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Study
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Background and Objective: Subcortical vascular dementia (SVD) incorporates small vessel
disease as the primary vascular etiology, represents in MRI by lacunar infarct and deep white
matter lesions. In clinical practice, a number of SVD patients present with various vascular risk
factors for large artery disease (LAD) i.e., old age, hypertension, and diabetes. However the
current diagnostic criteria for SVD did not include angiographic findings as a key feature. There-
fore we tried to find out the frequency of large artery disease in SVD and to elucidate whether
the presence of LAD affects clinico-radiological manifestations of SVD. Methods: Thirty three
patients fulfilling ‘Research criteria for SVD’ by Erkinjuntti from 17 study centers were recruit-
ed. Of these 33 patients, 21 who underwent comprehensive neuropsychological test battery,
MRI, ®FDG-PET, and MR angiography were classified into two subgroups according to the
patterns of MRI abnormality: white matter dominant (WM) type (n=5) and multiple lacunar
(LC) type (n=16). Clinical and neuropsychological profile and *FDG-PET findings of 21 SVD
patients with and without LAD were compared. Results: Twelve (57%) of 21 SVD patients had
mild stenotic lesions in intracranial large arteries: 4 in middle cerebral artery, 8 in posterior
cerebral artery, and 4 in vertebrobasilar artery. There were no differences in vascular risk fac-
tors, characteristics of cognitive dysfunctions, and *FDG-PET findings between SVD with and
without LAD. Conclusions: Our results showed that the presence of mild degree of large artery
stenosis did not affect the clinical, neuropsychological profile and cerebral metabolisms in
PET. Therefore, the current ‘Research criteria for SVaD’ by Erkinjuntti could be used to diag-
nose SVD as a homogenous clinical group regardless of angiographic abnormalities.
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Fig. 1. Examples of 3D time-of-flight magnetic resonance angiogram (MRA) in patients with subcortical vascular dementia. MRA shows
focal stenotic lesion (arrow) on left proximal middle cerebral artery in (A). Normal findings of MRA have been shown in (B).
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Fig. 2. 3D time-of-flight magnetic resonance angiogram depicted
severe stenotic lesion (arrow) at right proximal middle cerebral
artery.
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PET 942 GE AdvanceTM (Milwaukee, WI, USA)
PET scanner® AAtHE™ a4+ 49 mm Full-width half
maximum: FWHM, &% &A= 39 mm FWHM), 93z}
2 PECIA T2 A B Wi A =E A7 AR
209 Hlo]Eo] F3] 3 ote}-9]o]3 A (orbito-meatal line) ol
HasA BB de] doAEE PET 27y 1Ee(gantry)
ZAsY MeE ¥4 [*®Fluoro]deoxyglucoses 30
of A4 48 MBa/kgE A9 FAFSL 308 § 942 &
Atk PET 9742 3D FEE, G ] =7t 2
7} 49 2 39 mm FWHM?S 35709 3 dAoz AojA
TH(slice thickness=4.5 mm). A<

(cut-off frequency=4.5 mm)E E33}
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452 Hanning filter

ATAE AT 128 X
128 matrix (pixel size=1.95%195 mm with a slice thick-
ness of 425 mm)dl] T B & AAS} attenuation coef-
ficient (¢=0,096 cm-1) & correction A1} }3Th,

A% 219 8Ae] "FDG-PET %42 Matlab version 6.0
(Mathworks, Inc,, Natick, MA )} Statistical Parametric Map-
ping 2 (SPM2: Wellcome Department of Cognitive Neu-
rology, University College London, UK)g ©]-&3}ed 209 <]
733 Hlwagitt. SPM 245 98] GE Advance PET
camera (General Electric, Milwaukee, WI) 2 HoJ7 GAS

