-

[ 2] CAST (Chinese Acute Stroke Trial)®
A&): MEZEAHBICB T A7 A Y v 160 mg/EOROBRSOMEMSIRE E NI,
3B R 48 BERLIA O BAEHARNTEEE 21,206 B3 > b Y —dndz _
B TAEY V160mg/B ¥R RN LBEREIN. —RFEMEE R, 48
BLADLTOREE &, EREOEEE RENBOEETH S,
R GEMUADECER, 7AEY YHET3.3%L, 77 ¥REOD 3. ORIWEHEREE
C (2p=0.04) B oz, 4BMBOET F 3 FFBOEIEMFEFOBEEL, 7AY
) VBT 5.3%, 75 REETS5.0% L AEE (2p=0.03) 2R, 12%DMENE
REQETERUE, BEBOET - SENRBOEE, 7ALY VET
30.5%, 77 RETI.6%L, F7ACY VETE S 3EANTSRE. —F,
HIMEASFHE (BHINB X vEm2ET 2ESELULOHM) B7 A Y YE#TE
{BONEMNEEER Dok - |
FEES . RE ASEERMUAO7ZAEY Y 160 mg/BORERIBMTH 3.

| 31 IST, CAST OEi&#ITE LU Cochrane Review?

IST, CAST %#fe 74T, BENENOMEERR, BT, HicvlzFhEi
BIETIE, TACY YETERMEazhTwR(ED. %, TXEY YOF AL,
F1B, R, BBy ~ov, CTARRR, ME, MEFFE, ~V) VHADEER EDE
b s TRD SN, LEEBEET AACHERERRD Shab ok,

Cochrane Review Ti¥, BEZANHS Y 3 M/ MRS DBIZDOWT, 9HBR
41,309 PIDF—2 RAWT A S 7FY ¥ ZAdHTbiz®, IST, CAST D 2 RERHSL 7 —
5D BY%%EEHTH. FI/IMIEEIC XY, FEC £ REMBOEIENERICEBIL,
1,000 AH7z D, £FEITETOBEL 13 AT 2 LT3, $7, FUIVRE

(%)
8l A 7aru> (20,05561)
C 2> ho—Jv (20,0350
S|t EmER

J A C A C A C
320 457 202 167 178 186
L 16%2.3% 1.0%0.8% 0.9% 0.9%

ol
HEEER HOMRZS RE B gfEh  2EC  HALRZED
BER  BWET ERIREC
FEEABU1000 . 7SD 1 —2S8D 1 0SD1 . 4SD2 58D 2 9sD3
2P <0.000001 0.07 . 0.7 0.05 0.05 0.001

[EEY 5fE2E 40,000 fUCH I 2 RHT AL ) AREOMR (XA 3 L D5(H)
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EKIU,%é@@@%%ﬂggK%ML,LWOA%&DI&A@%?@@%%ﬁ%M
FRELTWA, BHMEFMIAMREEI £ 1. 1,000 Ab7z D 2 BT 525 JiEE
121,000 AB7:D TABPT . BEweLT TAEY Y 160~300 mg/ BORER, &
iﬁmﬁﬁﬁﬂ@%ﬁ%ﬁ%@iﬁﬁ%%ﬂﬂb,E%?&%&%T%ttfw&

[ 4 jﬁﬁvw%bUﬁA%mﬁﬂﬁ”
BaY: éTﬂiﬁﬁMﬁﬂﬁﬁkﬁb‘)‘%ﬂ‘*}'7 vivr hY 7A®ﬁﬂ%%7iﬁuﬁ'6
% S S BPIOBIMSIE 283 BIASERE ni, |
e AT UNF Y VLA 160mg/H (404, 7T eR (1434 % 14 BHE
sEREL:. ' :
%%:%a&w&%gm,ﬁfﬁvwﬁﬂﬁ%@<mm§m@ﬂtwt.&%utéﬁ
Li-Sla A SV AEE62.3%, 7T e REE3T.2%ThoTe. & ITEHEED
WEHSHET, 28 BRIGEBREESYEL LERLEER, i%f&wﬁ
55 4%, 7w REE31.7%E, AV VNVETEE(E<0.0DESHok (K2).
@W%m,zvavwﬁrsa%,77t¢ﬁf647t§m&<,ﬁm&ﬂﬁm
3 PSRl BROSASNORTH .
. gE 5 BMAORIREDF F7UAF } ) ¥ ADARRSRENTHS.

e
o
1S

%

(%)

Sor | — T LN
40t =
2 30r ' A '
& S
% ________ 77"31‘?&5%
20+ < e
’,f”’ ' + p<0.1
10 r -+ ,r” *. p<0.05
T ** p<0.01
0 ———‘r’ 1. - 1 | )
K)=] 78 148 28H
Hl ¥ T Ib 1335 12741 1225 121451
B 5K 134 12761 12561 120%1
| RS ]

ER #97L0F b AOBEBEELRCHT SHR GRS X D3IR)

IST, CAST, Cochrane Review DfER 1, 72EY /@ﬁ?&*ﬁﬂﬁ%’l’lﬁ% iz 817 675;)5'&7531-
FLOTEDHEH, BRELTHIREEAELLOTERY, &7z, IST OV 7HHATE,
DEEBAHEITRBESED 5 TRy, DEMBEHR0S < & UREMERE: S
2 en, TROOFITHT ALY VREDEGREVEELSNE. SR, REAORFP.
7 AE Y VRIGEORE LR Y, & VERLE NI e T Y ABLETHS.
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it,fﬁﬁvywﬁﬁﬁﬁﬁ,bﬁﬁmﬁmfwﬁﬁbﬂkﬁﬁT.%Efuﬂméhf
BT, BELIATWLEY, £, FRBRCBTIBREROEEER, FHRESTEHC

MLz bDTHY, BEURRITZILBERHENTHE, —EFRTH 20 6ERICHE
BHBOIFTIREWY, A bho—7 75—V, EFEE, BEEESHFERA S —V2EKIVE
BT S N ERREOFRRSEV L b EE DL I A5 TH 3.

ERAR, BRAS

CfEDSHERENTWw S, Lizddis T, 7#.’(0)7‘—7 %%@i ibiﬁbué'ﬂi&)%;tbiﬁfi
Hh5. HIOEREFEEIUD & L HIESHHER, 7Y YRECLDEINT 52 L8
#xon, HOAHFIOTRANSEROBEL VLS. i, TAYYYTHEEED LS KB
Wi 55 b SERET S N2 LESD 2, |

k

'%Mﬁ3ﬁkM$¢kﬁEth$@5$ (E$M¢¢%K,E¢Mmﬁﬂﬂ$£,5¢
MmEre, DAMEREES, BEVACYF—vaVEES) 0k VREHEELA K54
VEELSHEEBE N, bIETHD COMEREESA ¥ T4 VIBRREN, ZOTT, B
BEAMAOHRIUVMEEENED HiFon, ERBOTREY Y, AFS VitV vACBT
BIEFUABLERX, BIOTELRHENTWEY, CH5%2BIRT 2, H5VIEEE |

THIVon», ZTOAY OTEI R,
7ZEY Vi, M/AMRO cycloxygenase (COX) ®BAET'3 2 &2 & ©E/ 2M/IMREEF
Fi% b 7= thromboxane A, (TXA,) D& EEE L T/ MREENSHER 2 RET 5. Ly
L—%T, MEMIO COX bMEL T, IVMRBEIFIERE b o 7aRS 17 ) v Oh
RLEEL, WhBTFTAEY YYLUvHREL 25, AV LAF Y T AR, TXA,DH
PEEEET S, TACY IV U2 ERTAERTHY, BRCEENLTWS LWL
2%, UL, TAEY Y LESEBRULRRERZL, £k, PETACY Y EXFI VLS
MY U ADHBREODRLPEFSh, SBREREELLINSORIENEZNS,
EROBERDETIE, AVFVAF F YT AR, RIREDRHT b BB EROEEL
BB LN, ThbES/FEECBLCERRSND T NS, 77U —ANRHERE

BEEFATES A K 54 >, BBESHMOPUIMERE (R 6 X D3I

g

oA HFILILF + YL 160 mg/ B EEIRS L, BHEHER (RAE 5 B LA DN MASEE
(O EEMERASE 2[5  BIPE) BENAEERL L THESNS (L —FB)

o 7Y 160~300 mg/B DEAIXEIL, RETH (48 BRILRN) DEREEED
AR LTH#RAAD (FL—FA).

