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O TIHEZHE L, TIEZE(EERS {(E@k T1E— &2 T1H) X 100/5&7#87 TLE) 25 BBB OEEDE

AL 72, & 512, magnetization transfer ratio (MTR%) {(Moff-Mon)Xx 100/Moff} (Moff, Mon i
off-resonance 7 )V A IEEHI DE 5 HHE) %R HHREEOREE O & Lz, BD #£5%° AD FEOMIM=H]T
A O PVHIEZIC DWW T, THEZLERIZ CREE AT E B ICEEICRE D VBRI BDBETIE AD BE X
DHREDNoTz, MIR X, CEEELEANT BD#E, AD X b CERELEEER L, B BD#TX D {EEE
I olz. FIRUHRERE & OB Tk, BD BET T1EZ{LEES® MTR & MMSE 2 27 L OfIcHELHE =
D7 AD BECIFEE MR > 72, PVH FEE O T1EZME3R & MTR & O3, BD B AD
BEE D ICHERHEERED 2,

M EoHED S, BD 2 AD @ PVH $H5 T3 BBB OEENHEHI S 1. FHZ2 BD TV EETH B &2
SNz TS ITEMEEOTLE LEEL . & 517 BD TIZAIRIHEREREE » OBBED & 51z, MEEICH
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B RiREEZ 6N b, —H, TV INA XK
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% (Fazekas 4348 T grade 3 1I2FHY) %78 % BD 21
Bl CFEgEH 79.7 1% Bk 1261, 22 9 fl) & AD 10
Bl CEFER 789 5%. B3I, LT Th S,
BD OZiid. DSM-IVY, Bennett 57 D2WHTEME I &
. AD Ozl DSM-1V® & X - 7z, Hachinski® &
FEIMA 2 713 BD FfE 3 R_T 7S L TH D, AD B
A ERHCThol, & 512, WHEDEHLERIC I
SPECT MR & 2F 12 L, AD TI3EHE I 2 (HI5E
SHTAZEE & 7 3B RPRE O MK THTR 2580 % b
DIZFR- 729, FIFIHEEEREE O E X, Mini-Mental
State Examinination (MMSE)!® &3 L7z, & &
1. B MRS 72 & Uiz S & FAMER O
[EZEEETE 14 ] (94 78.6 W% B 8 B, % 6
B, F&fER 3 H~30 H) ZEE Lz (CED, CERIZ
BEZEH DI PVHIRZ 1375 < L HiR b D 51T,
MMSE 2 2 7 1% 26 s A ETH o7z, AD EE BD #iz
BT, 5l 2 7 AU ZER E R 380 12 B
T OBEPREY. TRERR0 /KEEE & 200 & n 7 Efli
HRP SN UTze £72TRTDBEZHIZOWT,
#ill 2 v 72 BEES MRIFEE D ARG 2 S T2,

MRI /% Magnetom Symphony (1.5T. Siemens f8)
Z v, fast SE I & 2 ififi; T2 sRFHEiER (TR 3,000
ms/TE 102 ms) 75 PVHIRZE 2L 72, AT A &
B 8 mm (gap2mm) T, ¥ bV v 7 A& 256X 154,
FOV i 25cm TH %, HII=EAREED A F A 2 LT, W
BIDOHENNZEE P A 55 PVH RS 25 L,
WIS Chr L ¢ PVYH I L (PVH R HEHEN
[PEHETE) Z=3RDiz,

BBB DfFE#E (X, Gd-DTPA (meglumine gadopente-
tate, 0.1 mmol/kg) &L D T1AERIEER (LLF Tl
i) OZALFEP ST L 720 TREWRT LI I

Tl EZEE (%)= (&% T1 E— &A1 T1H)

X 100/3&E 521 T1 &
ZAREEE L7z, TIHIX TR OF7% 5 fast SE# (TR
300 ms/TE 24 ms, TR 3,000 ms/TE 24 ms) 753K &
720 Gd-DTPA Z1EH, @ BBB 3588 L 72 hs, 7 Dk
REDEE S WA CikmE MRt T %, ZhidE
OSSR EE S, THHZEHESES 2 En
5. BBB OWHEAL 2 5 & & WATRE L 72 510,
b5 L. ERFIE GO BHEHAERM 2 HRE T 5
72, 3D BD BEICOWT . &R S 5. 10, 15,
20, 30 342D T1 B ZRERFANRE LTz, £ OFSR. 15
SRICBT 5 THEOFHREIIR SRR E o7 Z & »

