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After multivariate adjustment, any ICH was less common
in patients in the OUT group than those in the IN group, but
the frequency of symptomatic ICH did ot differ significantly
between the groups. Unfavorable outcome and death were
more common in the OUT group than in the IN group and in
patients with a NIHSS score =25 compared with those <25.
Unfavorable outcome was also more common in patients
>80 years than those =80 years (Table). The Figure shows
the distribution of patients and their modified Rankin Scale
scores at 3 months.

Discussion

More than 25% of ischemic strokes occur in patients =80
years old in Japan.* Advanced age was reported to be a strong
predictor of poor outcomes and mortality independent of
other clinical characteristics.> Randomized trials on rtPA did
not include a sufficient number of patients with advanced
age.5~ In the National Institute of Neurological Disorders
and Stroke trial,® rtPA treatment was associated with in-
creased likelihood of favorable outcome 3 months after stroke
even in 49 patients aged >75 years with a NIHSS score >20
as compared with the placebo group. Risk of symptomatic
ICH after thrombolysis did not increase, although clinical
outcomes were worse in patients >80 years old as compared
with younger patients in several studies.'®-'* An adjusted,
controlled comparison based on 3472 patients >80 years old
showed a better distribution of the modified Rankin Scale in
thrombolysis patients than nonthrombolysis patients. In this
study, 0.6 mg/kg of alteplase may have caused the relatively
small number of symptomatic ICH both in patients older than
and =80 years old.

Diabetes mellitus was independently associated with
symptomatic ICH after standard-dose rtPA therapy.'s Infre-
quent development of ICH in our cohort and exclusion of
patients with premorbid modified Rankin Scale =2 from the
outcome analysis might weaken the impact of prior stroke
plus diabetes on outcomes in this study. The small number of
patients with prior stroke plus diabetes might also affect the
statistical power.

This was not a randomized controlled study, subgroups
were small, and physicians used judgment in selecting pa-
tients, all of which limit this study and introduce potential for
error. In addition, data for patients with stroke who did not
undergo thrombolysis were not collected and a comparison of
patients with and without thrombolysis was not done.

In conclusion, 3-month outcomes after low-dose rtPA in
patients outside the European indications were less favorable
compared with those included in the indications. Low-dose
intravenous rtPA therapy may be safely administered to
patients outside the European indications without an increase
of ICH by careful selection of patients. Patients with prior
stroke and concomitant diabetes seem to be appropriate
candidates for rtPA therapy.
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Abstract

Background: The effects of lipid levels on clinical outcomes
after ischemic stroke are controversial. Whether admission
lipid levels and prior statin use are associated with early intra-
cerebral hemorrhage (ICH) and long-term functional out-
come after recombinant tissue plasminogen activator (rt-PA)
therapy for stroke patients was investigated. Methods: Ische-
mic stroke patients who received intravenous rt-PA from a
multicenter registry were studied. Lipid levels on admission,
including total cholesterol, high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholesterol, and triglyc-
eride levels, as well as prior statin use, were assessed. The pri-
mary outcome was favorable outcome at 3 months corre-

sponding to a modified Rankin Scale score <1.The secondary
outcome was any or symptomatic ICH within the initial
36 h. Results: Of 489 enrolled patients (171 women, 70.8 *
11.6 years old), 60 used statins prior to stroke, 93 developed
ICH (19.0%), and 188 (38.4%) had a favorable 3-month out-
come. Of the lipid levels, only the HDL-C level was an indepen-
dent predictor of favorable outcome after multivariate adjust-
ment for baseline characteristics (OR 1.95, 95% Cl 1.10-3.47
per 1 mmol/l; p = 0.023) and after further adjustment for pre-
treatment radiological findings (OR 2.03, 95% Cl 1.07-3.84;
p = 0.029). For the 187 stroke patients without cardioembo-
lism, the HDL-C level was more strongly associated with favor-
able outcome (OR 4.94, 95% Cl 1.91-12.76 per 1 mmol/l; p =
0.001). There were no significant associations between ICH
and any lipid levels. Prior statin use was not associated with
outcomes, Conclusions: The admission HDL-C level was asso-
ciated with favorable outcome 3 months after intravenous
rt-PA therapy in stroke patients without cardioembolism.
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Introduction

Dyslipidemia is a known risk factor for ischemic
stroke. High total cholesterol (TC) and low-density lipo-
protein cholesterol (LDL-C) levels and a low high-density
lipoprotein cholesterol (HDL-C) level increase the risk of
ischemic stroke [1-4], though low TC and LDL-C levels
may increase the risk of intracerebral hemorrhage (ICH)
[2, 5-7]. Lipid levels may affect stroke outcome in an op-
posite manner. High TC and LDL-C levels have been re-
ported to be associated with better functional and vital
outcomes after stroke [8-12]. Also, some studies showed
a positive relationship between a high HDL-C level and
good outcome after stroke [8, 13]. In contrast, alow LDL-
C level increased the risk of early symptomatic ICH [14],
and TC levels were associated with worse functional out-
come in ischemic stroke patients after receiving throm-
bolysis or endovascular embolectomy [15]. Thus, the real
contribution of lipid levels to stroke outcome, particu-
larly after thrombolysis, is still controversial. In addition,
prior use of a hydroxymethylglutaryl-CoA reductase in-
hibitor (statin) modifies lipid levels and makes interpre-
tation of the contributions of lipid levels unclear.

