regression analysis, DWI-ASPECTS =9 was not an
independent predictor of an mRS score of 0-1 (OR
1.40, 95% CI 0.87-2.24; p = 0.160).

Association of DWI-ASPECTS with mortality. DWI-
ASPECTS was lower in patients who had died by 3
months (median 7, IQR 4-9.5) than in survivors
(median 9, IQR 7-10; » = 0.038). Among patients
with different DWI-ASPECTS, mortality was simi-
lar among patients with DWI-ASPECTS =7 and ex-
ceeded 20% when the score was =4 (figure 2A). The
optimal cutoff DWI-ASPECTS to predict death at 3
months was =5, with a sensitivity of 38%, specificity
of 88%, and an area under the ROC curve of 0.613.
On multivariate regression analysis, DWI-ASPECTS
=5 was not related to death at 3 months (OR 1.93,
95% CI 0.68-5.03; p = 0.206). When lowering the
cutoff by 1 point, based on the findings in figure 2A,
DWI-ASPECTS =4 was independently related to

Figure 2
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death (OR 3.61, 95% CI 1.23-9.91; p = 0.021)
(table 2).

Association of DWI-ASPECTS with ICH. DWI-
ASPECTS was lower in patients with sSICH (median
7, IQR 5-9) than in those without (median 9, IQR
7-10; p = 0.011). The percentage of SICH was 4%
or less among patients with DWI-ASPECTS =6,
and exceeded 10% among patients with DWI-
ASPECTS 4 and 5 (figure 2B). The optimal cutoff
DWI-ASPECTS for predicting symptomatic ICH
was =5, with a sensitivity of 40%, specificity of
87%, and an area under the ROC curve of 0.689.
On multivariate regression analysis, DWI-ASPECTS
=5 was an independent predictor of sSICH (OR
4.74,95% CI 1.54-13.64; p = 0.008) (table 2).

Analyses excluding patients with vertebrobasilar, ante-
rior cerebral, and posterior cerebral arterial strokes.
After excluding 44 patients with ischemia in the ver-
tebrobasilar, anterior cerebral, and posterior cerebral
artery systems, 433 patients (287 men, 71 = 11 years
old) were analyzed. The optimal cutoff DWI-
ASPECTS to predict patients with mRS scores of
0-2 at 3 months was =7, with a sensitivity of 87%,
specificity of 37%, and an area under the ROC curve
of 0.637. On multivariate regression analysis, DW1I-
ASPECTS =7 was an independent predictor of an
mRS score of 0-2 (OR 1.82, 95% CI 1.03-3.24;
2 = 0.040). Similarly, DWI-ASPECTS =4 was in-
dependently related to death (OR 3.96, 95% CI
1.31-11.19; p = 0.016), and DWI-ASPECTS =5
was an independent predictor of sSICH (OR 4.76,
95% CI 1.52-14.20; p = 0.009).

DISCUSSION In this study, the associations be-
tween DWI-ASPECTS and dinical outcomes at 3
months after IV rt-PA therapy were assessed. The
major new finding of this study was that pre-
treatment DWI-ASPECTS was associated with
functional and vital outcomes at 3 months; DWI-
ASPECTS =7 was predictive of an mRS score of
0-2, and DWI-ASPECTS =4 was predictive of
death.

Extensive EIC over one-third of the MCA terri-
tory on CT has been reported to be predictive of
poor functional outcome and symptomatic ICH af-
ter thrombolytic therapy.'> ASPECTS =8 could ex-
clude most patients with EIC over one-third of the
MCA territory on CT,' and it had a prognostic
value for favorable outcome among acute stroke pa-
tients treated with IV rt-PA.'*'® In contrast, EIC on
DWT is the earliest indicator of brain ischemic
changes, and it is more sensitive and clearer to delin-
eate the extension of brain ischemia than EIC on
CT." A coauthor of this study previously reported
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that initial DWI-ASPECTS =5 was independently
associated with NIHSS score =20 at 7 days after
rt-PA therapy.®® In our single-center study, initial
DWI-ASPECTS =7 was independently associated
with an mRS score of 0—1 at 3 months after rt-PA.*!
In this study, DWI-ASPECTS =7 was indepen-
dently predictive of patients with a 3-month mRS
score of 0-2.

