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Background: Subcortical vascular dementia (SVaD) is a relatively homogeneous subtype of
VaD, but the mechanisms of cognitive dysfunction of subcortical VaD are not completely un-
derstood yet. This study investigated the changes of cerebral blood flow (CBF) in patients with
SVaD and the contribution of the white matter hyperintensity (WMHI) and clinical severity to
CBF changes. Methods: 99mTc- ethyl cysteinate dimer single photon emission computed
tomography (SPECT) was performed to measure the regional CBF and statistical parametric
mapping (SPM)99 software was applicated to automated and objective analysis of the SPECT
image data. Twenty three patients (male 12, female 11) of mild to moderate dementia who
met both the criteria of the DSM-IV and probable or possible NINDS-AIREN for VaD and have
subcortical white matter changes and lacunar infarctions on brain MRI and seventeen normal
control subjects (male 7, female 10) were evaluated. The severity of the WMHI was measured
by semi-quantitative scale method proposed by Méantyla. The severity of dementia was mea-
sured by clinical dementia rating (CDR) scale. Results: SPM analysis of SPECT image revealed
significantly reduced regional CBF in the right thalamus, left caudate nucleus, cingulate, bilat-
eral superior temporal, and left ventral subcallosal gyri in SVaD patients when it compared to
normal controls (corrected p<0.001). Among four WMHIs, only the deep WMHI was associat-
ed with the small CBF reduction in the left superior temporal gyrus (uncorrected p<0.01). The
reduction of CBF according to the severity of dementia was noted in the anterior and posterior
association areas (uncorrected p<0.01). Conclusions: Our study suggests that cognitive dys-
function of SVaD may be related with CBF reduction in the above mentioned brain areas, which
probably are not associated with the severity of periventricular WMHI and dementia.
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o} @3 apE =494 (single photon emission computed
tomography, SPECT)< ©]&3 7|53 A7 %A (functional
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ciation Internationale pour la Recherche et 1'Enseignement
en Neurosciences (NINDS-AIREN)[7]2] probable or possi-
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1) AZARIZAK Neuropsychological assessments)

ZANHAQl AA715e Adele] $4& Korean Mini-mental
State Examination (K-MMSE)[9]& ©]-&3}917 Xuje] 4]
3l A%+ Clinical Dementia Rating (CDR) HEZE o]&3}3ith
A8 1A 7)152] A& Seoul Neuropsychological Screen-
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2) X7|2HAA(Magnetic Resonance Imaging)

¥ MRIZAARE 15-T (Vision-Plus: Siemens, Germany)=
AANE T} WA F7 % (white matter hyperintensities,
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ventricle) & W} A7 WMHIsE 4 ©AZ Yret Hdo)
8§ 75 grades 0, W] Fo] <=5 mm ¢l Z$-E grade
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(perivascular spaces)©] &3] #&=]7] W&o o]3o|A L}
= WHE G3A WA TTA7IA ST 11].

3) CHUREECEEEASE (SPECT imaging)

740-925 MBq®| 99mTc-ECDE AW FAFSIL 208 & A
o 4], fan-beam collimatorE ©]-83F multi-detector scanner
(ECAM plus; Siemens, Erlangen, Germany)Z ©]-43}o] 3
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4) Statistical parametric mapping =41

Matlab, version 5.3 (Mathworks, Inc, Natick, MA)Z}
SPM99 (Institute of Neurology, University College of Lon-
don, UK.)[12]& °l&ate] on|A] 4L sk¢ich. SPECT
olHE 3t AH9} P HEE Eeldte Analyze (Mayo
Foundation, Baltimore, Md.,, US.A.) AZEdo] 207 i
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width at ha f-maximum (FWHM)9] 7}-A1eF A (Gaus-
sian kernel) & o83l JAe HEHSAIZLE o]EA A
AR 16-bit, AFe] I7)7F 79X 95 X 68 mmo]Z 2X 2 X2 mm
St (voxel) A718 7HIth SPM 8402 A2 As= B
MR template (Montreal Neurological Institution, McGill Uni-
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05+ 99 (39%), CDR 1< 89(35%), CDR 2+ 6%(26%)
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rior temporal gyrus), 5 1443 (caudate) FHHT} A5}
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Table 1. Demographic and clinical characteristics of SvaD
patients and control subjects

SVaD patients (n=23)  Control subjects (n=17)

Mean+SD Mean+SD
Age 66.10+1.33 61.50+1.71

(range 56-77) (range 56-77)
Male 12 4/3
Female 11 2
Education (years) 9.74+5.28 11.65+4.50
K-MMSE scores 19.27+1.33 27.13£13

SvaD: subcortical vascular dementia, K-MMSE: korean mini-mental
state examination.
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Fig. 1. SPM analysis results superimposed onto an axial (A) and sagittal (B) MRI template. Areas with decreased regional cerebral
blood flow in patients with SVaD in comparison to the healthy controls are presented in red and yellow colors (corrected p<0.05). SVad:
subcortical vascular dementia, R: right, L: left.

