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OEF and CMRO, images for GROUP-0 and GROUP-2
generated by VBM and VBA are representatively shown in
Fig. 2. The functional images generated from VBA were of
comparable impression to those obtained by VBM, sug-
gesting that the images would derive the same clinical
intervention.

Error analyses

The size of error introduced in both OEF and CMRO, was
shown in Fig. 3, and less than 10% for change of CBV
value as twofold or half than 0.04 ml/g. The size was not
drastically changed between the present and the three-step

OEF

CBF

VB0

Fig. 2 Representative view of CBF, OEF and CMRO, images for
patient in GROUP-2. The images in upper, middle and lower rows
were computed from VBM, VBA and VB0 methods, respectively

Fig. 3 Size of error in OEF
(left) and CMRO, (right) when
they were computed fixing CBV
at 0.04 ml/g by the ‘present’
method and the three-step

approaches and the degree was same range between the
different physiological conditions. When the CMRO, value
was lower (namely, f = 0.25 ml/min/g, E = 0.4), the size
of error became larger than that of the assumed normal
condition, and the size was almost <10% between half and
twofold of fixed CBV value (0.04 ml/g).

Discussion

We presented the possibility of computing OEF and
CMRO, images by fixing the CBV value, i.e., omitting
C'5O-PET scan. The present report described the validity
of this computation in human subjects from GROUP-0 to
GROUP-2. The difference in OEF and CMRO, values
obtained by fixing the CBV were less than 5% against the
values with CO scan data, independent of groups in VBA,
and that was around 10% in VBO. Student’s ¢ test showed
that there were no significant difference in OEF and
CMRO, between VBM and VBA. The simulation showed
that fixing Vg = 0.04 ml/g would not result in significant
error in either OEF or CMRO, values, when Vp was
changed from 0 to 0.08 ml/g. These findings suggest that
the C'?0 scan for CBV could be eliminated for OEF and
CMRO, examination using PET with '30,.

The present PET data with patient in GROUP-0 to
GROUP-2 showed that the computed OEF and CMRO,
images were comparable between VBM and VBA methods
in terms of quantitative accuracy, namely, the regression
analysis showed that the values from ROI and obtained
images were comparable (r = 0.94 to 0.99, P < 0.001)
(Figs. 1, 2), mean of differences in the OEF and CMRO,
values were less than 5%, and the Student’s ¢ test showed
no significant differences. For comparison between VBM
and VB0 methods, the computed OEF and CMRO, values

Present

f=0.5 E=0.4
f=0.3 E=0.6
f=0.25 E=0.4

‘(3-step)’ method. Each line
shows the size of error for
assumed conditions in CBF as
0.5 (shown as f = 0.5), 0.3 and
0.25 ml/min/g and OEF as 0.4
(shown as E = 0.4),0.6 and 0.4,

respectively
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by VBO were 10% higher, and the Student’s ¢ test showed
significant differences, although there were still tight cor-
relations in OEF and CMRO, values (r = 0.93-0.98,
P < 0.001). Thus, we could obtain quantitatively compa-
rable OEF and CMRO, images without the C'>O scan if we
apply VBA method and make the diagnosis in clinical
decision, although the decision must be made without CBV
image.

In VBA computation, we fixed CBV as CBV =
0.036 ml/g (=0.038 ml/ml). The fixed value was obtained
in the previous database study [21] using amount of
number of normal subjects from multiple sites. We applied
that value for the VBA computation rather than our site
value because the mean value obtained in our site was
obtained only from 10 subject data and might be site spe-
cific, as a whole may not be reliable for the common use.

The present simulation showed that when CBV value
was 0.08 ml/g (twofold increase to the fixed value), the
size of error in OEF and CMRO, by VBA were around 7%
and the size becomes larger as the CBV value becomes
larger. The result suggests that fixing of CBV may cause
>10% error in OEF and CMRO, to patients with elevated
CBYV around 0.1 ml/g or more, such as moyamoya disease,
which we did not involve in the present PET study. The
CBV value for patient with moyamoya disease in our
hospital was ranged from 0.04 to 0.32 ml/g and mean was
0.10 ml/g, thus may cause significant error in OEF and
CMRO, by the VBA method. However, the model for OEF
and CMRO, generally used for CBV correction fixes
fraction of pre- and post-capillaries [3], and it is unknown
that this fraction is applicable for such CBV increased
condition.