Analyze (Mayo Foundation, Rochester, MN, USA) ¥# S
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2 W3ksied 94 71289 A7) (matrix size) & 128 X128 X 35
o7, x8 yE9] 34 A7) (voxel size)v 242 1.95 mm, AH
(slice) o] F7E 425 mmSAth $Ate ARl BE JAE
£ SPM2 Wol| 9l+= automated spatial normalization func-
tione o]-&3}] PET template (Montreal Neurological Insti-
tute, McGill University, Canada)Z WH3A7|1 o|ZA At
3H JAES 16 mm FWHME| Gaussian kernels ©]-8-38}]
A 3k(smoothing) AIZH. ol 7} 320 Albe 2¥E 7IE
0 & A7F3Hnormalization) FIAT. HT 7kl thAb A F-9E
gRla7] 91gk 2k A ZF Jekd ti27, EE MRAC 9]
e F 23 49 29 PET G4 sha-th-8ka(voxel-
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T weh thA] Z o v 3 BAA gt e ska
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treal Neurological Institute, McGill University, Canada)®l
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p-value<0.05 HSolA v)Z B4, ¥ EF A% 9o
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ropsychological Screening Battery: SNSB)E Al3}&}sich

SNSB+ 99 (Digit span, Letter cancellation test), o]
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(Korean-Boston Naming Test)[18], 2271, 917], A4}, FH¢-
A, AAFAANAZAL S AAb, ATt e84
AA J87), dol-5% £F), A9 7]19E(Seoul Verbal
Learning Test 5 243173, A3, AQ3E A4, wde

A Nqg(deol-5 8o g S35, A4, Al
A} AAD, AF97)15(Contrasting program, Go-no-go test,
Fist-edge-palm, Alternating hand movement, Alternating
square & triangle, Luria loop, EA4] ©o] dAF AL Stroop
Arbel #g AR FAEAT = 7Holal7d A AH Kore-
an-Mini Mental Status Examination: K-MMSE)& H]&#3t
RE ANANANG Ar} A= o9} 9 2 FHS A
= 71ES ARt g Bl S AbE st Blal
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Table 1. The vascular risk factor profiles in patients with and
without MRA abnormalities

SVD with SVD without
MRA abnormalites MRA abnormalities  p-value
(N=12) (N=9)
Age 70.81£5.32 65.11+5.48 0.04
Sex, male 7 (58.3%) 4 (44%) NS
Vascular Risk
Hypertension 9 (75%) 7 (78%) NS
Diabetes 3(25%) 2 (22%) NS
Hyperlipidemia 1(8.3%) 0 NS
Cardiac Disease 0 1(11%) NS
Smoking 5(41.7%) 3(33%) NS

p values are calculated by chi-squire and Mann-Whitney test (age). SVD
indicated subcortical vascular dementia.



9 SVD @45t A9l SVD A 19l By 994 4
B BT VT HR, B WAE FUT B o)

pd

Table 2. Neuropsychological characteristics in patients with
and without MRA abnormalities

SVD with SVD without
MRA MRA
abnormalities  abnormalities prvalie
(N=12) (N=9)
Korean-MMSE 1 2 NS
Attention
Digit Span Forward 7 6 NS
Backward 6 6 NS
Letter Cancellation 8 7 NS
Language and Related Function
Korean-Boston Naming Test 4 4 NS
Finger Naming 8 NS
Rt-Lt Orientation 11 7 NS
Body Part Identification 11 7 NS
Praxis 5 NS
Calculation 6 3 NS
Visuospatial Function
Interlocking Pentagon 4 5 NS
Rey Complex Figure Test: Copy 4 0 NS
Memory
Seoul-Verbal Learning Test
Immediate Recalls 2 0 NS
Delayed Recall 1 0 NS
Recognition 3 1 NS
Rey Complex Figure Test
Immediate Recalls 3 0 NS
Delayed Recall 3 0 NS
Recognition 3 2 NS
Frontal/Executive Function
Contrasting Program 6 5 NS
Go-No-Go 4 5 NS
Fist-Edge-Palm (normal/abnormal) 4 1 NS
Alternating Hand Movement 2 2 NS
Alternating Square & Triangle 7 7 NS
Luria Loop 6 8 NS
Controlled Oral Word Association Test
Animal 3 3 NS
Supermarket 2 1 NS
Phonemic fluency 2 1 NS

All Data were represented by the number of patients with abnormal
score. p values are calculated by chi-squire test. NS indicated non sig-
nificant at p<0.05.
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Table 3. Region, Brodmann areas and T-values of the significant clusters with decreased glucose metabolism in patients with sub-
cortical vascular dementia compared with 20 normal controls from SPM (p<0.05, corrected, k=50)