We attempted to identify underlying risk factors that
predict stroke outcomes after intravenous (iv.) recombi-
nant tissue plasminogen activator (rt-PA) from a multi-
center observational study [Stroke Acute Management
with Urgent Risk-factor Assessment and Improvement
(SAMURAI) rt-PA Registry] [16-19]. We hypothesized
that lipid levels on emergency admission were useful
prognostic predictors after rt-PA. In this study, whether
admission lipid levels, as well as prior statin use, were
associated with early ICH and functional outcomes 3
months after rt-PA therapy in acute ischemic stroke pa-
tients was investigated.

Methods

A total of 600 consecutive patients with acute ischemic stroke
who received iv. rt-PA therapy from October 2005 to July 2008
at 10 Japanese stroke centers were enrolled in the SAMURAI rt-
PA Registry. The methods and overall general results of this mul-
ticenter study have been reported previously [16]. Patients’ eligi-
bility for alteplase therapy was determined based on the Japanese
guideline for i.v. rt-PA therapy [20]. 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 (not exceed-
ing 60 mg) i.v., with 10% given as a bolus within 3 h of stroke on-
set followed by a continuous i.v. infusion of the remainder over
1 h. The endovascular thrombectomy devices had not been ap-

Lipid Levels Affect Stroke Outcome after
iv. rt-PA

proved in Japan during this observation period, and they were
not used.

Demographic factors, risk factors, cardiovascular comorbidi-
ties, medications prior to stroke onset including statins, vital
signs and blood tests on emergency admission (including TC,
HDL-C, LDL-C, and triglyceride levels), onset-to-treatment
time, baseline National Institutes of Health Stroke Scale (NIHSS)
score, and i.v. antihypertensives just before rt-PA infusion as list-
edin table 1 were assessed. Japanese physicians determined statin
use principally based on Japan Atherosclerosis Society Guide-
lines [21]. Blood samples were principally taken at first assess-
ment in the emergency room. No information about fasting or
nonfasting status at the time of emergency admission was ob-
tained. Lipid profiles were analyzed at the laboratory of each in-
stitution that was mostly checked by the Lipid Standardization
Program administered by one specific laboratory (Osaka Medi-
cal Center for Health Science and Promotion). The laboratory is
a member of the Cholesterol Reference Method Laboratory Net-
work. Prior to iv. rt-PA, all patients underwent brain computed
tomography (CT) or magnetic resonance (MR) imaging. For MR
examinees, early ischemic change was quantified using the Al-
berta Stroke Program Early CT Score (ASPECTS) on diffusion-
weighted imaging (DWI), and the arterial occlusion site was
identified on MR angiography as previously described [17, 22,
23]. Stroke subtype was defined according to the criteria of the
Trial of Org 10172 in Acute Stroke Therapy [24], and the patients
were divided into two groups: those with cardioembolism and
those without.

The primary outcome was a favorable functional outcome at 3
months, corresponding to a modified Rankin Scale (mRS) score
of 0 or 1. The secondary outcome was any or symptomatic ICH
within the initial 36 h. Any ICH was defined as CT evidence of
new ICH. Symptomatic ICH was defined according to the NINDS/
Cochrane protocol as any ICH associated with neurological dete-
rioration corresponding to an increase of =1 point from the base-
line NIHSS score [14, 16}, and according to the SITS-MOST [25]
protocol as parenchymal hemorrhage type I combined with an
increase of =4 points from the baseline NIHSS score. The exam-
iners at the 3-month clinics were familiar with patients’ stroke
features in some hospitals and not in others.

Statistics

All calculations were performed using SPSS Statistics 17.0
Statistics software (IBM SPSS Inc.). A p value <0.05 was consid-
ered significant. Baseline lipid profiles and other characteristics
were compared using the x test, Fisher’s exact test, the unpaired
t test, and the Mann-Whitney U test, as appropriate. Multivari-
ate analysis was performed with a logistic regression model to
determine whether each lipid profile was predictive of the out-
comes. Since it was likely that lipid levels were highly correlated
with each other, each lipid profile was separately entered into the
regression model with adjustment for sex, age by forced entry,
and the other nonlipid characteristics listed in table 1 by a back-
ward selection procedure using p > 0.10 on the likelihood ratio
test for exclusion (model 1). The analysis was also done by fur-
ther adjustment with ASPECTS on DWT and occlusion of the
internal carotid artery for MR examinees with supratentorial
stroke (model 2). The multivariate analyses were repeated sepa-
rately for patients with cardioembolism and for those without
cardioembolism.
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Table 1. Patients’ clinical characteristics

