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EPETBREWC X o TITbNERE D, |ET
i3 PLIMP-ARG 8 ™ 2 X0 k5 RHECTRED
= WKL GE SPECT & & B ASERIR S H & WA H
ENTWDZ LWL\ BER O D IR
SPECT TITh N5 DA —#EH T, BEFRF DMK
BERAF IOV TOFM A HE L2V, KIFFET
13, STA-MCA /3£ 73 24 #8 0 38 JE Gt SE B BE 1
2T ®O-gas PET # A\ CEi 2475 7.

OI. %% -FiE (E1)

P51 2000 4 4 H A5 2011 48 7 5 OB ICE
VIERFBFRAEL Y & —THEBEZIToTZHADR
DR 34 B (15 ~70%  F3393m%) 42 FEk
Thb. MARBAIZERILZ SEFMIIHLT
STA-MCA /N A4 78 24l &2 47 W, A7 H 13 i I o
doppler B & U’ indocyanine green (ICG) video-
angiography # H\WCNA N ZADBEZ MR L2
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Pre-ap. { IMP-SPECT }and [‘SO—Qas PETJ TIA
Jor infarction
v
op. STA-MCA anastomosis
v

POD 1-3 [ | MP-SPECT ]

decreased CBF increased CBF

or symptom(+) /\ & symptom(+)
POD 4-7 [ IMP-SPECT ] {‘50~gas PET] POD 2-7

(150—-935 PET} HiE3 M
X1 ROFEHREOZ7ORI-L

(& 2). #7anz ®LIMP SPECT % L < i ®O-gas
PET Z 1TV INTEER B R O FFili 2 1T o 72, ¥F1C,
AR R MR R A58 20 1 23 FERICxT LT3t
WIIZ °0-gas PET % 4T L7z, WH2 I3 &6) Tl
#% 1~ 3 HLLPIC "PLIMP SPECT % fif7 L, %
BT B i o 3 Ao s fE R % 25 2 61T
3 5 1 O U U & U BE LA 7% AR 1 PO-gas
PET % §i4T, F7:4i% 3 # AHIZH O-gas PET
T L7z (R1). R0, W#E2~7H, itk
3HHATDHOPET /85 A —% OFli 247 - 7=.

II. BERERENES

STA-MCA N A XAt O KT @ E A D W»
TOREERERII RV, £ T, EEEOBENR
%Wt D °0-gas PET TOMIILT E B EASIEEE
+ 2SD (578mL/100 g/min) LA ET, /N4 /%2
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B D MATH E BRI A 7 — ¥ % PET™ %
L <12 SPECT™ TEHii %1772 25, stage 1
AL AT 18 3k, stage NAHYAS 24 IR TH o 7.
FEEPEBERE 5 B 6 EER (6742, 14.3%) IZFR
W7z EFEEBO-REER1IIRT. MRS
SEREEREREZE L5V BN ET
DREETHY, HHOMTHEHZATF -1
stage I #4281 3k (1/18, 59%), stage O#H
WAS5 2RIk (5/24, 208%) T, stage I TiEH
RINHBERZEL. BEREE LM
STA-MCA /XA S AW &EBE T, FERITEEE,
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fEW no. 5 OHiRE R, & STA-MCA/NA/XZ

A AR BERICIIHOR U MBI E SHEEH S,

B : M&HID ICG videoangiography. EIRIE TOREBDBELEFIH TH S.
C : STA parietal branch & M4 D& % FefT.
D : &% ICG videoangiography. /34 /X275 O MFIC & v) B IRIE T DORERDEL

BIUEL TS, 7L,

BEEE, REERSENLEN2HTOTHo 7.
WEFROERIIMBZE 1 ~4 HEORHICHEAL,
FEHifizd~14BThHo72. MiBE3IANATO
mRS ZWVThd RIFTHo 7.

V. PET EEfE

F 2|27 9. B M5 & CBF (345 /i 376 +
51mL/100 g/min (n = 4) ZH~EBHER 776 =
10.7mL/100 g/min (n = 6) TIRAEIZHEMZ R
» 7=, B I ¥ & CBV X i 77 5.83 = 1.88 mL/
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ZOBRTIHEDBRREFAT S £ RRETH 5.