Barber et al.'" assessed ASPECTS for stroke pa-
tients within 6 hours of onset using both CT and
DWI, and they found that DWI-ASPECTS was
lower than ASPECTS on CT. The mean ASPECTS
difference between the 2 modalities was 0.43. The
superior ability of DWI over CT to detect the exten-
sion of EIC, as well as the time delay for DW1I perfor-
mance, appeared to causc the difference. Thus, the
present cutoff of DWI-ASPECTS =7 to predict
functional outcome appears to have a close rela-
tionship with the cutoff ASPECTS =8 on CT as a
known prognostic variable for rt-PA-treated pa-
tients. '

In the NINDS rt-PA Stroke Study, IV rt-PA for
patients with baseline ASPECTS on CT <3 in-
creased mortality compared with placebo treatment;
2 of the 5 deaths in the rt-PA therapy group were
associated with symptomatic ICH compared with
none in the placebo group.?? DWI-ASPECTS was

reported to predict unfavorable short-term outcome

Figure 3
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(NTHSS score =20 at 7 days)*®; however, to our
knowledge, the score has not been previously re-
ported to affect mortality after re-PA. In figure 2A,
the marked increase in mortality is shown below
DWI-ASPECTS =4, indicating the association of
low DWI-ASPECTS and higher mortality rates.
However, precise cutpoints were difficult to define.
Of the 9 deaths in patients with DWI-ASPECTS
=4, 3 resulted from symptomatic ICH, 5 from cere-
bral herniation due to massive stroke, and 1 from
severe cardiac failure (data not shown).

Pretreatment DW1I volume has recently been rec-
ognized as an independent risk for sSICH after throm-
bolysis.*?>24 Pretreatment DWI-ASPECTS =7 was
advocated as a predictor of sSICH after IV or intraar-
terial thrombolysis within 6 hours of onset.'? In con-
trast, for our patients receiving IV thrombolysis
within 3 hours, pretreatment DWI-ASPECTS =5
was an independent predictor of SICH.

MRI is currently not generally the primary imag-
ing modality in acute stroke patients because of the
possible time delay, its potentially inferior ability for
detecting acute ICH, and its contraindications,
which are mainly due to metal implants. Several
studies have reported that MRI screening within 3
hours of onset did not delay IV rt-PA therapy or lead
to worse outcomes relative to CT screening.?>? Re-
garding hyperacute ICH, MRI was reported to be as
reliable as CT, because small amounts of deoxyhe-
moglobin are detectable within the first hours of
ICH on T2*-weighted images.??* Thus, MRI could
be used as the modality for emergency imaging of
acute stroke patients, whether ischemic or hemor-
rhagic.? In addition, MRI penumbral assessment
with the mismatch between DWI and perfusion-
weighted imaging (PW1I) is promising to improve pa-
tient selection and outcome for IV rt-PA therapy.***!
Since planimetric PWI-DWI mismatch assessment is
time-consuming, ASPECTS can be applied to assess
PWI-DWI mismatch.*

This study has several limitations. First, DWI-
ASPECTS is not useful for evaluating strength and
size variations of high-intensity change within each
allotted lesion on DWI. Because slight alterations in
high intensity on DWT are believed to contain revers-
ible ischemic tissues, DWI-ASPECTS may overesti-
mate the extension of EIC.** Second, this was an
observational study and patient eligibility for re-PA
was determined according to each patient’s situation,
though the determination was principally based on
the Japanese guidelines.® In particular, eligibility of
patients having large EIC on DWI depended on each
physician’s decision, and we did not assess how many
patients with low DWI-ASPECTS and relatively
high ASPECTS on CT were excluded from the
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Table 2 Characteristics associated with a
modified Rankin Scale score of
0-2 and death at 3 months, and
symptomatic intracerebral hemorrhage®

OR 95%CI ]
mRS 0-2
Age, per 1-year increase 0.97 0.95-099 <0.001

Female 0.59 0.37-0.95 0.031
Hypertension 0.67 0.42-1.05 0.083
Baseline NIHSS, 0.92 0.89-096 <0.001
per 1-point increase

DWI-ASPECTS =7 185 1.07-324 0.029
ICA occlusion 0.13 0.06-0.28 <0.001

Death

Congestive heart failure 7.61 246-22.35 <0.001
DWI-ASPECTS =4 361 123-991 0.021
ICA occlusion 445 1.69-1164 0.003

Symptomatic ICH

DWI-ASPECTS <5 4.74 1.54-1364 0.008

Abbreviations: ASPECTS = Alberta Stroke Programme
Early CT Score; Cl = confidence interval; DWI = diffusion-
weighted imaging; ICA = internal carotid artery; ICH = in-
tracerebral hemorrhage; mRS = modified Rankin Scale;
NIHSS = NIH Stroke Scale; OR = odds ratio.