Of the 600 patients in the SAMURATI rt-PA Registry,
65 patients with a premorbid mRS score =2, 5 who were
lost to follow-up at 3 months, and 41 who lacked informa-
tion for one or more lipid levels on admission were ex-
cluded. Thus, 489 patients (171 women, 70.8 * 11.6 years
old) were included in this study. As compared with the
excluded patients, the included patients more commonly
took antihypertensives prior to stroke (p = 0.004) and
more commonly had ASPECTS on DWI =7 (p = 0.020).
Table 1 summarizes the patients’ characteristics. Sixty

242 Cerebrovasc Dis 2012;33:240-247

Characteristics Total Prior statin p value
users (n = 60) nonusers (n = 429)
Women 171 (35.0) 19 (31.7) 152 (35.4) 0.567
Age, years 70.8*+11.6 720%95 70.7£11.9 0.420
~ Hypertension 300 (61.3) 47 (78.3) 253 (59.0) 0.004

Diabetes mellitus 92 (18.8) 19 (31.7) 73 (17.0) 0.007
Dyslipidemia 105 (21.5) 41 (68.3) 64 (14.9) <0.001
Atrial fibrillation 198 (40.5) 27 (45.0) 171 (39.9) 0.447
Coronary heart disease 62 (12.7) 21 (35.0) 41 (9.6) <0.001
Previous ischemic stroke 73 (14.9) 14 (23.3) 59 (13.8) 0.051
Prior medications

Antithrombotics 170 (34.8) 38 (63.3) 132 (30.8) <0.001

Antihypertensives 215 (44.0) 44 (73.3) 171 (39.9) <0.001
Physiological data on admission

Systolic blood pressure, mm Hg 150.9£20.0 149.4+£21.8 151.2%19.7 0.514

Diastolic blood pressure, mm Hg 8l.6+15.3 79.9%15.6 81.8£15.3 0.351

Pulse rate, bpm 79.6%+19.7 76.0120.2 80.2+19.6 0.124

Body temperature, °C 36.3%£0.6 36.2%0.5 36.4+0.6 0.110
Laboratory data on admission

Total cholesterol, mmol/l 4.8911.04 4.71%£0.84 4.92+1.07 0.156

HDL-C, mmol/l 1.35+0.37 1.26+0.28 1.36£0.38 0.022

LDL-C, mmol/l 2.95+0.87 2.80%0.77 2.97%0.89 0.166

Triglycerides, mmol/l 1.33£0.89 1.51+1.14 1.30£0.85 0.089

Blood glucose, mmol/l 7.65%2.64 7.43%2.26 7.68 +2.69 0.492

Creatinine, pwmol/l 79.0£59.8 84.5+47.7 782+61.4 0.448
Onset-to-treatment time, min 145 (122-165) 135 (120-164) 146 (125-166) 0.240
Baseline NIH Stroke Scale Score 12 (7-18) 12 (7-18) 12 (7-19) 0.687
Lv. antihypertensives just before rt-PA 139 (28.4) 18 (30.0) 121 (28.2) 0.773
Radiological findings for 402 MR examinees with supratentorial stroke
ASPECTS on DWI =7 309 (76.9) 37 (74.0) 272 (77.3) 0.608
Arterial occlusion site : 0.449

Internal carotid artery 68 (16.9) 11 (22.0) 57 (16.2)

Middle cerebral artery 204 (50.7) 26 (52.0) 178 (50.6)

Other 130 (32.3) 13 (26.0) 117 (33.2)

Data are number of patients (%), median (interquartile range) for discontinuous variables, and mean * SD for continuous vari-
ables.

Results

patients (12.3%) used statins prior to their stroke. In these
statin users, HDL-C levels were lower (1.26 * 0.28 vs.
1.36 * 0.38 mmol/l, p = 0.022), triglyceride levels tended
to be higher (1.51 £ 1.14 vs. 1.30 % 0.85 mmol/l, p =
0.089), and TC and LDL-C levels did not differ as com-
pared with the remaining 429 non-statin users. Fifty-sev-
en patients did not undergo MR imaging prior to rt-PA
mainly due to contraindications, clinical instability, or
time limitation. Of the remaining 432 MR examinees, 30
were diagnosed as having infratentorial strokes based on
DWT and MR angiography findings.

