.) : 1-36, 1994.

6) Sachs GS, et al : The Expert Consensus Guideline Series :
Medication Treatment of Bipolar Disorder 2000. Postgrad
Med (Apr ; Spec) : 1-104, 2000.

7) Bauer MS, et al : Clinical practice guidelines for bipolar disor-
der from the Department of Veterans Affairs. ] Clin
Psychiatry 60 : 9-21, 1999.

8) Dennehy EB, et al : Medication algorithms for bipolar disor-
der. ] Pract Psychiatry Behav Health 5 : 142-152, 1999.

9) KEERIF  EEEE (BURMSESE) @ JBRiGE. AR
THEIESE 17 () 1 64-72, 2002,

10) AfE—ER, i Firzhs— FAS T4 — (BB
OF - WBHEENH - REEs -7y b)), BREH
FEHE 8- 317-323, 2005.

11) EREH  EEREEOSEEE - fEFREE - T
M EAESE 17 (38) 1 103-115, 2002.

12) Bauer MS, et al : What is a “mood stabilizer” ? An evidence-
based response. Am ] Psychiatry 161 : 3-18, 2004.

13) Solomon DA, et al : Course of illness and maintenance treat-
ments for patients with bipolar disorder. ] Clin Psychiatry 56 :
5-13, 1995.

14) Davis JM, et al : Mood stabilizers in the prevention of recur-
rent affective disorders : A meta-analysis. Acta Psychiatr
Scand 100 : 406-417, 1999.

15) Geddes JR, et al : Long-term lithium therapy for bipolar disor-
der : systematic review and mete-analysis of randomized con-
trolled trials. Am ] Psychiatry 161 : 217-222, 2004.



16)

17)

18)

19)

20)

23)

24)

Baldessarini RJ, et al : Does lithium treatment still work? Arch
Gen Psychiatry 57 : 187-190, 2000.

Rybakowski JK, et al : The prophylactic effect of long-term
lithium administration in bipolar patients entering treatment
in the 1970s and 1980s. Bipolar Disord 3 : 63-67, 2001.

U F 7 LORETFBAER

Tondo L, et al
treatment in major affective illness: a meta analysis. Acta
Psychiatr Scand 104 : 163-172. 2001.

Goodwin GM, : Recurrence of mania after lithium withdrawal.
implication for the use of lithium in the treatment of bipolar

: Lower suicide risk with long-term lithium

EHE— . &HEBmOEE. BREMIEE2 : 743-753, affective disorder. Br ] Psychiatry 164 : 149-152, 1994.
2000. 27) Bowden CL, et al : A randomized, placebo-controlled 12-
B B EEMESEE (rapid cycler) DEHE. BR month trial of divalproex and lithium in treatment of outpa-

MRS 221 1117-1127, 1993,

Kukopulos A, et al : Rapid cyclers, temperament and antide-
pressants. Compr. Psychiatry 24 : 249-258, 1983.

g, . WRHEEEOEYEE. Mt HESE
17 (38) : 183-190, 2002.

Gelenberg A}, et al : Comparison of standard and low serum
levels of lithium for maintenance treatment of bipolar disor-
der. N Eng ] Med 321 : 1489-1493, 1989.

Shastry BS, : Bipolar disorder : an update. Neurochem Int 46 :
273-279, 2005.

Muller-Oerlinghausen B, et al : The impact of lithium long-
term medication on suicidal behavior and mortality of bipolar
patients. Arch Suicide Res 9 : 307-319, 2005.

29)

30)

tients with bipolar I disorder. Arch Gen Psychiatry 57 : 481-
489, 2000.
Solomon DA, et al : A pilot study of lithium carbonate plus
divalproex sodium for the continuation and maintenance
treatment of patients with bipolar I disorder. ] Clin Psychiatry
58:95-99, 1997.

Denicoff KD, et al : Comparative prophylactic efficacy of lithi-
um, carbamazepine and combination in bipolar disorder. J
Clin Psychiatry 58 : 470-478, 1997.

Hartong EG, et al : Prophylactic efficacy of lithium versus car-
bamazepine in treatment-naive bipolar patients. ] Clin
Psychiatry 64 : 144-151, 2003.

EEH

rESIEHETRT.

ot izt IMDBUH

e BHHITH L L1 ) ho—IVEZRE Lz Y—

1. EEMHEHEOREL, S, SPSS, IMP, Prism & &, RO
T P OBEBER B A Excel & ILER L, Excel DKIZ

FAOaREtERY 7 b

tET2hR

S EIEREOICDD L

TV IboBurg

-xcelf),@/?hauvz“{\

fLat

2. 5O0F—2EHE LD BT, ERRITET L O FIES |, Excel, SPSS,

JMP, Prism BlliZ/8Y 2 VERREE IR L O D@L T\ 5.

3. [»B5ety 7 VOBEHD7=DIZ-AHET — 2 2121 T 5] D TiE i<

T, [FRCBR LW T =28 ETH D -HEHY 7 MoK BBH0EN
RERII RN E VWS EDFELTVBRN, 22— Th b,

4. BERICHETY 7 PEIEBRY 2 bl /-

AB¥|- 1508 TEfi 3,360 (A{43,200M+#i5%)

T606-8425 FEMARXES 5% /34
TEL(075)751—1111 FAX(075)751—6858

KNG

U7 &

http://www.kinpodo-pub.co.jp/

Bi21  Vol.10 No.1 2007 73 (73)



NeuroImage

www.elsevier.com/locate/ynimg
Neurolmage 31 (2006) 745 — 753

Functional network of the basal ganglia and cerebellar motor
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The basal ganglia and cerebellar loops are known to participate
differently in self-initiated (SI) and externally triggered (ET) move-
ments. However, no previous neuroimaging studies have illustrated
functional organization of these loops in vivo. Here, we aimed to
functionally visualize these loops during motor execution using
functional magnetic resonance imaging (fMRI) with structural equation
modeling (SEM). Twelve normal subjects (24-29 years old) were
scanned while performing five different frequencies of sequential left
finger movements using either SI or ET movements. Random effect
analysis combined with a parametric approach revealed a significant
positive linear dependence of cerebral activation upon movement rate
in the right Put, GPi, VL, SMC and SMA during SI tasks. During ET
tasks, significant positive linear relationships were found in the right
SMC, VPL, left CB and DN, whereas tendency for linear relation-
ships was seen in the right PMv. SEM further showed significant
interactions within the right basal ganglia—thalamo—motor loop
during ST tasks. In contrast, there were significant interactions within
the entire right cerebral hemisphere—left cerebellar loop involving
CB, DN, VPL, PMv and SMC during ET tasks. Therefore, our
modeling approach enabled identification of different contributions of