We have applied the steady-state method for ['*0]0,
inhalation scan, and the dynamic method for [ISO]COZ
inhalation scan. We performed the CMRO, examination
with that uncommon combination, because we were under
starting up phase for the CMRO, examination. The method
was applied in a group (Institution A in the database study
[21]) and validity has been tested on normal subjects. Thus,
we believe the quantitative values from the present method
are reasonable. Furthermore, the present study focused on
shortening the examination time by omitting the [*>0]CO
scan and showed no significant difference on OEF and
CMRO, values after fixing the CBV value. The simulation
study showed the size of error was not significantly dif-
ferent both in the present examination and the three-step
methods. Also, the previous DARG report showed that the
size was same between three-step and DARG methods
[12]. Lammertsma et al. [6] has demonstrated a similar
simulation to investigate the magnitude of error without
correcting for CBV in steady-state method. Their result
showed that when CBF = 0.5 ml/min/g, OEF = 0.4 and
CBV = 0.04 ml/g, the magnitude of error was around 9%.
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The degree of error is similar to our result, which shows
that when condition of CBF and OEF is same as above and
CBV = 0 ml/g, the magnitude of error is 10% when CBV
is fixed to 0.04 ml/g. As a whole, the size of error due to
fixing the CBV value are the same degree among the
methods. Thus, the size of error by fixing the CBV would
be same in the common steady-state, three-step and DARG
approaches.

Meyer et al. and Ohta et al. [23, 24] showed another
technique to estimate CMRO, without CBV from a 3-min
single PET scan following bolus inhalation of '30,. This
approach involves a mathematical formula with weighted
integration to calculate these quantitative values. However,
the generated functional images suffer from statistical
noise, which is attributed to the need for determination of
multiple parameters from a small amount of time-varying
data. The technique can be applied only for PET scan with
bolus administration of >0, and cannot be applied for the
present data.

In conclusion, although some issues remain to be
investigated, this study shows the feasibility to fix the CBV
value for computing OEF and CMRO, values in the PET
examination with H2]50 orCP O, and l502, suggesting that
the CO scan for CBV could be eliminated for the CMRO,
assessment.

References

. Frackowiak RS, Jones T, Lenzi GL, Heather JD. Regional cere-
bral oxygen utilization and blood flow in normal man using
oxygen-15 and positron emission tomography. Acta Neurol
Scand. 1980;62:336-44.

. Frackowiak RS, Lenzi GL, Jones T, Heather JD. Quantitative
measurement of regional cerebral blood flow and oxygen
metabolism in man using 'O and positron emission tomography:
theory, procedure, and normal values. ] Comput Assist Tomogr.
1980;4:727-36.

. Mintun MA, Raichle ME, Martin WR, Herscovitch P. Brain
oxygen utilization measured with O-15 radiotracers and positron
emission tomography. J Nucl Med. 1984;25:177-87.

. Subramanyam R, Alpert NM, Hoop B Jr, Brownell GL, Yaveras
JM. A model for regional cerebral oxygen distribution during
continuous inhalation of '*0,, C'°0, and C'0,. J Nucl Med.
1978;19:48-53.

. Lammertsma AA, Heather JD, Jones T, Frackowiak RS, Lenzi
GL. A statistical study of the steady state technique for measuring
regional cerebral blood flow and oxygen utilization using '>O.
J Comput Assist Tomogr. 1982;6:566-73.

. Lammertsma AA, Jones T. Correction for the presence of intra-
vascular oxygen-15 in the steady-state technique for measuring
regional oxygen extraction ratio in the brain: 1. Description of the
method. J Cereb Blood Flow Metabol. 1983;3:416-24.

. Correia JA, Alpert NM, Buxton RB, Ackerman RH. Analysis of
some errors in the measurement of oxygen extraction and oxygen
consumption by the equilibrium inhalation method. J Cereb
Blood Metab. 1985;5:591-9.

@ Springer



196

Ann Nucl Med (2011) 25:189-196

8.

10.

11.

12.

13.

15.

Okazawa H, Yamauchi H, Sugimoto K, Takahashi M, Toyoda H,
Kishibe Y, et al. Quantitative comparison of the bolus and steady-
state methods for measurement of cerebral perfusion and oxygen
metabolism: positron emission tomography study using *O-gas
and water. J Cereb Blood Metab. 2001;21:793-803.

. Okazawa H, Yamauchi H, Sugimoto K, Toyoda H, Kishibe Y,

Takahashi M. Effects of acetazolamide on cerebral blood flow,
blood volume, and oxygen metabolism: a positron emission
tomography study with healthy volunteers. J Cereb Blood Flow
Metab. 2001;21:1472-9.

Hatazawa J, Fujita H, Kanno I, Satoh T, Iida H, Miura S, et al.
Regional cerebral blood flow, blood volume, oxygen extraction
fraction, and oxygen utilization rate in normal volunteers mea-
sured by the autoradiographic technique and the single breath
inhalation method. Ann Nucl Med. 1995:9:15-21.

Shidahara M, Watabe H, Kim KM, Oka H, Sago M, Hayashi T,
et al. Evaluation of a commercial PET tomograph-based system
for the quantitative assessment of rCBF, rOEF and rCMRO2 by
using sequential administration of '>O-labeled compounds. Ann
Nucl Med. 2002;16:317-27.

Kudomi N, Hayashi T, Teramoto N, Watabe H, Kawachi N, Ohta
Y, et al. Rapid quantitative measurement of CMRO; and CBF by
dual administration of '*O-labeled oxygen and water during a
single PET scan—a validation study and error analysis in anes-
thetized monkeys. J Cereb Blood Flow Metab. 2005;259:
1209-24.

