® 2 DEMECHTIRMEEE YAIAFIOA~F
(ACC/AHA/ESC— D EMEIRE IC B 1T 2 BIBIETFHA F 54 09)

. $%%% o ‘ r@@ﬁ& ; HRITL— R
eoﬁ%ﬁ EROEEBR U TAEY 2 (325 mg/H) grade |
(B EmED) FAELET
60 MR, DEBHY, U 7708k FREY L (325mg/RB) grade |
BORBE, VAU T702—"%L TAEU L (325mg/R) grade |
60 MLk, BRET LEBERER BOMEEZE (INR 2.0~3.0) grade |

FTAEY @M (81~162mg/H) grade lib
75 LI E, HoioH BOMEEE (INR=2.0) grade |
DARE
AFIRHIE 0.35 LT, FRIRPHEE, S0E BOMEEE (INR 2.0~3.0) grade |
Uy FHEOEE (EIBRIE%EE) O SREE grade |
ATOmR (INR2.5~85 £7/lEZhllE)
MiASFEASEDEETE

BREDLI I &3k DEARMZDBH
*IMEERED VA2 7 7 78— AL, FEEBHEK 035 R, SFEOREE &

CBIERERE
- EIERB R

caged ballf
‘caged diskFt

D570 INR20~50)| 770 (INR25~a5)]

BEERE ERERE
A 4
7»77U/UNR20~30) 7»77UzQﬂR25~3w
E it o
’7REU/8@vamg ”ZEU/80~mOmgw;'
- E/EFU0EY 200mg FEFIOET200mg

2 DEMEERET Y UVFEREE ZIEMEKE BEFBEREESCAIRERICEIT BN
FREMMIRERRE Cuiks X HBIA)

%, carged ball 7 caged disk FF AT HM  HETH 3,

NREE R BEHE T 3, tilting disk F  bileaflet V7 7Yy OREE— R IZ INR 2% 2.0~
mechanical I8 2PUMMEEOHHIZER 3.0 2RI N5, 2 ORYLE, BEEZE %
DIPINTRED, +o%vu7y ) ke CF, BEISEnL 2 wiiEch 206 Th
b Db S TEMER FAE L 2EFI IS 3, 75 U EOERE <X, BitEREFD Y
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| S pE e O B mE |
v

(il
TIAPRARZROREE, S ME,
YERRTR, B EN IR, Do MO E

[ 1o EouzssY |

[ 60~75% [ >75 |
v \

Coongruys || ADEERE | | i YRS 26 75~325mg, TN
- 70REKF  INR2.0~3.0. © BLKRFIOEY S 200mg/A - INR1.6~2:6
70RELL INR1.6~2:6 - HURTIVTZ7U2INRT.6~2.6

3 FFAEENOEMREBEEICE T ZRNRE L IVIMRERGE (X5 X v5IA)

'i"% 3 iii$¢'ié‘??ﬁ4’ RS54 2004; & BHEF—IROBRETOEE—RMERE

}}wiﬁﬁhwi’“fﬁ@%& b’( MZZEP ﬁﬁﬁmfém%ﬂi (TiA) (DE%E .—;ﬁ% (70~75 ﬁuj:) AL, B
;F'UJE%E. ﬂ@bﬂfr’&f%, #S}?rm\vn#&%f bf-%#ﬁifﬁ'uﬁ%%&léﬂ (NVAF) %%uw»’ﬁ U /7)\
CMEINB (LKA, 2
2. }'7Jl»7—' . /ﬁ;ﬁ@?&}#m : —fB&‘E’JL_ i3 international normallzed ratio (INR) 2.0~3. o ﬂ‘?’é“é ns 7)‘, mﬁ%

. @NVAF*%TH: INR&16~26(~.&&&’)5 tb’?ﬁ’”éh%’ (L~ FA),
3 MZ@EPO)E%E%DFB%IXJ%# FOY NVAF BE, LK JIT 7 U S HERO NVAF BEICRTAE u /Mﬁ*f
&hB (Ju-KB),

*4 KEEF' %?734’ h74’/ 2004 h_J:%H ﬁ%@ﬁﬂﬂ—ﬁ)ﬁ@%iﬁ

1 ,"#Héf“ ’éf#bt; b\/bﬁﬂﬂii) (NVAF) @&Zaﬁiu(ﬁﬁif l;t ﬁﬁhfﬁm%ﬁf (TIA). @ﬁ?ﬁ:ﬂﬁﬂi IWT 7
RV R éﬁj T&U, mternatlonal normahzed ratlo (INR) 2.0~3.0 b‘?’é;@é na (TL—FA),
2. ) vm«umr WALDERE L t@%’%"ﬁﬁﬁmf?ﬁ%’ﬁ? BIEGIC L; INR2.0~3.0 Hf3 e 3 (FL—FK
A)o 70 ﬁLJJ:U);NVAF @Eﬁwéh’fﬁﬂi 7?. (n 8 TIA %%'Ui INR 1. 6~2 6 f)‘?ﬁ”“‘é NaE(TL—=F B)o e aflligcy
; AmrumR2e&ﬁx§a%ﬁT5(7» +Bn,M »
3. ATHEBDBETUE, INR20~30 MIFILAD0ED ar FO=LTBZENHRENS (FL—K A)o

27 PRKEVDOTINR 1T 1.6~2.6 DEHEY U%—Vayﬁ LEFECIERL L 72 TR
N7 7 ) URBENSHE XN S, NVAF B Tlk,  BESA F I 4 > 2004,90C Xk 5 AF BE DK

EREDV R 7 OBEOPWBEECTH S, R éPEP RXFBID 7= OPIMAEEE, &4 13K
3 I HAMRYS, HANERYS, HAM  FEEEHOERTY (GuEERE) OHESEE
RIREES, HAEBHEARYS, BRYANE  GORZRT,
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1) Straus SE, Majumdar SR, McAlister FA. JAMA
2002 ; 288 : 1388-95.
2) Hart RG, Benavente O, McBride R, et al. Ann Intern
Med 1999 ; 131 : 492-501.
3) Fuster V, Ryden LE, Asinger RW, et al. Eur Heart J
2001 ; 22 : 1852-923.

suggestion

4) BEBBRBES2MERS. Jpn CircJ 2000 ; 64
(SupplIIl) : 993~1005

5) AAR{EREES, BARLERYS, HARLEES,
ARGER— v/  BREHESSRPRE
Jpn Circ J 2001 ; 65 (SupplV) : 931-98.

