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Abstract
Background The risk of symptomatic intracranial
haemorrhage (sICH) after thrombolysis is low but severe.
Lower dose of alteplase may reduce the risk of sICH. We
aim to identify subsets of patients who could beneﬁt from
lower dose of alteplase compared with standard dose.
Methods Data from two observational registries were
pooled together. A total of 3479 patients who had acute
ischaemic stroke were entered into the interaction tree
model. The response variable was the rate of sICH per the
definition of the National Institute of Neurological Disorders
and Stroke Study. Clinical improvement was measured by
the National Institutes of Health Stroke Scale (NIHSS) and
defined as NIHSS 0 or 1 or an improvement of more than
4 points (within 7 days or at discharge). Rare event logistic
regression was performed to analyse the OR of safety
outcome.
Results To optimise the interaction effect between tissue
plasminogen activator (tPA) dosage (standard/lower) and
patient subgroups, three subgroups based on the severity
of stroke were identified: (1) NIHSS ≤4, (2) NIHSS between
5 and 14, and (3) NIHSS ≥15. The estimated difference of
OR of having sICH was 2.71 (95% CI 0.80 to 7.69, p=0.10)
for mild, 0.13 (95% CI 0.02 to 0.68, p=0.01) for moderate,
and 0.65 (95% CI 0.19 to 2.55, p=0.52) for severe,
respectively. In addition, patients who had moderate stroke
treated with lower dose had comparable efficacy outcome
(OR 1.23, 95% CI 0.71 to 2.13, p=0.45).
Conclusion Our analysis demonstrated that in patients
who had moderate stroke, lower doses of alteplase are
associated with significant sICH reduction and non-inferior
performance in efficacy, compared with those in the
standard dose group.
Trial registration number The TIMS-China was a national
prospective stroke registry on thrombolytic therapy using
intravenous tPA in patients who had acute ischaemic
stroke. The results were initially published in 2012 without
a clinical trial registration number. The Shanghai Stroke
Service System was registered at www.clinicaltrial.gov
(NCT02735226).

Introduction
Although intravenous tissue plasminogen
activator (tPA) is the standard treatment
for patients who had acute ischaemic stroke
(AIS), lower dosage of tPA has not been well