SL—FA: THLIBEBHOND

L —FB: TILIEHBNDS
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FAEY vk, POV EVETHBT VA bovOFAMERENE L

BH. FEROFA X T4 TR, RIMREEOMIZ, MmieaEEsE, TRERER E25
BizEsis T3, EBOBKOETIR, EROISK InsREAELETRERZTD
TR Ry, SR, EOF D TREOBAEDRE LD EDLIBAY Y E, TAYY
N 3SH B DB DBT ORI L TITLESDH 3.
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ELC&®IC

TIn7 7)) VERTRDECHVLOATWAEDO
FsEETh S, KEXICX B EEMBIEZV LER
FEOBRFHMREIFELL T E—F, EEEARV
DTy PO— VAL W LI TWE, 7
W77 ) OBREEOBAZR, KREREFLRZEOR
BRFICNZ, EEEFLEETI EVbR TV,
B 2 DD&EIEF, CYP2C9 & VKORC1 DEIZTFER
Vbbbl EBHLNPE Lo TE, ThHDEE
FEEUIMA T, EEHCH - AERECOBEREZ MRS
5E, BEBDBAZDS50% U EAFHAINL EDH
ExRons. HGEERAZzRLOOHMEFD A R
FERBRT A0, IROOBBETFERED T LED
LA, SREBIIAELEZONSE. TAYY ViZ
L EMEBIEES OHEEDOTFHICHT 5 E AR
BZHO/NEETHE. TVI7) VRFORRZ
PT-INR CHELZSEZMRH L THVONE2S, T
A V2o TIRIVMURERBIEICI VIRSEY
RAETHEEIDHHDOD, HLOBROBIGTIIHE
ERCBREODRBII O PO OT—EETHEIN SN
e, BYLFMRATAVWTT ALY Y ORR
2HEL, BEEMGELAEESEZTIILNTER
i, SOIHERERDIRZEONLEZZONE.
ER, TAYY VHBRIBAZESDD, /MR
RIS+ TRVWEBEEEZTAE) VLIRY VREE
EL COBEWCTHREREOBREVSRIIZDHL
NDLOMEMNEFEEML TS, FAbiE, KT
BiELTT7RAEY) VG 2FITTWBBEZINRIC,
TAEY) Y VIR 7 ANIHT ARl % #FHliEk (COX-
1 RM/MREEGERIE R &) LU A7 BAF (5EC0HH
EnE) 2HMET A0, SHFRLFAMNEEEHE
BI%E ProGEAR BF%E (#ik) 2 FEBL T35,

ABTHE, AFEFEEZEDTWAT77—<a7 /3
FADENTDH, EEFHERLBRIFLOEVEER
LRTWwAHEBEE7I V7 7)) VICEHLT, BERAZ
B EFRBA L. £/, HI/MEETAE) Y0
RERLGHERAZ B LI -BEFHELEALS R
HERmEHEEBANTS.

TNIT P BFhhbIERIKTALIIL

V43IV KDOKIE APy IFETEOMESERZ
&k ¥ % blood koagulation ICH ¥ 3 5. 1943E D
J—RVEBEZEL, 7 <—2 O Henrik Dam &
T L KE? Edward Doisy X oMBHEEA T2
TSI VREEOHEIZESNLD, sy
YK Thot. ¥5 Iy KRZEIHFENZ WM %
A, FERIIY Y I VKBS YEET .

ESIVKHA7VvERLICRT. BBy I
KiZyZ Vs INANEE Y5 —¥ (GGCX) DiEHIC
SBTHA. GGCX 1, GERFTHA7ubur ¥
v, VIR¥, XBE¥ IXEF KEHNEEFCTHS
Ju5F4C, TurA S INEFINMEL,
NODRFERRENEERTIHERTHS. Bb,
GGCX BRIV ¥ I VK L BEZFV, Th50E
FONKEF AL VI2H B GlulREDHEEEIIC CO %
AL, Gla (A VEFIVINY I VER) BELY
YIVK2, 3 ARFYNRERT AR, s 5.
ZHLCGlafbsh/@BERTFIIAI VI ILL F U %
Hael, MMRIERZ EORIEOFICRGES N, BER
BEEDBEEDIZ, TUFL Y C, SITEREOIME
2T, CORBTERLAEYIVKIRFVF
2, BAHEOLOBTEANLEBRINED, ZORG
ERETAEEIN2004EILsTO— v SERE S
IVKIFEFY FETERE (VKOR) THAH", 7u
77U YIEVKORDT ¥ ¥ I=X }'Th bh, VKOR
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Ea32K
Iif‘-#/ﬁza):@’f F oII7I
(VKORC).

BE W e
Eﬂﬂ!

v 7 /bﬁ":/b

HNFEFS—4
(GGan .
[ 7rsmiw | IR
I1(Gla)
KRR
Fara ey, - RRRA )
VI, IX, X, PC, =1 = g
PS, PZ VI, IX, X, PC,
o PS, PZ

Bl1 ¥¥3IKH4 70

Yo I VvKKRERy VI INVANERF IS —F
(GGCX) 13, BTHMY S I ¥, CZEMLRE, HFIREELE
BwT, t7 YK EAEREEFOGla F AL VRO
Ny IUBE G) BREZGa (ANVEXFIITINVSIY
B BECTRL, PRI TESY I VK2, 3TRFY
FEERTD, COIEFIFIE, EFI VK FEFUF
BTEFE (VKORC]l) D/ERIZL D BRBYSIVKAN
Lriash, BERBICHAISNSE. 777 ) vidEs
IVKDPTYSIT=APTHY, VKORCIDEERTD
5. ‘7)1/77‘)/@1:5' VKA I NEFLEDBIEIL
rh, ¥sz /Kmmm@l%mwwwn%u HE

ek T 5.

%ﬁ%miié’tu1027:yKﬁ47W%i
@l%@&ﬁﬂ«wfﬁ%mﬂﬁé Ltk
f‘«ﬁlﬁlaﬁ%%ﬁ?ﬁfr%

VKOR ¥ 0—= U7 a4, EREESHED
1EaeEzON, ¥72=2y Pl EOBHICHED
W VKORCL kB &z, LaL, TOROFRL
EEEROMEIC L, ABEZRMT VKORFEREZRT

C EASBRREIC R X N7Y. VKORCI EfzFid32onx '

sV Ta=- FEN163EE,HHS 3 EIKEBY
Bx b oMK BET BN 2 EREATS

5 AFOCEKBIIE PRERES 7TV (KX

Kx x)EF % b0, EEPLIIEIFEEBE AL VI
5 Cné CutE2LOITWS, ¥F3ITVK 13 BRIk
HWEZOT, BEEPOIERIEDAINTVLD
i3, BIChRoTWAHEEZEILND.