2 Adjusted by characteristics selected by a backward selec-
tion procedure.

study. Third, 84 patients lacked MRI information,
which may have caused selection bias. Fourth, all of
the patients received 0.6 mg/kg alteplase, which is
the recommended dose in Japan. Thus, the clinical
value of DWI-ASPECTS in patients treated with the
generally accepted standard dose of alteplase (0.9
mg/kg) outside of Japan was not ascertained. Fifth,
we did not collect data for stroke patients who did
not receive thrombolysis. Thus, we could not com-
pare the present results with stroke outcome of pa-
tients who were excluded from the therapy because
of extensive EIC. Finally, since DWI-ASPECTS for
most of the patients was high (the lower 25% value
was 7), the median DWI-ASPECTS did not differ
much between patients with good outcomes and
those without.

Pretreatment MRI with DWI provides valuable
information for predicting clinical outcome after IV
rt-PA therapy. Although clinical use of rt-PA should
not be chosen solely using DWI-ASPECTS because
it requires consideration of various underlying condi-
tions, patients with DWI-ASPECTS of 4 or less do
not seem to be good candidates for IV rt-PA since
most patients with these scores have fatal or depen-
dent outcomes. DWI-ASPECTS of 5 may be an-
other warning sign for choosing rt-PA since more
than 10% of patients with this score developed
sICH. A confirmation of the present findings using

Neurology 75 August 10, 2010

patients treated with the regular dose of alteplase is

needed.
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Abstract
Background and Purpose: Alberta Stroke Programme Early CT Score (ASPECTS) is a
quantitative topographic score to evaluate early ischemic change (EIC) in the middle
cerebral arterial territory on CT as well as on diffusion-weighted imaging (DWI). The aim
of the present study was to elucidate the relationship between CT-ASPECTS and
DWI-ASPECTS for hyperacute stroke patients and their associations with outcomes after
recombinant tissue-type plasminogen activator (rt-PA) therapy based on a multicenter
registry.
Methods: ASPECTS was assessed on both CT and DWI before intravenous 0.6 mg/kg
alteplase in 360 stroke patients (119 women, 71£11 years old). The outcomes were
symptomatic intracerebral hemorrhage (sICH) within 36 h and independence at 3 months
defined by a modified Rankin Scale (mRS) score of 0-2.
Results: DWI-ASPECTS was positively correlated with CT-ASPECTS (p=0.511,
p<0.001), and was lower than CT-ASPECTS (median 8 [interquartile range 6-9] vs. 9
[8-10], P<0.001). Higher baseline NIHSS score (standardized partial regression coefficient
[B] 0.061, p<0.001) and cardioembolic stroke ( 0.35, p<0.001) were related to this
discrepancy. The area under the ROC curve for predicting sSICH (12 patients) using
ASPECTS was 0.673 (95%CI 0.503-0.807) by CT and 0.764 (95%CI 0.635-0.858) by
DWI (p=0.275). The curve for predicting independence at 3 months (192 patients) was
0.621 (0.564-0.674) by CT and 0.639 (0.580-0.694) by DWI (p=0.535).
Conclusion: For hyperacute stroke patients, DWI-ASPECTS scored about 1 point lower
than CT-ASPECTS. Both CT-ASPECTS and DWI-ASPECTS were useful predictors of
sICH and independence at 3 months after rt-PA.

