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Background and Purpose—The safety and efficacy of alteplase for ischemic stroke has not been examined in Chinese
patients. We assessed the safety and efficacy of alteplase for acute ischemic stroke in daily clinical practice in Taiwan.

Methods—A prospective, multicenter, observational study was conducted in Taiwan from December 2004 to July 2008.
Eligible patients (241) receiving alteplase were recruited and divided into 2 groups: standard dose (0.90�0.02 mg/kg,
n�125) and lower dose (0.72�0.07 mg/kg, n�116). Primary outcome measures were safety: symptomatic intracerebral
hemorrhage and death within 3 months. The secondary outcome measure was efficacy a modified Rankin scale of 0 to
2 after 3 months.

Results—The standard-dose group had higher rates of symptomatic intracerebral hemorrhage using National Institute of
Neurological Diseases and Stroke, European Cooperative Acute Stroke Study, and Safe Implementation of Thrombol-
ysis in Stroke-Monitoring Study definitions (10.4% versus 5.2%, 8.0% versus 2.6%, and 5.6% versus 1.7%,
respectively) and mortality within 3 months (12.8% versus 6.9%), twice that of the lower-dose group. This pattern was
more prominent in older patients. Significantly higher rates of symptomatic intracerebral hemorrhage per European
Cooperative Acute Stroke Study (15.4% versus 3.3%, P�0.0257) and mortality (21.1% versus 5.0%, P�0.0099) and
significantly lower independence rate (32.6% versus 53.6%, P�0.0311) were observed among patients �70 years old
receiving the standard dose than those receiving the lower dose.

Conclusions—This study suggests that the standard dose of 0.9 mg/kg alteplase may not be optimal for treating aged
Chinese patients. However, the dose of recombinant tissue plasminogen activator for ischemic stroke in Chinese
patients should be based on more broad and convincing evidences and randomized trials of lower versus higher
doses are needed. (Stroke. 2010;41:885-890.)
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Several randomized controlled trials have demonstrated
that in cases of acute ischemic stroke, the administration

of recombinant tissue plasminogen activator (rtPA) treatment
within 3 hours of symptom onset can improve functional
outcomes without increases in severe disability and mor-
tality.1–3 Two observational studies, the Safe Implementation
of Thrombolysis in Stroke-Monitoring Study (SITS-MOST)
in Europe4 and the Canadian Alteplase for Stroke Effective-

ness Study (CASES),5 both confirmed that rtPA is safe and
effective when the treatment protocol is closely followed.
However, intracerebral hemorrhage remains the most feared
side effect of rtPA.6

In America and Europe, the current rtPA dose for acute
ischemic stroke is 0.9 mg/kg. However, because the optimal
dose required for attaining a coronary potency rate of 65% to
80% is 0.5 to 0.75 mg/kg in Japan and China, far lower than
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in Europe and the United States (approximately 1.25 mg/
kg),7–9 a lower dose (0.6 mg/kg) was used in the Japan
Alteplase Clinical Trial (J-ACT). 10 Because the safety and
efficacy of rtPA in the J-ACT were comparable to that in the
National Institute of Neurological Disorders (NINDS) study,1

low-dose alteplase (0.6 mg/kg) for acute ischemic stroke was
approved in Japan in 2005. Later studies in Japan also
confirmed that low-dose therapy has similar outcomes com-
pared with regular-dose therapy in Western patients.11,12

At the end of 2003, Taiwan approved the indication of
alteplase for acute ischemic stroke. However, information on
the benefit–risk profile in the thrombolytic treatment of acute
ischemic stroke in Chinese people was unavailable at that
time. In view of this, the Taiwan Stroke Society initiated a
multicenter, observational study, the Taiwan Thrombolytic
Therapy for Acute Ischemic Stroke (TTT-AIS) study, to
determine if the thrombolytic therapy in routine clinical use
was as safe and effective in Taiwan as in other countries.