6) MEBEHARAA ¥4 vERS, MERBESAF
7 4 > 2004, IR 5 2004,

DEEARIRNE ST S0 FEHE

D BB L E A (PVC) S0
e EDLEREREREEHT 2 0D hd s
TH5, LrLiliEzE0F L BE0BRTEIC
DT, ST L O HEREENE V., EE5D
BREEAT P REREOHWICER LN S,
AR, EEMOE ARG U CAHHA A8
BAmEISE (ICD) DKL TEk, ZHizfhy,
Z DRFEHDOEFER & L COEMEINIEREICER X
NTETWE, 22T TR, LEMEELHE
HREEARDADE L 7EFIC oW TRIER %2 H 1T,
fEai 5,

DEMEIOBRIZIE PVC OFREBF bERT 2
HENH B, bitbitid 2003 SFEICAFASRRD
PVC 2SFEE LCHEBERIC & B EE 2, BAITEEH
HLTOWB D PVCICNT 2 AF—FUT T
L—¥a v TORGREREE, BEREORERE
ERRBRL T 5, LEMEFTH PVC OREFIE
U LEZOND, 7 LDLEMER ¢ PVC &
ETEEE OENSBETH 5, PIAEIREDE
D WT H BRI,

- fEF 1: 66 5, B

DI & 2T © PVC R 2 HEHI N TV
W, EBEERT T ot, 2 BT SR
MR R SEAS R U, E TR X R LD ERIRK
KPR 2RO - DT, sl ot, ZLhK
WDEMIEENR (110/4 AE&) B XU PVC %
BERDI D, AABEE o7z, ABERD PVC
1% 55,000/ H, BEF U 7 AT F FEIR
480 T, Z0HY XY U R EFRECOHEMENE
MR & DAREREBE L, PVCRELI AL =N
150 mg #51c kY 150/HIC@A LT, Dxa—
KT EEEHE 64%, AERIE 44 mm Tl
ZROT, FEAED Rb o7, ERERINEZE O

rhEREEBREONT, L7 7Y v EBIRL, B
e i, 2 BHEBICARDLER CHFERICE
LTw3bZtl, PVC DEEEHAL I,

ABIZ PVC $EF % 30 5 G128 L EMEN BT
L7ztEZons, PVCIRERFHINZELY
HAZFRLEMEIOY XLy Fa— L itdE
TH o7, PVCHEHEZ T TOREERT LI
Blwds, DEMEMERZ H#) LE55ITLARIC
1T 3,

DEMEIF T PVC 28D 3 & JIcENICER
LEghidko\vem s L3, WPWIERRHD
biFon s, MEIE QRS 23—R, DLEHHD S
WD EERICED O NS L EiE, HIC WPW
TEBREZ BRICANS,

< JER 262 B, Lo

KHFETLEHRE 2RI L, FEENTHRMA
Fc & hERE SN, YBETICD % Aful, DEE
RAETENRE R CLEHEPPERI LTV 5,
RS ICD O pBRICE L ¢, FFELEMB) % O
S EERAL, PRS-V VT RTo T
3 EDHER I N, BERTSERS- VT
FHREE o 7hs, ICD OEEIFE%25RE LIE
LB 2 HEEFC, DIBEIEEIE 2w, FEE
DEMENC T L CREZRR L TV 5,

ICD OEEEIORERFEF & LT, HiTOEH
by ons, HIAARKTZ OFHEZ TFHT
32 LISEEETH 208, EIZZ OWHEME LIRER
EBTBERETHS,

o260k d i, DEMEE LEENERO
BB % C ORIER IR L, FIREOHNTH

BLIRHbnE I Litis,

=l B
(BRI RRABE JEBAPIRD)

30 (384)
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S

BxiZE e —IEes RISER SE— R D E RO RN @I T [ BEhoRRERRORR® | ——

BfEEDRIE A DX L»

Lt G S

abstract

REEORERF EOMmRE (thrombotic), QFERME (embolic), @MITHEE
(hemodynamic) »#% 3. migtld, 77FO0—-LBE{ERCEIBESh, ME
BENMPERLULVART AL ILL>THHENMETFLTERZZE O, BRMEE, ©
BH20E7TFO0—LBEEEICHE S N MRARBICHELT, XEFEAEOMEZ
ZRECEHAET S ZEICE o TR I EREE%RT 5, DHAERD LD % DRE
RIS, BIRBNED S O Zartery to artery embolism& &A%, MITHEMIE, £
REROPEPAENH 35, HROFcLYBEREOMBFr KESATH L E
2, ESCMERTLEEOMITHERAFTIMb > TR 3HIFETH 3. LHrL,
HigtE & MiTHEME, REFONEREOFFCPRENOMENE L &N EH
I S W TV R VRYBEREICKSI T2 Z £ ISHEL L,

19904 X E O Bl L R B - B P BB
(National Institute of Neurological Disorders and
Stroke : NINDS) O &S ORY Tk,
WiEZER, ORERT, OBKYTFIT) — (FE),
QOBEMLMEREOLE P SHHL Tnb. BEMRT
12X A5#FIZOMm&EE (thrombotic), @ZERM:
(embolic), @M4771% K (hemodynamic) TH D,
FRR GG, ORISR O XIS ORI LI
K457 70— sl iEfEZ (atherothrombotic
stroke), @Z @B OM/ABIRBALICERST 55 2
FHEZ (lacunar stroke), @URBISRET 5.0
PN ZEMSE (cardioembolic stroke), @F DIz 4
Hha.