B3k ESE

5. AW TIRIER 15080 THEZRA L2, &
DOFETIE. TIEZACEIK L 72 513 £ BBB DOH#EHE
EENFETHS L 2RI,
PVH JRZ DAEREE DOFEE 1. magnetization trans-
fer tESFHIIL . TRCICRT D1
magnetization transfer ratio (MTR(%))=
(Moff—Mon) X 100/ Moft

(Moff=off-resonance »¥ ) A 18 &t Hij. Mon= off-
resonance /)L A HRESER) RHAE L L7z, HRiRix. 2D-
GRE ¥ (TR 300/TE 18, FA=60") I X b . off-
resonance 2 $/L A 1%, Gaussian type DI T, 7SV A
BREEIX FA 5407, 1.5 KHz B 7z 350712 150 Hz O
I 2.5 ms A L 72 MTR X B THES 70 b >
EHET O b OBINCHT 2 ESFREE T2 b
DEEZRL . KIXEE TR FRE 7 e b 2 H
KT 2DEFFELTIZY) U THEI EME, 0D
B9 212 CREH O 2 & BHREENREE CH
5 Emmd,

BD Ff¥ & U8 AD BECIA#E % PVH A8 53463 L
b & NIz DI A RTA PO RTEEEERE A E T
HolzZ Lo AW TIHMIRGE 1A AP O PVH
JRAZBEPHRE Lz 3 b b BER? O L 512 BD
#E. AD BT Ml ORI E R A A EE O PVH A
(i 5~7 mm O OBLLEE Z7E U (Fig. 1), CHE
T b [FBROBELOaEE 2 T2 MEREIGIC T EE SERE
R I WHITEEESEES AN (normal  white  matter,
NWM EME97) 1C8E Lz, L7zhd> T, BD BE D]
A== RTA PO BB (PVH-BD), AD £ Ol
SHIAEFEO HERZ (PVH-AD), 3 XU CEEDMH
IMERTARABEDOIER FHE (NWM-C) 12D il
& T1E, TIEZEE, MTR 2HIE L7,

PRAR 3P T BRERZE TR L FEHEnIfT e LT
2RO IR IE 2 #7E & Student’s t FREIC L DL 3
FEE O LB 13 3 80 i & 2 E B (ANOVA &
Scheffe’s F test) % Fvaiz, R 1ED T1 EOZEANIZ.
Wilcoxon OFFSHIEMEIC & 572 MMSE X217
&N T A =% — X OB X Spearman O IEA7 A B
% TIHEZEZE E MTR & OFHEEIE Pearson OFHEE %
Az,

B &

Table 1 I HREHE DERAFER T, 3 BE CHElp
WAHE 7 < RN & B R Tl C L BD BE TR
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Fig. 1 Axial T2 weighted-image (78-year-old woman with BD) shows extensive PVH lesions on the frontal white matter (left).
Corresponding T1 image (T1 before the injection of Gd-DTPA) showing the regions of interest placed on the frontal

white matter (right).

Table 1 Characteristics of subjects

Controls BD AD
Patients, number 14 21 10
Age, years 78.6 £ 4.0 79.7 £ 529 789 + 449
Sex (men/women) 8/6 12/9 3/717
PVH area ratio (%) - 64 £ 2.19 42 + 1.7
MMSE score = 206 190 + 3.69 183 + 5.0
Risk factor HT 11 (79%) 16 (76%) 6 (60%)
DM 2 (14%) 3 (14%) 2 (20%)
Heart disease 4 (29%) 5 (24%) 2 (20%)

BD : Binswanger’s disease, AD : Alzheimer’s disease
2 mean+standard deviations

MMSE : Mini-Mental State Examination

HT =hypertension, DM =diabetes mellitus

*p<0.05 compared with AD

Table 2 Mean T1 before and after Gd-DTPA administration, T1 change, and MTR in normal white matter

of control subjects and in areas of PVH in patients with BD and AD

NWM-C PVH-BD PVH-AD
Tlpre (ms) 1,183 + 88 1,787 + 23u*x+* 1,654 + 3129***
Tl1post (ms) 1,168 + 80 1,666 + 2[0V***a 1,581 + 285u%**b
T1 change (%) —12 + 229 —6.6 + 2. ]Vrxri —43 + 2|9
MTR (%) 275 4+ 092 (n=10) 202 £1.69 (n=15)***#t 236 + 3570 (n=8)*

NWM-C=Normal white matter in controls; PVYH-BD=PVH in BD patients ;
PVH-AD=PVH in AD patients 2 mean+standard deviations

*p<0.05, **p<0.01, ***p<0.0001 compared with NWM-C
#p<0.05, " p<0.01 compared with PVH-AD

ap <0.0001 compared with Tlpre of PVH-BD, *p<0.01 compared with Tlpre of PVH-AD

(3)
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Table 3 Correlations between MMSE score and
each of MRI parameter