Patients and Methods
Study Design
The TTT-AIS study was a prospective, multicenter, observational
study for Taiwan hospitals that used rtPA to treat acute ischemic
stroke. It was similar to the SITS-MOST, an Internet-based, aca-
demic, interactive thrombolysis therapy registration.4 Before launch-
ing the register, we conducted 4 rounds of rtPA workshops nation-
wide and organized National Institutes of Health Stroke Scale
certification tests. All participating physicians had to be board-
certified neurologists. The registered centers entered data online
through a secure Internet connection. During business hours, re-
search staff regularly monitored the quality of the entered data. They
checked baseline data, unit dose, total dose, exact body weight, and
initial and 24-hour cranial CT scan images for subsequent outcome
follow-ups. The exact unit dose was calculated from total dose
divided by exact body weight. Incomplete data were followed and
completed by phone or e-mail. The study committee verified all the
source data. The CT-reading committee members, who were blinded
to patients’ information, read all the CT images for presence of
bleeding and reached consensus. The investigators from each partic-
ipating hospital were responsible for registering all patients treated
with rtPA in their hospitals, agreeing to a source data audit.
Kaohsiung Medical University Hospital’s Institutional Review
Board approved the study proposal, and we obtained written in-
formed consent from all patients. The register started in December
2004 and ended July 31, 2008. The rtPA indications and exclusion
criteria were similar to the SITS-MOST4 study (Supplemental Table
I; available online at http://stroke.ahajournals.org) We also excluded
patients with a National Institutes of Health Stroke Scale (NIHSS)
score of �6 at baseline and CT evidence of significant early
ischemic change (affecting more than one third of the middle
cerebral artery territory).

Outcome Measures
The primary outcome of the TTT-AIS study was safety, which was
assessed by the occurrence of symptomatic intracerebral hemorrhage
(SICH) and death within 3 months. We defined SICH as the NINDS
study did: intracerebral hemorrhage with deterioration of any neu-
rological symptoms (NIHSS score �1) or death. The radiological
definition of hemorrhagic events followed the European Cooperative
Acute Stroke Study (ECASS) classification.2,13 To facilitate compar-
ison with other studies reported in the literature, we also added the
outcome of the incidence rates of SICH defined in SITS-MOST4 (to
be local or remote parenchymal hemorrhage Type 2 on the 22- to
36-hour posttreatment CT scan combined with a neurological dete-
rioration of �4 points on the NIHSS from baseline or from the
lowest NIHSS value between baseline and 24 hours or leading to

death) and defined in ECASS2,13 as any hemorrhage plus a neuro-
logical deterioration of �4 points on the NIHSS baseline or from the
lowest NIHSS value after baseline to 7 days or leading to death. The
secondary outcome was efficacy, which measured functional out-
comes, including the Barthel Index and the modified Rankin Scale
(mRS) 3 months after treatment. A Barthel Index score of 95 to 100
and an mRS score of 0 to 1 at 3 months were considered good
clinical outcomes; an mRS score of 0 to 2 was considered functional
independence; and an mRS score of 5 to 6 was a bad clinical
outcome.

Statistical Analysis
Data were analyzed using SPSS 17 software. Means�SD (for
continuous variables) or percentages (for discrete variables) were
calculated for all baseline data. Groups were compared using the
Student t test for continuous variables and the �2 test for discrete
variables. Mantel-Haenszel extension �2 tests were conducted for
trend analyses of dose responses to SICH. ORs were calculated for
all discrete variables to identify risk factors in univariate and
multivariate analysis for SICH. All statistically significant levels
were defined as P�0.05.

Results
Characteristics of Patients in the Standard-Dose
and Lower-Dose Groups
From December 2004 to July 2008, 244 eligible patients with
acute ischemic strokes who had received thrombolytic ther-
apy from 23 hospitals in Taiwan were enrolled. Three patients
were excluded because rtPA administration was stopped
prematurely during infusion due to the rapid deterioration of
patients’ vital signs. Thus, 241 patients’ data were included
for safety, efficacy, and dose–response analysis. Of these,

Table 1. Demographics and Baseline Characteristics of
Patients With Standard Doses and Lower Doses of Alteplase

Variables

Lower Dose
(0.72�0.07 mg/kg,

n�116)