1 g

77U — AR RATER S, ERZE)S
ERLUALVEETLZZLICE > THHEAMET LR
RS BRT 5.
2 ERE

LfEd i3 7 71— ARLEIC R & hiz e
PEMEIZRNA T, ZREROME 2 ZRIICHET
HLIITEo TR BHFEEZFRT 5. LRHE
Db D& LEMNERE, BIREKRD S O Zartery
to artery embolism & X 5.
3 MmiTHEN

FREROFERRAESH 505, HEIMTICLY
ERBOMFEIME I LT E &, S5IICE
KT 2 EDMATHFWM AT HIDb o T % BiAE2E

* IR AFHHEPAREIE

73
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TdhhH. LL, Mk miThEmL, SEROIm
BIRE O B REROIMEDEL 7 XA EREIZHE
BENTHRWEREYERGICENG AT 38w,

1 PFo-—LmigtEREE

7 70— AWALIGERNRE & RN ERE I
LVEEEZTH. BIRESREREOBRVRIEED
HHANE, RBHECERNL 7 79— AE{LNE
BY5h, 7ru—sl{beERESEAEBRKRTFLL

L
REEEIR
/ HETHIR
'~ KHRS

B SIS 0FEL VBT
] LB ZE (L DR VER L

Bt 770O— AR{EOFRE (BZEH2)E h71HE)

T, 4EWe, B, WIE, BE, W%, &iRm
E, M7 4 7)) = VEERESmON TV S
7 5 u— AT b, shear stress?ZAL LHFIE
B BIFET, A o USmsgE Lz i
GEMICEI DRV, F1ZT7 7o - AT Lo
SEERAL 2 TR, SHBIIRSR Tl AHBIIREIAES - 4
74 VED - RINBIIROKTEER, F oM EREKENIR T
HEB B IRORIAET - EALES - BURKBIRPEETH 5.
7 7ra = AL RDOEAIZIMT (intima
media thickness) OREE LTHNRE. £DHE,
Wl (F9—2) PRESNS. MR,
FEHICEGT S -7, RECEGZBRL, &
L 7z /BRI M50 0 U SRR ISk
WiZere (—BERBNREEL &) &3 @29,
MEOIRAME AT 25 &, KIHERE
DERTZ &7-L, MRAEIC L 2REEOFEIC %
5 (BERIAIE). SHUEEREICRDL L, Mk
PETFL, 7470 va&ERE LR RE
sh, ThiCko TREICEREYEEREZECT L
HBWAS pFEFES X727, SO RER
BELBRIC, RRERTI—7F, 79— 7AWl
L7y Weiga 2 U, PEERAED O Z2REERE -
Pl & T B shTnwd, LT
70— A AR SR, M, SERME, 4T
NFHOBESEAET 5. RISICENIRF ML
D—Hl%IRT.
2 SUTEE

ZEEAL O M i FRR TR T 7 S
&72%. 724 (Up# (acunal)) &iE, 757 V5

SRRt
747U
mERE | | R

= ﬂa"

B2
MATERD X A= L
(BEIMI) & 9 FIHYE)
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TNSWEREZZERL, B, &IiERE ORMELS,
I RCAEEINE/NIVWERP L 5/MEETH
L, TOREZFNPEVHOTC3~4mm, KEnD
DTL5~20cmdb 5. 727 FRERAVEL, 20
BL3BHRIIH Y, RTE, HEK, BRE W
LHEM, BREOBICEENE. 204, JiHE,
M E S 2 EOKRBMEBIZD A NB A5, KB
BRFIINTIEATED S 2w, @i
TR EAED TR VO THEIC L VAR ICHERHE
WACHENREL S, NINDSY (L L, 9754
EOERIT, WEERLHHALD 2 MICEELS
cmRBONELZBDLIEELTWS., &5
R T 7 HEBEREETHHEIE, & AW
EREZBOLVWLOL S 7 FEEELTWVS.

F 7 F ORI TIE, EE3~TmmIEE D/
BV 7 hid, TOWEERT ABERE200mIT
OIEREZA U5 &L & B OE IR T2
(lipohyalinosis), # 5 W3 (angionecrosis)
WEBHEICHRETZ2LONE N, BLAIIIOX
S HMEREIMPMORR LD RS, 2o, &
LB IR DN HIE, ERBYIRD 7 70— AL
& BB AT COMZE (branch atheromatous
disease), [0d B VIZKVEIIRICHNET B/ LRI
L BPHE, TRABROMEESL 7 27 FOREIC%:
% (R4)v. H Y5 7 FHEEREL, pure motor hemi-
paresis, pure sensory stroke, ataxic hemiparesis,
dysarthria-clumsy hand syndrome, sensorimotor
stroke & 2% dH 5 A5 O, JFIK Tldpure motor

53

| BN E MR O — B

| ENEHIRERBOSRRE X 0 A RIMEIRS
| AR &AL

| a ! MRI (IGHORIRINE) FEIE3RRH

| b ! MR angiographyZHE 3

_ I CICBF (Xe-CT) ZtyE4r:m
.| d ! Cerebral angiography&JE 24555

YReF7Y /-2

EBRBIR

=4
59T EEOREEE
(BEXH) L H51H)

sk fpiZAr——lEEs BISERISE — I OE R DO FARNEIT T ——
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DB O