PVH-BD PVH-AD
PVH area ratio 0.29 0.15
T1 pre —0.20 —0.30
T1 post —0.15 —0.30
T1 change 0.66* 0.24
MTR 0.74** 0.38

PVH-BD=PVH in BD patients, PVH-AD=PVH in
AD patients
*p<0.01, **p<0.001

PEUENL o TzDIZF LT, AD FETIT LN {
AOENTPEETIZ R o7z, PVHERELIZ AD #
WHART BDEFTERICKE 572 MMSE R 27 1%
BD £ AD HECRIE CTh o1z, MEMEDERNTD
Foige g A, BRI DR (R R IR
EiR) OBEIHERIZZED s ko,

Table 2 123ERZHT T1E. &R T1E, T1EZLK,
BELUMTR OHEEZR T, @Eal T1ES & O
# T1 k. NWM-C [2}t~_C PVH-BD, PVH-AD T

EIZE < . £72 PVH-BD, PVH-AD DO¥&524% T1 fi
OEFRT THEIZERTZENZENERIE T Lz, TI
EZAEERIE . NWM-C 12T PVH-BD, PVH-AD T

BEICKER D, €512 PVH-BD /d PVH-AD 1zt
THERWECKER STz,

MTR &, BD &% 15 {3l AD % 8 51, C#¥f 10 i THI
E L 72e NWM-CIZ T, PVH-BD, PVH-AD T
MTR FEEZEfEZ7 L. & 51 PVH-BD I3 PVH-
AD IZHRTHRWEE L o7z,

Table 312, MMSE 227 & &/8F X —% — L DI
EAfe# %~ 9, PVH-BD Tid, Tl {HEZ(LES® MTR &
DORNCEE AR &5l h3, PVH-AD TiX %
NF A =5 — DECHEREZHEBE o7z,
B, THEZE{EZE - MTR & OFEBIE%Z. PVH-BD
T r=0.59 (p<0.05, n=15), PVH-AD T r=0.73 (p<
005, n=8) &b, Y IHEZHENE ST,

% =

BBB OHERERHE: & U . BEFRANC 13560 IS 7
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AD BETHERZENTWBE W, LinL, 20N
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THhERRTE RV L, 5 TEERECLIE
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Z TR, ERAIRGHETERO THEORIE = &
B L T.BD* AD EHDOKHERZ D BBB DfEE
WZDWTHET L7z, £ Df55%, PVH-BD, PVH-AD T
e b THEZERIZKERD . 250 BBB O
EDRE S Nz T TSR IS & . BD
PRRIMEREEV 1 & b 72 ) KIKEERE T, 74 7
) =7 resyE s a 7)) v O IE A DR D3 HE
P& 4L, BBB DR £ 3B EDTLEN R INTE
D, TA DEGEIE 2 S HBFERIITFE L H—BIL Tw»
%77 AD 2B L T SN EERRERIR SE2Y, PET??
RE CT % 72133855 MRI2Y 2wz g, H 50
IHERR 7 VT S EOEIEY® 2 ¥ 65, BBB
DEFEWCHEL T LI IR s TwRn, 20
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32 eI E NIz, 127P L, HETHRANI &S5 e
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Blood-brain barrier dysfunction in white matter lesions of
elderly patients with dementia
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Abstract

We investigated blood-brain barrier (BBB) permeability in white matter lesions of Binswanger’s and Alzheimer’s disease
with contrast-enhanced MRI. BBB permeability was quantified by calculation of T1 change defined as [(T1post-Tlpre)/
Tlpre], where Tlpre and Tlpost represent the T1 relaxation times before and after Gd-DTPA administration. T1 changes
in periventricular hyperintensity (PVH) of BD and AD patients significantly decreased in comparison with that in normal
white matter of the control subjects, and PVH of BD patients showed significantly decreased T1 change compared to PVH
of AD. The magnetization transfer ratio (MTR), reflecting the severity of tissue damage in the white matter, significantly
decreased in PVH of BD and AD patients comfarmd with normal white matter of the controls, with a significant decrease in
PVH of BD patients compared to PVH of AD patients. T1 change and MTR for area of PVH significantly correlated with
the MMSE score in BD, but not in AD. These results suggest that BBB permeability increases in areas of PVH in BD and
AD. Moreover, increased BBB permeability may be related to a decline in cognitive impairment in patients with BD. BBB
dysfunction and tissue damage may be more severe in areas of PVH in BD patients than that in AD patients.

{Key words> Binswanger’s disease, Alzheimer’s disease, white matter, blood-brain barrier (BBB), MRI
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