Standard Dose
(0.90�0.02 mg/kg;

n�125) P Value

Age, years 66.7�13.3 64.9�11.7 0.2505

Gender,
female/male

46/70 50/75 0.9504

Hospital, C/M 32/84 35/90 0.9429

Body weight, kg 66.7�12.3 66.0�13.1 0.6498

Hypertension 86 (74.1%) 86 (68.8%) 0.3597

Diabetes 28 (24.1%) 32 (25.6%) 0.7931

Hyperlipidemia 19 (16.4%) 19 (15.2%) 0.8018

Coronary artery
disease

19 (16.4%) 16 (12.8%) 0.4307

Atrial fibrillation 51 (44.0%) 41 (32.8%) 0.0746

Smoking

Current 31 (26.7%) 35 (28.0%) 0.8244

Previous 12 (10.3%) 12 (9.6%) 0.8470

Aspirin 17 (14.7%) 24 (19.2%) 0.3481

Clopidogrel/
ticlopidine

4 (3.4%) 5 (4.0%) 0.8214

Anticoagulant 6 (4.3%) 9 (7.2%) 0.5151

NIHSS 14.9�6.0 (15, 4–37) 15.9�5.6 (16, 4–33) 0.1886

Time to
treatment

141.6�34.9 137.5�39.4 0.3347

C/M indicates treated in a community hospital/treated in a medical center.
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236 (98%) completed the 1-month follow-up, and 219 (91%)
completed the 3-month mRS; all completed the baseline
image reports, and 234 (97%) completed the follow-up image
reports. The dosage used varied even among the same
medical facilities. We referred a unit dose of 0.90�0.05
mg/kg (0.85 to 0.95) to the standard-dose group and �0.85
mg/kg to the lower-dose group, then 51.8% of patients were
treated with the standard dose (125 patients; mean,
0.90�0.02 mg/kg; median, 0.9 mg/kg; range, 0.86 to 0.95
mg/kg) and 48.2% with a lower dose (116 patients; mean
0.72�0.07 mg/kg; median, 0.7 mg/kg; range, 0.55 to 0.84
mg/kg). The distribution of patients per dose interval of rtPA
dosage used in the medical centers and community hospitals
was similar (Supplemental Figure I, available online at
http://stroke.ahajournals.org). Table 1 shows the baseline data
and demographics of both groups.

Safety and Efficacy
Safety and efficacy outcomes are summarized in Table 2. The
good functional outcomes at 3 months were comparable with
the results of the SITS-MOST, NINDS, and J-ACT studies.
The death within 3 months in this study was less than that in
SITS-MOST and NINDS, but the rates of SICH were slightly
higher than those of SITS-MOST, NINDS, and J-ACT
studies. Because the ECASS II studies13 have nicely showed
the relationship between age and SICH rates, the occurrence

of SICH per ECASS definition in this study was further
analyzed for the safety outcome.

Univariate analyses showed that age �70 years (OR�4.12,
95% CI: 1.10 to 15.36; P�0.0236), standard dose of rtPA
(OR�3.28, 95% CI: 0.88 to 12.21; P�0.0630), clopidogrel/
ticlopidine use (OR�12.56, 95% CI: 3.13 to 50.38;
P�0.0001), and anticoagulant use (OR�5.4, 95% CI: 1.31 to
22.23; P�0.00097) were associated with SICH (per ECASS
definition). Multiple regression analysis showed that age �70
years (P�0.0093), standard dose of rtPA (P�0.0321), clopi-
dogrel/ticlopidine use (P�0.0008), and anticoagulant use
(P�0.0293) were the independent predictors for SICH after
adjustment for hypertension, diabetes, coronary heart disease,
atrial fibrillation, smoking, previous use of clopidogrel or
anticoagulant, baseline NIHSS, treatment in a community
hospital, and time to rtPA treatment. The relationship of age
and dose of alteplase with SICH per ECASS definition is
further illustrated in Figure 1. Figure 1A demonstrates a
borderline positive trend for SICH increases with age
(P�0.0592), and Figure 1B shows a nonsignificant trend for
SICH increases with dose of alteplase (P�0.1317), but the
SICH apparently increases at the standard dose.

