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AbsTrACT
background and purpose Data on the efficacy and safety 
of alteplase for acute ischaemic stroke (AIS) administered 
3–4.5 hours after the onset of stroke symptoms in Chinese 
patients is limited. We sought to determine whether AIS 
patients would benefit from thrombolysis with alteplase 
between 3 and 4.5 hours after the onset of stroke 
symptoms in a prospective, multicentre, single- arm trial in 
China.
Materials and methods Eligible AIS patients were 
given 0.9 mg/kg alteplase intravenously. The primary 
efficacy endpoint was a favourable outcome at 3 months, 
defined as a score of 0 or 1 on the modified Rankin 
Scale. Thresholds for the primary efficacy endpoint were 
determined to be 40% based on the literature review. The 
primary safety endpoint was symptomatic intracranial 
haemorrhage (sICH) according to the European Cooperative 
Acute Stroke Study III (ECASS III) trial definition. Post hoc 
analysis between this study and the ECASS III trial were 
compared using the propensity score matching (PSM) 
method.
results A total of 120 eligible AIS patients from 11 
sites in China received thrombolysis therapy in this 
study. The median time from onset of symptoms to 
needle was 3 hours 54 min. The percentage of patients 
with a favourable outcome was 63.3% (95% CI 54.4 to 
71.4), significantly higher than the predefined threshold 
(p<0.0001). Three patients (2.5%, 95% CI 0.5 to 7.1) had 
sICH, including two fatal sICH. Six patients died within 3 
months after treatment. The post hoc PSM analysis showed 
a numerically higher rate of the primary efficacy endpoint 
in this study (63.3%) than the matched placebo arm 
(56.7%) in the ECASS III trial.
Conclusions Intravenous alteplase with a standard dose 
administered between 3 and 4.5 hours after onset of 
symptoms is effective and safe for Chinese AIS patients.
Trial registration number NCT02930837

InTroduCTIon
The European Cooperative Acute Stroke 
Study (ECASS III) has demonstrated that 
intravenous alteplase administrated between 
3 and 4.5 hours after the onset of symptoms 
significantly improved clinical outcomes in 
patients with acute ischaemic stroke (AIS).1 
The subgroup analysis in ECASS III trial 

supported the use of alteplase up to 4.5 hours 
after the onset of stroke symptoms in various 
subgroups, including patients with older age, 
higher National Institutes of Health Stroke 
Scale (NIHSS) and longer time within the 
time window.2 In the meta- analysis or pooled 
analysis studies, intravenous alteplase was 
found effective and safe when delivered 
within 4.5 hours of stroke onset.3–5 The Safe 
Implementation of Treatment in Stroke- 
International Stroke Thrombolysis Registry 
(SITS- ISTR), a prospective observational 
study, demonstrated the effectiveness and 
safety for intravenous alteplase treated with 
the extended time window from 3 hours to 
within 4.5 hours after stroke onset in real 
world clinical setting.6–9 Hence, the American 
Stroke Association guideline recommended 
the use of alteplase in AIS patients in the 3 to 
4.5 hours time window.10 11

The Safe Implementation of Thrombolysis 
in Stroke- Non- European Union World identi-
fied intravenous alteplase to be effective and 
safe in an Asian population when used within 
3 hours of stroke onset.12 Several observa-
tional studies in Asian countries showed no 
significant difference in the efficacy and safety 
for thrombolysis treatment with intravenous 
alteplase in AIS between the 0–3 hours group 
and the 3–4.5 hours group.13–15 However, there 
have been no clinical trials for intravenous 
thrombolysis with alteplase in AIS patients 
between 3 and 4.5 hours in China, despite 
the ample evidence in the Western coun-
tries. Thrombolysis with alteplase is recom-
mended for eligible AIS patients between 3 
and 4.5 hour after onset of stroke symptoms 
by the national guideline in China since 
2010.16 Under such circumstance, a head- 
to- head comparison between the alteplase 
and the placebo in a randomised controlled 
trial is impractical. We conducted a multi-
centre, prospective, single- arm, open- label 
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study, in which the primary outcome was compared with 
the predefined threshold based on the data from the 
literature review.3–5 A post hoc analysis was conducted 
to compare the primary efficacy endpoint between this 
study and the propensity score matched arms from the 
ECASS III trial.

