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Background: The efficacy and safety of intravenous alteplase administered 3-4.5 h after
acute ischemic stroke have been demonstrated. However, whether responses differ
between low-dose and standard-dose alteplase during this time window and whether
certain subgroups benefit more remain unknown.

Patients and Methods: The current analysis was based on a multicenter
matched-cohort study conducted in Taiwan. The treatment group comprised 378
patients receiving intravenous alteplase 3-4.5 h after stroke onset, and the control group
comprised 378 age- and sex-matched patients who did not receive alteplase treatment
during the same period. Standard- and low-dose alteplase was administered to patients
at the physician’s discretion.

Results: Overall, patients receiving alteplase exhibited more favorable outcomes than
did controls [34.0 vs. 22.7%; odds ratio (OR): 1.75, 95% confidence interval (Cl):
1.27-1.42], and the effectiveness was consistent in all subgroups. Although patients
in the standard-dose group (n = 182) were younger than those in the low-dose (n
= 192) group, the proportions of patients with favorable outcomes (36.3 vs. 31.8%;
OR: 1.22, 95% CI: 0.80-1.88) and symptomatic hemorrhage (2.8 vs 4.2%; OR: 0.65,
95% ClI: 0.21-2.02) were consistently comparable in a covariate-adjusted model and
an age-matched cohort. In the subgroup analysis, patients with cardioembolism, atrial
fibrillation, and hypercholesterolemia were more likely to achieve favorable outcomes after
receiving standard-dose than low-dose alteplase.
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Conclusion: Inthe 3-4.5 h time window, the effectiveness and safety of standard-dose
and low-dose alteplase may be comparable. A standard dose may be selected for
patients with cardioembolism, atrial fibrillation, or hypercholesterolemia.

Keywords: thrombolysis, alteplase, rt-PA, atrial fibrillation, hypercholesterolemia

INTRODUCTION

The efficacy and safety of intravenous thrombolysis with
0.9 mg/kg alteplase at 3-4.5h after acute ischemic stroke
(AIS) were first demonstrated in the European Cooperative
Acute Stroke Study III [ECASS III; (1)] and have been
subsequently verified by a meta-analysis (2) and several real-
world studies (3-5). Intravenous alteplase treatment for AIS
within 4.5h of symptom onset is currently recommended
by various professional organizations (6-9). However, the
Food and Drug Administrations in the United States and
Taiwan have yet to approve the use of alteplase in the time
window of 3-4.5 h.

Whether a low dose of alteplase reduces the risk of
intracerebral hemorrhage (ICH) with similar effectiveness as
that of a standard dose has long been debated. The ENhanced
Control of Hypertension And Thrombolysis strokE stuDy
(ENCHANTED) demonstrated that although low-dose alteplase
was not non-inferior to standard-dose alteplase in reducing death
and disability when used within 4.5 h of stroke onset, significantly
fewer symptomatic ICH (sICH) events were reported in the low-
dose group than in the standard-dose group (10). Currently,
0.6 mg/kg is the only approved low dose for alteplase in
Japan; moreover, low-dose alteplase is commonly used in several
other Asian countries, including Taiwan, for safety and cost
reduction (11).

Most studies comparing standard-dose and low-dose alteplase
have included patients treated within 3 or 4.5h; however, few
studies have specifically emphasized the time window of 3-
4.5h. Because the response to alteplase treatment may gradually
decrease with time, whether a low dose can achieve similar
effectiveness as that of a standard dose in the time window
of 3-4.5h remains unknown. Additionally, whether certain
patient subgroups may benefit more from standard-dose or low-
dose alteplase merits investigation. Therefore, in this study, we
analyzed data of a published multicenter matched-cohort study
in Taiwan that had demonstrated the real-world effectiveness
of alteplase administered in the time window of 3-4.5h after
symptom onset (12).