(Stroke 2011, in press)
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Abstract

Background: The aim of this study was to determine wheth-
er renal dysfunction affects the outcome of stroke patients
treated with recombinant tissue plasminogen activator (rt-
PA). Methods: A retrospective, multicenter, observational
study was conducted to identify the effects of underlying
risk factors on intravenous rt-PA therapy using 0.6 mg/kg al-
teplase in 10 stroke centers in Japan. Consecutive stroke pa-
tients with a premorbid modified Rankin Scale (mRS) score
<3 who received rt-PA were studied. Renal dysfunction was
defined as estimated glomerular filtration rate (eGFR) <60

ml/min/1.73 m? on admission. The outcome measures were
any intracerebral hemorrhage (ICH) and symptomatic ICH
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),
renal dysfunction was presentin 186 patients (32.2%). These
patients were older and more commonly had hypertension,
atrial fibrillation, prior ischemic heart disease and prior use
of antithrombotic agents than patients without renal dys-
function. ICH (27.4 vs. 16.6%) and symptomatic ICH (8.1 vs.
2.6%) was more common in patients with renal dysfunction
than in those without. At 3 months, patients with renal dys-
function had higher median mRS scores than those without
(3 vs. 2). After multivariate adjustment for established out-
come predictors, renal dysfunction was related to any ICH
(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 (SAMURALI) 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 SAMURALI 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
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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 IV infusion of the
remainder over 1 h [13].

From the database of the SAMURAI 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 (eGFR 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/
1.73 m?) (n = 186) 1.73 m?) (n = 392)

Male patients 113 (60.8) 259 (66.1) 0.227
Age, years 76.0%£9.8 69.2112.0 <0.001
Body mass index 22.7%32 23.0+3.4 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/I 7.68+2.77 7.61 £2.61 0.787
Hemoglobin Alc, % 58%+1.0 58+1.1 0.995
Total cholesterol, mmol/l 4.68+1.07 5.01 £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/l 2.83+0.88 3.01£0.87 0.043
Time to treatment onset, min 145 (121-167) 146 (122-166) 0.991
Admission NIHSS 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].

Intravenous rt-PA for Renal Dysfunction
in Stroke Patients

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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Table 2. Characteristics associated with ICH within 36 h
Characteristics Any ICH Symptomatic ICH
OR 95% CI p value 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/]) - - - 1.00 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
Characteristics Favorable outcome (mRS 0-1) Poor outcome (mRS 4-6) Death
OR 95% CI pvalue OR 95% CI pvalue OR 95% CI p value
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 - - - - - - 4.33  1.84-10.05 <0.001
Internal carotid artery occlusion 0.24 0.10-0.51 <0.001 6.07 3.38-11.39 <0.001 432 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 NTHSS 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-ml/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 montbhs, al-
though it was not related to favorable outcome (mRS 0-1).

According to the result of the largest postmarketing
surveillance on rt-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

Intravenous rt-PA for Renal Dysfunction
in Stroke Patients

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 IV 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
not receive IV 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
improve the efficacy of rt-PA are needed.
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Intravenous recombinant tissue plasminogen activator therapy for stroke patients
receiving maintenance hemodialysis: the Stroke Acute Management with Urgent
Risk-factor Assessment and Improvement (SAMURALI) rt-PA Registry
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Abstract
Background: To examine the therapeutic effect of intravenous recombinant tissue
plasminogen activator (rt-PA) therapy for stroke patients receiving maintenance
hemodialysis.
Methods: Of 600 stroke patients receiving intravenous rt-PA using 0.6 mg/kg alteplase
who were enrolled in a multicenter observational study in Japan, four patients (3 men, 64
to 77 years) on maintenance hemodialysis were studied.
Results: The primary kidney disease requiring hemodialysis was glomerulonephritis in
two patients, diabetic nephropathy in one, and undetermined in one. The duration of
hemodialysis ranged between 1.2 and 28 years. Three patients developed stroke on the day
of hemodialysis, including one during hemodialysis and another just after hemodialysis.
All patients had stroke in the carotid arterial territory. Pretreatment NIH Stroke Scale
scores ranged between 4 and 20, and decreased by 2 to 5 points at 7 days. One patient
needed intravenous antihypertensive therapy before rt-PA; he developed an ectopic
cortical hematoma and intraventricular hemorrhage after rt-PA. The other three did not
develop hemorrhagic complications. The modified Rankin Scale score at 3 months was 0
in one patient, 2 in two, and 4 in one.
Conclusion: Rt-PA therapy for stroke patients receiving maintenance hemodialysis might
improve the stroke outcome. Ectopic hematoma was a unique complication in our case
series.

(Eur Neurol 2011, in press)
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CHADS, score is associated with 3-month clinical outcomes after intravenous rt-PA
therapy in stroke patients with atrial fibrillation: SAMURAI rt-PA Registry
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ARTICLE INFO ABSTRACT

Purpose: The aim of this study was to examine whether CHADS, score is associated with clinical outcomes
following recombinant tissue type plasminogen activator (rt-PA) therapy in stroke patients with atrial
fibrillation (AF).