MATerIAls And MeThods
study design and patients
In this phase III, prospective, multicentre, open- label 
and single- arm study, eligible patients aged 18–80 years 
were enrolled in the study if they had received a clinical 
diagnosis of AIS, and were able to initiate thrombolytic 
therapy with alteplase within 3–4.5 hours after the onset 
of symptoms. A cerebral CT or MRI scan was required 
before alteplase administration to exclude intracra-
nial haemorrhage (ICH). The inclusion and exclusion 
criteria are shown in online supplementary table I, 
which were similar to the ECASS III trial.1 Patients were 
enrolled from 11 sites in China between December 2016 
and December 2017. All patients or their legally author-
ised representatives provided written informed consent 
before enrolment. The study was conducted in accord-
ance with the guidelines of the International Council for 
Harmonization- Good Clinical Practice and the Declara-
tion of Helsinki.

study drug treatments and concomitant medication
Eligible patients were given 0.9 mg of alteplase per kg, 
administered intravenously (with an upper limit of 
90 mg), with 10% as a bolus and the remaining 90% 
infused continuously over 60 min. Administration of 
intravenous heparin, oral anticoagulants, antiplatelet 
agents (ie, aspirin), haemorrheologic agents, brain 
protective drugs (eg, calcium channel blockers) and 
volume expanders (eg, such as dextran and hydroxyethyl 
starch) were prohibited during the first 24 hours after 
completion of the study drug infusion. However, the use 
of low dose (≤10 000 IU) subcutaneous or equivalent 
doses of low- molecular- weight heparin for deep venous 
thrombosis prophylaxis was permitted during the first 
24 hours.

Clinical and image evaluation
Neurological deficit was evaluated with the NIHSS17 18 at 
baseline, at 2 and 24 hours, as well as at 7, 30 and 90 days 
after the start of treatment. The disability was measured 
with modified Rankin Scale (mRS)19 at 30 and 90 days. 
Barthel Index Score20 was used to assess the recovery 
of neurological functions at 30 and 90 days. Glasgow 
Outcome Scale score21 was assessed the recovery at 90 
days. All the measurements were performed by the inves-
tigators. CT or MRI scan was performed prior to alteplase 
treatment, between 22 and 36 hours after starting treat-
ment, and additional scans were performed at the discre-
tion of the investigator.

outcome measures
The primary efficacy endpoint was a favourable outcome 
defined by a mRS of 0–1 at 3 months after onset of symp-
toms by face- to- face interview with patient. The secondary 
efficacy endpoint was a global outcome, measuring the 
percentage of patients who met the composite favourable 
outcomes (mRS score of 0–1, Barthel Index Score ≥95, 
NIHSS score of 0 or 1 and Glasgow Outcome Scale score 
of 1) at 3 months.

The primary safety endpoint was symptomatic ICH 
(sICH) according to the ECASS III criteria,1 including 
any apparent extravascular blood in the brain or within 
the cranium that was associated with clinical deteriora-
tion (defined by an increase in the NIHSS score of 4 or 
more points), or that led to death and was identified as 
the predominant cause of the neurological deteriora-
tion. The primary safety endpoint was evaluated by the 
data monitoring committee (DMC) consultants inde-
pendently. Other safety endpoints included mortality rate 
within 3 months, death related to stroke or neurological 
causes, cerebral herniation and symptomatic cerebral 
oedema and other adverse events (AEs).