KEREP B SOSRN

R CIVEHEOME A
AR EATIE D77

(B £ 031

hemiparesis? i b % (B LN 5.
3 WDFEERERE

G (DR, BRCER) R SRz
L AMER, HDHVIEY Y Y MEMRBEANT HH
Bk, HOR o OFFEMEMZER (paradoxical brain
embolism) % GEVERZERIE & L &8, ERIFEITL
gy, ICIERBEE-GEME) (NVAF) 4k
D50%L L& S0 S, NVAFIS#EE & dicsgmd
HIEhH, SREITETEMTLI LTSN
B, ZOM, )y TR GFRICEIERAEE),
B OHIEZE, OER, LFRE, ANORREVD L.
T/, BAEFMOEREORREE LT, WHILREF
Y HE RN EREANER ShTwa,

DR VRN SEMELS 351T A MARTE R 1T R E R O B
BhRE&w., col@ERRERT & LT3R,
LW 9 -t (AENILREERT), GHRIEE
%, BEULERE, BIELREPET oS, Rl

FEOMRERBRISTH S 720, WENMITHVEE) LI
<, PHEEIMAS BEFUBIC—F L 72 KL XA 2812 7
DRg v, R THEME T UEEE R ER O
HED A SN DL, — 5 R 500 T B8 3 R
BEL 22 LT, RULEERMERIE D
WA RTGA YRR,

BiAR 2 DFIERT, BRHFRELIC O W T L 72,
Wz (CT, MRI, BEERREL) OERIZLY
FAERIT, KRR O XN ES %> TS
7o, XAHEEEZEFAICLELITEET A LD E
EThBH. B, 770 ARUEREETEIH S
WHRFENDHY ) B ERHATNEITH A,

LB

1) National Institute of Neurological Disorders and Stroke :

Classification of cerebrovascular diseases M. Stroke 21 : 637

~676, 1990

Tool JF : Cerebrovascular Disorders. 3rd ed., p.200, Raven

Press, New York, 1984

3) PE—FR D MR O A A = X 5. BAEMSMERE 125012) ¢
S4~S5, 2001

4) WK ¢ 7 7 . FRIRIE 23 34~36, 1997

5) Fisher CM : Lacunes . small, deep cerebral infarcts.

Neurology 15 : 774~784, 1965

Fisher CM : Lacunar strokes and infarcts . a review.

Neurology 32 : 871~876, 1982

7) Cerebral Embolism Task Force : Cardiogenic brain
embolism. Arch Neurol 43 : 71~84, 1986

2

=

6

=
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O©~5FiKR

HEO

TIA B EUIEE (577, 757H0— L)
D & EAEHE
— EBERBRE SO -2 MEHEEOME —

Early management of patients with ischemic stroke

Wikg AR

Norio Tanahashi

@key words © —BUERMBIFESE (TIA), 727 F#%E, 770 —2MethiiEsE SHHGE

— @B B0 FE4F  (transient ischemic attack ;
TIA) & HEZE (& <7 71— A A MAGESE -
5 7 HEZE) oA E R E LIRS (AHA)
DHA K540 BROPEEERERT A ¥4
220047 2 BEIC L CHERT 5,

TIA &%, 19904E0 7 A V) h B HERE - B
ERBIFERTIC & 2 BNAE o 404855 3 il (NINDS-
M ks, BEE—oMmEERES (EF
SHENR, MEERNEEIIRERD T3 5 BETRIER
2T 5N ORET, MEMLAOREE 2
Wb DTHBE, LzdoT, TIA ZBWHE L
THW25A 1 RFTRBIER % 3287 b DR
EEN, MERTICLZ @R E & 5
X TV,

FEIERT & LT, Mg, MATIIEE, AR
TR CORBENTELYY, HEE, BF
WRT W EOME NS, FOKERS I artery
to artery 2 X BAH/NERIZ L B LT 5E 2 AV
RITdH %A% MATENERFIZ L 5 b O LRSS,
MEFEGREICI B0 EPRL a6 TEET
%,

1. Btz
TIA WXBRTDSEN B L IGHRTRE 2 MZE R 0 ) A
7 HIET T2, BHERBHT - FEHLETH D, B

*OBERBREARE GRENBHER) #iZ

fFEES 291 1013-1018, 2005

AR ICEShE b I L3, TOBWIC
WEELVWREN L o L bEETH D, TIA DEIR
IF24RE R LIFICTE ST 5 b D EEFH SN TV 5725,
HEE 2~ 5 AR sER L, 2 ~1555 MR L A
WWERT IS v, BETRCITHETMS
(bruit) (IZEEIARIEZE %, FEPRINEZEME 15 mmHg
Pl oo BEBhiR T e 5 2 R wRZE % 7R3
5728, TIA HEEo i 2 BE CIIEET 5 LEX D
%, HIRZWITIE, FEECT T TIA DIEFID32%,
MRI T77% ICIREDHA LB Ly H, diffusion
MRI TIZELIREOMRESE S TH LA, TIA BE
DREDGIVITRED AR NS, Tz, HEEGEFHRE
X DEENNEREYF v 7T I EPEET
B DA%, HHETITHETEZE N ORI LIERRE
$ %\ & ¥, MR angiography (MRA) & 5w X
TEHEHBEANMEREOFELHER T A LOLETH
bo & HIZMEIRADHBTL, LEIOS T T
B E % fEfT L, single photon emission CT
(SPECT), Xe-CT 72 &2 % 2 BMILFME, & 642
245 MEET =% — (ABPM) IZXAHELED
Fro o ERITH . —H, WEEEER;EE DR
A35E121E, Holter (LB, EBED 2\ IZEAH
LT — W SR HATTREThH D, T, BHF
Fip &CE ACEMRALERER TA54d 72 & 7y
BIITBERFHREE T ).