Abbreviations: Put, putamen; GPi, internal segment of the globus
pallidus; VL, ventrolateral nucleus of the thalamus; VPL, ventro~
posterior—lateral nucleus of the thalamus; SMA, supplementary motor
area; SMC, sensorimotor cortex; PMyv, ventral premotor cortex; CB,
cerebellar hemisphere (anterior lobe); DN, dentate nucleus of the
cerebellum.
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the motor loops of basal ganglia and cerebellum to SI and ET tasks
during motor execution.
© 2005 Elsevier Inc. All rights reserved.

Keywords: Basal ganglia; Cerebellum; Motor loop; fMRI; Structural equa-
tion modeling; Self-initiated movement; Externally triggered movement

Introduction

The basal ganglia and cerebellum are two important groups of
subcortical nuclei that have a significant influence on motor
functions. Recent anatomical studies revealed that their connec-
tions were organized into discrete circuits or ‘loops’ that
reciprocally interconnected a large and diverse set of cerebral
cortical areas between the basal ganglia and cerebellum (Alexander
et al,, 1990; Middleton and Strick, 2000). The basal ganglia—
thalamo—motor (BGTM) loop comprises some cortical motor areas
including the SMA, PMv and SMC and several subcortical
structures such as the Put, GPi and VL. Put is input stage of the
basal ganglia and receives projections from SMA, PMv and SMC.
GPi receives input from Put and is considered to output nuclei of
the basal ganglia. In turn, VL receives projections from GPi that
are back-projected to SMA, PMv and SMC (Alexander et al.,
1990; Delong, 1990). In the cerebello—cerebral (CC) loop, motor
cortices such as SMC or PMyv are target structures of outputs from
CB via DN and VPL, while cerebellar inputs originate from these
motor cortices via the pontine nucleus (Kelly and Strick, 2003).

From a functional point of view, the basal ganglia should not be
viewed in isolation, but along with the connections between brain
areas within the loops (Alexander et al, 1990). For example,
abnormal functions in patients with Parkinson’s disease (PD) may
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result from abnormal alterations between areas rather than
abnormalities within areas (Rowe et al., 2002). The cerebellum
should also be acknowledged as a connecting structure owing to its
similarities with the basal ganglia. However, little is known about
the dynamic functional organization of the two loops in vivo. A
combination of functional imaging and structural equation model-
ing (SEM) enables us to construct functional modeling of the brain.
These methods have been used to demonstrate functional organi-
zation of a variety of networks in visual processing (Biichel and
Friston, 1997; McIntosh et al., 1994), auditory learning (Gonzalez-
Lima and Mclntosh, 1994), semantic processing (Bullmore et al.,
2000; Jennings et al., 1998), language processing (Petersson et al.,
2000), associative learning (Biichel et al., 1999), facial expression
(lidaka et al., 2001), memory retrieval (Maguire et al., 2001),
working memory (Kondo et al.,, 2004), bimanual motor coordina-
tion (Zhuang et al., 2005) and cortical-basal ganglia (Grafton et
al., 1994), but no conclusive results on motor loops of the basal
ganglia or cerebellum have been reported.

The basal ganglia and cerebellum appear to participate dif-
ferently in self-initiated (SI) and externally triggered (ET) move-
ments in primates (Middleton and Strick, 2000; Mushiake et al.,
1991; Okano and Tanji, 1987; Romo and Schultz, 1987; Romo et
al., 1992; van Donkelaar et al., 1999, 2000). It is anticipated that a
comparison between SI and ET tasks could depict characteristic
features of motor loops of the basal ganglia or cerebellum.
However, only a few imaging studies have reported differential
activations of the basal ganglia and cerebellum during SI and ET
movements (Cunnington et al., 2002; Menon et al., 1998; Rao et
al., 1997). So far, no studies have investigated functions of the
cortico—subcortical loops and disclosed roles of basal ganglia and
the cerebellum in movement execution.

The basal ganglia and cerebellum likely mediate timing or
rthythm of paced finger movements (Ivry et al., 1988; O’Boyle et
al,, 1996; Pastor et al, 1992). Recently, we demonstrated
functional interactions within BGTM loop using fMRI with a
parametric approach and SEM, while human subjects performed SI
paced finger movements at five different rates (Taniwaki et al.,
2003). The present study extended the application of these methods
to investigate not only the BGTM loop, but also the CC loop in
vivo. Therefore, this study aimed to elucidate physiological roles
of the basal ganglia and cerebellum during motor execution. To
achieve this, we compared functional network models of SI
movements and of ET movements and constructed a functional
network to account for correlations between BGTM and CC loops.

Materials and methods

Participants

Twelve healthy volunteers (mean age = SD, 24.9 + 1.5 years
old; range, 23-29 years old; 9 men and 3 women) participated in
the study. All subjects were strongly right-handed as assessed by a
modified version of the Edinburgh handedness inventory (Oldfield,
1971). All subjects gave an informed written consent. The local
ethical committee of Kyushu University approved this study.