statistical method
Sample size was considered both from efficacy and safety 
perspectives. For the primary efficacy endpoint, the 
percentage of patients with a favourable outcome was 
estimated from a historical review of intravenous throm-
bolytic therapy of alteplase within 3–4.5 hours after onset 
of symptoms. In the ECASS III study, the percentage of 
patients with a favourable outcome was 52.4%, and in the 
TIMS- China study as well as the SITS- ISTR study, those 
with favourable outcomes were 60.9% and 40.5%, respec-
tively.3–5 Hence the predefined threshold for the primary 
efficacy endpoint was 40%. Assuming the percentage of 
patients with a favourable outcome in Chinese patients 
to be 55%, we calculated that about 120 patients in the 
single arm would be required to provide a power of 90% 
to rule out the percentage of patients with a favourable 
outcome of 40% or lower. For the safety evaluation, an 
assumed sICH rate of 2.4% (3 sICH events out of 120 
patients), with an exact binomial 95% CI of 0.48% to 
6.99% (confidence width of 6.51%) was considered as 
achieving a reasonable estimation precision.

Efficacy and safety endpoints were assessed in the 
treated set population which included all enrolled 
patients who received any dose of study drug of alteplase. 
For the primary endpoint, the percentage of patients with 
a favourable outcome at 3 months was calculated along 
with its 95% CI. A one- sample test was performed at two- 
sided significance level of 0.05. The rate of sICH within 
3 months and its 95% CI was calculated for the primary 
safety endpoint. The other binary endpoints, the percent-
ages and the CIs were also calculated accordingly.

A post hoc exploratory analysis was performed to 
compare the data of this study to the landmark ECASS 
III trial on the primary efficacy and safety endpoints as 
well as death, using Nearest Available Neighbour method 
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Table 1 Demographic and baseline characteristics

Present trial ECASS III trial

Alteplase arm
(n=120)

Alteplase arm
(n=120*)

Placebo arm
(n=120*)

Age ±SD, years 61.1±10.8 61.4±13.4 62.2±13.0

Male, % 80.0 80.8 71.7

Weight±SD, kg 67.2±13 70.8±13 71.4±11

NIHSS score       

  Mean±SD 6.9±4.7 7.9±3.6 8.3±4.3

  Median (IQR) 6.0 (3.0–9.0) 7.0 (6.0–10.0) 7.0 (5.0–10.0)

Systolic blood pressure ±SD, mm Hg 152.0±18.7 153.2±17.8 151.6±22.0

Diastolic blood pressure ±SD, mm Hg 88.5±12.5 87.8±11.2 85.6±14.6

Diabetes, % 17.5 16.7 15.0

Hypertension, % 52.5 54.2 47.5

Atrial flutter or fibrillation, % 15.0 13.3 15.8

History of stroke, % 10.8 8.3 10.0

Prior use of antithrombotic, N (%) 2 (1.7) – –

Time from onset to needle       

  Median (IQR) 3 hours 54 min
(3 hours 32 min–
4 hours 10 min)

3 hours 56 min
(3 hours 43 min–
4 hours 15 min)

3 hours 54 min
(3 hours 40 min–
4 hours 12 min)

By 0.5 hours period, %       

  ≥3.0 to ≤3.5 hours 21.7 15.8 15.8

  >3.5 to ≤4.0 hours 39.2 45.0 49.2

  >4.0 to ≤4.5 hours 39.2 39.2 35.0

*The number of patients was based on Propensity Score Matching method at a 1:1:1 ratio, adjusted factors including age, gender, weight, 
baseline NIHSS score, blood pressure (systolic and diastolic), diabetes, hypertension, atrial flutter or fibrillation, history of stroke and time to 
treatment initiation.
ECASS III, European Cooperative Acute Stroke Study III; NIHSS, National Institutes of Health Stroke Scale.

for Propensity Score Matching (PSM)22: 120 patients 
each were matched to ECASS III trial alteplase and 
placebo arms. The number of patients was based on PSM 
method at a 1:1:1 ratio, with adjusted factors including 
age, gender, weight, baseline NIHSS score, blood pres-
sure (systolic and diastolic), diabetes, hypertension, atrial 
flutter or fibrillation, history of stroke and time to treat-
ment initiation.

resulTs
Patients disposition and baseline characteristics
Between 12 December 2016 and 11 December 2017, 120 
were enrolled and received the alteplase treatment within 
3–4.5 hours after onset of symptoms (online supplemen-
tary material 1). Baseline demographic and characteris-
tics are detailed in table 1.