100 g, B#EH 6.80 = 146 mL/100g & AT Bl 2 &
DEELFHE L T 7z, HEERAHE CMRO: &
7R 370 = 0.31 mL/100 g¢/min T, B\BER T
442 + 088 mL/100 g/min & #M%E R 72, itk
BERELE L7266 44D CMRO: (383 +
0.33mL/100 g/min) ZIEHBTHER L7225 &
% 82 L7224 Tk CMRO:z (560 = 0.10mL/
100 g/min) OFEHZE EFE5 D 7. CBF 0EH
% LR E CMRO: OB E LR OER, BRIREIEE
OEF 134 #7 058 = 0.05 D &7 & \BEEF T



K1 BERERBEZEALL506 FROBKE

fEG F8, R REMX WHONTH =6 WEEER EE WERD FscHIE mRS score

no. PRI F—T DEH RIERHE (days) itk 3M
1 37, M TIA stage I* R  central & bt ) POD4 4 0
parietal
2 44, F FE stage I L central brd ] POD3 7 1
3 44, F 1EE stage I R  central HEEE POD3 11 1
4 41, F TIA stage I R  central BEREE POD3 7 0
5 60, F fEE stage I L pre- & 5EE POD1 11
central
6 51, M TIA stage I* L  pre- central %kE& POD3 14 0
& parietal
POD = post-operative day, pre- = precentral, mRS = modified Rankin Scale
iEfl 2 & 3 IXE—EE, * IMP-SPECT T O 7 574
£2 PET/NNSX—42N¥EE
pre op. hyper- post op. P value P value
(n=4) (n=26) (n=16) hyper- vs. pre op. hyper- vs. post op.
CBF 375+t 51 776 +107% 442+ 42 <0.01 <0.01
(mL/100 g/min)
CBv 583+1.87% 6.80+1.46" 427 +0.40* n.s. 0.021
(mL/100g)
CMRO:2z 3.70 = 0.31 442 =089 358 +0.44 ns. 0.034
(mL/100 g/min)
OEF 058 +0.05% 040+ 0.08 048 =+0.04 <0.01 0.024
CBF/CBV 737 £193 125409 120x*x245 ns. n.s.
(min™

* Values out of the mean =+ 2SD range of controls
hyper- = hyperperfusion, n.s. = not significant
SERBOREICIE ANOVA IZT p<0.01, FEBICOVWTOEEERTE L Scheffe BEICTIT- 7.

040 = 008 L AEITIKT L7z, MERE CPP IZHAEE L.

ER-C% % CBF/CBV 3487 74 = 1.9 min” & /&

VI. RFERH

ETH o 72785, BEFKTIE 125 + 41 min” & 4

mz@Bo7. M3 4 H T CBF, CMRO:,
OEF ZIE#EH & 20, CBV, CBF/CBV 27 #i

165

41 5%, & GEFlno. 4). S5ERIPSEELID
BAREEZBE LTV, BEICE ) FOMHEE

BAESABIESR  vol.22 no.2 2012.2. 183



EMRIZROLN

B

_pre-op POD 3 post op.

3 iEfino. 4

A : iTHT MRA, B : #fi# MRA. /XA /XX D patency X RIFTH 3.

C:IPET/SS X —42D#¥E. L4 WalldAFRTERL CBF DET %535, CBVIE LR, CMRO: RIEETH 3, OEF i £
FLU, \Wh 3 misery perfusion DIRRET H 5. BEREDIRIEEL & 5 CBF/CBV I HANCHENEZRICET L TWS. R i
3 HHE (POD 3) T3 CBF &ZEBBICIEIML (%kH1), CBV OSEIIES, CMRO2 Eh ¥ »Il#M, OEF @GIETFTLTW3. Al :
% 3 7B Tld, CBF, CMRO2, OEF ZIE¥ &4 V), CBV & CBF/CBF 4ffalICHERNBEERBD 5.

DPEZ 722D R AT o 7. BEE MRI/A, Bt BHEETo72. 57 BB $ TERIGEC20°E
BHRETLRLRROMESH L 2o/ PO RICHEL, M1 10 HBIC3kBRE 2o 7.

gas PET T3 ¥HOBERERZ RO (B 3).