Experimental design

The activation paradigm consisted of sequential movements
performed with the left hand as previously described (Taniwaki et

al., 2003) because non-dominant hand movements caused a greater
recruitment of the striatum (Mattay et al., 1998) and cerebellum
(Jancke et al., 1999). Subjects were instructed on how to move
each finger with changing movement rates. They were then
required to practice the tasks before the scan, until they were able
to perform them at constant amplitude without error. They were
also instructed to keep their eyes closed during MRI. Subjects had
to (1) make finger-to-thumb opposition movements in the order of
index, middle, ring and little fingers; (2) open and clench the fist
twice; (3) complete finger-to-thumb opposition movements in the
opposite order (namely, little, third, middle and index fingers); (4)
once again open and clench the fist twice; and (5) repeat the same
series of 40-s movements in data acquisition. Each finger-to-thumb
opposition movement and pair of opening and clenching fist
movements was counted as a single movement. During SI tasks,
movement rates were set at very slow (as slow as possible), slow,
moderate (comfortable pace), fast and very fast (as fast as possible)
speeds. During the practice session, movement rates were
approximately 0.5 Hz when very slow and nearly 4.0 Hz when
very fast among all the subjects. During ET tasks, movement rates
were set at 0.5, 1, 2, 3 or 4 Hz for all subjects. Subjects paced their
movements in response to a metronome, which consisted of a
clicking sound at precise time intervals and was delivered
binaurally to the subjects via air conduction through a pair of
2.5-m-long plastic tubes. During rest conditions, subjects were
asked to lie down and listen to the metronome used in the ET
session. Movements were performed for 40 s (activation) at a
constant rate, followed by 40 s of rest (baseline), and were
switched by a voice signal. Movement rate conditions were
presented in a pseudorandom order within an imaging series.
Consequently, there were a total of five baseline/activation (five
different rates) cycles per imaging series. Four consecutive
imaging series (two SI and two ET) were conducted per subject.
Digital video recording was performed throughout the study for
subsequent analysis of finger movements. Two-way analysis of
variance (ANOVA) with repeated measures was performed to
determine effects of movement rates and tasks.

JMRI methods

Images were acquired on a 1.5 T Magnetom SYMPHONY
(Siemens, Enlangen, Germany) whole body MRI system with a
circular polarized volume head coil. This machine was equipped
with real time fMRI software package provided by the manufac-
turer with scanner. Initially, a set of localized images was acquired
to position the image slice. For each session, 100 EPI multislice
data sets were acquired (TE, 50 ms; TR, 4 s, flip angle, 90°;
acquisition time for the whole paradigm, 400 s). Each multislice
data set contained 32 transverse slices (slice thickness, 3.0 mm;
interslice gap, 1.0 mm; matrix, 64 x 64; FOV, 23 c¢m). All images
were analyzed using a SPM 2 Software (Wellcome Department of
Cognitive Neurology, London, UK). The first three data sets of
each time series were discarded, and the remaining EPI volumes
were realigned against the first volume. Real time fMRI for main
effect analysis was used to monitor patient’s motion during the
scan. When a severe head motion was detected, the subject was
asked to carefully control head motion in the next scan.
Consequently, the first series showed serious motion artifacts (>1
mm along each axis) in five subjects, and two of them showed
other motion artifacts in the first series of alternative task. It is
assumed that first scans include some learning processes, while
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second scans mainly reflect over-learned motor processes. There-
fore, data sets (one SI and one ET from each subject) were selected
from the second trial of each task. Images were spatially
normalized against a standard template and smoothed with a
Gaussian kernel with 8-mm full width at half maximum (FWHM).
The design matrix was set using the box car reference waveform
(40-s epoch). The time series in each voxel was high-pass-filtered
(160-s cut-off) and scaled to a grand mean of 100 over voxels and
scans within each session.

Activation areas

Statistical analysis was performed at two stages. In the first
stage, using a single subject fixed effect model, all movement
rates were modeled as a delta function (Friston et al., 1998). Data
were modeled using a set of orthogonalized polynomial expan-
sions up to the fourth order (Biichel et al., 1996, 1998). Each term
was represented by the interaction between a delta function and
the average of movement rates exerted during each epoch. In
general, the nth order term was given by rate” delta. Resulting
covariates were convolved with a canonical synthetic hemody-
namic response function and were used in a general linear model
(Friston et al., 1995), together with a single covariate representing
the mean (constant) term over scans. Parameter estimates for each
covariate resulting from the least mean squares fit of the model to
the data were calculated, and statistical parametric maps of the ¢
statistic (SPM {t}) resulting from linear contrasts of each covariate
(Friston et al., 1995) were generated and stored as separate images
for each subject.

In order to create activation maps representing main effects of
movement rates (Oth order), as well as linear (1st order) and non-
linear (2nd, 3rd and 4th order) changes of signals in relation to
movement rates, random effect analysis was performed (Friston et
al.,, 1999). Data for the second stage of analysis comprised of
pooled parameter estimates for each covariate across all subjects.
Contrast images for each subject were entered into a one sample ¢
test for each covariate of interest. The SPM {t}s were thresholded at
P <0.001 and were uncorrected. Anatomical labels for coordinates
in SPM2 (MNI brain template) were defined by Talairach Daemon
(http://www.ric.uthscsa.edu/projects/talairachdaemon.html) after a
non-linear transform of MNI brain template to Talairach atlas
(http://www.mrc-cbu.cam.ac.uk/Imaging/Common/mnispa-
ce.shtml). For SEM, ROIs were selected at the local maxima from
1st order linear effect. We investigated the right Put (28, -6, 0),
GPi (10, =2, -2), VL (16, —14, 16), VPL (18, —22, 6), SMA (6,
-2, 40), SMC (48, —20, 52), DN (18, —54, —22), CB (26, —56,
—26), and left VL (-12, —12, 12), VPL (-12, ~20, 8), SMA (-6,
0, 42), SMC (—40, —18, 58), DN (—22, —50, —22), CB (—30,
—54, —22). For regions without any significant linear relationships
at a threshold of P < 0.001, the following coordinates were found
at the threshold of P < 0.01: left Put (—26, —14, 4), GPi (—12, 0,
0), PMv (—56, 0, 32) and right PMv (52, 2, 38).

Structural equation modeling

In this analysis, variables were considered in terms of the
covariance structure, with parameters (interregional connection)
being estimated by minimizing differences between observed
covariance and those implied by a predicted model. The model
consisted of anatomically separable regions, and connections were
specified between those regions and their directions. Anatomical

regions comprised Put, GPi, VL, VPL, SMA, SMC, PMy, CB and
DN (Table 1). Connections between brain regions are based on the
neuroanatomical knowledge of BGTM and CC loops (Alexander et
al., 1990; Delong, 1990; Kelly and Strick, 2003) as described in the
Introduction section. Between the two loops, SMA and PMv have
reciprocal interconnections with each other and project to SMC
(Barbas and Pandya, 1987; Johnson et al., 1996; Muakkassa and
Strick, 1979; Rizzolatti et al., 1998; Rowe et al., 2002). Recursive
connections from the cortex back to the thalamus have also been
documented in such a model (Delong, 1990; Grafton et al,

Table 1
Parametric analysis of rate-dependent BOLD effects

Main effect Linear effect Polynomial 2

Coordinates
Z & y z Z (x y 3z Z (xy 3z

SI movement

rPut 525 30 —-12 -2 403 28 -6 0 ns.

rGPi 208 18 -6 -4 329 10 -2 -2 ns.