Kudomi N, Watabe H, Hayashi T, lida H. Separation of input
function for rapid measurement of quantitative CMRO2 and CBF
in a single PET scan with a dual tracer administration method.
Phys Med Biol. 2007;52:1893-908.

. Powers WJ, Press GA, Grubb RL Jr, Gado M, Raichle ME. The

effect of hemodynamically significant carotid artery disease on
the hemodynamic status of the cerebral circulation. Ann Intern
Med. 1987;106:27-34.

Iida H, Kanno I, Miura S, Murakami M, Takahashi K, Uemura K.
Error analysis of a quantitative cerebral blood flow measurement
using H,">0 autoradiography and positron emission tomography,
with respect to the dispersion of the input function. J Cereb Blood
Flow Metab. 1986;6:536—45.

@ Springer

257

16.

18.

19.

20.

21

22,

23.

24.

Iida H, Higano S, Tomura N, Shishido F, Kanno I, Miura S, et al.
Evaluation of regional differences of tracer appearance time in
cerebral tissues using ['°0] water and dynamic positron emission
tomography. J Cereb Blood Flow Metab. 1988;8:285-8.

. Koeppe RA, Holden JE, Ip WR. Performance comparison of

parameter estimation techniques for the quantitation of local
cerebral blood flow by dynamic positron computed tomography.
J Cereb Blood Flow Metab. 1985;5:224-34.

Huang SC, Barrio JR, Yu DC, Chen B, Grafton S, Melega WP,
et al. Modelling approach for separating blood time-activity
curves in positron emission tomographic studies. Phys Med Biol.
1991;36:749-61.

lida H, Jones T, Miura S. Modeling approach to eliminate the
need to separate arterial plasma in oxygen-15 inhalation positron
emission tomography. J Nucl Med. 1993;34:1333—40.

Kudomi N, Hayashi T, Watabe H, Teramoto N, Piao R, Ose T,
et al. A physiologic model for recirculation water correction in
CMRO, assessment with *0, inhalation PET. J Cereb Blood
Flow Metab. 2009;29:355-64.

Ito H, Kanno I, Kato C, Sasaki T, Ishii K, Ouchi Y, et al
Database of normal human cerebral blood flow, cerebral blood
volume, cerebral oxygen extraction fraction and cerebral meta-
bolic rate of oxygen measured by positron emission tomography
with 0O-labelled carbon dioxide or water, carbon monoxide and
oxygen: a multicentre study in Japan. Eur J Nucl Med Mol
Imaging. 2004;31(5):635-43.

Hayashi T, Watabe H, Kudomi N, Kim KM, Enmi J, Hayashida
K, et al. A theoretical model of oxygen delivery and metabolism
for physiologic interpretation of quantitative cerebral blood flow
and metabolic rate of oxygen. J Cereb Blood Flow Metab.
2003;23:1314-23. ]
Meyer E, Tyler JL, Thompson CJ, Redies C, Diksic M, Hakim
AM. Estimation of cerebral oxygen utilization rate by single-
bolus !0, inhalation and dynamic positron emission tomogra-
phy. J Cereb Blood Flow Metab. 1987;7:403-14.

Ohta S, Meyer E, Thompson CJ, Gjedde A. Oxygen consumption
of the living human brain measured after a single inhalation of
positron emitting oxygen. ] Cereb Blood Flow Metab.
1992;12:175-92.



32 : 621

E I EAFRERFESE ORIV LG
<R &>

PSEENIRIEZZAE 12 3B 1T B Frontal assessment battery (FAB) % B\ 7
AR SIAR BB RTA & J& F N I D ARG

KR BF) BiBM—ERY R x?
WHE Y FEIE—ER? WE kY

BE ' NHEIRFAEE L EERMEOEREFO—2LEZONTWS, AIFETIE,
FEVE N SHBY IR 22 B IR R ORI 2 ML, PISEBIAR R Z R KM E %
%, RFTRILIEE OREEIZOWTRE Lz, ZO#ER, RIEERERALD—>TH 5 Frontal
assessment battery (FAB) Tid, MBAIORERELE T H2BETEHAICEEZHD, BED
WHBIRHFEZHTHREBEDA ) —= v FREL LTEHATHL LBbNI:. £/2FAB%
BOMROCHZNREOKRIMEZFAERETBOERERE LR LTH Y, FAB AWM FHE
%, HUR, R#EHLAYEROMIME LR L &5, B CEHE 2 NE M A EIEZ b
D& L7-GRARREEDE T ICBIE L T A W REMEAVRIR S 7z,

Key words : internal carotid artery stenosis, cognitive function, cerebral blood flow,

white matter lesion, frontal assessment battery

(FxzErh 32 : 621-627, 2010)

EL®IC

HE, DPECBWTOREEERITA TRAIA VD
EbREICdoT, NHEBIRICHREMREEZE TR
EHHHIML T B, NEBIIREsEEI, SO
DRGSR EBDARAE{LZ & 72 L, RIMEEOET SHEE
WEROFRR & 72 o THMEEEZRITERE R ) 9 5.
PSHEINRIC 60% DA LBkZAe % A U7 BB D 10%75, 54
DNChiEEL & -3 Fbh T2, KMEEWR
759 R M4 R 1B 2 (vascular cognitive impairment
VCDY O fERRFO—2 £ 5N TWVA.