Bz 29% 6% (2007:11)

%K VKORCI SEIFRIBEEIL, 2 D00KE, BIb
EREY Y I VK KREHGERFRBES 1728
FRET V77 ) VERAEERI T B 13 2
BEEL LTHRESNTVA. Lhacy 4713k
RK¥ GGCX RIBETHA. BEd, 77 7)) VBRE
b bhbbTRER I S VEEE LTHE
SABDT BREIY PO —NLOLD EEDTINT 7
) UHBEL LD, VKORCI @ V66M EEDOAT 0k

CSRBETIE, —BIZBmglltoTvT ) Y EL

EL+A, MFETNVT 7Y ViREIR5Tmg/I LET
B (07~23mg/l) L VB o7z, TOERZDHD
FREOY Y I VKEAUNGRBERFERIEFTD
D, miE$ic PIVKA-I (Cla BEOEESL 5% 7
ghrurvy) s hizs»oz?. F7, L128R
BRYETAHNTURESEEZFL, —BIK4Omg DT
V771 3 CEHR%ERL, Phenprocoumon (long-
acting ¥ ¥ 3K 7% I=A FM)IRAT, INR2*L0
Wb b T miEPOBREIL 8mg/l (BE, 1~6
mg/) LEHTEEERLE. ZOBBERESTFEN
NY vEBVWTIOERA R FPELTaI Y br—V
EITATWAY,

D07 7 S ROBAEI LD b B RIBRET

2004 TN T 7 ) DIERYEEFE VKORCI 2
O—zyZ &R L8R, FBEROEETFSE
RRAVETILT 7Y CEOBAZICE T AR
BCRBICED SN FEDTINT 7 ) Y ORFE
DEANEZEOEBEHFER 2H 5 BB T, VKORC,
GGCX, H A=Y (CALU) *EWMBIETF & LTH%E
RHEDTON CALU /AR AREEBE T, v 7 VAF
VAL EEIHT ARSI RE STV A. T, Ih
SOBIEFOEHEI - FHEBZHEEAAWBAD
DNA T¥—7 ¥ 2 %47, BIEFEHE (BR) 21
£, TNEDOERETI LT 7 ) vEEDRELRE
L. ZO#E FhFhoBEEFIC, 1218, 31148,
WENEHRFREL:. 3 AX Y AEEIL VKORCI
2 H6SR ZR (1 &), GGCX IZ R325Q & (43 BN
7ok, 8&A5HEME), CALU IZ R4Q R (32 AN
Fuofk, 4&PERFEHR) MBREES ML

TNT P EOBEAECS HHERETFSE

yﬂ@&wﬁwﬁﬁf$ﬁ%7vwﬁﬁ%%%L
SR % RATCEUBERR L v ¥ —NEREDE M
«kﬁLthﬁ@E%lbuﬁbtﬁ3£ﬂ®&4e
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£1 INV77) SR EBEENRO SN BETFEE
gene SNP genotype n T;zr}g'asyl)) P
VKORC1 -1639G>A* AA 79 2.83+1.00
GA 14 370+ 1.11 0.004
GG 0 —
VKORC1 1173C>T* TT 79 2.83+1.00
CT 14 370+ 1.11 0.004
cc 0 —
VKORC1 3730G>A* GG 79 2.84+1.00
GA 14 368+1.12 0.006
AA 0 —
GGCX 8016 G > A GG 48 325%119
(R325Q) GA 39 2.63+077 0.022
AA 6 2.79+107
CYP2C9 42613 A > C AA 83 306x1.05
(CYP2C9 * 3) AC 9 217+084 0015
(1359L) cc 0 —

EVBRBR Ly —OREEBZE B3 BERE Lz, P flid one-way ANOVA

TEHE L.

% VKORCI D 32D BEFHRILEHEAEM L Tz, VKORCI-

1639A 7 L Vv D 1R % i3 BF VKORCI mRNA ZEMFE W ERE S LT 3.
GGCX R325Q ZR n#BE =T A &d 4. CYP2C9 I359L £ &% CYP2C9 * 3
LI, STV T ) O TROKEBICHT 2 Kn iZED TEHEWERESNIT

wa,

YORRTLEY. RSO BRERIREEOERTHO
7o, TNT 7YKL D INRATLE6~26123T |
O— L ENTWw5S. INITORELS, V77
CORBHSMEIT) CYP2CODBIRTFERMNT IV
77 VEOBAZIIPPDLI EPHLMIZINT
Wb A5, BAEANIZ CYP2CI DIEHART 245 #EFE
BOEEIMEY, LWIBRTHY, BEMIFKA
WHLTARVwWIN T 7Y Iy bO—VTEDE
V) BRIR EDEBRAIEHBATE 2d o 1.

VKORC1, GGCX, CALUDEEREIN T 7Y ~
BLOBEOKREERLIZRT. 300FEFNS
ODBIZFHENTINT 7)) RS ELEEEZRL
7:. VKORCID32DEMIZEHAFHL TH
D, —1639A 7 L ViREFHE D VKORCI mRNA E i
G7UNVBRAEBIHARTEN EARENTNDSY. &
DI LI AT VIVREZIX VKOR BEHUMEVEE R
b, LEOINT 7Y Ty PO-LVEFETH S
CEERRBLTVWD, ERE R1OTF—FIEATLV
REFIERETI VPO -V ERTW. AATIOD
BREZRXT VT 7)) » 283+100mg/H (FH£SD) T

a2 PUO—VENTWEN, ~TFuEESEKTHSGA
E{EHELZIZH0Img/BEVWINT 7)) »Tar b
o—LENnTWwi T/, CYP2C9*3 (I359L) DER
B CYP2C9IT V7 7)) Y REENEVWEwDR
T3, ERE~ATOUESHRRELSIFERAGRES
ZHX, 09mg/BA 2wy vT sy carybu—n
shThY, ThITOBEFOMRAL L{—HL.
—75, GGCX i3I R329Q ERVHEEZR LA Db OO,
DIN—=F0HREAEROBERIFEN L. RWT
SEEBREITVWINT 7)) VBICHEBY 5L AETF
EWARET S, FEEHIF17%, HIHE81%, HER
78%, VKORC1 %% 59%, GGCX% % 46%, CYP2
CIOZEI52%, ThENEELS XD LEESI L.

IV 7 7)) VRS EOBAZRHBETAIESKE
TIAHLNTREREINTWE, ThotTD0»H
2 TH 5" BEEFELTVKORCI & CYP2C9 Hi%
o, BBROHELY R5 L VKORCI DERFEED
FATNT7 7)) VIRSEE~NDEEFREVHTHA.
LU, SEREICER - #5 - hELZEE2ZELT
b, BAZOHEFVWHBETETIR - TV A. 514,
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BT LS OER VKORCT
age, sex, weight, 15% 30%
interacting drugs .

(6-37%)

CYP2C9
0Né : 10%
4% (5-22%)
2 INV77) YREEOBAZI»PDLEERET L

BERFOET5E
ZETHTLNRE? 4 &2, BEREF (VKORCL,
CYP2C9) tEEFUNOER (Fis %5, #E, #
BELZY) 0BS5S %HEMN L ERARNEERM-&X
E). ThodZBLTHH B OINVT 7)) Y EOHE
ANZIIFHBETE v

INTFY VOMFIZELT, EDLIHIEETESE
EMEBM) ANSDPPEEICLES .