Makihara et al.
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Table 2. Lipid profiles and outcomes at 3 months

“Favorable Unfavorable  pvalue Model 1 Model 2
(n " 188) (n=301) OR 95% CI pvalue = OR - 95% CI p value
Dyslipidemia 43 (22.9%) 62 (20.6%) 0.551 1.03 0.63-1.67 0.917 1.18 0.68--2.07 0.557
Prior statin use 23 (12.2%) 37 (12.3%) 0.985 0.95 0.52-1.74 0.863 1.27 0.61-2.64 0.528
TC, mmol/l 4.90+0.97 489+1.09 0.937 0.98% 0.79-1.21* 0.828 0.95*  0.74-1.22* 0.687
HDL-C, mmol/l 1.39+£0.39 1.32%+0.36 0.030 1.952 1.10-3.47*  0.023 2.03*  1.07-3.84* 0.029
LDL-C, mmol/l 2.89%0.86 2.98+0.88 0.305 0.842 0.66-1.072 0.154 0.84* 0.64-1.10* 0.195
Triglycerides, mmol/l 1.39£0.98 1.29+0.83 0.249 1.032 0.82-1.29% 0.827 1.03*  0.77-1.36* 0.858

TC = Total cholesterol. Model 1, adjusted for sex, age by forced
entry, diabetes mellitus, onset-to-treatment time, baseline NIHSS
score, and iv. antihypertensives chosen by a backward selection
procedure in nonlipid factors listed in table 1 (except for MR find-
ings). Model 2, adjusted for sex, age by forced entry, blood glucose,

baseline NIHSS score, i.v. antihypertensives, occlusion of the in-
ternal carotid artery chosen by a backward selection procedure in
nonlipid factors listed in table 1, and MR findings (ASPECTS on
DWI 27, occlusion of the internal carotid artery).

2 Per 1-mmol/l increase.

EZZ2 mRS 0-1
BB MRS 4-5

[ImRS 2-3
EE mRS 6

Bottom tertile 311

Middle tertile

Top tertile /

60 80

Fig. 1. mRS score at 3 months by each tertile of HDL-C level. Bot-
tom tertile (<1.15 mmol/I): n = 161; middle tertile (1.15-1.46
mmol/l): n = 164; top tertile (=1.46 mmol/l): n = 164.

Analyses of Overall Patients

Overall, 188 patients (38.4%) had a favorable outcome
(mRS score <1) at 3 months. The HDL-C level was high-
er in patients with a favorable outcome than in those with
an unfavorable outcome (1.39 £ 0.39 vs. 1.32 = 0.36
mmol/l, p = 0.030), whereas other lipid profiles were not
different between the two groups (table 2). In figure 1, the
distribution of mRS scores in patients by each HDL-C
level tertile is shown. The number of patients with a fa-
vorable outcome gradually increased as HDL-C levels
increased. After multivariate analysis adjustment, the

Lipid Levels Affect Stroke Outcome after
iv. rt-PA

HDL-C level was the only lipid level that was indepen-
dently related to favorable outcome (OR 1.95, 95% CI
1.10-3.47 per 1 mmol/]; p = 0.023). This relationship re-
mained positive after further adjustment for MR findings
using 402 patients who had a supratentorial stroke under-
going pretreatment MR examination (OR 2.03, 95% CI
1.07-3.84; p = 0.029).

ICH occurred in 93 patients (19.0%); 21 of these were
symptomatic according to the NINDS/Cochrane defini-
tion and 4 were symptomatic according to the SITS-
MOST definition. There were no significant associations
between ICH and any lipid profiles on either univariate
or multivariate analyses (table 3). Similarly, no lipid pro-
files were associated with symptomatic ICH per either
definition.

Analyses of Patients with/without Cardioembolism

Stroke subtypes were cardioembolism in 302 patients
(61.8%), large-artery atherosclerosis in 75 (15.3%), small-
vessel occlusion in 26 (5.3%), and other types in 86 (17.6%).
Of the 302 cardioembolic stroke patients, 110 (36.4%) had
a favorable outcome at 3 months. On multivariate analy-
sis, no lipid profiles were associated with a favorable out-
come (e.g. OR 0.82, 95% CI 0.35-1.89 per 1 mmol/l of
HDL-C).

Of the 187 stroke patients without cardioembolism, 78
(41.7%) had a favorable outcome at 3 months. On multi-
variate analysis, the HDL-C level (OR 4.94, 95% CI 1.91-
12.76 per 1 mmol/l; p = 0.001) was independently associ-
ated with a favorable outcome.

Cerebrovasc Dis 2012;33:240-247 243
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Table 3. Lipid profiles and ICH within the initial 36 h

Present Absent p value Model 1 Model 2

(n=93) (n = 39) OR 95% CI p value OR 95% CI p value
Dyslipidemia 20 (21.5%) 85 (21.5%) 0.993 0.99 0.54-1.82 0.983 1.01 0.52-1.96 0.968
Prior statin use 14 (15.1%) 46 (11.6%) 0.363 1.20 0.58-2.45 0.625 1.58 0.76-3.29 0.224
TC, mmol/l 4,.89+1.00 4.89%1.06 0.988 1.072 0.85-1.36* 0.568 0.97* . 0.74-1.26* 0.791
HDL-C, mmol/l 1.34£0.34 1.35%£0.38 0.824 0.87¢ 0.45-1.69*  0.675 0.75*  0.35-1.58* 0.449
LDL-C, mmol/l 2.87£0.78 2.96%£0.89 0.380 0.952 0.72-1.25*  0.708 0.87*  0.64-1.18* 0.371
Triglyceride, mmol/l 1.34£1.18 1.32+0.81 0.891 1.122 0.85-1.47*  0.419 1.16*  0.87-1.53* 0.307