2. BEO—RAH

KREVERHE DT A ¥ A 0% driisko
Ao FFTIE TIA DEHEFTA 74 e,

1) BBRETOER - &1

TIA OFSEIIZERELOERINECHES LT
By, ToEBEFOFRR - BREXFSEETHL. &
MEOER UHEEHMAE140mmHg 305, HEFERAM
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FE9OmmHg i), 28, TR - RNER - AL -
INEFEE O, HRIBOEH (IERmE126
mg/dl L), SIRMIENER LDL I L A5y —
N100mg/dl S&iii, HDL I L A5 W — )L35mg/dl LL
t, Ba L A7 0 —1200me/dl i, HERERS200
mg/dl i), EE (72— 30g/day K, B
JE R (b7 &b 3~ 4 [El/week D30—~605),
HEDO2 > P u— ) (BEEFEEDIN%LT) PNE
BEThb,

2) EEEE

(1) 77 vu—2iindetE TIA
BIRTE(LAYEE & Bbih d TIA TiF, F4'9um
IMBEMSMER S NS, TAYY Ry ratxir
F—E (COX) BEHKTHy, HM/MIH®D COX-1
7 F AL L CHEMTHMICREE L b RS
A EEETWZ S, TAYE) YOFEHRREIE, 75150
mg/day HER XN E, TAE) VHIMEZTH o7
BETIE, AFIEIIOFUVMEEISEE I ND, T
A AL B PUAAMRE L L CiEFrued s
WNhb, Fru¥d it ADP Z54k (P2Y12)
PUEEC, FORTIE500me/day, AFSTIE200mg/day
BHEVENS, TAE ) VXY LEEITENDS, T
#, FFEE, 5k CoRWEMPANC, BERERmEL
SE, AR MR R IER 7 EOEEREIEA
WENE T B0, FHBRLEHE 2 7 H B Mk
BWEVIETH DL, BKRTIE, Fru¥dreELF
) D URERTCEWER O hnwsa e ¥ L
WHFERENT WD, 642, BRTIET7TAEY) &
50mg/day EEHMEI Y FE— (RAKRI LA
75— BHEHE) 400mg/day OPEEHT TIA I2HR)
THbHETHHEN L IN, BITEODEDTH B,
P BRI, 770 — A Mg TIA BEOWE
L LT, EEB L URBEOWTIUIBWT
b, BRI NLDDOTIRZR V. L L, Bl
FEEEIT > TVBIZ S 2 hb S TERI S L C
WEBEIIRLTIThNLI DL, DG,
BiEL 4% INR X3.0RMICT 2X&TH 5B,

(2) LEHEZEMRICL B TIA

DEMEERICX 5 EEZHND TIA EFTIET
CEBALTREICASY v HBWIET—T 7Y VIt k
DYEHEIRE L PG T A2 B H b, Tz, MATH
FRIBEFIZ X B crescendo TIA T b i TOEE
ERDTHENES L TWa EEX bz, Pl
EEEOBIRE 5, ~0] ERREEE GRS
b YERT T AF R (APTT) #1.5—~ 24512
A EICHET B, A~ rx 1~ 2 BEER®R

T—=7 7 N R B, BEETF O
BHICE &0, 7vubo s UM (INR;
international normalized ratio) »52 ~ 3 |2&T %
FTHEF 4~ 5 HOEEHMZ®RT B, TAEY ¥
EIEOPESEEEI R CH L BEITHEIR E NS,

3) SFEYA

MSHBIIREAAFR BB IRTEILIC X D 70~99 % Pezgds
HN, BEZELMICTIA # 1R EE 2 L8
A, PUiIMEEEIH 4 2 RSO RIS i &,
PISHEN R PRIERIBENT DB 058 5 o 50—~69 %FRAET
b PUM/ MR EE AR 20 Bl TEE DS 5 51T
TN ZET 555, 50% LT oz ¢l FATES
B, PUMMERIES R S n D, SHENRAIIR
KT L TR OES RIS 5 20, +
DIRRERRE L ONBHEC X DTN AN ET L
V. angioplasty R A7 ¥ MNEE L EoMERIEE
IZoWTIE, PIRERIEERT & O LhBSRET AL TR T H
%, TEFY-THEWN/SA /XAFHT (EC-IC bypass)
i, TIA OBFEITEHEIRTE 2,

NINDS-II? ik, AR, SSERE, BEED 7
T - GRE), FTLMEERONIE»HH4LT
Wb, FEMFIC X A08EIE, 1) ket (throm-
botic), 2) ZEAME (embolic), 3) MITHHH
(hemodynamic) T&H Y, ERRSHEIE, ORMAIRTE
Eo KM ORI LISRE T 5 7 7 1 — 4 et
#H2E (atherothrombotic stroke), @ZEEELDH /I
BRI VIR 5 5 2 F4E2E  (lacunar stroke),
QuEAECEEY 5.0 EMEZER (cardicembolic
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Abstract

This study investigated inhibitory function in patients with Parkinscn’s disease (PD) by recording event-related brain potentials (ERPs)
during a Go/NoGo task. Fourteen healthy volunteers and 13 patients with PD without dementia performed a cued continuous performance
test that included Go and NoGo trials. The peak latency, amplitude, and topographic distributions of the ERPs to Go and NoGo stimuli were
analyzed. Cognitive function was evaluated using the Wisconsin Card Sorting Test (WCST), Kana Pick-out Test, and Verbal Fluency Test
(VFT). Performances in the WCST and VFT were significantly impaired in the PD group as compared with the control group. The PD group
had significantly higher rates of omission and commission errors during the ERP task. The ERP study found no differences in the latency and
amplitude of the Go-P3 between the two groups. By contrast, the NoGo-P3 latency was significantly longer in the PD group than in the control
group. The amplitudes of the NoGo-P3 and NoGo-N2 were also significantly smaller in the PD group than in the control group. The NoGo-P3
latency was significantly correlated with the Kana Pick-out Test and VFT scores. The NoGo-P3 amplitude was significantly correlated with
the WCST and VFT scores, as well as with the number of commission errors. There were no significant correlations between the cognitive
function tests and either the Go-P3 or NoGo-N2 measures. The behavioral and ERP data suggest that there is selective impairment of inhibitory

function in PD and that this deficit may be related to impaired inhibitory executive function in the frontal lobe.