The mean age of patients was 61.1 (±10.8) years, the 
majority being male (80.0%). The baseline median 
NIHSS score was 6.0 (range 1–21), with nearly half of 
patients (46.7%) scoring 4–9, and two patients (1.7%) 
scoring >20. The median time from onset of symp-
toms to needle was 3 hours 54 min. A total of 21.7% 
of patients received alteplase at 3.0–3.5 hours after 

onset of symptoms, 39.2% of patients each received 
alteplase within the time window of 3.5–4.0 hours and 
4.0–4.5 hours, respectively. A total of 10.8% of patients 
experienced prior stroke. Antiplatelet treatment was 
delivered in 1.7% of the patients before thrombolysis 
with alteplase, and 2.5% within 24 hours after throm-
bolysis. Thirty patients (25.0%) received anticoagula-
tion therapy, none of the anticoagulation therapy began 
within 24 hours after thrombolysis .

efficacy outcomes
The primary endpoint and secondary endpoint, including 
the individual neurological and disability scores are 
shown in table 2. Seventy- six out of 120 patients (63.3%, 
95% CI 54.4 to 71.4) achieved the primary endpoint of a 
favourable outcome (mRS 0–1) at 3 months after alteplase 
treatment. The percentage of patients with a favourable 
outcome was significantly higher than the predefined 
threshold of 40% (p<0.0001). For the secondary effi-
cacy endpoint, 66 patients (55.0%) achieved the global 
outcome response (95% CI 46.1 to 63.6). There was 
no significant difference for the proportion of favour-
able outcome in the three groups based on the time of 
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Table 2 Primary and secondary efficacy endpoints at 3 months

Endpoints
N (%)

Present trial ECASS III trial

Alteplase 
arm
(n=120)

Alteplase 
arm
(n=120*)

Placebo 
arm
(n=120*)

OR
(95% CI)† P value†

OR‡
(95% CI) P value‡

Primary endpoint

  mRS score of 0 or 1 76 (63.3) 74 (61.7) 68 (56.7) 1.07 (0.64 to 1.81) 0.79 1.32 (0.79 to 2.22) 0.29

Secondary endpoint

  Global outcome 66 (55.0) – – – – – –

  mRS score of 0 or 1 76 (63.3) 74 (61.7%) 68 (56.7%) 1.07 (0.64 to 1.81) 0.79 1.32 (0.79 to 2.22) 0.29

  Barthel Index Score ≥95 79 (65.8) 87 (72.5%) 87 (72.5%) 0.73 (0.42 to 1.27) 0.26 0.73 (0.42 to 1.27) 0.26

  NIHSS score of 0 or 1 68 (56.7) 72 (60.0%) 69 (57.5%) 0.87 (0.52 to 1.46) 0.60 0.97 (0.58 to 1.61) 0.90

  GOS score of 1 83 (69.2) 74 (61.7%) 69 (57.5%) 1.39 (0.82 to 2.38) 0.22 1.66 (0.98 to 2.82) 0.06

The OR of alteplase arm in this trial versus ECASS III trial placebo arm.
* Matched groups in the ECASSIII trial to this trial with the Propensity Score Matching (PSM) method,adjusted factors including age, 
gender, weight, baseline NIHSS score, blood pressure (systolic and diastolic), diabetes, hypertension, atrial flutter or fibrillation, history of 
stroke, and time to treatment initiation.
†Comparasion between the altplase group in this trial and the matched altplase group in the ECASSIII trial
‡ Comparasion between altplase group in this trial and the matched placebo group in the ECASSIII trial.
ECASS III, European Cooperative Acute Stroke Study III; GOS, Glasgow Outcome Scale; mRS, modified Rankin Scale; NIHSS, National 
Institutes of Health Stroke Scale.