studied until the completion of the Enhanced
Control of Hypertension and Thrombolysis
Stroke Study (ENCHANTED).1 In the earlier
pilot studies of AIS,2 3 limited dose tiers were
explored. Since the National Institute of
Neurological Disorders and Stroke Study
(NINDS) was published, there have been
many debates on the appropriate dosages of
intravenous tPA,4 especially for AIS in Asian
populations.5–10
Several subgroup studies have focused on the
prediction models for symptomatic intracranial
haemorrhage (sICH) or poor outcome related
to intravenous tPA.11–15 However, there is a clinically relevant net positive effect of intravenous
tPA in treating patients with AIS that outweighs
the risk of sICH.14 This finding also applies to
those treated with lower doses of tPA.1–3 16 On
the other hand, in the subset of patients who
had ischaemic stroke with high risk of bleeding,
there is limited evidence on whether they could
benefit from a lower dose of intravenous tPA.
Furthermore, low-
dose intravenous tPA may
have its applications for the following reasons:
more affordable in developing countries and
possibly a safer option for elderly patients with
AIS.17
In the present study, cluster analysis was used
to identify those who could benefit from lower
doses of intravenous tPA. Cluster analysis uses
algorithms to group a patient population in a
data-driven manner, without any predesigned
definitions. It is different from the subgroup
analysis of large trials,1 where populations are
predefined and statistical testing is used to
identify differences. Our cluster analysis was
conducted using the data pooled from two
observational registries that studied differences
in the rate of sICH and clinical outcome in
patients who had a stroke treated with either
standard or lower doses of intravenous tPA. The
objective of this cluster analysis was to identify
patients who could beneﬁt the most from lower
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Methods
Clinical study design and subjects
Data from two observational registries were pooled. The
Thrombolysis Implementation and Monitor of Acute
Ischemic Stroke in China (TIMS-
China) study was a
national prospective stroke registry of thrombolytic
therapy with intravenous tPA in patients with AIS.6 Started
in May 2007, TIMS-China included 167 centres and 1109
patients who were treated with intravenous tPA within 4.5
hours of onset. The Shanghai Stroke Service System (4S)
was designed as an ongoing prospective regional stroke
network registry.18 In 2013, the 4S registry was initiated
to include 11 regional stroke centres in Shanghai with a
web-based database using automatic extraction from the
electronic medical record systems.17 The 4S database has
enrolled 2370 patients who were treated with intravenous
tPA by 30 June 2014. The ethical reviews were approved
and declared in both these registries.6 18
All participants in the TIMS-
China and participants
treated with intravenous tPA in the 4S during 2013–2014
were included in this analysis. All inclusion and exclusion
criteria have been published previously.6 18 The characteristics of the patients in the two databases are listed in
online supplementary table 1. Patients in TIMS-China
suffered from more severe strokes and had more history
of stroke, who were also more likely to have been treated
with lower doses of tPA. In 4S, more patients were female,
had milder stroke and had more history of diabetes. Due
to the heterogeneity and limited sample size of patients
treated with lower doses of intravenous tPA, the two databases were pooled together in order to achieve a better
representation of the general response to intravenous tPA
in the Chinese population.
Cluster analysis methodology
A machine-learning method interaction tree with recursive partitioning19 was used to perform the subgroup
analysis. The interaction tree model recursively partitions
patients into subgroups in order to maximise the intervention effect of dosage on the risk of sICH across the
subgroups. This methodology has been used in a couple
of medical studies, such as in atrial fibrillation and stroke
rehabilitation,19–21 but has not been applied in any acute
stroke study. Based on the distribution of dosages (online
supplementary figure 1) and the fact that 12% of patients
were treated with lower dosages, more than 0.8 mg/kg
was considered a standard dose. This cut-off dosage was
selected in consideration of a conservative approach but
with better reliability.
The response variable was the rate of sICH per the
NINDS intracranial haemorrhage definition. The efficacy outcome was measured by an improvement in the
National Institutes of Health Stroke Scale (NIHSS) score.