B EIRITH LT STA-MCA S A 7S 24 % #4T L = =

B2 HB I TREBUERZGEBL WA 1) BEREERE

A, MBEIHEIVERFOLUNEREEE, 30 DR DRI T 5 MATHEMBEOBII I B
SEREOLOMN 1 BICKEHRE L. ME3SHEE  EREREEL ChITORAFTORETIZH
O PET Tid N4 NS AYWAMEARICEN %2 CBF B2 40T 143~ 215% 1380k Y. BT
D¥MNE D, BEREEROBWCHELRIE 13, MIMFEEYE SPECT T # 5l © M 5
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BEFROFEDELNTBY, BHENICIZEWE
ECRERZETADOLHENT L. EEEDR
BEIZOWT, CEA M1 08 BEFAE B A O oy
B3 BITEEAE, W BimTHEHT Y,
STA-MCA /3£ 73 24 14 D — & P O 1 % B %
REBEREBRBICEDTIVWDIDOTHA ) P
BRI B APE DRI Y 250" 10, &
B OMREREER (REESE, KiEL2E) IR
DR MLFEIEMEALIER T 50 L HEBTL, Ih
O % BERAEGRE & ER L2
2) HbRHPRICHTIBERDA HZX L
MEBEFR TIZCBFIZEWH ICHEMT 5 28,
CEA/carotid artery stenting (CAS) #if2 B
WAIMAETD 100% (EEETHEIED 2 f5) DLk
oEMET MY OF—EHTHE. HBRHIT
IZAFRTIC X CBF 13 —@81 12 53 ~ 120% (¥
106%) #hL724% 100%KiD CBF O¥MNTH
S THEBEBERIEIVELEEX 5. CBY
o ERISHBIIROWIE L BEH Y 7Y, mE
A2 S CBV LRIIMNEREDKRT 25| &
29, BHEERITIMEIO CBV HIZEBETH Y, B
HERTH CBV B L Tz, #Mik3 VA
DB ETIRMBICH R CBVEDET 22D 7.
CEA/CAS #OBHER CHESN T B LY
MBI CBVEORBEDRIEIZD R D WK
BV T HMBRERDEELAI=ALTHA
EEZoND. BERORETIZICBFAEAL
BEREFP LA L TWBIZ 2 0b 53 CBV A
BT L2V, MBIIRAME BN IZUE L%
WheontkEzZoNhs., $bb, HEREREORE
2|2 X % vasopararesis DIREFHENTE Y, B
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BEWICHE D BREREIMZ I BEE2S 14 HE S
THEBE L7245, FD/Z vasopararesis 23 Fkt§
ZH0LEEING. Tz, BEFREICIZM
JED L2 5 OBz BiE§ 5 720 Rk E 2 I
EEHABEL 5% £72, TIASCRWEELRY
BIFEECTHRET 2D DR Tk CBY HIidE
BCEMETH Y P, MRTe CBV BB %58
MOFHETFLHERMEINS.

B HE 5 2 CPP i — % B9 12 B 2 7 i 56 CVR
ZRBL, CVRAKT#liZ CEA W DREFREMER
EROFHURFTHS ™ P KFFEICBVTH
Fio CPP (CBF/CBV) HEMETH Y, MEaME
A\ 128N % R 7. CPP 1% CBV M & 3 < #4
LTHBY, e CPP OB BT IIMZBER D
JRZ Ty oI —ELLND.

MBREEFEECIE CMRO2 13381 L OEF i34 BICE
TL& LaL, 67% (4/6B1) 1358 ¥ v I 12
CMRO:z X IEEBTH 7208, BEZE L2 26T
X CMRO: IZZEHICEHETH o /2. EERIEIIM
BERFEORE 2 LA Z X TEE 2 EHENIK
BEThY P, EEFRMETIE CMRO: DBEIMZIE L
T CBF 330132 7. EE3~d, #ikilE
A2 LN ERERED /D12 2 IR
WML 2P S FEET BT REEH B L TH
5. Wyt SPECT CTORIE 721) Tl B i ANE
BEIEICL 2D DLDE) POHIBIIRETH 5.

Marchal 5 ® I MEEBR OB EREE - BE
¥t (postischemic hyperperfusion) 22T PET
Z AW RIERE B O 2 7V, BT
\CH~X CBF, CBV, CMRO: ®#ijii, OEF ®&
T2, HBAKIZ hypermetabolic state TH 5
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BT DRI

L s T wb . Postischemic hyperperfusion
& STA-MCA /N A 2R At D SR BT & Bl
IIZHE T E 2\was, AUETRIMBREEREEL
BE R0 7B TiE CMRO:z 1LEBEFR Th3 I
B L 7228 EEB CTE#E L 72. CMRO:z i& CBF
DEIMH LT BB My 2 » 7220,

BWERTIILT LD CBF & CMRO2 A3 A< v
FORETERWEZEZ NS, T/, BERD
PR EREY RE IRk D 7=~ FIZxt L C o B H %
B oosgm P 2 E 2 o NT Bl KB
DFRERPHEFLTLLEI TRREVE)THS.
bR D RIS T 5 MATHEM RO BERILIC
DWTIE, MERAH O CREMETE 2L
DMORFIEG L TnEEEZLN, EHk5
WL EE b b.