Figure 1 Comparation of the function outcome by the 
3- month mRS in this trial to the matched ECASS III trial 
arms using PSM method at a 1:1:1 ratio. The proportin of 
favourable outcome was 63.3% in this trial, as compared 
with 61.7% in the matched ECASS III trial alteplase arm 
(OR 1.07, 95% CI 0.64 to 1.81) and 56.7% in the matched 
placebo arm (OR 1.32, 95% CI 0.79 to 2.22). ECASS III, 
European Cooperative Acute Stroke Study III; mRS,modified 
Rankin Scale; PSM, propensity score matching. * indicates 
the number of patients was based on Propensity Score 
Matching (PSM) method .

treatment: 3–3.5, 3.5–4 and 4–4.5 hours (online supple-
mentary table II).

A total of 120 patients each were matched to ECASS 
III trial alteplase and placebo arms after PSM. PSM anal-
ysis showed that the percentage of patients with a favour-
able outcome in this trial was comparable to the matched 
ECASS III trial alteplase arm (63.3% vs 61.7%; OR 1.07, 
95% CI 0.64 to 1.81), and demonstrated a numerical 
improvement compared with the matched placebo arm 
(63.3% vs 56.7%; OR 1.32, 95% CI 0.79 to 2.22; table 2). 
The mRS distribution is shown in figure 1.

safety outcomes
For the primary safety endpoint, 3 patients (2.5%, 95% CI 
0.5 to 7.1) had sICH based on the independent DMC 
consultant’s evaluation (table 3). All of those sICH events 
occurred within 24 hours after starting alteplase treatment 
and were considered drug- related as assessed by the inves-
tigator; two resulted in death. All of those sICH occurred 
in three patients without heparin (online supplementary 
table III).

A total of 7 out of 120 patients (5.8%) died, 4 between 2 
and 7 days, 2 between 8 and 30 days, and 1 at 100 days. Five 
death cases were considered related to stroke or neuro-
logical causes. Cerebral herniation was reported in two 
patients. Symptomatic cerebral oedema was reported in 
three patients, all of whom were those experienced sICH. 
A total of 23 patients (19.2%) experienced serious AEs 
(SAEs). Drug- related AEs were reported in 15 patients 
(12.5%). All SAEs categorised by system organ class are 
shown in table 4.

In the PSM analysis, two patients (1.7%) in the matched 
ECASS III trial alteplase arm and none in the matched 
placebo arm reported sICH. Seven patients (5.8%) died 
in each matched alteplase and placebo arms within 3 
months, respectively.

dIsCussIon
In this prospective, single- arm and multicentre phase 
III trial, alteplase was effective in Chinese AIS patients 
given within 3–4.5 hours after onset of symptoms. The 
majority of patients had a favourable outcome of mRS 
0–1 (63.3%) at 3 months after thrombolytic therapy with 
alteplase, which was significantly higher than the prede-
fined threshold of 40% (p<0.0001). The main result in 
this study was similar with the result in the ECASS III trial 
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Table 3 Overall summary of AEs

Endpoints
N (%)

Present trial
(treated population)

ECASS III
(intention- to- treat population)

Alteplase arm
(n=120)

Alteplase arm
(n=120*)

Placebo arm
(n=120*)

Drug- related AEs 15 (12.5) – –

SAEs 23 (19.2) – –

ICH 10 (8.3) – –

sICH† 3 (2.5)‡ 2 (1.7) 0 (0.0)

Death within 3 months 6 (5.0) 7 (5.8) 7 (5.8)

Death within overall period 7 (5.8) 8 (6.7) 7 (5.8)

Symptomatic oedema 3 (2.5) – –

Cerebral herniation 2 (1.7) – –

*The number of patients was based on Propensity Score Matching (PSM) method.
† sICH defined according to ECASS III criteria.
‡Exact 95% CI 0.5 to 7.1; 95% Wilson Score 95% CI 0.9 to 7.1.
AE, adverse event; ECASS III, European Cooperative Acute Stroke Study III; SAE, serious adverse event; sICH, symptomatic intracranial 
haemorrhage.