Table 2. Regions, P/T values of voxel and coordinates of the
significant (corrected, p<0.05) clusters with decreased region-
al cerebral blood flow in patients with SVaD compared with
healthy controls

Region (Brodmann area) Voxel P Co-ordinates
(corrected) X,Y,Z (mm)

R Thalamus 0.000 7.84 10,-8,18

L Superior temporal gyrus, BA 22 0.000 7.78 -50,2,2

L Subcallosal gyrus, BA 25 0.000 7.50 -6,8,-12

L Cingulate gyrus, BA 24 0.000 7.18 -4,16,26

L Transverse temporal gyrus, BA 41 0.002 6.31  -46,-20,10

L Caudate head 0.002 6.22 -4,16,2

L Anterior cingulated gyrus, BA24  0.002 6.16 -2,28,14
R Superior temporal gyrus, BA22  0.009 5.70 48,-6,0
R Inferior fontal gyrus, BA 47 0.021 5.39 42,14,-8

BA: Brodmann area, SVaD: subcortical vascular dementia, P: probability.
Aol gle ASE Yehth 182 DWMHIsS] 7oA
312 5T hxlolgke] Aol w Wo] Asj4E ¥
F7F GojAA Uebderl, SAECR nle o d#d A

Fig. 2. SPM analysis results superimposed onto an axial MRI %7} uncorrected p<0.01Z YA Yelgth Xule] Aol g2
template. Areas with decreased regional cerebral blood flow A HIF Zal k= ARAR o= WioAAT 99

according to the severity of dementia (CDR score) in patients A a1bo wu
with SVaD are presented in yellow colors (uncorrected p<0.01). (dorsolateral prefrontal area) 2 thd thxjo] el Liehs

SVad: subcortical vascular dementia, R: right, L: left. Ou A JEE uncorrected 001 S2A UYEPRTHFIG. 2).
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NINDS-AIREN 7]%& Aelstitt ol Aol 23 233
o FAst A AvjEA T 175(74%)> Erkinjunttic]
MRI A4 71&& 9E3le] 4l gdst a4 A7t Bo
ﬁfﬂ-ﬂoir;}_
g4 X]“H@rx}-/] 7154 ] TES Bo] FE A=,
Kwan 5 923} H7 o] $-= uj e x4
A

4

o) ASHE QoA GRS QAT A

U SUHI5) Tohgi S Bsfolwy Bajsh wa
g8y ABANN 0, PETS ol&dtel MBF 589l 5
9 Asigied, 9zselny BAIME SFIH FAY
39 s

o HERF| S50 AL -4;“4 A4 Ao ghAje]

Me AFEE o il geolx ERe] SFe] oAt &)
6]. ol Ade= HFG Eo] FE ARTFY, "

S, AT, AL A2 3] Z (thalamo-cortical circuit) &

Adhs AAF 999 g3 A2 E A EY 2

ks F S5 A7 Wi Jerdty st

0‘011*1 A5¢ PETOlY SPECTE o434 AAESH o
2] 758 AFES AH 94 9ol ROIE T84 A
211:}. Ty o] W 9 7 @Al gtk AA, ROIE
J2l= AL Akl Hol A 4], ROIE I2le 98
MAakzdl o AARRRe | o] AHg-gitt AlA, ourt )l
U Oﬂou 277} A Aol = ROIS 34 ofu)7} 84
2 F 9tk A, ROL gl A8 495 Rt Qloj® &
AolA AQQEr). o]H AdEE FE}7] I8l Friston 52
SPMAZE O /sty SPM2 ROIZ T2+ Al 3
A on|A] Ato]€] EloJEE voxel O] voxelZ H|A3IAAA F
AFAQ A AT 12, 13].

Of=2| .

oot

i

2ILHAH . Z10] 9| 29

Ooo " T

7154 =G Aol 2R ArjeialelXe E5

4 ) 58
ot Tyl ¥ thatel el Fek 9HSA gk el
A BREEY PN FUFU BREE G FaE
A% D% THR AU 4 9 A Pl

AR Aok dzte] BThT BTHI8) Teh} oy
o Wk AN FrEsh 2x, AAeEHA 75
ASkE solA ke siio)

o)l
#9285 o 1) 234 k]zwow wae) wyst A
o) 9he AR AARL A% N3] Ao} 545 Y
B SA . A AR B B U