Methods: We studied 218 consecutive stroke patients with AF [126 men, mean age 74.2 (SD 9.6) years] who
received intravenous rt-PA therapy. CHADS, score was calculated as follows: 2 points for prior ischemic stroke
and 1 point for each of the following: age> 75 years, hypertension, diabetes, and congestive heart failure.
Results: Congestive heart failure was documented in 23 patients, hypertension in 138, age > 75 years in 116,
CHADS, score diabetes in 35, and prior stroke in 35. The distribution of each CHADS; score was: score of 0, 16.1% of patients; 1,
Atrial fibrillation 30.3%:; 2,29.4%: and 3 to 5, 24.3%. The median initial NIHSS score for each CHADS, category was 12 (IQR 8-17),
rt-PA 16 (10-20), 14.5 (10-20.75), and 16 (11-21), respectively (p = 0.168). Symptomatic ICH within the initial 36 h
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Thrombolysis was found in 2.9%, 4.6%, 6.3%, and 0% of patients with each CHADS, category, respectively. Cardiovascular
Cardiovascular events events within 3 months occurred in 0%, 0%, 7.8% and 5.7%, respectively. Percentage of patients with chronic
Outcomes

independence at 3 months corresponding to modified Rankin Scale <2 was 57.1%, 45.5%, 31.3%, and 28.3%,
respectively. Adjusted CHADS, score was inversely associated with chronic independence (OR 0.72, 95%
C10.55-0.93).
Conclusion: Lower CHADS, score was associated with chronic independence at 3 months after intravenous rt-
PA therapy in stroke patients with AF.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction the risk of ischemic stroke in patients with AF. It is well-validated and
derived from pooled individual data from a large number of multi-
center trial participants who had nonvalvular AF and were prescribed
aspirin. [1,2] High-risk patients with CHADS, scores>3 are reported
to benefit from warfarin therapy. [2] Physicians can use the CHADS;
score to make decisions about antithrombotic therapy based on
patient-specific risk of stroke, and the score is also applied to predict
hemorrhagic events in high-risk patients for stroke treated with

anticoagulation. [3-5] Regarding stroke outcomes, one study reported

Atrial fibrillation (AF) is a major cause of ischemic stroke and
systemic thromboembolism. Several risk stratification schemes have
been developed to quantify the risk of stroke in patients with AF. The
CHADS, score is an easy-to-use classification scheme that estimates

* Corresponding author at: Department of Cerebrovascular Medicine, National

Cerebral and Cardiovascular Center, 5-7-1 Fujishiro-dai, Suita, Osaka 565-8565, Japan.
Tel.: +81 6 6833 5012; fax: +81 6 6872 7486.
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0022-510X/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.jns.2011.03.046

a positive association between CHADS, score and all-cause mortality
after stroke. [6] However, the association between the score and
functional outcomes after stroke has not yet been elucidated.
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Table 1
Baseline characteristics of patients according to CHADS; score.
Total CHADS; 0 CHADS; 1 CHADS; 2 CHADS, 3-5 P

Patients, n (%) 218 35 (16.1) 66 (30.3) 64 (29.4) 53 (24.3) NA
Men, n (%) 126 (57.8) 22 (62.9) 43 (65.2) 36 (56.3) 25 (47.2) 0.226
Age, mean £ SD 742496 67.2+5.1 71.0+85 769+11.1 793169 <0.001
Congestive heart failure, n (%) 23 (10.6) 0(0) 2(3.0) 3(4.7) 18 (34.0) <0.001
Hypertension, n (%) 138 (63.3) 0(0) 39 (59.1) 53 (82.8) 46 (86.8) <0.001
Age=>75 years, n (%) 116 (53.2) 0(0) 22 (33.3) 50 (78.1) 44 (83.0) <0.001
Diabetes, n (%) 35 (16.1) 0 (0) 3 (4.6) 14 (21.9) 18 (34.0) <0.001
Prior stroke, n (%) 35 (16.1) 0(0) 0(0) 4(6.3) 31 (58.5) <0.001
ASPECTS on initial CT (n=215), median (IQR) 9 (7-10) 9 (8-10) 8 (7-10) 9 (8-10) 9(8-10) 0.319
Internal carotid artery occlusion (n=217), n (%) 41 (18.9) 7 (20.0) 9(13.9) 14 (21.9) 11 (20.8) 0.660
Initial NIHSS, median (IQR) 15 (9.75-20) 12 (8-17) 16 (10-20) 14.5 (10-20.75) 16 (11-21) 0.168

NA: not applicable.