Such clinical improvement was defined as NIHSS 0 or
1 or an improvement of more than 4 points (within 7
days or at discharge) from admission. The following variables were included in the analysis and entered into the
building of the interaction tree: demographics (sex and
age), history (smoking, hypertension, diabetes, atrial
fibrillation, transient ischaemic attack/stroke), clinical
condition as measured by NIHSS and onset to needle
time. These variables were considered as risk factors in
previous sICH models.11–15
Modelling to define the tree: unsupervised analysis
The interaction tree partitions patients to optimise the
heterogeneity of IV tPA effects on sICH across all patient
subgroups.18 This partitioning algorithm split a parent
group into two daughter groups so that the interaction
effect between intravenous tPA and the daughter groups
on sICH was maximised. The algorithm then took each
daughter group as a parent group and repeated partitioning until the size of the daughter group reached a
desired level. The analysis was conducted using the statistical software R.
Validation of the interaction model
Bias-reduced logistic regression models for rare events22
were performed to compare the effects between lower and
standard dosages within each identified patient subgroup
on sICH and improvement on the secondary outcome.
Results
From the pooled data of 4S and TIMS-
China, 3479
patients were included in this study. One in six had lower
doses of intravenous tPA in the TIMS-China database and
the ratio was 1 in 10 in 4S. The interaction tree model
is demonstrated in figure 1. NIHSS score was selected
by the interaction tree as the partitioning criterion, and
three patient subgroups were identified: (1) mild stroke:
NIHSS ≤4; (2) moderate stroke: NIHSS between 5 and 14;
and (3) severe stroke: NIHSS ≥15.
Conventional variables used as classifiers, such as age
and diabetes mellitus, did not drive the clustering. The
findings were further confirmed using the bias-reduced
logistic regression model for rare events (table 1). For
patients with moderate severity of stroke, lower dose of
intravenous tPA had less risk of sICH (OR 0.13, 95% CI
0.02 to 0.68, p=0.01 for moderate stroke). No similar
trend was seen in patients who had mild or severe stroke
(OR 2.71, 95% CI 0.80 to 7.69, p=0.10 for mild stroke;
OR 0.65, 95% CI 0.19 to 2.55, p=0.52 for severe stroke).
However, we noted that both the lower and standard
doses had comparable efficacy for all three groups.
Furthermore, we found that the patients in the mild
stroke group were younger, male predominant and had
fewer vascular risk factors, while the patients in the severe
stroke group had the shortest onset-to-treatment interval
and the highest risk of developing sICH (table 2). Since
the patients who had severe stroke were split out first,
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doses of intravenous tPA, but with lower rate of sICH and
similar efficacy in outcome compared with those treated
with standard dose.
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they were also compared in the clinical settings (online
supplementary table 3).
Among each severity subgroup, we analysed the rates
of sICH and efficacy at different dosage levels of intravenous tPA (online supplementary table 2). Although the
incidence of sICH was limited in each subset of dosages,
there was a trend showing that in patients with moderate
severity of stroke, the lower the dose of tPA, the less the
risk of having sICH. There was no significant association
between intravenous tPA dosages and risk of sICH among
patients who had mild and severe strokes.
Discussion
From this cluster analysis, patients with moderate
severity of stroke treated with low dosage of intravenous
tPA had comparable efficacy and lower risk of sICH
in comparison with those treated with the standard
dose. Patients who had more severe stroke were likely
to have higher risk of developing sICH. Therefore,
the benefit of a lower dose of intravenous tPA was only
found in patients with moderate severity of stroke. No

such benefit was seen when the homogeneity of intravenous tPA effects was maintained within mild and severe
patient subgroups.
The safety of giving intravenous tPA to patients who
had stroke has been a concern for all neurologists. Overtreatment could be costly and risky. On the other hand,
undertreatment would not improve neurological deficits
and cause potential severe disability. A recent editorial
called for more research on the right dosage level of
intravenous tPA for Asians with AIS.22 Asia now has 60%
of the world’s stroke victims. However, the average cost of
one dose of tPA has increased 111% in one decade, from
US$3050 to US$6430, making the acute phase treatment
medical cost a financial challenge in Asia. Interestingly,
the ENCHANTED trial with 63% Asian patients enrolled
and which used non-inferiority design to compare low
versus standard doses of intravenous tPA failed.1 10 The
sample size of Chinese patients in ENCHANTED was
relatively small to draw the conclusion. This ‘Asian’ tPA
dosage debate is an ideal scenario where evidence-based
medicine is crucial and where the medical guidelines

Table 1 Rare event logistic regression of interventional effect on efficacy and safety among groups
n (%)

n1 (%)

n2 (%)

OR

95% CI

P value

Interventional effect on clinical improvement
 Mild stroke
283 (32.7)
65 (63.1)

496 (66.9)

0.81

0.51 to 1.28

0.3554

 Moderate stroke

704 (39.5)

122 (58.1)

899 (59.3)

1.23

0.71 to 2.13

0.4551

 Severe stroke

245 (30.4)

59 (64.8)

416 (66.1)

1.12

0.58 to 2.17

0.7278

Interventional effect on sICH
 Mild stroke

17 (1.97)

4 (3.77)

13 (1.71)

2.71

0.80 to 7.69

0.1026

 Moderate stroke
 Severe stroke

59 (3.31)
71 (8.80)

2 (0.94)
14 (13.3)

57 (3.63)
57 (8.12)