Region of decreased metabolism

Stereotatic coordinates

than normal contols Brodmann'’s cortical area (X.Y. Z)mm T-value

SVD with Left inferior frontal gyrus 47 -48, 16, -2 6.12
MRA abnormalities (N=12)  Right inferior frontal gyrus 47 50, 20, -8 5.47
Right middle frontal gyrus 6 32, 18,58 5.45

SVD without Left inferior frontal gyrus 47 -44, 20, -8 6.69
MRA abnormalities (N=9) Left dorsomedial thalamic Nucleus - -8,-16, 10 5.98
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Fig. 3. Statistical parametric mapping analysis of patients with subcortical vascular dementia (SVD). 3-way-glass brain view showed the
region of hypometabolism in SVD patient with (A) and without steno-occlusive lesions (B) compared with 20 normal controls.

nl xF
N YAy PAS ¥HY Sl oF ¥ANS 2
B B2 M UAe Waz 8 AA7I5e AohE Yo
13, 1], HBF W) 9 AAVS) BoE ok
7 o] Qovk AFH WebEAE A5 A4l @
g o] SJ3hA TR HAF AN H AR &
3

3
H2 WHo] SRt A @] dA7Ied 9% & 5+ A
< 2R A7 ofd tg d7E vFslth ARELS SVD
9] HEE FHA WY YA G9E MRAE ol g4l
Hrrel Hoktk @ A 9 27 2 AZAEAAL MRI &
702 SVDE gt AA 219 5 1299 oF 57% 3ol A
A o] FukES BET 5 YATh MRACA o &
7o) SIE Shatsk Aol Ad $at 7he] A 542 Hla
=}

=
B8] 92000 A

3 Az, Yol A9slie v
AN AL 27 2 "FDG-PETY] HujAlel] o] 2olg &
oA kgity I EE Erkinjuntti 50| AAIS A4S WAL
8H8 Ae7|E=E H4s5le] SVD $AE Add 39, Fikgs
HEH W Aagle] $2S A4y 548 K 84 £
Mgk b Bfo] 2 5 S Aol Azsith

Aol HdAe] PHA B FEe SRt B

9 PETE &% HtiAte B4 H7ke AAZHSE vl +4
gk A= §lITh 19999 Kwan S[20]0] 923} =734 3}
£ WS RE PETS A3 dA+E Aoy A7 %7t
¢} Auje] 5, PET dloJgle] £4o] n&3l3a, FHkEE
YA Al Ak yHE At TEEA ZEsith 5
3] B A oAM= PET Hlo|EE statistical parametric map-
ping 7|HE o]&d] £43t0 E region-of interestE ©]-&3F ¢
& H 240] 7RI e BAA SRS AR 538k
0 Adshy B0 7hssisin2ll.

A A BAEY] 4 HEFY 25T diAt] gt 7]
A ARA A7 2 Bol FEo] $EY, Kwan 5{20]
9] Ao A& vj Q] HAFY (dorsolateral prefrontal lobe) ¢

o] 4 25T AL At ZAst ¥ FAte] 1A 7] 5
Al FHo| gty By vt gitk & AFelMe HE A9
2 W fr7ol w219 BAES FESt ARl 20
W3 oy =T AL vnd A3 o F B FHS slF
3](Left inferior frontal gyrus)olA =4 LT Al 744
7b #EFQY T3y F & A4 v

F

QoA 7155 Yy 2a3% A3
=
=



AAY F girk 2 AFelME St Grt 24 AA oY
] 762%} 238%E AA ST 1#Y MRAGIA Hd
e FA] ol AR FApe} AJoldd At Tl 99
A A Bxo] TAA FIAE AT ok Yeld A9
HEH] P AES HAH FAlA F t] BUTHp=004).
HEHe] P WS iR T LM WIlli's cir-
cle) FHFE] 2 FHAA FHEEAT AT FAjol|A] thdA o
= T otk JEv TS WAFHeu A3