METHODS
Study Design

This study involved the analysis of data from a multicenter,
retrospective, matched-cohort study initiated by the Taiwan
Stroke Society to evaluate the effectiveness and safety of
intravenous alteplase at 3-4.5 h after symptom onset in patients
with AIS. The detailed study protocol and results have been
published, and the present study is a subgroup analysis of the

primary study (12). Briefly, data were extracted from 16 hospitals
participating in the Taiwan Stroke Registry, which contains
prospectively collected data on patients’ basic demographic
characteristics and risk factors, clinical course and treatment,
and etiology and outcomes of stroke. The study period was
from January 2008 to December 2017. The use of data from
the Taiwan Stroke Registry was approved by the Institutional
Review Board of National Taiwan University Hospital (Research
Ethical Committee No. 201801064RINC) and informed consent
was waived because this was a retrospective analysis of the
prospective stroke registry. All study methods were performed
in accordance with the Declaration of Helsinki. The data used in
the present study can be obtained from the corresponding author
on reasonable request.

Study Population

Although this was not a randomized controlled trial, we enrolled
patients at a 1:1 ratio according to whether they received
intravenous alteplase (treatment group) or not (control group)
within the specified time window. Patients >18 years old with a
clinical diagnosis of AIS were included in the analysis. Patients
in the treatment group received intravenous alteplase within
a time window of 3-4.5h after stroke onset; their treatment
complied with the regulations of the Taiwan Food and Drug
Administration and the reimbursement criteria of the National
Health Insurance program in Taiwan (13). For each patient in
the treatment group, one age- and sex-matched patient arriving
at the emergency room in the same hospital within 2-4.5h,
but not receiving intravenous alteplase, was enrolled into the
control group. The rationale behind selecting 2h as a lower
limit of onset-to-door time was that thrombolysis could not be
administered to these patients within 3 h. In addition, patients
were assigned to the control group only if they did not have
any obvious contraindication to intravenous alteplase. Patients
who received any other reperfusion therapy such as intra-arterial
thrombolysis or endovascular thrombectomy were excluded
from the current analysis.

The Taiwan Food and Drug Administration has approved
the administration of 0.9 mg/kg intravenous alteplase for AIS
as the standard dose in clinical practice. In addition, the Taiwan
Food and Drug Administration has recommended that low-dose
(0.6 mg/kg) intravenous alteplase may be associated with lower
sICH risk on the basis of the results in the ENCHANTED and
Taiwan Thrombolytic Therapy for Acute Ischemic Stroke (TTT-
AIS) trials (10, 14). In clinical practice, a standard or low dose
is used according to the treating physicians’ initial evaluation of
the patient and professional discretion. Generally, physicians in
Taiwan prefer using low-dose alteplase in patients >70 years old
on the basis of the results of the TTT-AIS study (14).
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Clinical Characteristics and Outcome

Measures

The demographic profile, body weight, and vascular risk factors
(namely hypertension, diabetes mellitus, hyperlipidemia,
previous ischemic stroke, ischemic heart disease, atrial
fibrillation, and ever or current smoking) of the study patients
were documented. Furthermore, the initial National Institute
of Health Stroke Scale (NIHSS) score, blood pressure, and
laboratory data (including glucose, creatinine, platelets, and
international normalized ratio) at the index stroke event
were recorded. The NIHSS score was recorded at least once
every day in the first 3 days and then recorded according
to regional clinical practice. Hyperlipidemia was defined
as receiving of lipid-lowering agents or having one of the
following: fasting serum total cholesterol > 200 mg/dl, fasting
serum low-density lipoprotein cholesterol > 130 mg/dl,
fasting serum high-density lipoprotein < 40 mg/dl, or fasting
serum triglyceride > 150 mg/dl. Hyperlipidemia was further
classified as hypercholesterolemia (total cholesterol > 200
mg/dl or low-density lipoprotein cholesterol > 130 mg/dl) or
hypertriglyceridemia (triglyceride > 150 mg/dl). Ischemic stroke
was classified into the subtypes large-artery atherosclerosis, small
vessel occlusion, cardioembolism, and others on the basis of
the Trial of Org 10172 in the Acute Stroke Treatment (TOAST)
classification (15).