CHETARTD, WNHBMRSEZ T 2B
B R (percutaneous transluminal angioplasty : PTA)
RHHEIR A 7 ~ M BB (carotid artery stenting : CAS)

VB EREMAEERERE Y ¥ —UNnEY) 57— 3 v B
VR PRI PR

YE BEER

R AEPIRL - INEE AR

(2010469 B 1 B4, 2010469 A 4 H5H)

258

ORI HE T, RAREFMAIITOhTELYD, &
5 ICHRE AT RE R E OB, EEREYES 7
FHREPLKMEHERE, MMELR#H % L1conTo
BT S, PEEBINRPARIRER S 5 BAEEE) X
PALERENTVWS, ThETlCHESh7-N%EE)
WRERZEAENC & 2 FRABRRERE X, 2Mn 72 R Am sk
T2oE FEE SHELBE BaRKSEREOKET
% EZI I BAS, IR E 72 13RI TR
BROBEZRETLINDHEWY,
ZZTHEbRbNIE, WEEIRRAREIC X 5388
BREEORMAEL LY B, HEBERO P CHA
T & 5 i 2 DA 2 v, MBIk
R R IR & R D BRI D W TG
L7z, AT, BABEEOZITY, &) HEMERRE
EZEZOLNTWAHRIHEEREICER L, RBirmitk
L OEEIZOWTRET L7

HEEFE
— RN R M FE 1 2 RN ML & 2 & 9 DJER %



32 : 622

BLEREONSEIRFEERE D) b, HERIC
I AMRHERERT & 9 RO % FAEERES X
UBEREERERE E 2 #5729, HEATGETEE (activity of
daily livingt ADL)2'HY. L TWA EBE 67T HE2 R L
L7, 4 52 ~ 83 i% (695466 %), HBMH56 4%, &
T 114, BEERITI~164E (13550 ) Tho 7z

IhoBEICH LT, Mini-Mental state exami-
nation(MMSE)?, Ravens’s colored progressive matrices
(RCPM)®, Frontal assessment battery (FAB)'Y 7
FOMRLEFNREZRBITLAE S THWE
MMSE (& R %%, Gosh, EBLFE BE
FHHD S 2 ABABEREDA S V==V 7T AT, 30
HMETHESNEY. RCPMO IR K E RHFDOFDZE
HEAH YT 2 K% 6 B OBIRBE 2 SHERE T 54
HERAMRETH L. REHIRIZZ L, 36 HOMFD
HTOEERZHEE LT 5. FABV IZEMYE, Eo
itk EB)RY), EEEER, GONO-GO #H#E,
BB 6 HETHERIhTEY), FHEHBIC3 HAIE
HEh, 8ETHELRSE. ThZhokEDH v
b+ 7fEiX MMSE : 23/24, RCPM : 24/25, FAB : 12/
132 LY, ZREDERLEFZHEL..

MR R MAT L LT, 2612 Magnetic Res-
onance Imaging(MRI) & Single photon emission CT
(SPECT) % MifT L 7z. MRI i Fazekas 74 %
W, B B 12 58 (periventricular hyperinten-
sity: PVH) & % &8 12 9% % (deep white matter lesion:
DWML) DEIEFEFTH %1772, T4bH, PVHA
ZWHD% grade 0, BIAICF v v 7 IR EE
BT ROBEEEHZRZD LD D% grade 1, fll
MELFE 7B AL — X7 PVH % grade 2, E#
HEICEASAELRPVH % grade3 & L72. DWML
13, grade0: JHZ % L, gradel: /MIEERIKFE,
grade 2 : WIHABLAIRE, grade 3 : LHEiIRIAMHIRE,
D AR, 7, BIERR IS CTHSEENRD
ZF i % 47 v», NASCET (North American symptom-
atic carotid endarterectomy trial collaborators) #: T¥k
mRPEHL, 0% Lokt mEkeL L.
SPECT 3% Tc-ECD (technetium-99m L,L-ethyl
cysteinate dimer) Z fiVvy, ZWRICEMBE.OHERT >~ 7
L — b (three-dimensional stereotaxic ROI template;
3DSRT) Z w72, Zhid, BRICEB IhiES
636 8 @ B.L IS S 13 SN2 EA 12 Kk o 7 ATk
MR D % &ML TH 5.