VI. £&8

WEFTIE, MATHEM RO S MITFRIC X
) BEIFRETRE SR E S NI E 257272 BB
TET—HN2MEENZ Sy eEILN

TE7:%5, 4E® PET TOMBEREIEE DK H
S5EBFLLINFELWEEZ SNS. BES
Vex B EREEOBEFROMIERENE X, IKIMIT

0%%&%m,ﬁmﬁ§@mﬁ%ﬁb;0W@$
RFEBOEFEBTORRTHY, HRELTHEE
ERRIZERHIETT 5.
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BYURE PET, BOEREE 7E5/953F

HEEHE

FHEASERFEHIRIC 50% U EOREERELA
SHVRIEI A AU ERME LT 7 FEEISH (5
146, FH74R) EHRELL BEELL, £RK
BT (WEFOBE, WILE, BRE RARHEY
DEEERT. 2157 AT MRI (MAGNE-
TOM Vision % 7z MAGNETOM Sonata, Siemens
Medical Systems, Erlangen, Germany) %##R{gL, B
BREOEHEE%, FLAIR E{g% i\ T Fazekas 5
BUTFHE L 72", Fazekas 0, 1 ZB4ER, Fazekas 2,
3FMEEML L, MBOM, FREI-BZE: HE
5813, Dr. View/Linux ¥ 7 b7 2 7 #FlvTe =2
TUCEHE LA SRBEREREL LTI, Mini
Mental State Examination (MMSE), Frontal Assess-
ment Battery (FAB) B #ZEER Alzheimer's Disease
Assessment Scale (ADAS—} cog), Clinical Dementxa
Rating (CDR) EfTot

MBS #FFMIZ, rapid dual autoradiography
method?, V¥ 5B PET % F\:7- 4 X PET I2
& % CBF, MMM (CBV), BF|ME (OEF),

T




5. KB AHRERIC B A RERAH & RS s ok

1. BENR
: WEATHRERE (=9 SEAYORER (n=9) P
R (vears) 752£33 736%42 0359
YE (%) 6 (66.7) 8 (889) 0577
B (%) 7 (778) 7 (778) 0999
B (%) 9 (100) 8 (879) 0999
R (%) 3 (333) 3 (333) 0.999
BRI (%) 6 (66.7) 6 (667) 0999
FIRAEHH (cm?) 526432 3019 0003
BRER AL (%) 3 (333) 2 (222) 0.999
MMSE 232170 273+24 0.116
FAB 107£42 157219 0005
ADASJcog 136122 85+41 0.258
CDR L 056%068 017025 0.128

MMSE +‘mini-mental state examination
FAB: ’fryoat'al assessment battery

I-test, X2 test, or Mann-Whitney U test

ADAS-}'.cog‘T'B G Alzheimer’s Disease Assessment Scale

CDR * clinical dementia rating

FEF A (CMRO,) OHllsEE, "OB#OKEH
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Key Words ml/min/1.73 m? on admission. The outcome measures were
Infarction - Intracerebral hemorrhage - Renal dysfunction - any intracerebral hemorrhage (ICH) and symptomatic ICH
rt-PA - SAMURAI within the initial 36 h; favorable (mRS 0-1) outcome, poor

outcome (MRS 4-6) and mortality at 3 months. Results: Of a
total of 578 patients (372 men; 64.4%, 71.4 £ 11.7 years old),
Abstract renal dysfunction was present in 186 patients (32.2%). These
Background: The aim of this study was to determine wheth-  patients were older and more commonly had hypertension,
er renal dysfunction affects the outcome of stroke patients  atrial fibrillation, prior ischemic heart disease and prior use
treated with recombinant tissue plasminogen activator (rt-  of antithrombotic agents than patients without renal dys-
PA). Methods: A retrospective, multicenter, observational function. ICH (27.4 vs. 16.6%) and symptomatic ICH (8.1 vs.
study was conducted to identify the effects of underlying  2.6%) was more common in patients with renal dysfunction
risk factors on intravenous rt-PA therapy using 0.6 mg/kg al-  than in those without. At 3 months, patients with renal dys-
teplase in 10 stroke centers in Japan. Consecutive stroke pa-  function had higher median mRS scores than those without
tients with a premorbid modified Rankin Scale (mRS) score (3 vs. 2). After multivariate adjustment for established out-
=3 who received rt-PA were studied. Renal dysfunctionwas  come predictors, renal dysfunction was related to any ICH
defined as estimated glomerular filtration rate (eGFR) <60 (odds ratio 1.81, 95% confidence interval 1.16-2.84), symp-
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tomatic ICH (2.64, 1.10-6.56), poor outcome (1.55, 1.01-2.38),
and mortality (2.94, 1.38-6.42). Conclusions: Reduced eGFR
was associated with early ICH and 3-month unfavorable out-
come in stroke patients receiving intravenous rt-PA.
Copyright © 2010 S. Karger AG, Basel

Introduction

Renal dysfunction is increasingly noted as a risk factor
for stroke in the general population [1, 2], as well as in
high-risk patients having diabetes mellitus [3], essential
hypertension [4], and preexisting atherothrombotic dis-
ease [5, 6]. In a large cohort of patients with acute stroke,
renal dysfunction was an independent predictor for long-
term mortality and poor outcome [7-9].