Table 4 SAEs within 3 months by system organ class

Present trial
(n=120)

No of patients with SAEs 23 (19.2)

SAEs by system organ class

  Cardiac disorders 1 (0.8)

  Eye disorders 1 (0.8)

  Gastrointestinal disorders 1 (0.8)

  Hepatobiliary disorders 2 (1.7)

  Infections and infestations 4 (3.3)

  Injury, poisoning and procedural complications 2 (1.7)

  Musculoskeletal and connective tissue disorders 1 (0.8)

  Neoplasms benign, malignant and unspecified 
(including cysts and polyps)

1 (0.8)

  Nervous system disorders 11 (9.2)

  Respiratory, thoracic and mediastinal disorders 3 (2.5)

SAE, serious adverse event.

and supported the routine use of intravenous alteplase 
for AIS between 3 and 4.5 hours time window.

This study demonstrated the tendency for the efficacy 
of intravenous thrombolytic therapy with alteplase in AIS 
up to 4.5 hours after the stroke symptoms onset in the 
further PSM analysis. The efficacy of intravenous alteplase 
in AIS can be modified by factors such as the treatment 
delay, age and baseline stroke severity.6 Compared with 
the ECASS III trial and the meta- analysis, the patients in 
this study were younger with lower baseline NIHSS scores. 
The median age was 61 years old while the median base-
line NIHSS was 6 in this study, compared with 65 years 
old and 9 in the alteplase group or 66 years old and 10 
in placebo group in the ECASS III trial.1 The treatment 
delay were about 4 hours, similar among different trials. 
To balance these baseline characters, we compared the 

primary efficacy outcome in this single- arm study with the 
placebo arm in the ECASS III trial using PSM method. 
The percentage of patients with a favourable outcome 
(mRS 0–1) at 3 months in this study (63.3%) was numeric 
higher than the matched placebo arm (56.7%) in the 
ECASS III trial.

No new safety concern or difference in safety profile of 
alteplase was observed in this study. The 3 months sICH rate 
of this study (2.5%) was generally comparable to the whole 
ECASS III trial alteplase arm (2.4%; 10/418), although 
it was higher than that in the matched placebo group in 
the ECASS III trial.1 In TIMS- China study, no difference in 
sICH rates between TIMS- China and other previous trials 
was observed after using different definitions from different 
trials to evaluate the sICH.15 The overall mortality was 
comparable between this study (5.8%) and the matched 
placebo arm in the ECASS III trial.

This study is the first multicentre, prospective trial to 
evaluate the efficacy and safety of alteplase in Chinese 
patients with AIS given within 3–4.5 hours after onset 
of symptoms. There were some limitations in this study. 
First, this study is a single- arm study without a control arm 
which could result in difficulty with result interpretation. 
However, at the time of study initiation, alteplase was the 
most effective treatment of AIS and clinical evidence 
also supported the use of intravenous alteplase within 
3–4.5 hours after onset of symptoms,11 12 thus it would not 
be ethical nor feasible to include a placebo arm in this 
study. Although a post hoc analysis using PSM method 
was performed to balance the important baseline char-
acters including the age, stroke severity, treat time delay 
associated to the outcome, other potential factors may 
have an effect on the efficacy and the safety. At the same 
time, since the outcome measurement was not blinded, 
information bias may exist. Second, the threshold of 
40% for the primary endpoint was defined based on the 
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historical data from the ECASS III, TIMS- China and SITS- 
ISTR study, in which the lowest rate was chosen as the 
ineffective boundary.3–5

ConClusIon
Administration of intravenous alteplase in Chinese AIS 
patients within 3–4.5 hours after onset of symptoms is 
effective and safe.
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