Comparison of Outcomes Between Standard- and
Lower-Dose Groups
Because the baseline data from both patient groups were
similar (Table 1), we compared the safety and efficacy
directly (Table 3). The lower-dose group had fewer SICHs
and deaths within 3 months and more functional indepen-
dence. The outcome differences were strengthened after
considering the age and dose interaction. Patients aged �70
years who received both doses had similar baseline variables
and clinical demographics (data not shown); yet, the patients
who received the standard versus the lower dose had signif-
icantly increased mortality within 3 months (21.1% versus
5.0%; absolute difference: 16.1%, P�0.0099) and SICH per
ECASS (15.4% versus 3.3%; absolute difference:12.1%,
P�0.0257) and significantly lower rates of independence
(mRS 0 to 2) at 3 months (32.6% versus 53.6%; absolute
difference: 21.0%, P�0.0311; Table 4). Figure 2 shows that
the lower-dose group for both age categories (ie, �70 and

Table 2. Results of SITS-MOST, NINDS, J-ACT, and TTT-AIS

SITS-MOST NINDS J-ACT TTT-AIS

SICH per NINDS 7.3% 6.4% 5.8% 7.9%

SICH per ECASS 4.6% N/A N/A 5.4%

SICH per SITS-MOST 1.7% N/A N/A 3.7%

Death within 3 months 11.3% 17.0% 9.7% 10.0%

mRS 0–1 at 3 months 38.9% 39.0% 36.9% 39.3%

mRS 0–2 at 3 months 54.8% N/A N/A 53.4%

Barthel Index 95–100 at
3 months

N/A 50.0% 48.5% 43.6%

NIHSS improvement by �4 points
or decreased to 0 at 24 hours

N/A 47.0% 49.5% 39.0%

N/A indicates not available.

Figure 1. SICH on ECASS definition at different doses and ages. A, Rates of SICH in different age groups. B, Rates of SICH with differ-
ent doses.
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�70 years) demonstrated a higher percentage of functional
independence (mRS 0 to 2).

Discussion
The overall safety and efficacy of the TTT-AIS study were
similar to those of the J-ACT, NINDS, and SITS-MOST. The
lower mortality rate of this study may reflect the fact that the
30-day mortality rate for ischemic stroke in Taiwan is
approximately 5% to 8%.14,15 The slightly higher SICH
obtained in our study, compared with J-ACT, NINDS, and
SITS-MOST studies, could be attributed to variations in the
dosages that we used. Because several studies implied that it
is more appropriate to use a lower dose of anticoagulants or
rtPA in Chinese patients than in whites,9,16–18 some neurolo-
gists in Taiwan inferred that the dose of rtPA for acute
ischemic stroke should also be reduced for safety concerns.
Therefore, approximately half of the patients received lower
doses of rtPA in clinical practice (some by doctor’s decision,
some by calculation of the exact unit dose). Although this was
also a kind of protocol violation, we were able to observe and

analyze the differences in the safety/efficacy outcomes be-
tween the standard- and lower-dose groups.

In this study, we found patients who were given the
standard dose had twice the chance of SICH on NINDS,
ECASS, and SITS-MOST definitions (10.4% versus 5.2%,
8.0% versus 2.6%, 5.6% versus 1.7%, respectively) and
mortality within 3 months (12.8% versus 6.9%) compared
with those on the lower dose (Table 3). Considering age, the
SICH (ECASS definition) and mortality rates were statisti-
cally significantly higher in patients �70 years old who
received the standard dose (Table 4). A significantly lower
independence rate was also observed in these patients (Table
4). Thus, this study suggested that the standard dose of
alteplase, 0.9 mg/kg, might not be optimal for treating aged
Chinese patients. However, for patients aged �70 years, there
were no statistical differences in any of the safety and
efficacy parameters between the standard-dose and lower-
dose groups.