Intravenous (IV) recombinant tissue plasminogen activator (rt-PA)
therapy is a standard treatment for acute stroke. Several clinical
characteristics including higher National Institutes of Health Stroke
Scale (NIHSS) score, advanced age, large infarct volume, high blood
pressure, and internal carotid artery occlusion were reported to be
associated with poor clinical outcome following IV rt-PA therapy for
acute stroke. [7-10] However, there is no risk stratification scheme to
detect early cardiovascular events and clinical outcomes after IV rt-PA
therapy. This study aimed to investigate the ability of CHADS, score to
predict clinical outcomes at 3 months after IV rt-PA therapy using our
multicenter registry. [10,11]

2. Subjects and methods

Patients were derived from the Stroke Acute Management with
Urgent Risk-factor Assessment and Improvement (SAMURAI) rt-PA
Registry. [ 10] The details of this study have been described previously.
[10] In brief, this study involved 600 consecutive stroke patients
treated with IV rt-PA from October 2005 (when the therapy was
approved in Japan) through July 2008 in 10 stroke centers in Japan.
Patient eligibility for alteplase (rt-PA) therapy was determined based
on the Japanese guideline for IV rt-PA therapy, [12] which followed
the inclusion and exclusion criteria used in the National Institute of
Neurological Disorders and Stroke (NINDS) study and the Japan
Alteplase Clinical Trial (J-ACT). [13,14] Patients on warfarin therapy
were included only when the pretreatment prothrombin time
international normalized ratio (PT-INR) was <1.7. Each local Ethics
Committee approved the retrospective collection of clinical data from
the database and submission of the data to our central office. Each
patient received a single alteplase dose of 0.6 mg/kg (the recom-
mended dose in Japanese guidelines and the approved labeling)
intravenously, with 10% given as a bolus within 3 h of stroke onset,
followed by a continuous IV infusion of the remainder over 1 hour.

Safety and efficacy of 0.6 mg/kg alteplase therapy was confirmed by a
post-marketing multicenter study (the Japan Alteplase Clinical Trial 2:
J-ACT 2) [15] and a post-marketing nationwide survey (the Japan post-
Marketing Alteplase Registration Study: J-MARS). [16] We collected
baseline data including sex, age, comorbidities (clinical congestive
heart failure, hypertension, diabetes mellitus, and atrial fibrillation),
oral warfarin intake,and initial neurologic deficits using the National
Institutes of Health Stroke Scale (NIHSS), extension of early ischemic
change on pretreatment CT as assessed by the Alberta Stroke Program
Early CT Score (ASPECTS), and internal carotid artery occlusion on
MRA or carotid ultrasound.

CHADS, score was derived from the individual stroke risk factors:
congestive heart failure (C), hypertension (H), age>75 years (A),
diabetes mellitus (D), and prior stroke (S). Two points were given for
prior stroke, and 1 point was assigned for each of the other factors.
(1.2]

The clinical outcomes were as follows: any and symptomatic in-
tracerebral hemorrhage (ICH) within the initial 36 h; cardiovascular
events within 3 months; and independence and unfavorable outcome
at 3 months. ICH was defined as CT evidence of new hemorrhage, and
symptomatic ICH was defined as that associated with neurological
deterioration corresponding to an increase of >4 points from the
baseline NIHSS score. A cardiovascular event was defined as any
ischemic or hemorrhagic stroke, acute coronary syndrome, aortic dis-
section, peripheral arterial embolism, or deterioration of congestive
heart failure. Independence corresponded to a modified Rankin Scale
(mRS) score of 0-2, and unfavorable outcome to an mRS of 5 or 6.