VL 448 10 -16 8 341 16 —14 16 ns.

rVPL 4.54 14 -20 6 5.12 18 =22 6 n.s.

rSMA 442 4 0 50 3.86 6 —2 40 ns.

SMC 6.09 36 -20 60 428 48 —20 52 ns.

Coordinates Coordinates

PMv 423 54 6 34 ns. n.s.
ICB 549 —28 -50 —28 ns. n.s.
IDN 499 —14 -56 —-22 ns. n.s.
IPut  n.s. 2.69 -26 —14 4 ns.
IGPi  ns. 294 —12 0 0 ns.
VL 397 -16 -8 12 ns. n.s.

IVPL 421 -14 -16 6 324 —-12 20 8 ns.
ISMA 539 -2 -2 54 334 -6 0 42 ns.
ISMC 449 —64 —18 34 429 —-40 —18 58 ns.
IPMv 4.53 —58 4 38 273 -56 0 32 ns.
CB 425 26 -56 —26 4.08 26 —56 —26 ns.
DN 421 22 —62 —24 448 18 —54 —-22 ns.

ET movement

fPUT 391 30 -10 -2 ns. n.s.

rGPi 308 18 -6 -2 ns. n.s.

VL 383 12 -18 0 ns. 3.10 16 -8 12
rVPL 325 12 -22 8 344 16 -22 12 ns.

rSMA 4.21 2 -2 54 ns. n.s.

SMC 519 34 —14 56 3.82 46 —18 54 ns.

rPMv 3.58 54 2 34 299 52 2 38 uns.

ICB 544 —-32 —-44 30 394 —-30 —-54 -22 ns.

IDN 523 —20 —54 —22 3.92 =22 —50 —22 ns.

IPut  ns. n.s. n.s.
IPGi ns. n.s. 1.s.
IVL 383 ~18 —12 18 298 —12 —12 12 ns.
IVPL 3.09 —-14 —18 6 n.s. ns.
ISMA 340 —-6 -2 44 ns. n.s.
ISMC 349 —-64 —20 38 n.s. n.s.
IPMv 3.83 ~56 —4 36 ns. n.s.
CB 329 26 —66 —24 ns. n.s.
DN 413 22 -52 =22 ns. n.s.

Z values refer to activation maximum within the respective region, P < 0.001
uncorrected, height threshold Z > 3.09 or P < 0.01 uncorrected, Z > 2.33 in
linear effect: SPM coordinates in parenthesis; n.s. = activation below height
threshold, Put = putamen, GPi = internal segment of globus pallidus, VL =
ventrolateral nucleus of thalamus, VPL = ventro—posterior—lateral nucleus
of thalamus, SMA = supplementary motor area, SMC = sensorimotor cortex,
PMv = ventral premotor cortex, CB = anterior lobe of the cerebellar
hemisphere, DN = dentate nucleus of the cerebellum, r = right, 1 = left.
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1994). Since significant linear effects were observed in bilateral
hemispheres, it was decided to construct an anatomical network
for bilateral loops. Interhemispheric connections were con-
structed from a primate study within motor cortices (Rouiller
et al., 1994).

fMRI signal changes were calculated using a single subject fixed
effect model. Averaged signal changes of baseline epochs were
subtracted from those of each task condition, although the first
images within each task epoch were excluded to discount the
hemodynamic response lag. fMRI data of local maxima in each ROI
were standardized to zero mean and to unit variance for each
participant (Bullmore et al., 2000; Kondo et al, 2004). Then,
individual time series for each location were concatenated into a
group matrix for path analysis and subsequent group comparisons
{n = 1056) to obtain stable SEM model solutions. Interregional
correlations of activity between selected regions were computed
and combined with a neuroanatomical model (Fig. 2) to compute
structural equation models using LISREL 8.5 (Scientific Software
International, Inc., Lincolnwood, IL). A maximum likelihood
algorithm was used to fit the parameters. Within-hemisphere
functional networks were constructed at first, and a functional
network accounting for interhemispheric interactions was calcu-
lated in the final stage (Mclntosh et al., 1994). The influence of
other connections could be estimated by modification indices
(McIntosh and Gonzalez-Lima, 1994; Mclntosh et al., 1994),
Residual influences were set to 0.30 for all regions. Statistical
inferences from group differences were based on a stacked model
approach including an omnibus test. This procedure determined
the x* goodness-of-fit statistic for both a null model, in which
path coefficients are equally constrained between conditions, and
an alternative model, in which coefficients are allowed to differ
(Mclntosh et al., 1994). Significance of differences between the
models was expressed as the difference in the ¥? statistic with
degrees of freedom equal to differences in degrees of freedom for
the null model and alternative model (Mclntosh et al., 1994).

Results
Performance of subjects

In general, all subjects showed fairly good performance for SI
movements. Very slow movements were performed at a frequency
of 0.69 + 0.16 Hz (mean + SD), slow movements were performed
at 1.00 £ 0.25 Hz, moderate movements were performed at 1.84
0.58 Hz, fast movements were performed at 2.95 = 0.78 Hz and
very fast movements were performed at 4.03 + 0.94 Hz. ET
movement rates were almost identical to rates of auditory triggers
(0.5 Hz trigger, 0.51 + 0.02 Hz; 1 Hz trigger, 1.00 = 0.01 Hz; 2 Hz
trigger, 1.99 % 0.02 Hz; 3 Hz trigger, 3.01 £ 0.07 Hz; 4 Hz trigger;
3.97 £ 0.07 Hz). Rates of ST and ET movements were very similar
without statistically significant differences (P = 0.598, two-way
ANOVA with repeated measures).