ALY XA LR

DMEZREBED2KRFH L LTOERETAYY Y
DEPHRIELBRD LTS, LA2L, TRAEY >
REICD22DOLT 2EMTI29% ODEFITARY
FEEIBOOLNDEVDRTWEY Fi, TAEY
Y DHMAEFIRITIZTBAZSRD 6115 & DFED
nEN, FNEDEILTAEYVLIAT VRAEND
EBREAYVEINTEL TAYY) YOMRZ MR
BERSP MO VEFY UAMEYWERRETE=S —
L, Ay MEREOREL AR T I/MMREE
EXRTHITRIEON TV R VWBEOBREENEL,
FTAEY) Y VIRY Y AERTREOTFRIIBNED
MENZINTWVEM? 7)) Y X DEE - Rl
CHWAD, TAEY YOP/REMOPDFETE
2N TTHEIENLENDA, BFE TIIRHELS
N7-sHBR A& 2. £2T, TACYYVLIVRS Y
ADEREFFRPL, B2 FMG L 2D EE
@ﬁﬁ%ﬁ%LT.%%%%@%ﬂ%3$—bﬁﬁﬂ
72 (The Study on Profile and Genetic factors of Aspi-
rin Resistance : ProGEAR Study) % £[E 23 isix D
HDH LIZEDT VS (www.clinicaltrials.gov, Clini-
calTrials.gov Identifier : NCT00250380). & OAFFIX,
RIEE/TIA BLURBHUBEFRHEOZRFRELTT
A YY) ¥ DEG F T T AgiIRE B3 600 FEFID

BizEch 29% 6% (2007:11)

EHEx BE JHEREON/MEEERE 2BED
COX-1 #EEAEZ TV, BHZ 2EHOMBRERED
RIEZ BT AMETHS. R, TOEEFER
% COX-1, COX2 BEFA2FPLELTHNTHTFE
THhb. RAPTHOTAEY) VIERBDOERZ HUIE
OEERFIZOVWTHLAIITELDDEHFLTY
5.

AN —iz, EEFHRENRRHMBSERSEEE
EAATREE, BIU () EXEEENANRREERST
BT A AR RELEFETITo 2.

X &

1) Rost S, Fregin A, Ivaskevicius V, et al: Mutations
in VKORC]1 cause warfarin resistance and multi-
ple coagulation factor deficiency type 2. Nature
427:537—541, 2004

2) Li T, Chang CY, Jin DY, et al: Identification of the
gene for vitamin K epoxide reductase. Nature 427.
541—544, 2004

3) ChuPH, Huang TY, Williams ], et al: Purified vita-
min K epoxide reductase alone is sufficient for
conversion of vitamin K epoxide to vitamin K and
vitamin K to vitamin KH2. Proc Natl Acad Sci
USA 103: 19308—19313, 2006

4) Harrington D], Underwood S, Morse C, etal
Pharmacodynamic resistance to warfarin associ-
ated with a Val66Met substitution in vitamin K
epoxide reductase complex subunit 1. Thromb
Haemost 93: 23—26, 2005

5) Bodin L, Horellou MH, Flaujac C, et al: A vitamin
K epoxide reductase complex subunit-1 (VKORC
1) mutation in a patient with vitamin K antagonist
resistance. Thromb Haemost 3: 1533—1535, 2005

6) Kimura R, Kokubo Y, Miyashita K, et al: Polymor-
phisms in vitamin K-dependent y-carboxylation-
related genes influence interindividual variability
in plasma protein C and protein S activities in the
general population. Int J Hematol 84: 387—397,
2006

7) Kimura R, Miyashita K, Kokubo Y, et al: Geno-
types of vitamin K epoxide reductase, y-glutamyl
carboxylase, and cytochrome P450 2C9 as deter-
minants of daily warfarin dose in Japanese pa-
tients. Thromb Res 120: 181—186, 2007

8) Rieder MJ, Reiner AP, Gage BF, et al: Effect of
VKORC1 haplotypes on transcriptional regulation
and warfarin dose. N Engl ] Med 352: 2285—2293,
2005

9) Yin T, Miyata T: Warfarin dose and the pharma-
cogenomics of CYP2C9 and VKORC 1-Raticnale
and perspectives. Thromb Res 120: 1—10, 2007

10) Antithrombotic Trialists’ Collaboration: Collabora-



SR IETE OISR B IR O BREEALIZ B T B B R FIRITAT R 29:725

tive meta-analysis of randomised trials of anti- 88: 230—235, 2001

platelet therapy for prevention of death, myocar- 12) Eikelboom JW, Hirsh ], Weitz ]I, et al: Aspirin-

dial infarction, and stroke in high risk patients. resistant thromboxane biosynthesis and the risk

BM]J 324: 71—86, 2002 of myocardial infarction, stroke, or cardiovascular
11) Gum PA, Kottke-Marchant K, Poggio ED, et ak death in patients at high risk for cardiovascular

Profile and prevalence of aspirin resistance in pa- events. Circulation 105: 1650—1655, 2002

tients with cardiovascular disease. Am ] Cardiol

Abstract
Genetic aspects on the effects of anticoagulant and antiplatelet drugs

Toshiyuki Miyata, Ph.D.", Kotaro Miyashita, M.D.?, Shigeki Miyata, M.D.?,
Akiko Kada, M.P.H" and Kazuyuki Nagatsuka, M.D.?
DResearch Institute, National Cardiovascular Center
DCerebrovascular Division, Department of Medicine, National Cardiovascular Center
¥Division of Transfusion Medicine, National Cardiovascular Center

Warfarin is the most widely prescribed oral anticoagulant, but there is greater than 10-fold interindivid-
ual variability in the dose required to attain a therapeutic response. Pharmacogenetic analysis of two genes,
the warfarin metabolic enzyme CYP2C9 and warfarin target enzyme, vitamin K epoxide reductase complex 1
VKORC], confirmed their influence on warfarin maintenance dose. The contribution to inter-individual vari-
ation in warfarin dose in our patients on stable anticoagulation with a target International Normalized Ratio of
1.6-2.6 was 5.9% for VKORC1 -1639G> A and 52% for CYP2C9 42613A >C. Recent studies have shown that
VKORC] haplotype and CYP2C9 genotypes predicted about 40% of the individual variations of warfarin dose.
Including non-genetic factors such as age, sex, weight and drug interactions with genotype information pre-
dicted more than 50% of warfarin dosing variability.

Aspirin reduces the risk of cardiovascular events in patients with atherosclerotic diseases. However, its
effectiveness is limited because a significant portion of the patients with arterial thrombosis who are treated
with aspirin has a recurrent event. This is designated as aspirin resistance. To understand aspirin resistance
and to develop the effective monitoring system of aspirin effectiveness, we are conducting the Study on Pro-
file and Genetic factors of Aspirin Resistance: ProGEAR Study.