Statistical analysis was performed using JMP 7.0 statistical software
(SAS Institute Inc., Cary, NC, USA). Results are expressed as mean -+
standard deviation other than when specified. Baseline characteristics
were compared between patients with each CHADS; score component
using ? tests, unpaired t-tests, and the Mann-Whitney U test, as ap-
propriate. The prevalence of each clinical outcome in patients with each

Table 2
Clinical outcomes of patients according to CHADS, score.
CHADS; category Model 1 Model 2
CHADS; 0 CHADS; 1 CHADS; 2 CHADS, 3-5 0Odds ratio® 95% CI p Odds ratio®  95% CI P
Intracerebral hemorrhage (ICH), n (%) 7 (20.0) 18 (27.3) 25 (39.1) 14 (26.4) 1.06 084-134 0617 1.07 0.84-1.35 0.601
Symptomatic ICH, n (%) 1(29) 3(4.6) 4(63) 0) 0.74 037-134 0340 0.73 0.36-1.35 0370
Cardiovascular event, n (%) 0(0) 0(0) 5(78) 5.7) 1.59 092-2.75 0.092 1.60 091-2.86 0.101
Recurrent ischemic stroke, n (%) 0(0) 0(0) 3(47) 1.9) 1.40 0.65-2.89 0358 1.61 0.63-4.06  0.290
mRS <2 at 3 months, n (%) 20 (57.1) 30 (455) 20 (31.3) 15 (28.3) 0.74 057-094 0015 0.72 0.55-093  0.015
mRS>5 at 3 months, n (%) 3(8.6) 17 (25.8) 21 (32.8) 25 (47.2) 1.53 1.19-1.99 0.001 1.58 1.21-2.11 0.001

Model 1: adjusted by sex and initial NIHSS score.
Model 2: adjusted by sex, initial NIHSS score, ASPECTS, and presence of internal carotid artery occlusion.
2 Per 1 point increase of CHADS, score.
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Fig..1. CHADS, score and modified Rankin Scale at 3 months after stroke onset. The
percentage of patients with mRS <2 gradually decreased as CHADS; score increased. In
contrast, that of patients with mRS>5 gradually increased as CHADS; score increased.

CHADS; score group was calculated. Multivariate adjustment with sex
and initial NIHSS (model 1) and that with sex, initial NIHSS, ASPECTS,
and presence of internal carotid occlusion (model 2) were performed
for clinical outcomes. All statistical tests were 2 sided, and probability
values <0.05 were considered significant.

3. Results

Of a total 600 consecutive patients in the SAMURAI rt-PA Registry,
258 [146 men, mean age 75.1 (SD 10.0) years] had atrial fibrillation.
Of these, 14 patients for whom no information on congestive heart
failure, hypertension, diabetes, or prior stroke was available and 26
patients with prior disability corresponding to an mRS >3 were ineligi-
ble for the study. Thus, 218 patients [126 men, mean age 74.2 (SD 9.6)
years] were studied.

Of these 218 patients, 29 (13.3%) took warfarin orally and PT-INR
was less than 1.7 in all these patients on admission. Congestive heart
failure was documented in 23 patients (10.6%), hypertension in 138
(63.3%), age>75 years in 116 (53.2%), diabetes in 35 (16.1%), and
prior stroke in 35 (16.1%). The median CHADS; score was 2, the lower
quartile was 1, and the higher quartile was 2. The distributions of each
CHADS, score were: 35 patients with a CHADS, score of 0, 66 with 1,
64 with 2, 29 with 3, 19 with 4, 5 with 5, and none with 6. Because of
the small number of patients with CHADS, score> 3, patients were
categorized into 4 groups as follows: CHADS, 0, CHADS; 1, CHADS; 2
and CHADS, 3 to 5. Patients with CHADS, score>3 are regarded as
having high risk for stroke in the original study. [2]

Table 1 shows baseline characteristics in the 4 groups. ASPECTS,
initial NIHSS score, and frequency of internal carotid artery occlusion
did not differ among the 4 groups. Clinical outcomes in each group are
shown in Table 2. There were no significant associations between any
or symptomatic ICH and CHADS, groups. More than 5% of patients

Table 3
Baseline characteristics of patients with and without each component of CHADS, score.

with CHADS; scores of 2 to 5, but none of those with CHADS, scores
of 0 and 1, had cardiovascular events within 3 months after stroke
onset. After adjustment for sex and initial NIHSS score, CHADS,
score tended to be positively related to cardiovascular events within
3 months (p=0.092). Of a total 8 patients with cardiovascular events,
4 had recurrent ischemic stroke. Three of them had a CHADS; score
of 2 and one had a score of 3. Two of them developed stroke before
recommencing anticoagulation (2.8% of 71 patients without recom-
mencement), and two developed stroke after recommencing antic-
oagulation (1.4% of 147 patients with recommencement).