Though intravenous (IV) thrombolysis is a standard
therapy for acute stroke patients, the effect of renal dys-
function on vital and functional outcome measures fol-
lowing therapy is inconclusive. As far as we know, only
one study (involving 196 stroke patients) reported that a
high admission serum creatinine level was independent-
ly predictive of a modified Rankin scale (mRS) score =3
at 3 months after IV recombinant tissue plasminogen ac-
tivator (rt-PA) [10]. This study also reported that an im-
paired estimated glomerular filtration rate (eGFR), de-
fined as <90 ml/min/1.73 m?, tended to be associated
with symptomatic intracerebral hemorrhage (ICH). Since
renal dysfunction appears to be an important predictor
for stroke outcome, its significance for rt-PA-treated pa-
tients should be ascertained in a larger cohort using a
multicenter design.

To identify adequate risk factor control in acute stroke
patients treated with thrombolysis, a multicenter study
group [Stroke Acute Management with Urgent Risk-Factor
Assessment and Improvement (SAMURAI) Study Group]
was formed. Here, we determined the association of renal
dysfunction based on admission eGFR with stroke out-
come after IV rt-PA using the database of this study group.

Patients and Methods

The SAMURAI rt-PA Registry Trial had a multicenter, hos-
pital-based, retrospective, observational, cohort design [11]. De-
tails of this study have been described previously [11, 12]. In
brief, this study involved 600 consecutive patients with acute
ischemic stroke receiving IV rt-PA from October 2005 to July
2008. Of these, 22 patients were ineligible for analysis; 17 pa-
tients had dependent activity of daily living before onset, cor-
responding to an mRS score =4, and 5 patients had incomplete
3-month mRS score data. Thus, the remaining 578 patients were

124 Cerebrovasc Dis 2011;31:123-129

177

included in the present study. Each local ethics committee ap-
proved the research protocol. Each patient received a single IV
alteplase dose of 0.6 mg/kg, with 10% given as a bolus within
3 h of stroke onset, followed by a continuous I'V infusion of the
remainder over 1 h [13].

From the database of the SAMURALI rt-PA registers, the data
listed in table 1 were extracted for this study. Neurological deficits
were assessed using the National Institutes of Health Stroke Scale
(NIHSS) score just before and 24 h after rt-PA. Ischemic stroke
subtype according to the TOAST categories was elucidated based
on information of non-contrast computed tomography (CT), dif-
fusion-weighted magnetic resonance imaging (MRI), magnetic
resonance angiography, CT angiography, cervical/transcranial
ultrasound, transthoracic or transesophageal echocardiography,
and 24-hour Holter monitoring in addition to neurological find-
ings [14].

Kidney function was evaluated based on the eGFR using a re-
vised equation for the Japanese population [15]; eGFR (ml/
min/1.73 m?) = 194 X (serum creatinine)™%%* X (age)"2% x
0.739 (for women). To calculate eGFR, admission serum creati-
nine was used. According to the Kidney Disease Outcomes Qual-
ity Initiative guidelines of the National Kidney Foundation [16],
renal dysfunction was defined as a reduced eGFR (<60 ml/
min/1.73 m?). The stage of renal dysfunction was classified as fol-
lows: stage 3 (¢GFR 30-59 ml/min/1.73 m?), stage 4 (15-29 ml/
min/1.73 m?), and stage 5 (<15 ml/min/1.73 m? or dialysis).

The major outcome measures were: any ICH defined as CT or
MRI evidence of new ICH within the initial 36 h; symptomatic
ICH with neurological deterioration corresponding to an in-
crease of =1 point from the baseline NIHSS score (Cochrane/
National Institute of Neurological Disorders and Stroke defini-
tion); favorable and poor outcome at 3 months, and mortality at
3 months. To assess favorable and poor outcome, definitions in
the subanalyses of the National Institute of Neurological Disor-
ders and Stroke rt-PA Trial (an mRS of 0-1 and 4-6, respectively)
were used [17-20].

Statistical Analysis

Statistical test results were considered significant if p < 0.05.
All analyses were performed using JMP statistical software (ver-
sion 7.0.1; SAS Institute, Cary, N.C., USA). Baseline clinical char-
acteristics and stroke features were compared using Student’s un-
paired t test for parametric continuous variables, Mann-Whit-
ney’s U test for nonparametric variables, and Fisher’s exact test
and the x? test for categorical variables. To identify independent
predictors of ICH within 36 h and stroke outcome at 3 months,
multivariate logistic regression analysis was performed. For each
outcome, sex, age, and renal dysfunction were initially entered,
and the other variables listed in table 1 were chosen by a backward
selection procedure using p > 0.10 in the likelihood ratio test for
exclusion.