© 2004 Elsevier Ltd. All rights reserved.

Keywords: NoGo; Frontal lobe; Wisconsin Card Sorting Test; Kana Pick-out Test; Verbal Fluency Test

1. Introduction

Parkinson’s disease (PD) is characterized by motor im-
pairment, such as bradykinesia or rigidity, but clinical evi-
dence suggests that PD patients develop deficits across many
cognitive functions (Brown & Marsden, 1990; Charbonneau,
Riopelle, & Beninger, 1996; Gotham, Brown, & Marsden,
1988). One of the focuses in the study of impaired cog-
nitive functions in PD is the executive control system in
the frontal lobe. For example, PD patients have impaired
attentional set-shifting (Raskin, Borod, & Tweedy, 1992)
and delayed-response tasks (Labutta, Miles, Sanes, & Hal-
fett, 1994), which often result from frontal lobe pathology
(Pascual-Leone & Hallett, 1994). In addition to attentional
or working memory deficits, PD patients have difficulty in-
hibiting an ongoing reaction independent of general cogni-

* Corresponding author. Tel.: +81 853 20 2200; fax: +81 853 20 2194.
E-mail address: bokura@med.shimane-u.ac.jp (H. Bokura).
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tive impairments (Franz & Miller, 2002; Gauggel, Rieger, &
Feghoff, 2004). Studies using positron emission tomography
(PET) (Buchsbaum et al., 1990), near-infrared spectroscopy
(Fallgatter & Strik, 1997), and functional magnetic reso-
nance imaging (fMRI) (Casey et al., 1997; Konishi, Naka-
jima, Uchida, Sekihara, & Miyashita, 1998) have shown that
activation of the inferior frontal area is associated with the
inhibition of motor responses. The anterior cingulate cortex
is also an important locus within a distributed network for
the inhibitory control of behaviors such as in the Stroop in-
terference task (Bench et al., 1993; Cabeza & Nyberg, 2000;
Carter, Mintun, Nichols, & Cohen, 1997; Taylor, Kornblum,
Minoshima, Oliver, & Koeppe, 1994). Although recent neu-
roimaging studies have revealed the anatomical locus of cog-
nitive inhibitory function in the normal population, the neural
substrates for impaired inhibitory function in neuropsychi-
atric disorders including PD remain unclear.

Event-related brain potentials (ERPs) can reveal the time
course of information processes with high temporal resolu-
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tion and have provided electrophysiological indices for cog-
nitive functions in PD patients. Aotsuka, Weate, Drake, and
Paulson (1996) studied conventional auditory P3 and contin-
gent negative variation (CNV) in patients with PD and found
longer latencies and smaller amplitudes of N2 and P3 in PD
patients as compared with controls. They also demonstrated
that the P3 latency was correlated with cognitive function,
whereas the CNV amplitude was correlated with measures
of motor disability. Their study suggests that extrastriatal
dopaminergic systems modulate the N2 and P3 components
associated with cognitive impairments. It has also been re-
ported that P3 latency to novel stimuli was prolonged and the
amplitude was reduced over the frontal site in PD patients
(Tsuchiya, Yamaguchi, & Kobayashi, 2000). The prolonged
latency and frontal amplitude reduction were correlated with
poor performance in the Wisconsin Card Sorting Test. These
reports suggest that dopamine deficiency in PD patients af-
fects neurophysiological indices related to various aspects of
frontal cognitive functions. In this study, we sought electro-
physiological evidence for impaired inhibitory control in PD
by using an ERP technique. We recorded ERPs in PD patients
during a Go/NoGo task, which is a prevailing paradigm for
investigating inhibition. )

Two major ERP components have been investigated us-
ing Go/NoGo tasks. First, a negative potential within a la-
tency range of 200-300ms (N2 component) is generated in
NoGo trials (Eimer, 1993; Fallgatter, Mueller, & Strik, 1999;
Fallgatter & Strik, 1999; Jodo & Kayama, 1992). Falkenstein,
Hoormann, and Hohnsbein (1999) reported that the NoGo-
N2 was attennated and delayed in subjects with high false
alarm rates compared with subjects with low false alarm
rates. Geczy, Czigler, and Balazs (1999) found that the N2
amplitude in response to NoGo stimuli increased after Go
cues, which might be related to the increased effort of acti-
vating a response inhibition system and interrupting prepa-
ration for response execution. Pliszka, Liotti, and Woldorff
(2000) also reported that normal children had a negative wave
(N2) over the right inferior frontal cortex when response in-
hibition was required, whereas it was markedly reduced in
children with attention-deficit/hyperactivity disorder. These
findings suggest that NoGo-N2 reflects an inhibitory neu-
ronal process. Second, a positive wave peaking between 300
and 600 ms (P3 component) is modulated in Go/NoGo con-
ditions. The frontal P3 amplitude is larger in the NoGo than
in the Go condition (Eimer, 1993; Kopp, Mattler, Goertz, &
Rist, 1996). Topographically, the P3 in the Go condition is
maximal at centroparietal sites, whereas the NoGo-P3 is max-
imal at frontocentral sites (Fallgatter et al., 1999; Fallgatter &
Strik, 1999). A three-dimensional source localization analy-
sis showed that P3-related neural activity occurred in the right
frontal lobe during NoGo trials as compared with Go trials
(Strik, Fallgatter, Brandeis, & Pascual-Marqui, 1998). Using
a high-density EEG recording system, we have also demon-
strated that NoGo-P3 source activity was located in the left
lateral orbitofrontal area, whereas the main Go-P3 source ac-
tivity was located in the parietal area (Bokura, Yamaguchi, &

Kobayashi, 2001). Therefore, we speculate that a Go/NoGo
paradigm would be suitable for elucidating the physiological
basis of the impaired inhibitory control in PD.