(Jpn J Stroke 29: 721—725, 2007)
Key words: platelet, aspirin, warfarin, VKORCI, antiplatelet therapy
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Abstract

Background: With the recent increase in the use of anti-
thrombotic therapy, intracerebral hemorrhage (ICH) has
been found to be a common complication. We determined
whether the use of oral antithrombotic therapy and the pa-
tients’ preexisting comorbidities were predictive of cerebel-
lar hemorrhage (CH; previously reported to be associated
with anticoagulants) as compared to other ICH, and whether
antithrombotic therapy affected the clinical severity of CH.
Methods: A study of 327 consecutive patients hospitalized
in our institute within 3 days after the onset of ICH, including
38 patients with a CH. Results: CH accounted for 12% of all
ICH, 75% of which occurred in patients on warfarin therapy
with an international normalized ratio (INR) for prothrombin
time>2.5 (p< 0.0001), and 33% of which occurred in patients
on ticlopidine therapy (p = 0.017). Warfarin therapy with an
INR >2.5 and high blood glucose on admission were inde-
pendently predictive of CH as compared to other ICH. In ad-
dition, previous ischemic stroke (p = 0.002) and heart dis-
eases (p = 0.018) were more prevalent in patients with CH

than in those with other ICH. The number of major arterio-
sclerotic comorbidities and risk factors was also indepen-
dently predictive of CH risk. Conclusions: We confirmed that
warfarin therapy with an INR >2.5 is associated with CH. Pa-
tients with CH frequently had arteriosclerotic comorbidities
requiring antithrombotic therapy that can complicate their
acute management. Copyright © 2007 S. Karger AG, Basel

introduction

The use of oral antithrombotic agents, namely oral an-
ticoagulant and antiplatelet drugs, is widespread for the
prevention of various arteriosclerotic events, including
stroke and certain cardiovascular diseases (1, 2]. Of the
various antithrombotic agents, warfarin increases the
risk and worsens the outcomes of intracerebral hemor-
rhage (ICH) (3, 4]. The contribution of antiplatelet ther-
apy to the risk of ICH is still controversial [5, 6]. Recent-
ly, we have reported that in patients with ICH, prior oral
antiplatelet therapy is independently predictive of clini-
cal deterioration, including the hematoma growth, dur-
ing the first 2 days [7]. Prior antiplatelet therapy is also
predictive of 30-day and 3-month mortality after ICH (8,
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9). Thus, ICH is an important complication of both oral
anticoagulant and antiplatelet therapies.

Overall, cerebellar hemorrhage (CH) accounts for ap-
proximately 10% of all ICH (10, 11], and hypertension is
the leading risk factor for CH. Anticoagulant therapy has
traditionally been considered as another important etio-
logical factor [10], given the data reported in previously
published articles (12, 13]. In several studies, there was a
high percentage of CH (14-38%) among patients on oral
anticoagulant therapy developing ICH [13-15], while in
other studies the percentage was lower (1-6%) [16-18].
The precise contribution of antiplatelet therapy to the oc-
currence of CH has not yet been determined. Given the
current prevalence of arteriosclerotic diseases and the
consequent use of antithrombotics, it is necessary to fo-
cus our attention on the relationship between CH and the
pre-existing use of anticoagulants and antiplatelets.

The first aim of this study was to determine the un-
derlying risk factors and comorbidities, including the use
of oral antithrombotic therapy, which were associated
with an increased risk of CH as compared to other ICH.
The second aim of this study was to determine the effect
of antithrombotic therapy on the clinical severity of
CH.

Methods

We studied 327 consecutive Japanese patients, 197 men and
130 women aged 33-92 years, with nontraumatic ICH who were
hospitalized within 3 days after stroke onset in our cerebrovascu-
lar center between January 1999 and February 2005. Patients were
identified using the prospectively recorded database for all the
inpatients in our institute. Patients with ICH due to aneurysmal
rupture, vascular malformations and with hemorrhagic transfor-
mation after brain infarction, as well as those who hemorrhaged
primarily into the ventricles, were excluded. Patients on throm-
bolysis or intravenous antithrombotics including heparin, those
who were pregnant and pediatric patients were also excluded.

In all patients, ICH was verified on CT scan immediately fol-
lowing admission to our center. The location, number and volume
of the hematomas, the presence of ventricular bleeding, and the
time interval from ICH onset to CT scanning were documented.
ICH volume was determined using the ABC/2 method by neuro-
radiologists blinded to the patients’ clinical histories [19].

Warfarin was included as the target oral anticoagulant and
aspirin, ticlopidine and cilostazol (a selective phosphodiesterase
inhibitor) were included as the target oral antiplatelets. During
the study period, clopidogrel was not commercially available in
Japan.

The following patient baseline characteristics were assessed:
gender, age, previous symptomatic ICH, previous symptomatic
ischemic stroke, hypertension [systolicblood pressure (BP) =140/
diastolic BP =90 mm Hg before ICH onset or history of antihy-
pertensive medication], diabetes mellitus (fasting blood glucose
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=126 mg/dl or positive 75-gram oral glucose tolerance test before

ICH onset or in the chronic phase after ICH, or a history of anti-

diabetic medication), hypercholesterolemia (serum total cho-

lesterol =220 mg/dl or a history of antihypercholesterolemic

medication), current or previous smoking, alcohol consumption

=2 drinks/day (=150 g ethanol/week) [20], heart diseases (in-

cluding arrhythmia), liver diseases and neoplasm. The number of
major arteriosclerotic comorbidities and risk factors (previous

symptomatic ICH or ischemic stroke, hypertension, diabetes mel-

litus, hypercholesterolemia, current or previous smoking, and

heart diseases) was also assessed. On admission, the systolic and
diastolic BP, blood glucose, total cholesterol, platelets, fibrinogen,

activated partial thromboplastin time and the international nor-

malized ratio (INR) for prothrombin time were determined.

The neurological deficits on admission were evaluated using
the National Institutes of Health Stroke Scale (NIHSS) score. Ac-
tivities of daily living before and 3 weeks after ICH onset were
assessed using the modified Rankin Scale score.

Continuous values are expressed as means + SD. The clinical
characteristics of patients with CH were compared to those with
other ICH using the ¥? test and Mann-Whitney U test, as appro-
priate. Two-way factorial analysis of variance (ANOVA) followed
by Fisher’s PLSD post hoc analysis was used to analyze the sub-
groups receiving warfarin, antiplatelets and no antithrombotics.
To identify the independent predictors of predilection of ICH for
the cerebellum, we did a multivariate logistic regression analysis
using the clinical characteristics that showed a statistically sig-
nificant (p < 0.05) or a marginally significant (0.05 < p <0.1)
relationship with CH as independent variables on univariate
analyses, with adjustments for gender and age.

Results

Of the 327 ICH patients, 38 (12%) developed CH, 180
(55%) developed ICH in the basal ganglia, 84 (26%) de-
veloped ICH in a hemispheric lobe, and 25 (7%) devel-
oped ICH in the brainstem.

With respect to baseline characteristics, patients with
CH more frequently had previous symptomatic ischemic
stroke (p = 0.002) and heart disease (p = 0.018) compared
to patients having other ICH (table 1). The median num-
ber of major arteriosclerotic comorbidities and risk fac-
tors was 3 (range 0-6) for patients with CH and 2 (0-6)
for those with other ICH (p = 0.0003). On admission, pa-
tients with CH more frequently had a systolic BP >200
mm Hg (p = 0.035) and had a higher blood glucose level
(p = 0.0002) than those with other ICH (table 1).

Twenty-four patients (7%) were taking warfarin, and
5 of them were also taking aspirin or ticlopidine (table 2).
The admission INR values differed between the patients
with CH and those with other ICH (CH 2.50 * 0.82 vs.
other 1.87 * 0.59, p = 0.042, fig. 1). Sixty-six patients
(20%) were taking oral antiplatelet agents daily before
ICH onset. The indications for antithrombotic therapy in

Toyoda et al.