Results

A total of 578 patients (372 men, 71.4 % 11.7 years old)
were studied. Of these, 186 (32.2%) patients had renal
dysfunction with eGFR <60 ml/min/1.73 m?; 163 (28.2%)
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Table 1. Baseline clinical characteristics

Baseline Renal dysfunction - No renal dysfunction  p value
characteristics (eGFR <60 ml/min/ - (eGFR 260 ml/min/
o 1.73m?) (n = 186) 1,73 m?) (n =392)

Male patients 113 (60.8) 259 (66.1) 0.227
Age, years 76.0+9.8 69.2+12.0 <0.001
Body mass index 227%32 23.0*34 0.397
Hypertension 137 (73.7) 219 (55.9) <0.001
Diabetes mellitus 37 (19.9) 70 (17.9) 0.568
Dyslipidemia 35 (18.8) 89 (22.7) 0.329
Atrial fibrillation 97 (52.2) 148 (37.8) 0.001
Liver disease 8 (4.3) 9(2.3) 0.194
Prior ischemic heart disease 37 (19.9) 37(9.4) <0.001
Prior ischemic stroke 39 (21.0) 62 (15.8) 0.129
Prior use of antithrombotic agents 92 (49.5) 125 (31.9) <0.001
Systolic blood pressure, mm Hg 150£20 151+20 0.613
Diastolic blood pressure, mm Hg 80+16 83+15 0.077
Stroke subtype

Large-artery atherosclerosis 24 (12.9) 65 (16.6)

Cardioembolism 128 (68.8) 236 (60.2) 0.141

Lacune 5(2.7) 23 (5.9) )

Other 29 (15.6) 68 (17.4)
Internal carotid artery occlusion 29 (15.6) 59 (15.2) 0.902
Blood glucose, mmol/l 7.68£2.77 7.61%2.61 0.787
Hemoglobin Alc, % 58x1.0 58%1.1 0.995
Total cholesterol, mmol/l 4.68+1.07 501*+1.01 <0.001
Triglyceride, mmol/l 1.30+£0.72 1.32+£0.95 0.809
HDL cholesterol, mmol/l 1.27+0.36 1.38+0.40 0.003
LDL cholesterol, mmol/1 2.831+0.88 3.01£0.87 0.043
Time to treatment onset, min 145 (121-167) 146 (122-166) 0.991
Admission NTHSS score 13 (7-19) 12 (7.25-18) 0.423

Numbers of patients (%) are shown except otherwise indicated; data are means & SD or medians (IQR).

patients belonged to stage 3, 15 (2.6%) to stage 4, and 8
(1.4%) to stage 5. Four patients with stage 5 were on main-
tenance hemodialysis.

The patients with renal dysfunction were older (p <
0.001) and more commonly had hypertension (p < 0.001),
atrial fibrillation (p = 0.001), prior ischemic heart disease
(p < 0.001), and prior use of antithrombotic agents (p <
0.001) than patients without renal dysfunction (table 1).
Serum total cholesterol (p < 0.001), HDL cholesterol (p =
0.003), and LDL cholesterol (p = 0.043) levels were lower
in patients with renal dysfunction than in those without.
NIHSS scores were not significantly different between
patients with renal dysfunction and those without imme-
diately before [median (interquartile range, IQR); 13 (7-
19) vs. 12 (7.25-18), p = 0.423] and 24 h after IV rt-PA [9
(3-18) vs. 7 (3-15), p = 0.070; fig. 1a].
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Any ICH [51 (27.4%) vs. 65 patients (16.6%), p = 0.004]
as well as symptomatic ICH within 36 h from IV rt-PA
therapy [15 (8.1%) vs. 10 patients (2.6%), p = 0.004], was
more common in the patients with renal dysfunction
than in those without. After multivariate logistic regres-
sion analysis, renal dysfunction was significantly related
to both any ICH (odds ratio, OR, 1.81, 95% confidence
interval, CI, 1.16-2.84, p = 0.009) and symptomatic ICH
(2.64, 1.10-6.56, p = 0.031; table 2). When the value of
eGFR (a continuous variable) was used instead of eGFR
<60 ml/min/1.73 m? (a categorical variable) as an indica-
tor of renal dysfunction, it was related to any ICH (OR
0.89, 95% CI 0.80-0.99 per 10-ml/min/1.73 m? increase,
p = 0.029) but not symptomatic ICH (0.89, 0.73-1.08, p =
0.231).