VLol & AT o 728, MR OHEZEIRERREN

ELa2

259

BizEsh 32 %65 (2010 : 11)

FEHRRE, BLOCPVHXR DWMH OEEEE DH
RICOWTHRE 21T 72

¥ ET AL F (X Macintosh /H Stat Viewd.0 # I \», B
i OFHEOBE I 5 H ST (ANOVA) Z17o 7.
BFEREVRD LN 728 A 1213 Posthoc test & L T
Fisher D% BB % 17 - 7-.

w R

WEBIRZZD S B, HAHEEZET A EHIX23
%, ERREZETHEET22 %, WHRELZET
LEEIZIIBLTHoI. TOILEERERITE
(552%) 1B, FEORHBEERE 134, EORH
EERERE %, WHABEREREIZTH->
7o, BERENLWE(BEREL L) LEEREL
B3 ABGUBERER EASERER WS
FEPRZERE) D 4 BEO LB TIX, W HIBE DS b o M &
Holboo, Fi, UHICEBEERIALON Yo7
(%1). PVHICEAL T, grade 02312 4%, gradel
A333 4, grade 272134, grade 3233%/Th o7
¥ 72 DWMH 122\ i3 grade 0 2812 &, grade 1 2%
18 4, grade 278194, grade 323124 TH - 7.
PSEBIIRIEZ & PVH, DWMH O EIEEICE E 2
RizALNLho7. 2B, 6RBIEIR—ARXA—H—%
EHELTHEH, MRIWCXAKBMAEREDEERIZ
FMECE Lot

FNFhOMRLOEENREDOFYMEIZ, MMSE
254+33, RCPM 259464, FAB 131434 T & - 7-.
EEREFOFZEMB X CPVH, DWMH O EiE &
BlomEoHENRERROFEHMELE2 3ITR
3. MMSE 3 X Of RCPM IZNEEIIR D B ER DA
ERREMICE o THBDOEZRD LD o 127,
FAB CTIXWHM o NHEBIIRE EREE AT 5 BE DK
WS, BEpERELVEERLHAOEERERE
WCHRTEEICE - 42(ED). £/, PVHOESE
EragLoBRENREOBMICEELE/RZAD,
MMSE, RCPM, FABOW$hd PVH A EFE I %
BIIEHEAMET 3 2 H o 72 (F£2). kOB
MiIEDWMH T ALNLH, FEELXRDLDIX
RCPM @4 T, DWMH 28 WEEIZ X, DWMH 7%
HOLBETHEEMETLTWA(E3). M2, S
LDHEZMRETREZRLZBEOEEZRT. FUIC
SRETERE % L3 2 MMSE (2 A0 22 B & il
EEREET TWCHEMBMBEELT KBTS
RCPM A BIm ezt L WAl S EREHTRE Y



W?ﬁ?ﬁﬂﬁﬁé%ﬁ_b:ﬁ VF % RTBEZERRAE & R AT AN L 32:623

®1 NEBHREERERELER, WEOEZORERE

EEERR A LB A A B FE B R AR A B T R v B A B

(n=30) (n=13) (n=21) (n=3)
EHE () 68.245.6 715+1.8 69.0+1.4 77.0+3.7
MR (58 / &) 8/22 1/12 2/19 0/3
MMSE (/30) 25.0+3.4 24.8+3.6 26.8+2.9 24.0+44
RCPM(/36) 26.6+1.2 23.0+1.8 275+1.4 21.0£3.7
FAB(/18) 13.3+1.7 128+24 13943.1 7.3+6.4

%
¥
*

MMSE, Mini-mental state examination; RCPM, Raven’s colored progressive matrices; FAB, Frontal assessment battery
*p<0.05

F2 PVH OEERE & MiEOEZEI R R

grade 0 grade 1 grade 2 grade 3
(n=12) (n=33) (n=13) (n=3)
MMSE (/30) 28.3+1.4 25.0£3.6 246429 21.6+£3.5
e
*
*
%
RCPM (/36) 31.0£3.3 25.3+3.3 252474 16.7+3.8
* %
*
FAB(/18) 14.742.1 13.1+4.2 12.942.0 8.0+£3.3
. SE—————
b3
*
*

MMSE, Mini-mental state examination; RCPM, Raven’s colored progressive matri-
ces; FAB, Frontal assessment battery

*p<0.05
%3 DWMH O EEE & 0B Z IR

grade 0 grade 1 grade 2 grade 3

(n=12) (n=18) (n=19) (n=12)
MMSE (/30) 275+1.4 24.7+4.4 25.2+3.0 245428
RCPM (/36) 31.0£1.8 23.7+14 25515 23.8+1.8

N—
*
*
*

FAB(/18) 147425 12.5+4.7 137435 11.742.8

MMSE, Mini-mental state examination; RCPM, Raven’s colored progressive ma-
trices; FAB, Frontal assessment battery
*p<0.05

260



32 : 624 Bz 32% 6% (2010 : 11)

(%) %

00 e R (%200 )
90 ..... S 90 : 90 . r‘
8O o 80 - 80 ® BERELL
70 F e R e 70 . B (n=30)
50 e T T 50 - %(n:13}
o o o C mEREERE
20 20 - 20 B(n=21

0 - 0 - g - #(n=3)
MMSE RCPM FAB
1 NEBREEEERE L HRLEZNRECRELET 628G

MMSE, Mini-mental state examination; RCPM, Raven’s colored progressive matrices;