=

35
e FHE S 21 i dAE 5 @
W g3 Y= kel BE BF ARl 3

= o] AT el &4 HHE B

o &
= e ofn
2 32

2 o
ot tlo fr

A

¢
2

)

offt

=3

1o

¢

R AT )

o
jg
-0,
|o
U
ox
&
i,
B
[
o
12
ot
&

|o >

H.u _

oft ¢x rlr >

= b

} 314

o Hi
£Q
s
ra
P!
rlo
rr ok
e
-
Lo
9
2
=
o,

3
=
-

ot SAE ASHE AENE T Akl AZET Erk-
injuntti 2 SVDe| WA 7)&S AvEd, 92 e
y&ste] B|EFA 4998 (non-lacunar, territorial) 734 o]}
ZAA ) (watershed) 7340] A& 79 SVDAA A9
EE BIgith &, st FghE ¥

lo
rlu

o

rJ

lo
el
)
=2
lo
=)

= ol
= %
e =
o oF |
oX &
1o o
v
o, 1
& rid
o Ho
T o

offt
=2
1o
> O
ot
fins)
Y
=
o
ot
=
iy
=
N

)
e
23
oX,

i ok
®
o
)
2
w
<
w)
rlet
>
il
o
B
fo
i}
o
%0,
tlo
PO
o
O,

o 3, T BA71 5541 o) 754 el
7 1024 AloleA 9L 41 B9 F 9k SVD B4
S2 3950} ek g & A7 g BAE0] SVD A8
o B4E 93 YT 4+ 802 60%0 St HED

otk AA 338 SVD g

Ao Al MRAE Aldstlaol® 78t 12 359 MRA
FAEl A=At 1Y HE MR

G e B R P24 WHe] MRAS Rz, S0kt
93-98%7MA HAEL Gl =2[23] & A¢9 g/ £ A
74k Q7 AT B Ao Azheith R o A
S50 AwstA ZAs 4 Ak 9A
A Huolg TS WAz H 3
A s Bl 3t 3 HE glgld AL olget Al

o

35

APPENDIX

The followings participated in the VADAPET:

Kyung-Ho Yu, M.D., Byung-Chul Lee, M.D., Jee-Hyang
Jeong, M.D.!, Duk L. Na, MD? Yeonwook Kang, Ph.D?,
Hee-Joon Bae, M.D.}, Sang-Yun Kim, M.D?, Jae-Hong Lee,
M,D,G, Kyoung-Gyu Choi, MD., Dong-Won Yang, M.D.7,
Eui-Ju Son, M.D?, Sang-Do Yi, M.D.’, Jae-Woo Kim, M.D.",
Kyung Won Park, M.D!, Eung-Gyu Kim, MDY, Mee-
Young Park, M.D,u, [I-Woo Han, M,D,B, Dong-Seok Hahm,
M.D.”, Mun-Seong Choi, M.D."*, Choong-Kun Ha, M.D."”,
Seong-Hye Choi, M.D.”’, Ae-Young Lee, M.D.', Seol-Heui
Han, M.D.”

Department of Neurology, Hallym University College of
Medicine, Ewha Womans University, Mokdong Hospital’,
Samsung Medical Center, Sungkyunkwan University School
of Medicine?, Department of Psychology, Hallym Universi-
ty®, Euli University School of Medicine!, Seoul National
University School of Medicines, Asan Medical Center, Uni-
versity of Ulsan College of Medicine®, Catholic University of
Korea College of Medicine’, Sangmoo Hospital’, Keimyung
University School of Medicine’, Dong-A University College
of Medicine', Pusan Paik Hospital, Inje University', Col-
lege of Medicine, Yeungnam University'?, Yongin Hyoja
Geriatric Hospital®, Maryknoll General Hospital¥, College of
Medicine, Inha University”®, Chungnam National University
College of Medicine'®, Chungbuk National University Col-

lege of Medicine”, Korea,

]

126

1. Roman GC. From UBOs to binswanger s disease: impact of magnetic res-
onance imaging on vascular dementia research. Stroke 1996; 27: 1269-73.

2. Mantyla R, Aronen HJ, Salonen O, Pohjasvaara T, Korpelainen M,
Peltonen TB, et al. Magnetic resonance imaging white matter hyperin-
tensities and mechanism of ischemic stroke. Stroke 1999; 30: 2053-8.