TC = Total cholesterol. Model 1, adjusted for sex, age by forced
entry, diabetes mellitus, atrial fibrillation, prior antithrombotics,
blood glucose, and iv. antihypertensives chosen by a backward
selection procedure in nonlipid factorslisted in table 1 (except for
MR findings). Model 2, adjusted for sex, age by forced entry, dia-
betes mellitus, atrial fibrillation, prior antithrombotics, blood

glucose, onset-to-treatment time, i.v. antihypertensives, occlusion
of the internal carotid artery chosen by a backward selection pro-
cedure in nonlipid factors listed in table 1, and MR findings (AS-
PECTS on DWI 27, occlusion of the internal carotid artery).

* Per 1-mmol/l increase.

Discussion

In this study, the effects of admission lipid levels and
prior statin use on clinical outcomes in stroke patients
receiving iv. rt-PA were examined. The major finding of
this study was that a higher HDL-C level was associated
with completely independent activities of daily living at 3
months after multivariate adjustment for clinical and ra-
diological characteristics. The association was clear in
patients without cardioembolism, but was not confirmed
in cardioembolic stroke patients. In the present cohort,
no relationships between functional outcome and other
lipid levels or prior statin use were identified. Besides, any
lipid levels or prior statin use were not related to ICH.

Although HDL-C is a potent protective factor for car-
diovascular diseases and stroke, it may be understudied
as compared with LDL-C. HDL-C has not only a direct
role against atherosclerosis to remove free cholesterol
from macrophages in the arterial wall and return it to the
liver, but it also inhibits prothrombotic and proinflam-
matory phenomena [26, 27]. In addition, HDL-C protects
LDL from oxidation, promotes endothelial nitric oxide
synthesis, and increases vasodilatation [26, 28]. These
manifold effects, including antiatherosclerotic, vasopro-
tective, and neuroprotective effects, have been assumed
to improve stroke outcome. Interestingly, the statistical
significance of the contribution of HDL-C to favorable
outcome was much higher in stroke patients without car-
dioembolism than overall patients, although the number
of patients was much smaller. This result suggests that
HDL-C has alarger protective effect for patients with ath-

244 Cerebrovasc Dis 2012;33:240-247

erothrombotic conditions. In contrast, LDL-C was not a
predictor of a favorable outcome. Prior statin use in some
patients might modify admission LDL-C levels and affect
the results. Since the purpose of the present study was to
assess the significance of lipid levels on emergency ad-
mission as a prognostic predictor, the fasting status of
patients on admission was not considered relevant. Al-
though the HDL-C level is little influenced by fasting or
nonfasting, the LDL-C level appears to be influenced to
some extent [29].

Statin use prior to stroke onset was reported to im-
prove functional outcomes of general ischemic stroke pa-
tients [30-33]. For stroke patients treated with iv. rt-PA,
one study reported a positive association between statin
use and favorable 3-month outcome [34], though another
study found no such association [35]. The studies on
thrombolysis including intra-arterial thrombolysis or en-
dovascular intervention introduced a warning message
that prior statin use and a low LDL-C level increased
symptomatic ICH after treatment [14, 36]. In the present
cohort, neither statin use nor any lipid levels were associ-
ated with ICH, which was also observed in previous stud-
ies only for patients treated with iv. rt-PA [34, 35]. The
discrepancies of results between the former studies and
ours may be caused by the difference of not only treat-
ment but baseline features. In our study, statin users had
uncommonly hypertension compared with those in Mei-
er et al. [36] (78.3 vs. 92.6%), and patients with LDL-C
levels <85 mg/dl (2.20 mmol/1) were fewer than those in
Bang et al. [14] (19.0 vs. 33%). Also, a lower dose of al-
teplase (0.6 mg/kg) than the standard Western dose may
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result in relatively few ICH events and affect the statistical
analysis, but prior statin use seems to be safe for Japanese
patients receiving iv. rt-PA.

A unique point was that statin use seems to be less
prevalent in Japan than in Western countries. Statin users
prior to ischemic stroke onset accounted for 13.6-16.5%
in Japanese multicenter prospective observational stud-
ies [37, 38], as compared to 18-23% in Western studies

(15, 30-34]. The major reason for this less prevalence is
that Japanese relatively uncommonly have dyslipidemia
(21.5% in our study, 21% in the SUMO study [39] from
Japan vs. 29-36% in Western studies [15, 30-34]) and cor-
onary artery diseases (12.7% in ours, 12% in the SUMO
study [39] vs. 18-32% in Western studies [15, 30-34]) pos-
sibly due to the difference in ethnic and dietary habit.