Although this study did not demonstrate a significant trend
for SICH increases with dose of alteplase increase, the SICH
rate apparently increased at the standard dose (Figure 1B).
The impact of different alteplase dosages on outcomes in the
treatment of acute ischemic stroke is rarely discussed in the
international neurological society except for the Japanese
study.10–12 However, from dose-finding studies for rtPA19 and
other thrombolytic drugs such as human tissue urokinase type
plasminogen activator20,21 and desmoplase,22 it is suggested
that the higher the dose, the greater the chance of hemorrhage.
The recent Japanese study12 and our study also confirmed this
notion. Besides the safety, clinicians are also concerned about
the efficacy. It is a common argument that a “higher dosage
may have greater efficacy.” However, this argument was not
supported by the findings of the desmoplase study (Desmote-
plase In patients with Acute ischaemic Stroke [DIAS-2])22

and our study. Both studies showed that the functional
independence rates in the higher-dose group were not better
than those in the lower-dose group. Further large-sample
studies will be needed to clarify this issue.

Our study also found that SICH increased as age increased.
The occurrence of SICH surged as high as 9.5% in patients

Table 3. Comparisons of Treatment Results Between Patients
Receiving Standard Doses and Lower Doses of Alteplase

Lower Dose
(0.72�0.07 mg/kg,

n�116)

Standard Dose
(0.90�0.02 mg/kg,

n�125) P Value

SICH per NINDS 6 (5.2%) 13 (10.4%) 0.1324

SICH per ECASS 3 (2.6%) 10 (8.0%) 0.0630

SICH per SITS-MOST 2 (1.7%) 7 (5.6%) 0.1128

Mortality within
3 months

8 (6.9%) 16 (12.8%) 0.1262

mRS 0–2 at
3 months*

60 (58.8%)† 57 (48.7%)‡ 0.1348

mRS 5 and 6 at
3 months*

19 (18.6%)† 25 (21.4%)‡ 0.6137

*Patients completed 3-month assessment.
†n�102.
‡n�117.

Table 4. Comparisons of Treatment Results Between Patients Aged <70 Years and >70 Years Receiving Standard Doses or Lower
Doses of Alteplase

Age �70 Years Age �70 Years

Lower Dose
(0.72�0.07 mg/kg,

n�56)

Standard Dose
(0.90�0.02 mg/kg,

n�73) P Value

Lower Dose
(0.72�0.07 mg/kg,

n�60)

Standard Dose
(0.90�0.02 mg/kg,

n�52) P Value

SICH per NINDS 1 (1.8%) 3 (4.11%) 0.4504 5 (8.3%) 10 (19.2%) 0.0913

SICH per ECASS 1 (1.8%) 2 (2.7%) 0.7216 2 (3.3%) 8 (15.4%) 0.0257

SICH per SITS-MOST 1 (1.8%) 2 (2.7%) 0.7216 1 (1.7%) 5 (9.6%) 0.0624

Death within 3 months 5 (8.9%) 5 (6.9%) 0.6612 3 (5.0%) 11 (21.1%) 0.0099

mRS 0–2 at 3 months* 30 (65.2%)† 41 (60.3%)‡ 0.5947 30 (53.6%)§ 16 (32.6%)� 0.0311

mRS 5 and 6 at 3 months* 7 (15.2%)† 9 (13.2%)‡ 0.7650 12 (21.4%)§ 16 (32.6%)� 0.1944

*Patients completed 3-month assessment.
†n�46.
‡n�68.
§n�56.
�n�49.
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aged 71 to 80 years and 9.1% in patients aged �80 years who
received standard doses (Figure 1A). The safety of rtPA use
in patients �80 years old is still debated.23 The ECASS and
ECASS II studies13 first reported the relationship between age
and rtPA outcome and concluded that older patients had a
higher risk of severe hemorrhagic transformation after receiv-
ing rtPA. Therefore, in Europe, rtPA is not recommended for
patients with stroke �80 years of age for fear of excessive
risk of SICH. Yet, studies from North America, such as the
tPA Stroke Survey24 and CASES25 revealed no association
between age �80 years old and risks of SICH. Taiwan also
followed the European license. However, only 42 patients
�80 years of age were included in the randomized controlled
trial of rtPA.3 Future trials including more patients who are
elderly may resolve this problem. We demonstrated the age
and the dosage interaction in Chinese patients, but the SICH
rates is similar in patients aged 71 to 80 and aged �80 years.
Future studies for thrombolytic drugs in different races are
needed to clarify this issue.