FAB, Frontal assessment battery

M L3 w—7F, WHlEERERTIZ FAB 26
BEZBL TV

FAB & BETRIME OB EE 4 18T, FABIZ#
EEBIO/NNZKBRE, WAIOREE #HKBLUA
IR 1 8 7 ERAL DO BN IMLGE & B E %GR 72,

£ =

AEIZBWTIE, 3B EPVETEH LA, IO
EEREEAETHBEEDEHTFAB ORF A0,
I ZORBEEIKREAEREND—DTH2 PVH L B
L, WHORERES X OCHKRE & A% KRRk
OMRIMGTE L BhEAZ D2, DT s, WNIEEIRE
ZEIERE NS 5 FAB O LHE%EWHREL LTO
AR KNMEERELOME, B X ORNMmE s OB
HIZOWTIHICE ST 5.

PN A B R B 22 1%, VCI % % 1 32 40 JE (vascular
dementia: VD) P O fEBREFO—2 . E X 5N 5,
EBOREZHICBVTE, DbOSNEZHRATHL R
BB T % 29 2 NSHBI RIS AE b Vi, H
HEFEICBWTRALHEZ RO VEBE DL HE
5. FICBEEICELT, FABREEENZVOD,
5V BAEREEEL REL L TR20M,
HEOBRON-ZEER OB T, Tho2WEIOK
BIOICHIT A2 L RLT LIS TRZW. BA
ENLHEHERREBIED D LBEHDT5%, KHED
62%13 65 UL ETH 0O, VCI D#LEAT 912
VDIZHEATT A7 2 L ICEE TS, NHEHBIIRRAE
BEIERN 2 BAEDERICE LTwb e E2bh
ZDHEFIIOVTIE, WEFORIETFH &\ ) BAD

261

F 4 FAB LRI ORI

right left
Anterior 0.32* 0.32*
Precentral 0.37
Central 0.21*
Parietal 0.31*
Angular 0.34*
Temporal 0.40*
Occipital
Pericallosal 0.32* 0.24*
Lenticular 0.32*
Thalamus 0.36* 0.27™
Hippocampus 0.35" 0.27*
Cerebellar

*p<0.05, *p<0.01

A bY, BRAELZFHTHLV)ERTH REIR
R RIIREPEETHD. URLEHDL, T0LH%R
BE T 2 RARRE O M 2 B E LS, A
L LHARICBIT A HEZEOFRTIE, MELMRE
LDHEZFHBRETT S PORE ZHERNIKRIETE S Z
EWEIEND.

ZFZTC, AWIETIE, WHELHFAELZERT, Lo
ZTOHMEICERTX 2 3FHEOMROHEENRE S
AT, RO ZIT- 7. HTH FABIZH
10 omERE T, Bt Tkt EHH7or 7
IV, THHIBCTS UK, #fla s ba—n
BT % SHMli T &, JEEICHIE TE { ORITHIERR



NEHENIRIRZZE (2 31T 5 RTSHZERRAL & )5 A AN I

REMETEXAZ LAEHTHALVY. 2L 7Y, BHIE
EWEEICIE, £y POEH, T—F VAR —, A%
il FEE B, MRMEZ, ICRNB LT
RERBE, FHEME HOEFYE RITE, HHRO
ML EEBOBELH L LHMONTEY, il
DOREBHBEICBWTI Y EMIMESIT Sh, AE,
EE), L SELRCOEZENRBABEORE L
WLEIHZE-TWALEEZLRTWAY, Z0#
MBI, ATHERRBIISESELEMTMH
DEFZW R LT, BHIUETTAZL
NFEEINDE, ChEFCTICHMBEEBEFME L
T, Trail making test(TMT), 5 & it W5 1% iR &6,
Stroop Test, Wisconsin Card Sorting Test 72 ¥ H
WHNRTE722®, FABREBICESILTESE
W) RTH, RABROERLRAZ ) —=v FHED
—DOThbEEZLNT.

WIZ, KBBAEREIL, REPREOBLRAFTH
Bribilc, PABRETORBEFEZEIOATY
AW KRMEEIZ, EICHEORIEBIRD 5T 5
HEBIRICHEESNTEY, BEBINRO AR HEE
THAHANERBAREE R, BRECEREZICIDE
ZHIMFEAPEE S, BEENEEILEZE L4720,
BEE CIRRLTHZRE TR Z2VY. KA ERE
LAVMBRE O BRICOWT, BERZED MBI L1
BRI O BTG L AR 205, EREE
PITATEER Ao T AMED R, EHREER
LB L 2 d o b I HEYHH 5.
—%, AMKSP1E, Kohs L HHEREZ RERANICT
WESE P AR 22 %> PVH O FETEDSINNG IS X 5 SR5k%
BROEBETZELIRELTWS LR /2, F
B £dheERnE, TRk C2EECTR
1, AUBHEEICREE L oA REOIK T 2 mE 3 5 s
b% . KNEE I EHHE ) BRMN L B %k
HWLTHAETAREAZHE-TWB EEZ HNY K
FICBITHFABOBE E PVH O BEIEE & o B
3, AMBEOES, KE, REO&REOREY L
BRLTWwA D EEZ SN,