Foci of activation

To separate regional activities within the same task but at
different rate-response functions, a parametric approach based
on orthogonal basic functions up to the fourth order was used.
In the study of main effects, both tasks caused significant
activation at the right posterior Put, bilateral VL, VPL, SMA,

SMC, PMv, DN and CB (Table 1; Figs. 1A and B).
Significant activation was also seen in the right GP during
SI tasks.

A significant positive linear increase in BOLD response
magnitude in parallel with finger movement rate emerged at the
right Put, GP, VL, DN, CB, bilateral VPL, SMA and SMC during
the SI tasks. In ET tasks, a significant positive linear increase
occurred in the right VPL, SMC, left VL, CB and DN, and
tendency for linear increase was seen in the right PMv (Table I;
Figs. 1C and D). No significant negative linear correlation in
terms of a decline in BOLD response in parallel with tapping rate
was documented in BGTM or CC loops. A significant non-linear
rate-response function (2nd order) was observed in the right VL
during ET tasks.

Structural equation modeling

During SI tasks, a significant positive correlation between
movement rate and fMRI signal change was found within the
BGTM loop, whereas a positive correlation was observed within
the CC loop during ET movements. Thus, the BGTM loop
appeared to play an important role in rate-dependent motor
processing during SI movements, while the CC loop mainly
worked during ET tasks. To confirm this hypothesis, functional
network analysis was performed within loops. No additional
connection improved the fit of the model on modification indices.

Structural equation models of right BGTM and CC

Functional networks for the right hemisphere significantly
differed between the two conditions according to the omnibus test
[x? diff (29) = 291.21, P < 0.001]. BGTM interactions from SMA
to right SMC via right Put, right GPi and right VL were stronger
during SI tasks. In contrast, entire CC interactions from left CB to
left CB via left DN, right VPL, right PMv and right SMC were
stronger during ET tasks. As a whole, interactions along the BGTM
loop were stronger during SI finger movements, while interactions
along the CC loop were stronger during ET finger movements, as
predicted by mapping and correlation analyses (Table 2; Fig. 2).

Structural equation models of left BGTM and CC (Table 2; Fig. 2)

The omnibus test suggested that the model in ET task was
different from the model in SI [ diff (29) = 50.28, P < 0.001].
Moderate interactions were seen from right CB to right DN during
both tasks, which were relatively stronger in SI tasks. Similarly, inter-
actions from left GP to left VL were relatively stronger in SI tasks.

Interhemisphere structural equation models (Table 2; Fig. 2)

The ommnibus test indicated that the model in ET task was
different from the model in SI [3 diff (12) = 22.63, P < 0.05].
Interaction from right PMv to left SMC tended to be stronger in ET
task.

Discussion

In the current study, we attempted to elucidate functional
interactions within BGTM and CC loops using fMRI with a
parametric approach and SEM during sequential finger movements
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T value

Fig. 1. Regions showing main effects of movement rate (A and B) and significant linear (Ist order) relationship between BOLD signal and increasing
movement rate (C and D). All regions are significant with P < 0.001, uncorrected. (A and C) Self-initiated movements. (B and D) Externally triggered

movements. R = right, L = left.

of SI and ET tasks. The major new findings were as follows: (1)
maps representing linear changes of signals in relation to
movement rate showed significant activations in the BGTM loop
during SI movements as well as in the CC loop during ET
movements; (2) SEM further confirmed significant interactions in
the BGTM loop during SI movements as well as in the CC loop
during ET movements.

SI versus ET movements

Patients with PD have difficulties especially in SI or volitional
movements (Benecke et al., 1987). A potentially powerful method
to separately study BGTM and CC loops is to investigate the
differences between SI and ET movements. Previous imaging
studies have examined cerebral activation during index finger
extensions or arm movements that involved SI or ET movements in
neurologically normal subjects and showed no significant differ-
ences (Jahanshahi et al., 1995; Jenkins et al., 2000). Activation of
the lentiform nucleus was found only during SI movements by an
event-related fMRI study (Cunnington et al, 2002). Although
activation was bilateral, it was mostly observed on the ipsilateral
side, and this study did not show clear activation of the motor loop.
Consistent with these results (Jahanshahi et al., 1995; Jenkins et al.,
2000; Cunnington et al., 2002), our main effect analysis also
showed activation of the same brain regions during SI and ET
movement. However, it is interesting to note that our statistical

mapping revealed positive dependence of cerebral activation upon
movement rate in the right Put, GPi, VL, SMC and SMA during SI
tasks. A significant positive linear relationship was found in the
right SMC, VPL, left DN, CB and tendency was observed in the
right PMv during ET tasks. These results suggest significant
activations in the BGTM loop during SI movements as well as in
the CC loop during the ET movements. We confirmed these by
constructing a loop model and performing a network analysis.
SEM has provided new insights into task-specific functional
networks (Grafton et al., 1994; MclIntosh and Gonzalez-Lima,
1994; Mclntosh et al., 1994). In addition, we used correlation data
based on rate-dependent movements. This approach provided
additional information about brain physiology such as rhythm
formation, motor preparation or motor execution that is not always
apparent in results of categorical comparisons of fMRI data. Thus,
we investigated interactions among the BGTM loop and the CC
loop using SEM and constructed a model as shown in Fig. 2.
Our SEM depended on movement rate, and we showed that
different systems operated during the two tasks. Most of differ-
ences between the two tasks involved interactions within the right
supratentorial and left infratentorial lesions. Functional networks
for SI movements showed continuous positive interaction from
SMA to SMC via Put, GPi and VL. In ET tasks, apparent positive
interactions were found in entire CC loops. For the first time, the
paths were shown to represent significant roles of the BGTM loop
in SI movements as well as the CC loop in ET movements in
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Table 2
Path coefficients during two different tasks