This study has several limitations. First, many patients
were not weighed in emergency rooms. However, we asked
investigators to enter the total dose of rtPA administered in
the emergency room and then to enter the exact body weight
when patients were later weighed during their hospitalization
so we could get the exact unit dose for analysis. Second, we
did not know exactly why some doctors chose the lower dose
for patients. Besides the safety concern, other factors might
have influenced the doctor’s decision and that might bias the
results. However, we just described the results of Taiwan
doctors using rtPA in the real world. Third, some doctors
used thrombolytic therapy in patients �80 years of age, and
that was a protocol violation. However, there were more
patients �80 years of age in the lower-dose group (n�8
versus n�3), which is considered disadvantageous for this
group. Therefore, the results should not be biased. In addi-
tion, the anticoagulant was an independent risk for SICH in
this study and it was used with an international normalized
ratio �1.3 in 15 patients, 9 in the standard-dose group and 6
in the lower-dose group. SICH was found in 3 patients, 2 in
the lower-dose group with 1 aged �70 years and 1 aged �70
years and 1 in the standard-dose group with age �70 years,

that is, anticoagulant use did not favor the results of the
lower-dose group. Fourth, this study showed lower mortality
in the elderly with lower doses than in the younger patients
(Figure 2). This is against general experience. We consider
the lower mortality in the elderly to have been merely chance.
However, if we combined mRS 5 and 6 together as a bad
clinical outcome, then the finding in Figure 2 is consistent
with general clinical experience, that the bad outcome oc-
curred more often in the elderly than in the younger patients.
Fifth, this study is not randomized for the dosage so that the
lower-dose group was actually exposed to a wide range of
doses from 0.55 to 0.84 mg/kg, and we did not have a large
enough sample size to determine the optimal dose for Chinese
patients in this study. Sixth, the number of patients was
relatively small; interpretation of the subgroup analyses (such
as age) should be taken with caution because that the data
may represent bias. Currently, we are organizing another
observational study and expecting an additional �500 pa-
tients who have received thrombolytic therapy and can be
added for analysis to determine the appropriate dose.

In conclusion, our study did not support use of standard-
dose alteplase (0.9 mg/kg) for treatment of acute ischemic
stroke in Chinese patients, particularly for the aged groups.
However, the dose of rtPA for Chinese patients should be
based on more broad and convincing evidence. A larger,
prospective cohort of patients treated at lower doses will be
needed to determine the optimal dose of alteplase for Chinese
patients, and a randomized trial of lower versus higher doses
would be required to assess whether people of Chinese origin
should be given a lower dose of alteplase.
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Schwamm LH, Leal JS, Söhngen M, Teal PA, Wilhelm-Ogunbiyi K,
Wintermark M, Warach S. Intravenous desmoteplase in patients with
acute ischaemic stroke selected by MRI perfusion–diffusion weighted
imaging or perfusion CT (DIAS-2): a prospective, randomised, double-
blind, placebo-controlled study. Lancet Neurol. 2009;8:141–150.

23. Engelter ST, Bonati LH, Lyrer PA. Intravenous thrombolysis in stroke
patients of � or �80 versus �80 years of age—a systematic review
across cohort studies. Age Ageing. 2006;35:572–580.

24. Tanne D, Gorman MJ, Bates VE, Kasner SE, Scott P, Verro P, Binder JR,
Dayno JM, Schultz LR, Levine SR. Intravenous tissue plasminogen
activator for acute ischemic stroke in patients aged 80 years and older: the
tPA stroke survey experience. Stroke. 2000;31:370–375.

25. Sylaja PN, Cote R, Buchan AM, Hill MD; Canadian Alteplase for Stroke
Effectiveness Study (CASES) Investigators. Thrombolysis in patients
older than 80 years with acute ischaemic stroke: Canadian Alteplase for
Stroke Effectiveness Study. J Neurol Neurosurg Psychiatry. 2006;77:
826–829.

890 Stroke May 2010