Table 1. Clinical characteristics of
patients with ICH

Table 2. Use of antithrombotic agents
before onset of ICH

Cerebellar Hemorrhage during
Antithrombotic Therapy

- Other.- - p value
*:7 hémérrhage L
. (n=289)

Baseline characteristics
Male gender 23 (61) 174 (61) 0.970
Age, years 7010 67112 0.114
Hypertension 35(92) 235 (81) 0.099
Diabetes mellitus 11 (29) 50 (17) 0.083
Hypercholesterolemia 12 (32) 53(18) 0.054
Smoking habit 16 (42) 118 (41) 0.894
Alcohol consumption 7(18) 67 (23) 0.503
Comorbidities
Symptomatic ICH 7 (18) 31(11) 0.164
Symptomatic ischemic stroke 15 (39) 53 (18) 0.002
Heart diseases 13 (34) 52 (18) .0.018

Atrial fibrillation 7 (18) 27 (9) 0.085

Ischemic heart disease 5(13) 21(7) 0.207
Liver diseases 1(3) 19 (7) 0.340
Neoplasm 4(11) 30 (10) 0.978
Number of major comorbidities and risk factors
Median 3 2 0.0003
Range 0-6 0-6
Physiological status on admission
Systolic BP, mm Hg 182+38 176 £ 32 0.259

Systolic BP >200 mm Hg 14 (37) 62 (21) 0.035
Diastolic BP, mm Hg 96 +23 95+ 16 0.650
Blood glucose, mg/dl 188 £95 144+ 64 0.0002
Platelets, X 1,000/pl 235%78 21074 0.058
Fibrinogen, mg/d! 351£116 326108 0.239
APTT, s 29264 31.2%+165 0.495

APTT = Activated partial thromboplastin time. Figures in parentheses indicate per-

centages.

- hemorrhage . . -
(=289
Warfarin alone 7 (18) 12 (4) 0.0004
Warfarin plus aspirin (81-100 mg) 0 4(1) 0.466
Warfarin plus ticlopidine (200 mg) 1(3) 0 0.006
Aspirin alone . 4(11) 38 (13) 0.650
Ticlopidine alone 4(11) 8(3) 0.017
Cilostazol alone S 1(3) 2(1) 0.238
Multiple antiplatelets 1(3) 8(3) 0.961
Figures in parentheses indicate percentages.
Cerebrovasc Dis 2007;23:109-116 111
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Fig. 1. Admission INR for prothrombin time (PT) for patients on
warfarin therapy. Closed circles indicate patients who were also
taking antiplatelets. Bars indicate means + SD. The Mann-Whit-
ney U test shows a significant difference in the INR between pa-
tients with CH and other hemorrhage.

patients with CH included cardioembolic stroke in 4 (all
of whom received warfarin), other ischemic stroke in 11
(2 on warfarin therapy and 9 on antiplatelet agents), non-
valvular atrial fibrillation without previous stroke in 2
(all of whom received warfarin) and other peripheral vas-
cular diseases in 1 patient (treated with aspirin). The pro-
portion of CH to total ICH increased from 12% of the
total patients to 75% of the patients on warfarin therapy
with INR >2.5 (p < 0.0001) and to 33% of the patients on
ticlopidine (p = 0.017, fig. 2).

On multivariate analysis using ‘any antithrombotic
therapy before stroke onset’ and the items in table 1 that
were statistically significantly or marginally significantly
different between the 2 groups as variables, only high
blood glucose on admission was independently related to
CH (table 3, model 1). The results were similar when ei-
ther warfarin or ticlopidine use was included instead of
any antithrombotic therapy. On the other hand, when
warfarin therapy with an INR >2.5 was included instead
of any antithrombotic therapy, it was found to be an in-
dependent predictor of CH, as was high blood glucose
(odds ratio 1.83, 95% confidence interval 1.10-3.06). The
total number of major arteriosclerotic comorbidities and
risk factors was also independently predictive of CH after

Brainstem  Proportion of cerebellar hemorrhage
A\
With Without p value
therapy therapy
2(13%) 36 (12%) NS
6 (75%) 32 (10%) <0.0001
4(10%) 34(12%) NS
4(33%) 34(11%) 0.017
0% 25% 50% 75% 100%

Fig. 2. Hematoma location in patients on various oral antithrombotic therapies at stroke onset. The table shows
the proportion of CH to all ICH in patients with and without each type of antithrombotic therapy. Patients re-
ceiving both antiplatelet and warfarin therapy were included in the warfarin group. Data on treatment with
cilostazol alone (n = 3) and multiple antiplatelets (n = 9) are not shown due to the small number of patients.
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Toyoda et al.



Table 3. Multivariate analysis of

independent predictors of predilection Items pvalue  OR 95% CI
for CH
Model 1
Hypercholesterolemia 0.10 2.00 0.88-4.57
Symptomatic ischemic stroke 0.27 1.68 0.67-4.18
Heart diseases 0.12 1.99 0.83-4.78
Systolic BP >200 mm Hg 0.11 1.91 0.87-4.17
High blood glucose (by 100 mg/di) 0.03 1.76 1.07-2.89
Platelet count (by 50,000/p.l) 0.21 1.19 0.90-1.58
Preexisting antithrombotic therapy
Any 0.63 1.26 0.50-3.19
Warfarin 0.08 2.95 0.86-10.1
Warfarin with an INR >2.5 0.001 19.5 3.32-1149
Ticlopidine 0.24 2.28 0.58-8.96
Model 2
Number of major comorbidities and risk factors 0.002 1.63 1.19-2.24
Warfarin with an INR >2.5 0.001 16.7 3.09-90.6

Adjusted by gender and age (by 10 years).

Model 1: analysis using each comorbidity and risk factor plus various types of pre-
existing antithrombotic therapy. Odds ratios (OR) and 95% confidence intervals (CI) of
the first 6 items were determined in case of any antithrombotic therapy. Hypertension
and diabetes mellitus were not included in the analysis although they showed margin-
ally significant differences in table 1, because systolic BP >200 mm Hg and high blood
glucose were used instead.

Model 2: using ‘number of major comorbidities and risk factors’ and ‘warfarin with

an INR >2.5’.

adjustment for gender, age and warfarin therapy with an
INR >2.5 (table 3, model 2).

Ventricular bleeding on the initial CT was more fre-
quent (p = 0.046), and severe initial neurological deficits
(NTHSS =16) tended to be more frequent in patients with
CH than in patients with other ICH (p = 0.063, table 4).
Patients with CH on warfarin therapy had larger hema-
tomas but did not have a higher NIHSS score than those
receiving antiplatelet therapy or those not taking any an-
tithrombotic therapy (fig. 3a, b). Patients with CH on ti-
clopidine did not have a statistically significantly differ-
ent hematoma volume or NIHSS score compared to oth-
er patients (data not shown).

Three weeks after ICH onset, patients with CH tended
to be less independent (p = 0.066) and more frequently
required hematoma evacuation than those with other
ICH (p = 0.035, table 4). The outcome did not differ
among patients with a CH who were taking warfarin, an-
tiplatelet agents or those who were not taking any anti-
thrombotic therapy (fig. 3c).

Cerebellar Hemorrhage during
Antithrombotic Therapy

Discussion

In this study, we focused on the important causal re-
lationship between warfarin and CH during this period
of widespread antithrombotic therapy. Our major new
finding was that warfarin therapy with an INR>2.5 and
the number of major arteriosclerotic comorbidities and
risk factors were independently predictive of the more
frequent occurrence of CH as compared to other ICH.
Among antiplatelet agents, ticlopidine increased the pro-
portion of CH to total ICH.

Kase et al. [13] studied the predilection for the cerebel-
lum (9/24, 38%) as a bleeding location in patients on an-
ticoagulant therapy based on their original data and pri-
or small population studies. However, they did not offer
a clear explanation for their findings. Our study con-
firmed their observations and highlighted the associa-
tion of an INR >2.5 with an increase in CH compared to
other ICH. However, we could not identify any causal
pathological or pathophysiological characteristics. Cer-
ebellar microbleeds were visualized in 29.of 98 Korean
stroke patients (30%) who had microbleeds somewhere in

Cerebrovasc Dis 2007;23:109-116 113



Fig. 3. Comparison of hematoma volume
on admission (a), the NIHSS score on ad-
mission (b) and the modified Rankin Scale
score, including acute death, at 3 weeks (c)
among patients with a CH on antiplatelet
(AP), warfarin (W) and no antithrombot-
ic therapy (none). a Two-way factorial
ANOVA shows a significant difference
in hematoma volume among the 3 groups
(p = 0.042) with post hoc differences
shown.