At 3 months, the patients with renal dysfunction had
higher mRS scores than those without [median (IQR); 3
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Fig. 1. Neurological deficits and outcome 10 1 .
of patients with and without renal dys- ] dNOfn'ren?’
function. NIHSS score just before and 24 h . ystunctio
after IV rt-PA therapy (a) and mRS score 0 1 1
at 3 months (b) in patients with and with-
out renal dysfunction. a Horizontal lines Before 24h  Before 24h 0% 20% 40% 60% 80% 100%
in boxes = Median NIHSS score; boxes = mRS: [0 E1 EH2 H©3 4 EH5 HEe6
IQR; whiskers = upper and lower 90% a b
ranges.
Table 2. Characteristics associated with ICH within 36 h
Characteristics AnyICH - : Symptomatic ICH
~ OR  95%CI pvalue  OR  95%CI p value

Male 1.12 0.71-1.78 0.638 1.99 0.74-6.32 0.201
Age (per year) 0.99 0.97-1.01 0.423 1.00 0.96-1.04 0.868
Renal dysfunction (eGFR <60 ml/min/1.73 m?) 1.81 1.16-2.84 0.009 2.64 1.10-6.56 0.031
Atrial fibrillation 1.93 1.24-3.01 0.004 - - -
Liver disease 1.53 0.40-4.79 0.488 - - -
Prior use of antithrombotic agents - - - 431  1.72-12.06  0.003
Blood glucose (per mmol/l) 1.06 0.98-1.14 0.153 1.11 0.96-1.26 0.126
Triglyceride (per mmol/l) - -~ - .00 0.99-1.01 0.174
Admission NIHSS score (per point) 1.03 0.99-1.06 0.069 - - -

- = The variable was not included after the backward selection procedure.
Table 3. Characteristics associated with outcome at 3 months
Chalfa?:teriéticsf : S p e Qutﬁoihé,f(mRS Oy~1) Poor out¢0me;(mRS 4-6) ’ Death :
‘ ' ~ OR  95%CI  pvilue OR  95%CI  pvalue OR  95%CI pvalue
Male 1.14 0.74-1.76 0.545 0.84 0.55-1.29 0.430 0.68 0.32-1.48 0.331
Age (per year) 0.97 0.96-0.99 0.005 1.04 1.02-1.06 <0.001 1.01 0.97-1.05 0.718
Renal dysfunction

(eGFR <60 ml/min/1.73 m?) 0.70 0.44-1.09 0.114 1.55 1.01-2.38 0.046 2.94 1.38-6.42 0.006
Prior ischemic heart disease - - - - - - 433  1.84-10.05 <0.001
Internal carotid artery occlusion 0.24 0.10-0.51 <0.001 6.07 3.38-11.39 <0.001 4.32  2.00-9.36 <0.001
Blood glucose (per mmol/l) 0.91 0.84-0.99 0.024 1.08 1.01-1.17 0.033 1.17 1.04-1.31 0.007
Admission NIHSS score (per point) 091 0.88-0.94 <0.001 1.11  1.08-1.15 <0.001 1.09 1.04-1.15 <0.001

- = The variable was not included after the backward selection procedure. For favorable outcome analysis, patients with premorbid

mRS score 2-3 were excluded.
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(1-5) vs. 2 (1-4), p < 0.001; fig. 1b]. Twenty-five patients
(13.4%) with renal dysfunction had died; of these, 5 died
of stroke, 6 of heart disease (4 heart failure, 1 myocardial
infarction, and 1 infectious endocarditis), 6 of severe in-
fection (3 sepsis and 3 pneumonia), and 8 of unknown
causes. In contrast, 15 patients (3.8%, p < 0.001) without
renal dysfunction had died; of these, 9 died of stroke, 2 of
pneumonia, and 4 of unknown causes. Similarly, favorable
outcome was less common [48 (25.8%) vs. 149 patients
(38.0%), p = 0.004], and poor outcome was more common
[89 (47.9%) vs. 136 patients (34.7%), p = 0.003] in patients
with renal dysfunction than in those without. After mul-
tivariate logistic regression analysis, renal dysfunction
was significantly related to poor outcome (OR 1.55, 95%
CI 1.01-2.38, p = 0.046) and mortality (OR 2.94, 95% CI
1.38-6.42, p = 0.006), although it was not related to favor-
able outcome (OR 0.70, 95% CI 0.44-1.09, p = 0.114; ta-
ble 3). When the value of eGFR was used instead, it was
significantly related to mortality (OR 0.81, 95% CI 0.67-
0.96 per 10-m1/min/1.73 m? increase, p = 0.020), but not to
favorable outcome (OR 1.09, 95% CI 0.99-1.20, p = 0.081)
or poor outcome (OR 0.95, 95% CI 0.86-1.04, p = 0.268).