3. Erkinjuntti T, Inzitari D, Pantoni L, Wallin A, Sheltens P, Rockwood



36

K, et al. Reserch criteria for subcortical vascular dementia in clinical trials.
J Neural Transm 2000; 59 (Suppl): 23-30.

4. Erkinjuntti T, Inzitari D, Pantoni L, Wallin A, Scheltens P, Rockwood
K, et al. Limitations of clincal 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.

5. Sabri O, Ringelstein E-B, Hellwig D, Schneider R, Schreckenberger
M, Kaiser H-J, et al. Neuropsychological impairment correlates With
hypoperfusion and hypometabolism but not with severity of white matter
lesions on MRI in patients with cerebral microangiopathy. Stroke 1999;
30: 556-66.

6. Fisher CM. Lacunar strokes and infarcts: a review. Neurology 1982; 32:
871-6.

7. Horowitz DR, Tuhrim S, Weinberger JM, Rudolph SH. Mechanisms
in lacunar infarction. Stroke 1992; 23: 325-7.

8. Bogousslavsky ], Regli F, Maeder P. Intracranial large-artery disease
and ‘lacunar” infarction. Cerebrovasc Dis 1991; 1: 154-9.

9. Inzitari D. Leukoaraiosis: An Independent risk factor for stroke? Stroke
2003; 34: 2067-71.

10. Moody DM, Bell MA, CHalla VR. Features of cerebral vascular pattern
that predict vulnerability to perfusion or oxygenetion deficiency: An anatom-
ic study. Am | Neurorad 1990; 11: 431-9.

11. Adachi T, Tagaki M, Hoshino H, Inafuku T. Effect of extracranial carotid
artery stenosis and other risk factors for stroke on periventricular hyperin-
tensity. Stroke 1997; 28: 2174-9.

12. Schmidt R, Fazekas F, Kleinert G, Offenbacher H, Gindl K, Payer F,
et al. Magnetic resonance imaging signal hyperintensities in the deep and
subcortical white matter: a comparative study between stroke patients and
normal volunteers. Arch Neurol 1992; 49: 825-7.

13.Rao R. The role of carotid stenosis in vascular cognitive impairment. |

Neurol Sci 2002; 15: 103-7.

14. Rutgers DR, Osch MJPv, Kappelle L], Mali WPTM, Grond Jvd. Cere-
bral hemodynamics and metabolism in patients with symptomatic occlu-
sion of the internal carotid artery. Stroke 2003; 34: 648-52.

15. Fearn SJ, Hutchinson S, Riding G, Hill-Wilson G, Wesnes K, McCol-
lum CN. Carotid endarterectomy improves cognitive function in patients
with exhausted cerebrovascular reserve. Eur | Vasc Endovasc Surg 2003;
26: 529-36.

16. Uehara T, Mori E, Tabuchi M, Ohsumi Y, Yamadari A. Detection of
occlusive lesions in intracranial arteries by three-dementional time-of-flight
magnetic resonance angiography. Cerebrovasc Dis 1994; 4: 365-70.

17. Heiserman J, Drayer B, Keller P, Fram E. Intacranial vascular srteno-
sis and occlusion: Evaluation with three-dementioanl time-of-flight MR
angiography. Radiology 1992; 185: 667-73.

18. Kim H, Na DL. Normative data on the Korean version of the boston nam-
ing test. | Clin Exp. Neuropsychol 1999; 21: 127-33.

19. Yeonwook K, Na DL. Seoul neuropsychological screening battery: Human
brain research & consulting; 2003.

20. Lawrence T K, Reed BR, Eberling JL, Schuff N, Tanabe ], Norman D,
et al. Effects of subcortical cerebral infarction on cortical glucose metabolism
and cognitive function. Arch Neurol 1999; 56: 809-14.

21. Friston KJ, Holmes AP, Worsley K], Poline JB, Frith CD, Frakowiak
RS]. Spatial realignment and normalization of images. Human Brain Map-
ping 1995; 2: 165-89.

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

23. Uehara T, Tabuchi M, Ohumi Y, Yoneda Y, Mori E. Usefulness of
three-dimentional time-of-flight angiography for evaluation of carotid artery
bifurcation stenosis. Cerebrovasc Dis 1995; 5: 199-203.