Table 4. CT findings, neurological status
and outcome of patients with ICH
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CT findings
Multiple hematoma 1(3) 6(2) 0.824
Volume of hematoma 19.8+21.4 25.5+38.5 0.373
Ventricular bleeding 18 (47) 90 (31) 0.046
ICH onsettoCT <3 h 18 (49) 134 (46) 0.793
Neurological status
mRS before ICH =3 4(11) 14 (5) 0.149
NIHSS on admission = 16 15 (39) 73 (25) 0.063
Outcome at 3 weeks
Independent, mRS <2 11 (29) 129 (45) 0.066
Dependent, mRS =3 22 (58) 131 (45) 0.144
Dead 5(13) 29 (10) 0.553
Required surgical evacuation 14 (37) 62 (21) 0.035

mRS = Modified Rankin Scale. Figures in parentheses indicate percentages.
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the brain on T,*-weighted gradient-echo MRI [21], which
suggests a relatively high frequency of cerebellar micro-
bleeds in the Asian population. Thus, chronic warfarin
might cause subclinical cerebellar microbleeds to grow to
symptomatic CH [18], thus explaining the increased
prevalence of cerebellar involvement in warfarin-related
ICH. A similar predilection for the cerebellum was not
found in patients after coronary thrombolysis using tis-
sue plasminogen activator or streptokinase; in these pa-
tients, the primary bleeding location was a hemispheric
lobe [22-24]. After cerebrovascular thrombolysis using
prourokinase, hemorrhages were found to occur primar-
ily in the area of the preceding infarcts and not in the
cerebellum [25). Thus, different mechanisms may be op-
erative in patients with postthrombolysis ICH compared
to patients who have ICH during warfarin therapy.

Our study found that ticlopidine was associated with
CH, although the result was based on data derived from
a small number of patients. Aspirin was not associated
with CH in this and in previous studies [26]. This differ-
ence between aspirin and ticlopidine might partly be due
to a different intensity of treatment or a different mecha-
nism of action with respect to antiplatelet function be-
tween these 2 agents.

High blood glucose on admission was independently
associated with CH. This finding may be partly due to the
high frequency of diabetic patients in the CH group. The
prevalence of diabetes mellitus in patients with CH, as
well as that of previous ischemic stroke, heart disease and
hypercholesterolemia, would appear to be at least partly
due to the use of antithrombotic therapy for these arte-
riosclerotic comorbidities. Interestingly, the proportion
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Abstract

Background: To determine the factors that contribute to
early ischemic stroke recurrence in Japanese patients. Meth-
ods: A multicenter stroke registration study based on a com-
puterized database from 54 Japanese institutes, involving
8,036 patients with brain infarction who were hospitalized
within 48 h after symptom onset between January 2000 and
March 2004. Results: Within 30 days after the initial stroke,
395 patients (4.9%) developed a recurrent stroke. Recur-
rence most frequently occurred in atherothrombotic pa-
tients (6.6%), followed by cardioembolic patients (6.2%).
Overall, hypertension (OR 1.348, 95% Cl 1.071-1.696) and
atrial fibrillation (OR 1.503, 95% CI 1.177-1.918), but not dia-
betes mellitus, were independently predictive of early recur-
rence. In atherothrombotic patients, diabetes mellitus (OR
1.485, 95% C! 1.058-2.085) and atrial fibrillation (OR 1.998,
95% Cl 1.231-3.244) were independently related to early re-
currence. At hospital discharge, the modified Rankin Scale
score was higher in patients who had an early recurrence
(p < 0.0001). Conclusions: This study was based on a large
number of Japanese patients and confirmed that hyperten-

sion and atrial fibrillation contribute to early ischemic stroke
recurrence. In addition, analysis by stroke subtype showed
that diabetes mellitus was independently related to early re-
currence in atherothrombotic patients.

Copyright © 2007 S.Karger AG, Base!

Introduction

Stroke recurrence continues to be a major risk for
stroke survivors, despite advances in stroke prevention
strategies and treatments [1]. Atherothrombotic ischemic
stroke, atrial fibrillation, and both high and low admis-
sion blood pressures are known to be predictors of early
stroke recurrence [1-3].

The incidence of stroke in Japan surpasses that of isch-
emic heart disease [4]. A high incidence oflacunar stroke
and intracerebral hemorrhage [4, 5] has been document-
ed; this is unique to Japan. To further clarify the charac-
teristics of stroke in Japan, alarge hospital-based registra-
tion study using a computerized database that included
16,280 patients from 54 institutes was conducted (the Ja-
pan Standard Stroke Registry Study: JSSRS) (6]. Using
data from this database, we sought to identify the clinical
features that were predictive of early ischemic stroke re-
currence.
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Table 1. Baseline clinical characteristics

All patients Atherothrombotic stroke
recurrent nonrecurrent p value recurrent nonrecurrent p value
Patients 395 7,641 174 2,471
Age, years 72.0%+11.5(395) 71.2%11.9(7,641) 0.1888 71.3+£10.8(174) 71.7%11.0(2,471) 0.5825
Male gender, % 61.6 (393) 59.8 (7,633) 0.4815 66.5 (173) 63.0 (2,469) 0.3625
Previous ischemic stroke, % 35.2 (383) 29.8 (7.471) 0.0222 39.1 (169) 32.7 (2,422) 0.0876
Hypertension, % 66.6 (392) 60.6 (7,620) 0.0188 73.4 (173) 64.4 (2,466) 0.0167
Diabetes mellitus, % 25.7 (393) 24.5 (7,605) 0.5932 37.6 (173) 28.3 (2,466) 0.0090
Hyperlipidemia, % 22.5 (386) 22.6 (7,496) 0.9635 29.7 (172) 26.7 (2,419) 0.3999
Atrial fibrillation, % 33.4 (392) 24.8 (7,613) 0.0001 13.3 (173) 7.9 (2,463) 0.0122
Ischemic heart disease, % 13.3(376) 11.8(7,324) 0.3939 13.9 (166) 12.9 (2,372) 0.7112
Aortic aneurysm, % 1.6 (376) 1.0 (7,324) 0.3039 0.0 (166) 1.2 (2,372) 0.1592
Peripheral artery disease, % 0.8 (376) 0.3 (7,324) 0.1515 0.6 (166) 0.4 (2,372) 0.7317
Chronic kidney diseases, % 4.2 (334) 4.2 (6,440) 0.9786 4.2 (143) 4.3 (2,046) 0.9521
Hemodialysis, % 0.6 (334) 1.4 (6,440) 0.2002 1.4 (143) 1.4 (2,046) 0.9853
Alcohol consumptionl, % 9.7 (361) 9.4 (6,936) 0.8443 9.6 (157) 11.0 (2,183) 0.5646
Smoking habit?, % 36.1 (352) 37.6 (6,770) 0.5564 41.6 (154) 39.7 (2,139) 0.6559
Prestroke medication
Anticoagulants, % 10.1 (286) 7.3 (5,595) 0.0776 49 (142) 5.3(1,892) 0.8547
Antiplatelets, % 24.1 (286) 17.6 (5,595) 0.0052 29.6 (142) 18.1 (1,892) 0.0007
Antihypertensives, % 55.1(392) 47.0 (7,620) 0.0017 58.4 (173) 49.4 (2,466) 0.0229
Insulin, % 4.1(393) 3.8 (7,605) 0.8054 6.4 (173) 4.5 (2,466) 0.2487
Prestroke mRS: 0-1, % 80.5 (220) 81.1 (4,318) 0.7975 84.7 (111) 80.7 (1,484) 0.3053

Numbers in parentheses indicate the number of patients whose data were available. ! 22 drinks per day. 2 Current or previous.