Discussion

In this observational study, we determined the influ-
ence of renal dysfunction on early ICH and the long-term
outcome of ischemic stroke patients receiving IV rt-PA
therapy. The major finding was that renal dysfunction, de-
fined as reduced eGFR (<60 ml/min/1.73 m?), which was
calculated using the admission creatinine level, was relat-
ed to any ICH and symptomatic ICH within 36 h, as well
as poor outcome (mRS 4-6) and death at 3 months, al-
though it was not related to favorable outcome (mRS 0-1).

According to the result of the largest postmarketing
surveillance onrt-PA, the Safe Implementation of Throm-
bolysis in Stroke-Monitoring Study [21], advanced age,
body weight, atrial fibrillation, high systolic blood pres-
sure, hyperglycemia, admission NIHSS score, and cur-
rent infarction on baseline imaging scans were associated
with symptomatic ICH. In addition, advanced age, male
sex, use of antiplatelet agents other than aspirin, conges-
tive heart failure, higher diastolic blood pressure, hyper-
glycemia, higher NIHSS score, current infarction, and
premorbid dependency were related to death at 3 months.
Similar results have been reported in several other studies
[22-26]. However, these studies did not assess renal dys-
function as a potential factor affecting stroke outcome.
The present study is unique in that renal dysfunction was
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included as a potential factor and was proven to be asso-
ciated with patient outcome after rt-PA.

Alteplase is metabolized by the liver, and liver func-
tion affects the half-life of alteplase [27]. In this study,
liver disease was not associated with stroke outcome. In
contrast, renal dysfunction might not prolong the half-
life of alteplase. For example, the plasma concentration-
time profile of alteplase was not altered after bilateral ne-
phrectomy in rat models [28].

Renal dysfunction is a bystander of stroke, since it is
associated with traditional vascular risk factors, includ-
ing aging, hypertension, diabetes mellitus, dyslipidemia,
and smoking [29]. In addition, renal dysfunction is now
known to be an independent predictor for stroke [1, 2, 5,
30, 31], partly via nontraditional vascular risk factors, e.g.
inflammatory factors, and homocysteinemia. However,
the effect of these nontraditional risk factors on stroke
outcome has not been clarified, in particular after rt-PA.
In patients with acute stroke not receiving IV rt-PA, al-
buminuria was independently associated with hemor-
rhagic transformation [32]. Since ICH is a major cause of
poor outcome for thrombolysed patients, renal dysfunc-
tion may affect chronic outcome after rt-PA via increas-
ing ICH risk. Moreover, renal dysfunction might impair
endothelial release of t-PA [33], and increase plasminogen
activator inhibitor-1 activity [34] and plasma levels of
lipoprotein(a) [35]; these abnormalities might obstruct
the reperfusion phenomenon and worsen stroke outcome
after I'V rt-PA.

An interesting finding regarding the patients who
died was that indirect death other than stroke was com-
mon as the cause of death for patients with renal dysfunc-
tion, though direct stroke death accounted for most of the
causes of death for patients without renal dysfunction.
This finding suggests that patients with renal dysfunc-
tion often had heart problems and susceptibility to infec-
tion, developed dependency and died due to non-stroke
complications.

Certain limitations need to be considered prior to in-
terpretation of the present results. First, patients who did
notreceive I'V rt-PA were not included in this study. Thus,
the influence of renal dysfunction on stroke outcome
could not be compared between patients who were treat-
ed with rt-PA and those who were not. Second, renal dys-
function was correlated with older age, hypertension,
atrial fibrillation, prior ischemic heart disease, and prior
use of antithrombotic agents, and this multicolineality
may inflate the variances of the parameter estimates.
Thus, the present association of renal dysfunction with
outcome measures after multivariate analyses may be
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overestimated to some extent. Third, eGFR was not mea-
sured prior to stroke onset, and therefore eGFR may have
been affected by stroke. Fourth, eGFR was calculated us-
ing admission creatinine levels, which may have been im-
paired by acute stroke effects. Repeated assessment in the
chronic stroke stage is needed to ascertain that the pres-
ent patients with reduced eGFR have chronic kidney dis-
ease. Fifth, urinary albumin was not measured. Gener-
ally, urinary albumin increases during acute ischemic
stroke [36]. Finally, the present results based on low-dose
rt-PA therapy (0.6 mg/kg) may not be applicable to the
regular dose therapy (0.9 mg/kg).

In conclusion, reduced eGFR based on the admission
creatinine level was predictive of an unfavorable outcome
after IV rt-PA in acute stroke patients. In patients with
renal dysfunction, additional therapeutic strategies to
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improve the efficacy of rt-PA are needed.
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