XS & AHICE LT, Kim 5513 70% L
FoREIEEREY b OBREOEFIFTRIEREEZ
AL, 5% DEETRIEHEL &SRR D MK T
RO ERELTVS. TARAERE L OB
Ti, BERREEZFAETELVE ) LS REREE L
EUMEAORKREEREZ AT 5 IMEERIERE T
&, BEEDVEE L B L T EEO M

32 : 625

T2BDZLEVIHED R, BAEIIED 2V
MRI TJi #i % leukoaraiosis % 23 5 B, @ENSR
BHEHB LU CHRICHEERE L X URIHBE E D
MFAMET L, KBEE OB FBRE) LAERIC
HolbWHBET, AEREFREICEBIZL, K
BORMBIME T35 —7, BEENENLATSLL
WHBED R EAH L. ThETIC, DABEVET
ERTERESNTVRLHL P LEEREO LR VNEE)
WREezeTid, BEREOFEEPR, WKLY, &
EETHH LD, KNMHEREDOHFER EHFBRL
TWwWaEEZ 6N, #9REN5 embolism % hypop-
erfusion 12 & o T, 18R 7% BRI & AT SR T i fix
BTAFEELTWSE DEBLNEY. —#iCe b T
RIS IC MR AYS {, MRETICERTHLLEED
hTBY®, KifgizB T, FABPHNIEEIIRICE
B BT A BY, BICHlloSEEEEET L8
ZOEFITHREOET 2RO L &, WMADORIHEE
RHRISI Z A  KBEEROMFE & R L TW2Z &
1%, NSEEBIIR O s EE B2 | AR 5 BB A9 22 iX o) BRI
REEAS, [R#2 KM EREEOME L L CORIEIER
FBOBMECEEBLLTEEZRABRTLZIHDOTH-
7z. %7z, FABIZAARBEIROL WEBOIMIE & 3
MERELTEY, EERVEEIIBITIAIREOFORD
R BHEISTR B L 0 GoNO-Go BEIC BT 2 TS
DBH, BE~OLEFN L EECIRL WRARETD
LHeEZ oML 72721, FABOEBEET?, &4
MR RMBEED Ay b —2 L LTORBEREITHE
ZRALTW20%, FIEEDORMEOEETHLD
PIZOVTE, 2SR FERIVVETHS. I
i CIRERCERAERE RS > TRT T 5Y
72, BREERICEBEELSD S5 L) PORFPLE
Thb LRI, 25125 DEMAEBAERTOMR
HBLETHLALDER DN

SE M

1) Mannami T, Konishi M, Baba S, et al: Prevalence
of asymptomatic carotid atherosclerotic lesions
detected by high-resolution ultrasonography and
its relation to cardiovascular risk factors in the
general population of a Japanese city: the Suita
study. Stroke 28: 518-525, 1997

2) CASANOVA Study Group: Carotid surgery versus
medical therapy in asymptomatic carotid stenosis.
Stroke 22 : 1229-1235, 1991

3) BAARME, BARBER, /ANIAEDS @ #5MNIMmE
MR B TA b7z 2 B &S 58 (PVH) O K



32 : 626

EIZBI 3 2 BRR AR, BMZEA 17: 9-17, 1995
4) Erkinjuntti T, Rockwood K: Vascular cognitive
impairment. Psychogeriat 1: 27-38, 2001
5 FiSM—E, FHAKR % XK#@5: NSEBHIRY:
72123 § % percutaneous transluminal angioplasty
o THLN-BRBBEREOWRHEIZOVT.
Bt R4V 23: 971-976, 1995
6) B Kl RIBM—ER, B #&FS  NEEIRERE
FENIXT 3 B AT H M RN REIC 5- 2 BRI
Ther Res 17: 2270-2276, 1996
7) BEEET FUEN K REAS  EEHRSE
FRABIE BV B AR EERE - RBANS, WAISR,
NART OERRIEZ —. Bifi#E 58: 681-686, 2006
8) Sztriha LK, Nemeth D, Sefcsik T, et al: Carotid
stenosis and the cognitive function. ] Neurol Sci
283: 3640, 2009
9) Folstein MF, Folstein SE, McHugh PR: “Mini-
Mental State”; A practical methods for grading
the cognitive stste of patients for clinician. ] Psy-
chiatr Res 12: 182-198, 1975
10) Raven JC: Coloured progressive matrices. Oxford
Psychological Press, London, 1976
11) Dubois B, Slachevsky A, Litvan I, et al: The FAB: a
frontal assessment battery at the bedside. Neurology
55: 1621-1626, 2000
12) AR —ER, A #, RRETL: SiREICS
I} % Frontal assessment battery (FAB) DR &
FITOWT, AR 58: 145-149, 2006
13) Fazekas F, Chawluk J, Alavi A, et al: MR signal
abnormalities at 15T in Alzheimer’s dementia and
normal aging. AJR Am ] Roentgenol 149: 351-356, 1987
14) Vermeer SE, Prins ND, den Heijer T, et al: Silent
brain infarcts and the risk of dementia and cognitive
decline. N Engl ] Med 348: 1215-1222, 2003
15) Hachinski VC, Bowler JV: Vascular dementia.
Neurology 43: 2159-2160, 1993
16) O’Leary DH, Polak JF, Kronmal RA, et al: Distribution
and correlates of sonographically detected carotid
artery disease in the Cardiovascular Health Study.
The CHS Collaborative Research Group. Stroke
23: 1752-1760, 1992
Ingles JL, Wentzel C, Fisk JD, et al: Neuropsychological
predictors of incident dementia in patients with
vascular cognitive impairment, without dementia.