Previous studies showed the lower HDL-C levels and
higher triglyceride levels in statin users than non-users
[32, 36], and our results were similar. Statin increased
HDL-C levels in some reports [40, 41], and did not in an-
other [42]. Thus, the therapeutic effect of statin on HDL-
C does not seem to be as clear as that on LDL-C. Anoth-
er possible reason for lower HDL-C levels in our statin
users was that their HDL-C levels prior to statin medica-
tion might be too low. Anyway, premorbid statin use
could make the association of HDL-C levels to stroke out-
comes complicated.

The strengths of this study included that it was a mul-
ticenter study with frequent use of MR techniques. On
the other hand, it had several limitations. First, this study
only included patients treated with rt-PA. Thus, the pres-
ent results could not be compared with those in patients
not receiving rt-PA. Second, this study was a retrospec-
tive observational study, and 46 patients were excluded
from the analysis because of lack of data on admission
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lipid levels or 3-month mRS scores. The excluded patients
had different baseline features from included ones to
some extent, and this may have caused selection bias.
Third, we did not have complete information on doses
and duration of prior statin use. Also, the information on
initiation and continuation of statin use after stroke onset
was incomplete, and we could not assess the effects of
them on clinical outcome.

Although HDL-C seems to be a promising outcome
predictor after iv. rt-PA, it is not clear if HDL-C level rais-
ing therapy prior to stroke or during the acute stroke im-
proves stroke outcomes. Recently, pharmacotherapy oth-
er than statins to increase directly HDL-C levels is devel-
oping [43, 44]. The future studies to examine whether
increasing HDL-C levels prevent and improve stroke are
desired.
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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 present in 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 . 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
renial 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

124 Cerebrovasc Dis 2011;31:123-129

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
(NTHSS) 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) %% 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 46, 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 abackward
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 69.2%£12.0 <0.001
Body mass index 227+32 23.0t34 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 83x15 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, % 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 2.831+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; tig. 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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Fig. 1. Neurological deficits and outcome 10 -
of patients with and without renal dys- i Non-renal
function. NTHSS score just before and 24 h . dysfunctio 7
after IV rt-PA therapy (a) and mRS score 0 L ! ‘ ‘
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 @1 E2 E3 O4 E5 HE6
IQR; whiskers = upper and lower 90% a b
ranges.
Table 2. Characteristics associated with ICH within 36 h
Characteristics Any ICH 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/1) 1.06 0.98-1.14 0.153 1.11 0.96-1.26 0.126
Triglyceride (per mmol/l) - - - 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) E 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 - - - - - - 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 <0.001 432 2.00-9.36 <0.001
Blood glucose (per mmol/l) 091 0.84-0.99 0.024 1.08 1.01-1.17 0.033 117 1.04-1.31 0.007
Admission NIHSS score (per point) 0.91 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%
CI1.01-2.38, 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 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 NTHSS 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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Abstract

Background: To examine the therapeutic effect of intrave-
nous recombinant tissue plasminogen activator (rt-PA) ther-
apy for stroke patients receiving maintenance hemodialysis
(HD). Methods: Of 600 stroke patients receiving intravenous
rt-PA using 0.6 mg/kg alteplase who were enrolled in a mul-
ticenter observational study in Japan, 4 patients (3 men, 64—
77 years old) on maintenance HD were studied. Results: The
primary kidney disease requiring HD was glomerulonephri-
tis in 2 patients, diabetic nephropathy in 1, and undeter-
mined in 1. The duration of HD ranged between 1.2 and 28
years. Three patients developed stroke on the day of HD, in-
cluding 1 during HD and another just after HD. All patients
had stroke in the carotid arterial territory. Pretreatment NIH
Stroke Scale scores ranged between 4 and 20, and decreased
by 2-5 points at 7 days. One patient needed intravenous an-
tihypertensive therapy before rt-PA; he developed an ec-

topic cortical hematoma and intraventricular hemorrhage
after rt-PA. The other 3 did not develop hemorrhagic com-
plications. The modified Rankin Scale score at 3 months was
0in1 patient, 2in 2 patients, and 4 in 1 patient. Conclusions:
rt-PA therapy for stroke patients receiving maintenance HD
might improve the stroke outcome. Ectopic hematoma was
a unique complication in our case series.