Several NoGo-ERP studies in PD have used a Go/NoGo
paradigm (Pulvermuller et al., 1996; lijima, Osawa, Ushi-
jima, & Iwata, 1999). For example, Pulvermuller et al. (1996)
found that the P3 amplitude was significantly reduced in PD
patients after Go stimuli and was maximally attenuated after
NoGo stimuli, as compared with controls. Their study sug-
gests that an inhibitory component in executive function is
selectively impaired in PD patients. However, it is not clear
whether the electrophysiological measures actually reflect
behavioral impairment related to inhibitory function in PD.
Here, we investigated frontal lobe functions and Go/NoGo
ERPs in patients with PD to test the hypothesis that PD pa-
tients show selective abnormalities in ERPs related to NoGo
trials in comparison with controls and that these changes are
correlated with impaired neuropsychological measures of in-
hibitory functions in PD. Our findings should extend knowl-
edge of the neurophysiological basis for the inhibitory aspect
of the behavioral deficits in PD.

2. Methods
2.1. Subjects

This study examined 13 patients with non-dementia PD
(5 females and 8 males, age 71 £9.7 years (mean +S.D.)),
and 14 healthy volunteers as control subjects (7 females and 7
males, age 71 & 6.5 years). None of the participants had a his-
tory of cerebral infarction, neurological disease (except PD),
or psychiatric illness (such as depression). All of the sub-
jects were right handed, and none were taking psychotropic
drugs. The demographic data for the patients with PD are pre-
sented in Table 1. Cognitive functions were estimated using
the revised version of the Hasegawa Dementia Scale (HDS-
R), which is the most popular verbal intelligence scale for the
elderly inJapan. The maximum score is 30 points, and the cut-
off for dementia is 20 points. No patients had an HDS-R score
of less than 20 points. The education level was the same in
the PD and control groups (9.8 2.4 years versus 10.1 +£2.5
years). All the patients were receiving L-dopa therapy and
were at clinical stage 2-4 using Hoehn & Yahr’s classifica-
tion (Hoehn & Yahr, 1967). All of the subjects gave informed
consent, and the study was approved by the review board of
our university.

2.2. Stimulus and experimental paradigm

Each subject was seated with the head on a chin-rest at
60cm from a computer screen in an electrically shielded,
dimly lit room. The experiment consisted of 500 stimuli.
Nine single digits (1-9) were used as the stimuli, presented
sequentially one at a time in a pseudo-random order. All the
digits were presented for 500 ms, and the interstimulus in-
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Table 1
Demographic data on the Parkinson’s patients

Case Age Sex Duration of disease in years Education in years Stage (Hoehn and Yahr) HDS-R Therapy
1 56 F 5 13 3 30 Dopa, Ago, Ama
2 75 F 8 8 3 28 Dopa, Ago, Sel, Dro
3 72 M 3 8 3 23 Dopa, Ago, Dro
4 52 M 5 13 2 30 Dopa, Tri
5 67 F 11 8 3 24 Dopa, Ago
6 69 F 7 8 3 26 Dopa, Ago, Ama
7 80 F 9 8 3 25 Dopa, Ama
8 73 M 3 14 3 24 Dopa, Ago, Sel
9 75 M 2 12 3 26 Dopa, Ama, Dro
10 82 F 3 9 3 24 Dopa, Ago
11 85 M 7 8 3 26 Dopa, Ago, Sel, Tri
12 69 M 20 8 4 23 Dopa, Ama, Dro
13 49 F 11 i2 2 30 Dopa, Ago, Sel, Ama

HDS-R: revised version of Hasegawa dementia scale; Dopa: L.-dopa; Ago: dopamine agonist; Sel: selegiline; Ama: amantadine; Tri: trihexphenidyl; Dro:

droxydopa.

terval between one stimulus offset and the next was 700 ms.
The digits were white on a black background. The stimulus
size was 3.6° horizontally and 4.8° vertically. The subjects
were asked to respond to the digit “7” when it was the third
digit after the digit “3” (i.e., 3, x, x, 7, where x is any digit
but 7 or 3) (Go trial). Therefore, the digit “3” was a cue for
the coming target “7.” When a digit other than “7” appeared
as the third digit after “3,” the response was to be withheld
(e.g., 3, x, x, 5) (NoGo trial). The only constraint regard-
ing the stimulus sequence was that the digit “7” appeared
at the third position after the digit “3” in most cases (90%).
We did not include the trials in which the digit “7” occurred
at other positions in further analyses because there were in-
sufficient trials. The total number of target stimuli for the
Go and NoGo responses was 98 (70%) and 42 (30%), re-
spectively. The response consisted of pressing a key with the
right or left index finger; the finger used was counterbalanced
among the subjects. A short training session consisting of 30
stimuli was performed by all subjects to ensure that they un-
derstood the instructions and performed the task correctly.
The reaction times to Go stimuli and response accuracy were
measured.