rPut rGP VL 'VPL  SMA SMC rPMv IDN ICB 1Put IGP IVL IVPL  ISMA ISMC IPMv DN 1CB
SI
rPut - - - - 022 0.04 011 - - - - - - - - - - -
rGP 054 - - - - - - - - - - - - - - - - -
VL - 022 - - 0.05 0.18 012 - - - - - - - - - - -
VPL - - - - - 0.02 004 019 - - - - - - - - - -
SMA - - 0.10 - - - -0.01 - - - - - - - - 011 - -
SMC - - 0.20 005 -001 - 010 - - - - - - 0.01 0.14 0.00 - -
PMv - - 0.14 -0.01 -0.01 - - - - - - - - 0.05 - -0.06 - -
IDN - - - - - - - - 0.13 - - -~ ~ - - - - -
ICB - - - - - 0.19 —0.06 - - - - - - - - - - -
1Put - - - - - - - - - - - - - 011 -0.04 0.05 - -
1GP - - - - - - - - - 0.17 - - - - - - - -
IVL - - - - - - - - - - 020 - - 0.12 0.12 -0.06 - -
IVPL - - - - - - - - - - - - - 0.08 —0.06 0.07 -
ISMA - - - - - - 0.04 - - - - 012 - - - 009 - -
ISMC -~ - - - 0.16 0.13 0.00 - - - - 0.14 -002 -002 - 015 - -
IPMv  — - - - 011 - —-005 - - - - —0.08 0.09 0.0 - - - -
DN - - - - - - - - - - - - - - - - - 041
CB - - - - - - - - - - - - - - 0.09 0.00 - -
ET
rPut - - - - —-0.05 0.06 016 - - - - - - - - - - -
GP 018 - - - - - - - - - - - - - - - - -
VL - 028 - - 0.08 0.06 002 - - - - - - - - - - -
VPL - - - - - 002  —004 022 - - - ~ - - - - - -
SMA - - 0.14 - - - 010 - - - - - - - - 001 - -
SMC - - 0.08 -0.03 0.18 - 020 - - - - - - 0.09 012 -0.03 - -
PMv  — - -0.12 0.28 010 - - - - - - - - 0.04 - 0.08 -~ -
IDN - - - - - - - - 026 - - - - - - -~ - -
ICB - - - - - 0.28 -0.01 - - - - - - - - - - -
Put - - - - - - - - - - - - - 0.04 -0.02 011 - -
1Gp - - - - - - - - - 0.13 - -~ - - - - - -
IVL - - - - - - - - - - 014 - - 0.09 0.03 0.01 - -
IVPL - - - - - - - - - - - - - - —0.05 0.00 0.12 -
ISMA - - - - - - 0.06 - - - - 012 - - - 011 - -
ISMC - - - - 0.05 0.07 0.15 - - - - —0.07 0.13 0.10 - 0.08 - -
IPMv - - - - 0.00 - 0.09 - - - - —-0.02 0.05 0.11 - - - -
DN - - - ~ - - - - - - - - - - - - - 0.32
CB - - - - - - - - - - - - - - 0.09 0.01 - -

Abbreviations of regions are the same as in Table 1.

human. These results were consistent with primate studies (van
Donkelaar et al., 1999; 2000; Mushiake et al., 1991; Okano and
Tanji, 1987; Romo et al., 1992) and, in part, with our previous
mapping results (Taniwaki et al., 2003).

SEM results need to be interpreted carefully because of the
methodological limitations of SEM. We cannot always interpret a
positive path coefficient as an excitatory influence and a negative
path coefficient as inhibitory (McIntosh and Gonzalez-Lima, 1994).
Instead, positive and negative path coefficients measure signs of
covariance relationships among structures of the network. Our
current results showed significantly different path coefficients with
absolute magnitude between SI and ET tasks. Thus, we can only
regard them as quantitative changes within functional network.

Timing of movements
Our experimental tasks depended on movement rate, therefore,

our current results might represent neural systems underlying
timing of movements or rhythm which is related to structures

according to event occurrences. Some human studies suggested
that timing was controlled by the lateral cerebellum and the dentate
(Casini and Ivry, 1999; Ivry et al., 1988). Patients with PD also
demonstrated abnormal timing of paced finger tapping tasks
(O’Boyle et al., 1996; Pastor et al, 1992), and dopaminergic
treatment improved both motor timing (O’Boyle et al., 1996;
Pastor et al., 1992, 2004) and time perception (Malapani et al.,
1998). Pathological changes in PD include a loss of nigral
dopaminergic neurons projecting to the dorsal putamen (Brooks
et al., 1990) whose major output involves SMA (Alexander et al.,
1986). Therefore, clinical studies suggested that timing may be
mediated by the lateral cerebellum, the putamen and/or SMA.
Our current study showed that BGTM interactions from SMA
to SMC via Put, GPi and VL were stronger in the SI tasks.
There is a body of convergent data in heuroimaging suggesting
critical roles of a medial premotor pathway (SMA and basal
ganglia) in the internal representation of time. For example, a
previous fMRI study on timing of finger tapping showed that
Put, thalamus and SMA were mainly involved in explicit timing
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Fig. 2. For graphic representation, significant interactions between the right hemisphere and left cerebellum are shown in red color while those between
the left hemisphere and right cerebellum are in blue color for self-initiated (A) and externally triggered movements (B). Interhemispheric functional
networks are outlined in yellow color. Positive coefficients (solid arrows) indicate interactions in which an increase of activity in one area is associated
with an increase of activity in the other area. Negative coefficients (broken arrows) indicate opposite interactions. P, putamen; G, internal segment of the
globus pallidus; VL, ventrolateral nucleus of the thalamus; VPL, ventro—posterior—lateral nucleus and X area of the thalamus; SMA, supplementary
motor area; SMC, primary sensory-motor cortex; PMv, ventral premotor cortex; CB, cerebellar hemisphere (anterior lobe); DN, dentate nucleus of the

cerebellum.

(Rao et al, 1997). Many neuroimaging studies attempted to
dissect the contribution of different timing components (e.g.,
clock, memory and decision stages) (Gibbon et al., 1984) using
time perception tasks and revealed the association of the striatum
with encoding time intervals (Harrington et al., 2004; Rao et al.,
2001). Not only the basal ganglia but also SMA could be
involved in the clock mechanism, as reported in an imaging
study on duration perception (Ferrandez et al.,, 2003). Although
our blocked trial design was limited in distinguishing roles of
each timing process from sensorimotor or other processes,
stronger BGTM interactions in SI tasks might represent central
timing processes (SMA, basal ganglia and VL) and sensorimotor
processes (SMC).