A 20, 211,

2y inlol"*"ﬂHJ 7 559 A7k ofH AFelME
Rt oA olde] A Aet Hisir16]. o] &
d#stolH ] SR THE B Ast ] Xufshatol A RIS
WAl El= AIZAAl 22 (neuropsychiatric symptoms) Sl —ij
& (apathy) & BA &5 7159 Aste #Hd 202 A7dAn
[22].

o) AN S AHEE tulolatl AH WA 291e)
AFAA7E Yeis=d o]d AL o]dY dAFelME YERY
A ook AAo|th Table 2914 YER}E Brodmann 9% 41
2 Ua}F H7tgH 0 24 Heschl?] tho]zolgty &&A UL

A7}y A (auditory association cor-

o?tlo

tex)olth, o] ¥9& EdE HE FFYPL A HaE
72 dojo} AHHE 2EE B V1T T ok A 9l
tH23, 24]. & AFolA Uehde 45T dixolEe] dRd4
o] Al guE ol 7R & = YA o] IARES A
o= Yo} &gle 7PEAAMdiscrimination) W I HAANE 8t
Lalp} 9]”1% T AS Z\ﬁi *ﬁﬂlﬂﬁ‘r

HER{ sFo| WojA L, X7t HiAH = Xdiﬂ 1 7*%% g5
2o] Aol golAths Ao *™Tc-HMPAO SPECT

< ol&F A7elA UrEPkkEP[ZB] S i G R L B
a3

7F Al Aol kA %5 Aot %L—T-‘?‘Zqﬂf] A3t (asso-
ciation areas)ol|A] 3 %—./] SEO] Qojgt} oyt APAL A
Abelol] wlste] mldsl A st A = A4 JH= 5t
R 9l o tidelRe) 4 Sl 95 4 S5 o
wolg, 5 wdd H9le] dREFS HAXAT, I
2 A7k SR ThelE AR5 #adt AdsE 949
L Yol AFF BY7} opL = AFRY} g TR

o] Agtd o Aolgks 7S shA g

Roman §& Xuj7t @34 HAN &2y $1x] 9= A
7F Itk aFHA J]X]—‘Jr AAHE IR S dodle o
2 e 2848 xslini26]. 18y A WA =
2 ¥R 589 4 E leukoaraiosis®] £} é}ﬁj AL}
o] ok sk HA® JoH27] ey ol dAglxe



RIS HaA R|0f EXjoA] CHUXSESTEEEIN Statistical Parametric MappingS 0|23t k&5 29| 84 27

B WS el 47149 49 FollXl DWMHIE A 9]g
U] 3714]¢] PVHIsE 3|83t Xuj3kae A Vehgs F4
R Zasl ddo] gl Ao Yehygth Wd Wwe A
g H8R[F 3F Abole] A #AE ¢ siMe i st
Ho] of} wwe 23E MRIAAAM AF o= e
= Aol B0l 2 A 4ZE

AEHOR o] A7 Yehe 95 A &5 s F F
9, g dixolge] g SRS, G 4 STt

1. Erkinjuntti T, Inzitari D, Pantoni L, Wallin A, Scheltens P, Rockwood
K, et al. Limitations of clinical criteria for the diagnosis of vascular demen-
tia in clinical trials. Is a focus on subcortical vascular dementia a solution?
Ann N'Y Acad Sci 2000; 903: 262-72.

2. Ishii N, Nishihara Y, Imamura T. Why do frontal lobe symptoms predomi-
nate in vascular dementia with lacunes? Neurology 1986; 36(3): 340-5.

3. Fukuda H, Kobayashi S, Okada K, Tsunematsu T. Frontal white mat-
ter lesions and dementia in lacunar infarction. Stroke 1990; 21(8): 1143-9.

4. Mielke R, Pietrzyk U, Jacobs A, Fink GR, Ichimiya A, Kessler J, et al.
HMPAO SPET and FDG PET in Alzheimer 5 disease and vascular demen-
tia: comparison of perfusion and metabolic pattern. Eur J Nucl Med 1994;
21(10): 1052-60.

5. Komatani A, Yamaguchi K, Sugai Y, Takanashi T, Kera M, Shinohara
M, et al. Assessment of demented patients by dynamic SPECT of inhaled
xenon-133. J Nucl Med 1988; 29(10): 1621-6.

6. Yao H, Sadoshima S, Kuwabara Y, Ichiya Y, Fujishima M. Cerebral
blood flow and oxygen metabolism in patients with vascular dementia of the
Binswanger type. Stroke 1990; 21(12): 1694-9.

7.Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC,
Garcia JH, et al. Vascular dementia; diagnostic criteria for research studies.
Report of the NINDS-AIREN International Workshop. Neurology 1993,
43(2): 250-60.

8. Christensen KJ, Multhaup KS, Nordstrom S, Voss K. A cognitive battery
for dementia: development and measurement characteristics. Psychological
Assessment 1991; 3: 168-74.