Copyright © 2011 S. Karger AG, Basel

Introduction

Patients receiving hemodialysis (HD) have a higher
risk of stroke than the general population [1], and they
often develop stroke during or just after HD while they
remain in the clinic [2]. Thus, HD patients might have a
high opportunity to receive urgent therapies for stroke,
including intravenous (IV) recombinant tissue plasmin-
ogen activator (rt-PA). HD itself is not a contraindication
to IV.rt-PA in several guidelines, but heparinization is. In
addition, severe renal damage appears to affect the out-
come after rt-PA [3, 4].
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Table 1. Baseline characteristics and physiological and laboratory data on admission

Patient 1 Patient 2 Patient 3 Patient 4
female male male male
Age, years 74 77 68 64
Body mass index 17.6 211 20.3 27.9
Primary kidney disease glomerulonephritis undetermined diabetic nephropathy glomerulonephritis
Duration of hemodialysis, years 28 2 1.2 24
Stage of hypertension [13] high normal stage stage I stage IT

Other vascular risk factors
Vascular comorbidities

atrial fibrillation'
M1, silent brain infarct

sick sinus syndrome
angina pectoris

diabetes mellitus
MI

Other comorbidities hepatitis C virus carrier,
hyperparathyroidism

Premorbid modified Rankin Scale score 0

Prior medication
Antithrombotics aspirin
Antihypertensives (vasodilator) ISDN
Antidiabetics none

Physiological/laboratory data on admission
Blood pressure, mm Hg 202/83
Platelet count, /ul 254,000
Hemoglobin, g/dl 12.1
Prothrombin time (INR) 1.13
Activated partial thromboplastin time, s 43.5
Blood urea nitrogen, mmol/l 3.9
Creatinine, pmol/l 230
Blood glucose, mmol/l 5.7
Hemoglobin A, % 43
Total cholesterol, mmol/l 3.29
Triglyceride, mmol/l 0.59
HDL cholesterol, mmol/l 1.14
LDL cholesterol, mmol/l 1.89

- meningioma gastric cancer
(resected) (resected)

0 0 0

aspirin none none

torasemide, ISDN none nifedipine, limaprost

none insulin none

165/81 150/86 218/98

175,000 140,000 124,000

12.9 10.6 10.6

0.89 1.10 0.90

26 36.4 32

22.8 12.1 11.8

919 327 415

10.5 12.7 5.0

53 59 not measured

412 4.17 4.25

1.24 1.50 0.64

1.48 0.83 1.40

2.07 2.64 2.41

INR = International normalized ratio; ISDN = isosorbide dinitrate; MI = myocardial infarction.

! Identified during acute hospitalization after stroke onset.

We have reported the effects of IV rt-PA given to stroke
patients with renal dysfunction using the Stroke Acute
Management with Urgent Risk-factor Assessmentand Im-
provement (SAMURALI) rt-PA Registry [4]. Reduced esti-
mated glomerular filtration rate <60 ml/min/1.73 m? on
admission was independently associated with intracere-
bral hemorrhage (ICH) within 36 h after rt-PA and unfa-
vorable functional outcome or death at 3 months. The re-
sults suggest that end-stage renal disease (ESRD) is also
associated with poor outcome after rt-PA, although, to the
best of our knowledge, this issue has never been examined.

The aim of this study was to determine the effect of IV
rt-PA therapy in stroke patients on maintenance HD us-
ing the same registry.

Patients and Methods

The SAMURALI rt-PA Registry had a multicenter, hospital-
based, retrospective, observational, cohort design [4-6]. A total
of 600 consecutive patients with acute ischemic stroke receiving

38 Eur Neurol 2011;66:37-41

alteplase at 0.6 mg/kg (the recommended dose in Japanese guide-
lines and the approved labeling) from October 2005 through July
2008 were registered. From the registry, ESRD patients receiving
maintenance HD or peritoneal dialysis were studied. The local
ethics committee approved the research protocol. Baseline char-
acteristics, physiological and laboratory data on admission, stroke
features, and outcomes were assessed for each patient. Diffusion-
weighted MRI (DWI) and MRA were performed before rt-PA in-
fusion in addition to head CT. Early ischemic change was assessed
using the Alberta Stroke Program Early CT Score (ASPECTS) [6].

Results

Of the 600 patients, none were on peritoneal dialysis
and 4 (0.7%, 3 men, 64-77 years old) were undergoing
maintenance HD before IV rt-PA therapy. These 4 pa-
tients were studied.

Baseline characteristics and physiological and labora-
tory data on admission are listed in table 1. In brief, the
primary kidney disease responsible for HD was glomeru-
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Table 2. Stroke features and outcomes

Patient 1 Patient 2 Patient 3 Patient 4
Timing of stroke onset just after HD non-HD day 2 h after HD during HD
Major neurological signs aphasia, unilateral spatial unilateral spatial neglect, aphasia, right facial palsy aphasia
neglect, right hemiparesis  left hemiparesis
ASPECTS on CT 10 9 10 10
ASPECTS on DWI 9 8 9 10
Site of arterial occlusion M2 ICA undetectable undetectable
Stroke territory left carotid right carotid left carotid left carotid
Stroke etiology cardioembolism cardioembolism undetermined undetermined
Onset to rt-PA time, min 130 139 150 166
Pre-rt-PA antihypertensives none none none IV nicardipine
Antithrombotic therapy
after rt-PA IV unfractionated IV argatroban IV unfractionated IV unfractionated heparin
heparin 24 h after rtPA 24 h after rtPA heparin 24 h after rtPA 48 h after rtPA
followed by warfarin followed by warfarin followed by aspirin followed by aspirin
Timing of restarting HD
after rt-PA 20 h later 20 h later 2 days later 22 h later
Intracerebral hemorrhage
during acute stage absent absent absent present (see fig. 2)
NIH stroke scale score
Baseline 20 13 11 4
24 h after rt-PA 18 11 5 5
7 days after rt-PA 18 9 6 2
Modified Rankin Scale score
at 3 months 4 2 2 0