One concern about this delay paradigm is whether the
Go/NoGo response in this paradigm differs from that pre-
viously reported in the ordinal non-delay paradigm (i.e., 3,
7). A direct comparison between the delayed and ordinal
paradigms would be necessary to address this problem. How-
ever, it is unlikely that stimuli that intervened between the
cue and target differentially affected the Go and NoGo re-
sponses, because these distractions were equivalent in both
the Go and NoGo trials. Another concern is the difference
in probability between Go and NoGo trials. Although many
NoGo paradigms use a 50-50 probability for Go and NoGo
trials, this is not always the case (Kopp et al., 1996; Garavan,
Ross, & Stein, 1999). We modified the CPT paradigm using
30% NoGo trials, in order to obtain clearly defined NoGo
responses. We assumed that this manipulation would prime
more potent response exccution to target stimuli than that
seen in the usual CPT paradigm. This enhanced response

priming may require larger resources in order to withhold
responses.

2.3. EEG recordings

The EEG was recorded with a 128-channel Geodesic Sen-
sor Net (Tucker, 1993), which covers the entire scalp, includ-
ing the circumference of the orbit and postauricular mastoid
bone. The locations of the dense array electrode are shown
in Fig. 1. The vertex electrode was used as a reference for
recording. The averaged value across all electrodes was used
as a reference when the data were analyzed. The bandpass
was set to 0.1-50 Hz; the sampling rate was 250 Hz; and all
impedances were below 40kS2 (Tucker, 1993). This level of
electrode impedance was achieved by moistening a sponge
with saline and placing it between the skull and electrode.
The relatively high electrode impedance is not a problem for
EEG recording with a modern high input-impedance ampli-
fier (Ferree, Luu, Russell, & Tucker, 2001). The continuous
EEG was segmented into an epoch starting 200 ms before the
onset of the stimulus and lasting until 1000 ms after the stim-
ulus onset. EEGs were averaged separately for Go and NoGo
trials over the 1200 ms epoch. Individual trials with excessive
muscle activity, eye movement, or blink artifacts (greater than
100 .V peak-to-peak amplitude) were excluded from the av-
erages using a computer algorithm. The electro-oculogram
(EOG) was monitored using six electrodes placed bilaterally
on the external canthi (Ch 128 and 125), supraorbital (Ch
26 and 8), and infraorbital regions (Ch 127 and 126). The
numbers of artifact-free EEG epochs for the Go and NoGo
conditions were 81 £ 13 (52-98) and 33 4= 7 (20-42), respec-
tively.

2.4. Data analysis

We analyzed the N2 and P3 components, as these two
components are affected by Go/NoGo conditions (Bokura et
al., 2001). The time windows of their peaks were 220-300 ms
for N2 and 300-500ms for P3 in both Go and NoGo trials.
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Fig. 1. All elecﬁode locations are shown in the left upper panel. Grand-averaged waveforms are illustrated for Go and NoGeo trials in the control and PD group
at the electrode locations that showed the maximum amplitude of each component (Ch 80 for Go-P3, Ch 13 for NoGo-P3, and Ch 4 for NoGo-N2). Electrodes
were grouped into eight sets in each hemisphere for the topographical analysis (left bottom).

These time windows were determined from inspecting grand-
average and individual subject data. The N2 component was
almost exclusively elicited in the NoGo condition, but its
appearance was inconsistent in the Go condition among the
subjects. The N2 peak amplitude was still positive over the
frontocentral sites in the NoGo-ERP data. Therefore, we mea-
sured the NoGo-N2 component by subtracting the Go trials
from the NoGo trials (see Fig. 1). We measured peak ampli-
tude and latency at electrode sites where the maximal am-
plitude was observed for each component (Ch 4 for N2, Ch
80 for Go-P3, and Ch 13 for NoGo-P3). In addition to peak
latency and amplitude, a topographic map of each compo-
nent was obtained for each subject, using spherical spline
functions (Perrin, Pernier, Bertrand, & Echallier, 1989). To
analyze scalp topography, we separated the electrode array
into eight groups (lateral frontal, medial frontal, anterior tem-
poral, central, posterior temporal, parietal, lateral occipital,
and medial occipital) for each hemisphere, and the ERPs
within each group were collapsed for the statistical analy-
sis (see the diagram in Fig. 1). After normalization within
each subject (McCarthy & Wood, 1985), the data from each
electrode group were subjected to repeated analysis of vari-
ance (ANOVA) variance analysis, using the task condition
(Go and NoGo), hemisphere (right and left), latitude (supe-
rior and inferior), and anterior—posterior (anterior, anterior
middle, posterior middle, and posterior) as within-subject
factors and the group (PD and control) as a between-subject
factor.

2.5. Neuropsychological assessment

Frontal lobe functions were evaluated using the modified
Wisconsin Card Sorting Test (WCST), Verbal Fluency Test,
and Kana Pick-out Test. The WCST was used to evaluate part
of the executive function based on the number of categories
achieved (0-6) (Dias, Robbins, & Roberts, 1997). In the Ver-
bal Fluency Test (controlled word association test) (Benton,
Hamsher, Verney, & Spreen, 1983), the subjects recited as
many vegetable names as possible within 1 min. In the Kana
Pick-out Test, the subjects were shown a short story writ-
ten in Japanese Kana characters. The subjects are required to
find as many vowel symbols as possible within 2 min, while
understanding the meaning of the story. Thus, this test as-
signs two tasks simultaneously: find the five vowel symbols
and recognize the content of the story (Inoue et al., 2003).
The Japanese Kana characters consist of 66 phonetic sym-
bols that include five vowels; the story consists of 406 sym-
bols with 61 vowels, so the possible full score for this test
is 61.

2.6. Statistical analysis

The group difference between the PD and control groups
was evaluated using an analysis of variance for paramet-
ric data and the Mann—Whitney U-test for non-parametric
data. The correlations between the ERP measures and cog-
nitive functions were examined using Pearson’s product mo-
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