9. Kang YW ND, Hahn SH. A validity study on the Korean mini-mental
state examination (K-MMSE) in dementia patients. J Korean Neurol Assoc

1997; 15(2): 300-7.

10. Mantyla R, Erkinjuntti T, Salonen O, Aronen HJ, Peltonen T, Poh-
jasvaara T, et al. Variable agreement between visual rating scales for white
matter hyperintensities on MRI. Comparison of 13 rating scales in a post-
stroke cohort. Stroke 1997; 28(8): 1614-23.

11. Reed BR, Eberling JL, Mungas D, Weiner M, Jagust WJ. Frontal lobe
hypometabolism predicts cognitive decline in patients with lacunar infarcts.
Arch Neurol 2001; 58(3): 493-7.

12. Friston KJ, Holmes AP, Worsley KJ, Poline JB, Frith CD, Frakowiak
RSJ. Statisticcal Parametirc Maps in functional imaging: general approach.
Human Brain Mapping 1995; 2: 189-210.

13. Friston KJ, Ashburner J, Poline JB, Frith CD, Heather JD, Frakowiak
RSJ. Spatial realignment and normalization of images. Human Brain Map-
ping 1995; 2: 165-89.

14. Ikeda M, Hokoishi K, Maki N, Nebu A, Tachibana N, Komori K, et
al. Increased prevalence of vascular dementia in Japan: a community-based
epidemiological study. Neurology 2001; 57(5): 839-44.

15. Kwan LT, Reed BR, Eberling JL, Schuff N, Tanabe J, Norman D, et
al. Effects of subcortical cerebral infarction on cortical glucose metabolism
and cognitive function. Arch Neurol 1999; 56(7): 809-14.

16. Tohgi H, Yonezawa H, Takahashi S, Sato N, Kato E, Kudo M, et al.
Cerebral blood flow and oxygen metaholism in senile dementia of Alzheimer 5
type and vascular dementia with deep white matter changes. Neuroradiol-
ogy 1998; 40(3): 131-7.

17. Albert ML, Feldman RG, Willis AL. The subcortical dementia’ of pro-
gressive supranuclear palsy. J Neurol Neurosurg Psychiatry 1974; 37(2):
121-30.

18. Sabri O, Ringelstein EB, Hellwig D, Schneider R, Schreckenberger
M, Kaiser HJ, et al. Neuropsychological impairment correlates with hypop-
erfusion and hypometabolism but not with severity of white matter lesions
on MRI in patients with cerebral microangiopathy. Stroke 1999; 30(3):
556-66.

19. Nagata K, Maruya H, Yuya H, Terashi H, Mito Y, Kato H, et al. Can
PET data differentiate Alzheimer’s disease from vascular dementia? Ann
N'Y Acad Sci 2000; 903: 252-61.

20. Baron JC, D’Antona R, Pantano P, Serdaru M, Samson Y, Bousser
MG. Effects of thalamic stroke on energy metabolism of the cerebral cortex.
A positron tomography study in man. Brain 1986; 109(Pt 6): 1243-59.

21. Pappata S, Mazoyer B, Tran Dinh S, Cambon H, Levasseur M, Baron
JC. Effects of capsular or thalamic stroke on metabolism in the cortex and
cerebellum: a positron tomography study. Stroke 1990; 21(4): 519-24.

22. Hargrave R, Geck LC, Reed B, Mungas D. Affective behavioural dis-
turbances in Alzheimer s disease and ischaemic vascular disease. J Neurol
Neurosurg Psychiatry 2000; 68(1): 41-6.

23. Milner B. Disorders of learning and memory after temporal lobe lesions
in man. Clin Neurosurg 1972; 19: 421-46.



28

24, Van Lancker DR, Cummings JL, Kreiman J, Dobkin BH. Phonagnosia:
a dissociation between familiar and unfamiliar voices. Cortex 1988; 24(2):
195-209.

25. Shyu WC, Lin JC, Shen CC, Hsu YD, Lee CC, Shiah IS, et al. Vascu-
lar dementia of Binswanger s type: clinical, neuroradiological and 99mTec-
HMPAO SPET study. Eur J Nucl Med 1996; 23(10): 1338-44.

« ZIBHAY . jlgllad> g| 20‘_|

26.Roman GC. From UBOs to Binswanger s disease. Impact of magnetic
resonance imaging on vascular dementia research. Stroke 1996; 27(8):
1269-73.

27. Kobari M, Meyer JS, Ichijo M, Oravez WT. Leukoaraiosis: correlation
of MR and CT findings with blood flow, atrophy, and cognition. AINR
Am J Neuroradiol 1990; 11(2): 273-81.