ICA = Internal carotid artery.

lonephritis in 2 patients, diabetic nephropathy in 1, and
undetermined in 1. The duration of HD ranged between
1.2 and 28 years. All patients had hypertension, and 2
were taking aspirin prior to stroke. Stroke features and
outcomes are listed in table 2. One patient developed
stroke during HD and another just after HD. All patients
had stroke in the carotid arterial territory; 2 were due to
cardioembolism and 2 were of undetermined mecha-
nisms. In the latter 2, emboligenic diseases were not iden-
tified using transesophageal echocardiography and Hol-

ter ECG. For patient 4, hemodialytic procedure by itself .

may be a possible cause of stroke since he developed
stroke during HD. One patient needed IV antihyperten-
sive therapy just before rt-PA. Pretreatment NIH Stroke
Scale scores ranged between 4 and 20 and decreased by
2-5 points at 7 days. No patients showed neurological de-
terioration. The modified Rankin Scale score at 3 months
was 0 in 1 patient, 2 in 2 patients, and 4 in 1 patient.
Early ischemic changes on baseline DW1 are shown in
figure 1. Early ischemic changes were found in the left
insular and frontal cortices in patient 1, the right basal
ganglia and corona radiata extending to the insular cor-
tex in patient 2, and the left basal ganglia and corona
radiata in patient 3. DWI-ASPECTS in these patients

IV rt-PA for Stroke Patients on
Hemodialysis

ranged between 8 and 9. In patient 4, ischemic changes
were not identified on the baseline DWI, and they were
later detected as tiny scattered infarcts in the left cortex.
This patient developed transient headache and vomited
once, 1 h after rt-PA; CT revealed an ectopic hematoma
in the left temporal lobe with the left intraventricular
hemorrhage. This patient had IV heparin 48 hafter rt-PA,
and the hematoma no longer grew after that. The other
3 patients did not develop any intracranial or systemic
hemorrhagic complications.

Discussion

In this observational study, 4 stroke patients with HD
receiving IV rt-PA were reported. The major finding was
that 3 patients had functional independence (modified
Rankin Scale score <2) at 3 months, although ICH with
transient headache occurred in 1 of these 3.

Stroke patients with ESRD are at a disadvantage for
IV rt-PA for several reasons [7-9]. First, advanced diabe-
tes, which is known to be associated with poor outcome
after IV rt-PA, is frequent in ESRD patients. Second,
ESRD patients often have hypertension resistance to
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Diffusion-weighted MRI just before IV rt-PA

CTonday 1

Patient 1

Patient 2

Patient 3 Patient 4

Fig.1. DWT just before IV rt-PA therapy in patients 1-3, and CT on the day of thrombolysis in patient 4. Arrows
show early ischemic changes or ectopic hemorrhage.

antihypertensives and other vascular risk factors and
vascular comorbidities as predictors for a poor outcome.
Third, blood surface interactions during HD lead to im-
pairment of platelet function and a decrease in platelet
number.

Another major disadvantage of ESRD patients is their
high risk of ICH. Renal dysfunction is a predictor for
hemorrhagic transformation in acute ischemic stroke
with or without thrombolysis, presumably partly due to
endothelial dysfunction related to renal dysfunction [4,
10]. Previous studies reported a relatively high percentage
of ICH among total stroke in ESRD patients [1, 2]. In ad-
dition, HD is generally given three times per week using
heparin as an anticoagulant, and the activated partial
thromboplastin time often exceeds the normal range. A
unique finding of the present study was the ectopic he-
matoma after rt-PA in patient 4. Since 19-35% of patients
receiving HD had cerebral microbleeds documented on
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Ty*-weighted, gradient echo MRI [11, 12], such micro-
bleeds might have grown to be an overt hematoma in this
patient. Receiving rt-PA soon after stopping HD (al-
though activated partial thromboplastin time returned
to the normal range) and the high baseline blood pressure
that required I'V antihypertensive therapy may have trig-
gered this ICH; the coexistence of such conditions may be
a contraindication to rt-PA.

In spite of several disadvantages, 3 of the present 4
ESRD patients had functional independence 3 months
after rt-PA. Since the study population was small, the ef-
ficacy and risk of IV rt-PA in ESRD patients could not
be determined from this study alone. However, IV rt-PA
does appear to be effective for some ESRD patients. A
comparison between the patient having a poor outcome
and the other patients suggests that initial neurological
severity is a good predictor of outcome after rt-PA, as in
general stroke patients. Moreover, these 4 patients, in-
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