Methods

Between January 2000 and March 2004, 10,261 patients with
acute brain infarction were hospitalized within 48 h after stroke
onset and were registered in the JSSRS. In 8,036 of these patients,
there was appropriate documentation in the database to ascertain
whether there was stroke recurrence within 30 days after the on-
set of the initial stroke; thus, these patients were eligible to be in-
cluded in this study.

The subtype of the initial stroke was determined based on the
patients’ neurological, radiological, cardiological, and hemato-
logical profiles, principally according to the TOAST subtype clas-
sification system [7]: large-artery atherosclerosis (atherothrom-
botic), cardicembolism, small-artery occlusion (lacunar), and
stroke of other determined or undetermined etiology. Patients
were diagnosed as having a recurrent stroke based on the occur-
rence of additional neurological deficits or the progression of neu-
rological deficits in conjunction with the appearance of a new
infarct or hematoma that corresponded to the deficits; radiologi-
cal confirmation was useful for differentiating stroke recurrence
from progressing stroke. The patients’ baseline characteristics
and features of the initial stroke are listed in table 1. The severity
of white matter lesions and periventricular hyperintensity was
scored using scales developed in previous studies 8, 9]. Indepen-
dent activity of daily living before the initial stroke corresponded
to a modified Rankin Scale (mRS) score of 0 and 1. Patient out-
come at discharge was evaluated using the mRS.
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Values are expressed as mean * SD. The baseline character-
istics and stroke features were compared between patients with
and without stroke recurrence using the x*-test, paired t test, and
Mann-Whitney’s U test, as appropriate. To identify the indepen-
dent predictors of stroke recurrence, a multivariate logistic re-
gression analysis was done using the baseline characteristics and
stroke features that showed a statistically significant (p < 0.05) or
amarginally significant(0.05 < p <0.15) relationship with recur-
rence on univariate analyses as independent variables, with ad-
justments for age and gender. If >20% of patient data for a par-
ticular characteristic was missing on univariate analysis, then
that characteristic was not used in the multivariate analysis, We
also determined which stroke subtypes were independently re-
lated to recurrence.

Results

Of the 8,036 patients that were studied, 395 patients
(4.9%) had a recurrent stroke within 30 days after the ini-
tial stroke. Recurrent strokes were most frequent in ath-
erothrombotic stroke patients (174/2,645, 6.6%), followed
by patients with cardioembolic stroke (143/2,318, 6.2%),
stroke of other etiology (36/630, 5.7%), and lacunar stroke
(42/2,443, 1.7%). Of the 254 patients in whom the day of
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P v?lqé‘ _- ;_écurrent p value

~ técurrent - . nonrécurrent ‘pvalue  recurrent ‘rionrecurrent. nonrecurrent
143 2,175 42 2,401 36 594
73.9+11.8 (143) 73.9+11.3 (2,175) 0.9873 71.2+10.8 (42) 69.4+11.5(2,401) 0.3162 69.0 +13.6 (36) 66.4+15.6(594) 0.3191
58.5 (142) 55.0 (2,172) 0.4194 57.1(42) 59.9 (2,398) 0.7195 55.6 (36) 63.6 (594) 0.3290
31.4 (137) 27.7 (2,119) 0.3451 39.0 (41) 29.7 (2,346) 0.1942 27.8 (36) 25.7 (584) 0.7806
61.0 (141) 52.5(2,166) 0.0501 69.0 (42) 66.5 (2,398) 0.7259 52.8 (36) 51.0 (590) 0.8374
16.2 (142) 17.8 (2,160) 0.6325 23.8 (42) 28.5(2,389) 0.5000 8.3 (36) 17.1 (590) 0.1692
14.0 (136) 14.4 (2,134) 0.8934 26.2 (42) 26.8 (2,355) 0.9302 16.7 (36) 19.2 (588) 0.7053
73.9 (142) 70.7 (2,170) 0.4150 4.9 (41) 5.3 (2,390) 0.9018 2.8 (36) 5.9 (590) 0.4300
14.8 (135) 14.6 (2,078) 0.9529 15.4 (39) 8.9 (2,295) 0.1635 2.8 (36) 9.2 (579) 0.1897
3.0 (135) 0.8 (2,078) 0.0091 2.6 (39) 0.9 (2,295) 0.2670 2.8 (36) 2.1(579) 0.7753
1.5 (135) 0.4 (2,078) 0.0933 0.0 (39) 0.1(2,295) 0.8213 0.0 (36) 0.5 (579) 0.6651
5.9 (119) 3.8(1,880) 0.2500 2.6 (38) 4.2 (1,968) 0.6379 0.0 (34) 4.9 (546) 0.1842
0.0 (119) 1.3(1,880) 0.2150 0.0 (38) 1.6 (1,968) 0.4281 0.0 (34) 1.5 (546) 0.4773
8.8 (133) 8.2 (2,005) 0.5503 16.2 (37) 9.0 (2,166) 0.1275 14.7 (34) 8.8 (582) 0.2413
27.3 (128) 30.6 (1,936) 0.4338 44.4 (36) 40.7 (2,128) 0.6450 35.3 (34) 42.0 (567) 0.4427
21.1 (95) 15.6 (1,427) 0.1561 0.0 (29) 3.7 (1,874) 0.2925 10.0 (20) 4.7 (402) 0.2898
20.0 (95) 16.5 (1,427) 0.3817 24.1(29) 17.8 (1,874) 0.3789 5.0 (20) 18.4 (402) 0.1258
53.2 (141) 44.2 (2,166) 0.0371 57.1 (42) 48.7 (2,398) 0.2783 44.4 (36) 40.3 (590) 0.6263
1.4 (142) 2.4 (2,160) 0.4634 4.8 (42) 5.1 (2,389) 0.9292 2.8 (36) 1.5 (590) 0.5607
75.0 (76) 78.3 (1,081) 0.5068 75.0 (20) 84.3 (1,454) 0.2609 84.6 (13) 78.6 (299) 0.6029

stroke recurrence was documented, 162 patients (63.8%)
developed a recurrence within the initial 7 days post on-
set (fig. 1). Of the 294 patients for whom the recurrent
stroke type was documented, 280 patients (95.2%) had an
ischemic stroke.

Baseline clinical characteristics and features of the ini-
tial stroke for all patients and by subtype are shown in
tables 1 and 2. Overall, compared to patients who did not
have a recurrent stroke, patients who had an early recur-
rence more frequently had: a previous ischemic stroke
(p = 0.0222), hypertension (p = 0.0188), atrial fibrillation
(p = 0.0001), antiplatelet (p = 0.0052) and antihyperten-
sive (p = 0.0017) medication prior to the initial stroke,
and progression of symptoms within 48 h (p < 0.0001).

Overall, on multivariate analysis, hypertension and
atrial fibrillation were independently related to early stroke
recurrence (table 3). In atherothrombotic stroke patients,
diabetes mellitus and atrial fibrillation were independent-
ly related to recurrence. In cardioembolic stroke patients,
hypertension and aortic aneurysm were independently re-
lated to recurrence. No independent predictors for early
recurrence could be identified in patients with a lacunar
stroke and in those with a stroke of other etiology.

Recurrence of Acute Ischemic Stroke

50 W ..................................................................................................
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Fig. 1. Timing of stroke recurrence after stroke onset according
to the initial stroke subtypes.

Cerebrovasc Dis 2007;24:289-295 291