We also found that entire CC interactions from left CB to left
CB via left DN, right VPL, right PMv and right SMC were
stronger during ET tasks. Our ET tasks were synchronized
coordination (on the beat coordination) (Jantzen et al., 2004;
Mayville et al., 2002; Rao et al., 1997), which are quite easy and,
once begun, may be carried out with little apparent attentional
demand. Previous fMRI studies on simple motor movements
under synchronization showed significant activations in the
contralateral SMC and ipsilateral cerebellum compared with
baseline conditions (Jantzen et al., 2004; Mayville et al., 2002;
Rao et al, 1997). Comparisons between synchronization and
continuation (off the beat coordination) suggested that CB and
SMC were involved in sensorimotor processing rather than
explicit timing (Rao et al., 1997). Rao et al. (2001) also sug-

gested involvement of cerebellum in processes other than explicit
timing using time perception tasks and event-related fMRI. Other
imaging series reported that both synchronization and syncopa-
tion required activation of the contralateral SMC and ipsilateral
CB, indicating the possibility of monitoring roles of the
cerebellum by determining whether movements coincided with
the metronome beat or not (Jantzen et al., 2004; Mayville et al.,
2002). Thus, stronger CC interactions in our ET tasks indicated
not only roles of the cerebellum in monitoring and adjusting
inputs from SMC, but also motor planning process in PM and
execution process in SMC (Rao et al., 1993; Roland et al., 1980;
Samuel et al., 1998).

Functional roles of the contralateral loop

We found moderate interactions from right CB to right DN
during both tasks and stronger interaction from left GP to left VL
in SI tasks. In several fMRI studies using unmilateral finger
movements, bilateral activation in the cerebellum was observed
during sequential finger movement tasks (Cui et al., 2000; Haaland
et al., 2004) or memory-timed finger movements (Kawashima et
al., 2000). These results indicate that additional task demand of the
complex sequential finger movements may recruit additional
regions as a compensatory response. However, SEM showed only
partial activation of the contralateral CC loop or BGTM loop,
suggesting less involvement of the entire contralateral loops in
motor execution.
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Concluding remarks

Combined use of sequential finger movements, f{MRI and SEM
enabled us to visualize functional networks of motor loops in the
basal ganglia and cerebellum during motor execution. Different
contributions of the two loops to SI and ET tasks were
demonstrated. This approach also showed interhemispheric inter-
actions between motor cortices. Our SEM modeling was compat-
ible with findings of non-primate electrophysiological studies.
Although there are some limitations of interpretation, it is possible
to accomplish in vivo neuroimaging for neurological disorders in
which different contributions of the BGTM or CC loops are
established in neuropathology.
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Abstract

Objective: Although neuroimaging and electrophysiological tests are potentially useful to distingnish corticobasal degeneration (CBD)
from progressive supranuclear palsy (PSP), little is known about the diagnostic value of electroencephalography (EEG) for their distinc-
tion. We assessed the value of EEG for differentiating CBD from PSP.

Methods: We reviewed conventional EEGs recorded at an early stage of disease in 10 CBD patients and 14 PSP patients. We focused on
slowing of background activity (SBA), frontal intermittent rhythmic delta activity (FIRDA) and focal slow waves (FSWs). Statistical
analysis was performed by Fisher’s exact test.

Results: SBA was observed in 1 CBD patient and 2 PSP patients. FSWs were found in 8 CBD patients {80.0%), but only 2 PSP patients
(14.3%) (p = 0.002); they appeared contralateral to the dominantly-affected side in 6 of 8 CBD patients, and ipsilateral to the side with
most atrophy on MRI in 7 of 8 CBD patients. FIRDA was observed in 2 CBD patients (20.0%) and 5 PSP patients (35.7%) (p = 0.357).
Conclusions: FSWs are characteristic of CBD, but FIRDA was not disease-specific.

Significance: FSWs on EEG, in addition to clinical criteria, yield useful supplementary information to distinguish between these diseases
at early stages.

© 2006 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.

Keywords: Corticobasal degeneration; Progressive supranuclear palsy; Electroencephalography; Focal slow waves; Frontal intermittent rhythmic delta
activity; Slowing of the background activity

1. Introduction

Corticobasal degeneration (CBD) is a slowly progres-
sive extrapyramidal disorder characterized by akinesia
and rigidity, associated with cortical signs and involun-
tary movements with remarkable asymmetry (Rebeiz
et al., 1968; Gibb et al, 1989 Riley et al., 1990).

" Corresponding author. Tel.: +81 92 642 5543; fax: +81 92 642 5545.
E-mail address: ketashi@neurophy.med kyushu-u.ac.jp (K. Tashiro).

CBD can be clinically diagnosed while patients are still
alive on the basis of cortical signs that include limb
apraxia, alien limb syndrome, cortical reflex myoclonus
or cortical sensory impairment; however, pathological
findings are necessary to make a definitive diagnosis
(Rebeiz et al., 1968). The clinical findings of CBD par-
tially resemble those of progressive supranuclear palsy
(PSP) (Rinne et al., 1994). In particular, executive distur-
bances, parkinsonian features and gaze palsy in CBD
might cause difficulty in differentiating CBD from PSP
by clinical examination (Rinne et al., 1994). Moreover,

1388-2457/532.00 © 2006 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
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similarities between the pathologies of Pick’s disease,
frontotemporal dementia, primary progressive aphasia,
CBD, and PSP, and the overlap in clinical patterns dur-
ing the evolution of these diseases, have led to the con-
cept of Pick’s complex (Kertesz, 2003).

Neuroimaging or electrophysiological examinations
are considered to be potentially useful in the differential
diagnosis of CBD and PSP (Eidelberg et al., 1991; Sawle
et al., 1991; Nagasawa et al,, 1996; Takeda et al., 1998;
Taniwaki et al., 1998; Wang et al., 2000). A focal abnor-

mality of conventional electroencephalography (EEG) .

was reported in some CBD patients (Riley et al., 1990;
Vion-Dury et al., 2004), while the diffuse slow abnormal-
ities including frontal intermittent rhythmic delta
activity (FIRDA) were observed in PSP patients (Su
and Goldensohn, 1973; Fowler and Harrison, 1986; Tor-
bjoern et al., 1989). Although these EEG findings may
have potential value for early diagnosis of CBD or
PSP, a systematic study using conventional EEG to
compare both diseases has not been performed. There-
fore, we compared the findings of conventional EEGs
In a more representative sample of individuals fulfilling
clinical criteria for CBD with those from a group of
patients with a clinical diagnosis of PSP, to ascertain
whether EEG could be useful in differentiating CBD
from PSP.