0.13
0.65

0.02 to 0.68
0.19 to 2.55

0.0159*
0.5180

Groups: mild: NIHSS 0–4; moderate: NIHSS 5–14; severe: NIHSS ≥15.
*P<0.05. Compared with those treated with standard dosage, patients treated with lower dosage of tPA have significantly less risk of sICH.
n1, number in low dose group; n2, number in standard dose group; n, total sample size in each group; NIHSS, National Institutes of Health
Stroke Scale; sICH, symptomatic intracranial haemorrhage; tPA, tissue plasminogen activator.
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Figure 1 Interaction tree generated by supervised cluster analysis. This picture illustrates the process of interaction tree
model. Group C was first split out, which showed the heterogeneity between group C and the rest in aspects of tPA effects
on sICH. Then group A and group B were separated. NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic
intracranial haemorrhage; tPA, tissue plasminogen activator.
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Mild stroke
n=865
Number of lower dosage (%)
Age (years), n

Moderate stroke
n=1784

106 (12.25)

212 (11.88)

Severe stroke
n=807
105 (13.01)

P value
0.719
<0.001

39

95

17

 45–64

464

803

269

 ≥65

357

872

515

Sex: male, n (%)

583 (67.40)

1193 (66.87)

2.933

2.833

 Hypertension

526 (60.81)

1051 (58.91)

503 (62.33)

0.235

 Diabetes

185 (21.39)

378 (21.19)

156 (19.33)

0.496

 Stroke

82 (9.48)

220 (12.33)

132 (16.36)

0.0001

 TIA

17 (1.97)

71 (3.98)

 Atrial fibrillation

59 (6.82)

266 (14.91)

 <45

Median onset to needle, hours

463 (57.37)

<0.0001

2.667

<0.0001

History and risk factors, n (%)

Outcome, n (%)
 sICH
 Clinical improvement

37 (4.58)
273 (33.83)

0.008
<0.0001

 
17 (1.97)
582 (67.3)

59 (3.31)
1080 (60.5)

71 (8.80）
475 (58.9)

<0.0001
0.0001

Groups: mild: NIHSS 0–4; moderate: NIHSS 5–14; severe: NIHSS ≥15.
NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracranial haemorrhage; TIA, transient ischaemic attack.

based on studies in the West may not totally apply to Asian
and Chinese patients.
In this study, cluster analysis used algorithms to group a
patient population without an a priori hypothesis, which
was quite different from the subgroup analyses of data
from a larger trial.1 The result of our cluster analysis identified that patients with moderate severity of stroke would
beneﬁt the most from lower doses of intravenous tPA. In
this subgroup, lower doses of intravenous tPA were effective as standard dose, but with a reduction in the rate of
sICH.
There were several limitations to this study. The major
weakness was the outcome measure. Although the modified Rankin score at 3 months is recognised as efficacious
in acute stroke reperfusion, the registry lacks follow-up
data. Several reperfusion studies also use improvement
in NIHSS score as supportive data in early response
assessment.23–25 Similarly, there were varied sICH definitions used, such as the ECASS ((European Cooperative
Acute Stroke Study) and SITS-MOST(Safe Implementation of Thrombolysis in Stroke-Monitoring Study) definitions. The NINDS definition was more reliable and we
only recorded NIHSS score at baseline and after tPA. In
addition, the cluster analysis was also limited due to its
retrospective nature, and only the variables collected at
baseline were accessed. In addition, splitting into groups
was automated by a computer-driven algorithm in order
to maximise treatment differences. Hence, the result may
not be as robust, and external validation using larger
sample databases is still needed.

Conclusion
In conclusion, a cluster analysis of patients treated
with varying dosages of intravenous tPA from two large
AIS registries in China has identified the responses in
three distinct groups of subjects who had a stroke based
on severity. These patients responded differently to
low doses of tPA versus standard dose. Patients in the
moderate severity stroke cluster experienced a significantly greater reduction in the rate of sICH, yet with
similar efficacy. Those in the other two groups had no
additional benefit in terms of reduction in the rate of
sICH. This study highlights the potential for a personalised approach to the treatment of patients with AIS. The
findings also suggest that data-driven clustering methodology can be used to generate useful information to
guide clinical practice and generate potential hypotheses for future studies.
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