Fig. 1 shows the association between CHADS, score and mRS at
3 months. CHADS; score was negatively related to chronic independence
(mRS<2) and positively related to unfavorable outcome (mRS>5).
Frequency of chronic independence decreased by 26% (95% CI 6-43%,
p=0.015) and that of unfavorable outcome increased by 53% (95% CI
19-99%, p=0.001) for each 1-point increase in the CHADS, score after
adjustment for sex and initial NIHSS score (model 1). Those associa-
tions were still significant after adding radiological profiles (ASPECTS
and internal carotid artery occlusion) to the multivariate adjustment
(model 2). After adjustment for sex and CHADS, score, initial NIHSS
score was negatively associated with chronic independence (per 1 point
increase, OR 0.86, 95% CI 0.81-0.90, p<0.0001) and positively associated
with unfavorable outcome (per 1 point increase, OR 1.16, 95% CI 1.07-
1.19, p<0.0001). After adjustment for CHADS, score and initial NIHSS
score, female sex tended to be negatively related to chronic indepen-
dence (OR 0.56, 95% CI 0.30-1.06, p=0.077) and were not associated
with unfavorable outcome (OR 1.28, 95% Cl 0.67-2.44, p=0.456).

Associations among each component of the CHADS, score are
shown in Table 3. Advanced age was related to other CHADS, com-
ponents apart from diabetes. Clinical outcomes of patients with and
without each CHADS, component are shown in Table 4. Congestive
heart failure, hypertension, and prior stroke were not related to any
clinical outcomes. Advanced age was related to unfavorable outcome
(mRS>5) at 3 months (p=0.002), and diabetes was inversely related
to chronic independence (mRS<2) at 3 months (p=0.029).

4. Discussion

This study showed significant associations between CHADS, score
and clinical outcomes following IV rt-PA therapy in acute stroke patients
with AF. The major findings of this study were as follows. First, CHADS,
score tended to be positively related to cardiovascular events within
3 months. The rate of cardiovascular events at 3 months after onset was
more than 5% in patients with a CHADS, score of 2 or more. Second, the
proportion of independent patients at 3 months decreased significantly
as CHADS, score increased. CHADS, score was inversely related to
independence (mRS <2) and positively related to unfavorable outcome
(mRS>5) at 3 months.

Several established risk factors for stroke, including advanced age,
high systolic blood pressure, hyperglycemia on admission, and diabetes

Congestive heart failure Hypertension Age>75 years Diabetes Prior stroke

Y (n=23) N(n=195) Y((n=138) N((n=80) Y(n=116) N (n=102) Y (n=35) N(n=183) Y (n=35 N (n=183)
Age 796+9.7* 744+100 7474103 732483 81.1+£478§ 663+75 7214131 746488 776+£78% 735498
Male 12 (47.8) 114 (58.5) 80 (58.0) 46 (57.5) 52 (44.8) § 74 (72.6) 22 (62.9) 104 (56.8) 20 (57.1) 106 (57.9)
Congestive heart failure 16 (11.6) 7(8.8) 19 (164) 4(3.9) 4(11.4) 19(10.4) 3 (8.6) 20(109)
Hypertension 16 (69.6) 122 (62.6) 81(69.8) * 57 (55.9) 26 (74.3) 112 (61.2) 25(714) 113 (61.8)
Age =75 years 19 (82:6) 97 (49.7) 81 (58.7)* 35(43.8) 16 (45.7) 100 (54.6) 24 (68.6) * 92(50.3)
Diabetes 4(174) 31(15.9) 26 (18.8) 9(11.3) 16 (13.8) 19 (18.6) 7 (20.0) 28 (15.3)
Prior stroke 3(13.0) 32 (164) 25 (18.1) 10 (12.5) 24(207)* 11 (10.8) 7 (20.0) 28 (15.3)
Initial NIHSS 20 (14-25)F 14 (9-19) 15(10-20) 15(9-20) 16(11-21)* 14(8-1825) 10(7-16)% 16(11-20) 15(11-21) 15(9-20)

NIHSS: National Institutes of Health Stroke Scale.
* p<0.05, T p<0.01,  p<0.005, § p<0.001.
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