Table 1

Clinical and electroencephalographic features of patients with CBD and PSP

2. Methods
2.1. Patients

We retrospectively reviewed the medical records of all
patients (Table 1). Ten patients with CBD (50-72 years
old) and 14 patients with PSP (44-77 years old) were
included. All patients were consecutive cases among
approximately 25,300 patients at the Department of Neu-
rology, Kyushu University Hospital, which is the main
regional and referral center, from January 1985 to May
2000.

Patients with CBD were selected on the basis of the fol-
lowing diagnostic criteria (Riley and Lang, 2000): manda-
tory inclusion criteria consisted of (1) chronic progressive
course at age 40 or later, (2) asymmetric at onset; (3)
presence of higher cortical dysfunction (apraxia, cortical
sensory loss, or alien limb) and movement disorders
(akinetic-rigid syndrome resistant to levodopa, and limb
dystonia or spontaneous and reflex focal myoclonus).
Exclusion criteria were (1) early vertical gaze palsy, (2)
severe autonomic disturbances, (3) lesions on imaging stud-
ies indicating another pathologic process is responsible.

The diagnosis of PSP was made on the basis of the
NINDS-SPSP clinical ecriteria (Litvan et al, 1996).
Mandatory inclusion criteria consisted of (1) a gradually

FIRDA  Other frequencies

Case No Ageat Disease Sex Dominantly- Background FSWs focus Asymmetrical Brainstem
EEG duration affected limb  activity (Hz) cortical atrophy  atrophy
(years) (months) on MRI on MRI

CBD 1 68 12 F L. 8-9 - + Diffuse theta R.H -
2 57 10 F R. 7-8° L.AT - L.FP -
3 60 24 F R. 10 LA - LB -
4 72 30 F L. 8-9 LA + Diffuse theta LPp -
5 63 24 M R 9 LA - LP ~
6 59 30 F R. 10 L.AT - LFP -
7 69 24 F R. 9-10 LT - L? -
g8 30 36 M L 10 R.T - R.H -
9 69 7 M R. 9 - — - -
10 6l 9 F R. 10 B. - L.FP -
PSP 17 36 M - 9 - - ~b -
2 44 24 M g-9 — + - +
3 49 24 F - 8-11 - + - -
4 58 48 F - 8-9 - + Diffuse theta ~b -
5 66 36 F - &-9 - + Theta at AT - -
6 75 18 F - 8-10 R.A - - -
7 62 24 F - 8-10 LA + - +
8 63 18 F - 10-11 - - - +
9 10 24 M - 8® - - - +
10 68 6 F - 5-10 - — - +
11 66 36 F ~ 9 - - - +
12 66 6 M - 8-9 - Diffuse theta - +
13 77 S F - 11 - — - —_
14 68 8 F - 8? - - - -

FSWs, focal (intermittent) slow waves; FIRDA, frontal intermittent rhythmic delta activity; L., left; R., right; B., bilateral but independent with each
other; A, anterior; AT, anterior temporal; F, frontal; FP, frontoparietal; H, hemisphere; P, parietal; T, temporal; +, positive; —, negative.

# Indicates the presence of slow background activity.

© Represents patients that had CT instead of MR
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progressive disorder with onset at age 40 or later, (2) verti-
cal supranuclear gaze palsy, (3) prominent postural insta-
bility with falls in the first year of onset. Exclusion
criteria were (1) encephalitis, (2) alien limb syndrome, cor-
tical sensory deficits, focal frontal or temporoparietal atro-
phy, (3) hallucination or delusions, (4) cortical dementia of
Alzheimer’s type, (5) prominent, early cerebellar symptoms
or prominent, early unexplained dysautonomia, (6) severe,

. asymmetric parkinsonian signs, (7) neuroradiologic evi-
dence of relevant structural abnormality.

No patients used centrally active drugs, nor did any
have metabolic abnormalities that might influence the
EEG findings. Eight CBD patients and all PSP patients
were given the revised Wechsler Adult Intelligence Scale
(WAIS-R) test. Two PSP patients had head CT, while
other PSP patients and all CBD patients had head MRI.

2.2. EEG recordings
Between 1985 and 1994, conventional awake EEGs were

recorded in all patients with a l4-channel analogue EEG
system with ECG and electrooculogram (EOG); and after

1995, with a 22-channel digital EEG system including
EEG, ECG, and EOG (NIHON KOHDEN, Tokyo,
Japan). One or two EEGs per patient were recorded and
a total of 28 EEGs (14 EEGs in CBD patients and 14 in
PSP patients) were reviewed. For all patients the earliest
EEG recorded at their first medical examination in our
hospital was analyzed. Thus, 10 EEGs in CBD patients
and all 14 EEGs in PSP patients were accepted. EEGs were
obtained according to the International 10-20 system of
scalp electrode placement. Routine records were obtained
(TC 0.3 s, HF 60 Hz) at rest, during hyperventilation and
bright white flash flicker stimulation. Standard runs of
bipolar, as -well as the referential derivation, were
employed. Two blinded EEG specialists investigated the
abnormalities on each record. EEG changes were classified
as showing a particular change in background activity —
frequency of dominant rhythm, frontal intermittent
rhythmic delta activity (FIRDA), and focal slow wave
abnormalities (FSWs) with asymmetry. If the frequency
of the dominant rhythm was 8 Hz and below, we defined
the slowing of background activity (SBA). The criterion
of FSWs was delta or theta waves that localized focally
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Fig. 1. Representative EEGs in a CBD patient (50-year-old male; case 8). Note that the focal slow wave activities (FSWs) appear in the right anterior
temporal area (arrows). MRI revealed brain atrophy on the same side in this patient. EEGs were recorded with a 22-chanpel digital system.