17)

263

iz 322%6 %5 (2010 : 11)

Stroke 33: 1999-2002, 2002

BB, MET—HR: AEERERE-KED

TORE & aFMM % — . #fEE A 37: 93-110, 1993

i, REER ¢ VRN E L RmARER.

EZEDH WA : 192-196, 2001

Hunt AL, Orrison WW, Yeo RA, et al: Clinical

significance of MRI white matter lesions in the

elderly. Neurology 39: 1470-1474, 1989

O’Brien JT, Desmont P, Ames D, et al: Magnetic

resonance imaging correlates of memory impairment

in the healthy elderly : association with medial

temporal lobe atrophy but not white matter lesion.

Int ] Geriatr Psychiatry 12: 369-374, 1997

ARREER R ERA R B AN 86

797-802, 1997

B BT, BIBM—E, KRETFS: NSEBRE

ZEREIZR 9 % Auditory Verbal Learning Test O

IRI9EZRICDOWT, iz 32: 2-32, 2010

BAB  HERE & BMEREREE - M55 R

Do T—. BIARERE T: 230-239, 2005

Kim JE, Lee BR, Chun JE, et al: Cognitive

dysfunction in 16 patients with carotid stenosis:

detailed neuropsychological findings. J Clin Neurol

3: 9-17, 2007

26) MMARE, MAREW, WARBFS @ RMimE R
DIEHEFIZB T % BET - IR ZE SR AL & BB BR.
HAZE R FSHERE 25: 569-575, 1988

27) Tohgi H, Yonezawa H, Takahashi S, et al:
Cerebral blood flow and oxygen metabolism in
senile dementia of Alzheimer’s type and vascular
dementia with deep white matter changes.
Neuroradiology 40: 13113-13117, 1998

28) Meguro K, Hatazawa J, Yamaguchi T, et al:
Cerebral circulation and oxygen metabolism
associated with subclinical periventricular
hyperintensity as shown by magnetic resonance
imaging. Ann Neurol 28: 378-383, 1990

29) Landgraff NC, Whitney SL, Rubinstein EN, et al:
Cognitive and physical performance in patients
with asymptomatic carotid artery disease. ]
Neurol 257: 982-991, 2010

30) Bokura H, Robinson RG: Long-term cognitive
impairment associated with caudate stroke. Stroke
28: 970-975, 1997

18)
19)

20)

21)

22)

23)

24)

25)



P SABIARRASAE |2 331 5 RUBHZERRAE & RPT AN I 7 32: 627

Abstract

Cognitive dysfunction and cerebral blood flow in patients with stenosis of internal
carotid artery using the Frontal assessment battery (FAB)

Aiko Osawa, M.D., Ph.D.", Shinichiro Maeshima, M.D., Ph.D.?, Fumitaka Yamane, M.D., Ph.D.2,
Hiroshi Matsuda, M.D., Ph.D.¥, Shoichiro Ishihara, M.D., Ph.D.? and Norio Tanahashi, M.D,, Ph.D.¥
YDepartment of Rehabilitation Medicine, Saitama Medical University International Medical Center
?Department of Endovascular Neurosurgery, Saitama Medical University International Medical Center
9Department of Nuclear Medicine, Saitama Medical University International Medical Center
YDepartment of Neurology, Saitama Medical University International Medical Center

Stenosis of internal carotid artery is one of the risk factor of vascular dementia. However, because
most patients can live alone, it is not so easy to find out the cognitive impairment for such patients. We
therefore performed simple neuropsychological tests to evaluate overall cognitive function and to clarify
the relationships between cognitive function, especially frontal lobe function, and the white matter
lesions or regional cerebral blood flow (rCBF) for patients who have symptomatic carotid artery stenosis.
Frontal assessment battery (FAB) was effective to detect bilateral severe stenosis. FAB had significant
relations to the severity of periventricular hyperintensity, but not the of carotid artery stenosis. Addi-
tionally, there were significant correlation between FAB and rCBF of bilateral frontal lobe, thalamus
and wide area of right hemisphere. These results investigated that chronic hypoperfusion of wide area
may be play a role in the deterioration of cognitive, especially frontal lobe, dysfunction in the patients
with stenosis of internal carotid artery.

(Jpn J Stroke 32: 621-627, 2010)
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