The primary effectiveness outcome was the percentage of
patients with favorable functional outcomes as defined by
modified Rankin Scale (mRS) scores of 01 at 90 days after
index stroke event. The secondary effectiveness outcomes were
the percentage of patients with mRS scores of 02 at 90 days
and early neurological deterioration (END), which was defined
as an increase in the NIHSS score by two or more points
from the initial or the lowest NIHSS score between the time of
admission and 72h. The safety outcomes were any ICH event
after thrombolysis and sSICH occurrence as defined by the ECASS
III criteria (1). To detect ICH, a brain computed tomography
or magnetic resonance imaging scan was routinely performed at
24-36h after thrombolysis.

Statistical Analysis
The original study consisted of 748 eligible patients (original
cohort), of whom 374 received alteplase (alteplase cohort)
and 374 did not receive alteplase (control cohort). In the
original cohort, the baseline characteristics were comparable,
as reported in the published article [Supplemental Table 1;
(12)]. The demographic, clinical, and laboratory profiles were
compared between the standard-dose and low-dose groups in the
alteplase cohort by using the Mann-Whitney U test or chi-square
test, as appropriate. An additional comparison was performed
between patients treated with alteplase (standard and low doses)
and controls. Because a considerable age gap existed between
patients treated with standard and low doses of alteplase, the
cohorts were age- and NIHSS score-matched by using the SAS
PSMATCH procedure.

The effectiveness and safety outcomes (expressed in
percentage) of the standard-dose and low-dose groups in

TABLE 1 | Baseline characteristics of patients who were given standard-dose and
low-dose alteplase vs. controls.

Characteristics Standard dose Low dose Control
(n=182) (n=192) (n =374)
Age (year) 63 (563-72) 72 (63-79)* 69 (60-77)
Age=70y, n (%) 53 (29.1) 107 (55.7) 183 (48.9)f
Age>80Y, n (%) 16 (8.8) 40 (20.8) 70 (18.7)t
Male sex, n (%) 123 (67.6) 128 (66.7) 251 (67.1)
Body weight (Kg) 63 (56-75) 65 (56-71) 65 (56-73)
Stroke subtype
LAA 40 (22.0) 7 (24.5) 97 (25.9)
SVO 32 (17.6) 2 (11.5) 75 (20.1)
CE 52 (28.6) 66 (34.4) 108 (28.9)
Others 58 (31.9) 7 (29.7) 94 (25.1)
NIHSS 11 (7-17) 0(6-17) 9 (5-15)H+
Systolic BP (mmHg) 156 (136-181) 158 (141-182) 161 (138-182)
Diastolic BP (mmHg) 92 (81-106) 88 (77-100)* 90 (79-102)
Onset-to-needle (min) 195 (184-215) 205 (190-238)* -
Door-to-needle (min) 67 (51-99) 64 (50-87) -
Medical history
Hypertension 136 (74.7) 146 (76.0) 291 (77.8)
Diabetes mellitus 62 (34.1) 75 (39.1) 160 (42.8)F
Previous stroke 32 (17.6) 43 (22.4) 97 (25.9)F
Diabetes mellitus with 14.(7.7) 23 (12.0) 45 (12.0)
previous stroke
Ischemic heart disease 19 (10.4) 6 (13.5) 38 (10.2)
Atrial fibrillation 55 (30.2) 72 (37.5) 113 (30.2)
Hyperlipidemia 101 (55.5) 98 (51.0) 201 (63.7)
Hypercholesterolemia 82 (45.1) 2 (47.9) 175 (46.8)
Hypertriglyceridemia 40 (22.0) 27 (14.1)* 64 (17.1)
Ever smoking 57 (31.3) 71 (37.0) 137 (36.6)
Current smoker 51 (28.0) 52 (27.1) 98 (26.2)
Prior antiplatelet use 35(19.2) 47 (24.5) 99 (26.5)
Prior anticoagulant use 5(2.8) 5(2.6) 16 (4.3)
Laboratory data
Glucose (mg/dl) 132 (112-172) 133 (105-180) 130 (110-182)
INR 1.00 (0.96-1.07)  0.99 (0.94-1.05) 1.00 (0.95-1.06)
Creatinine (mg/dl) 1.01(0.85-1.34) 1.00 (0.80-1.27) 1.00 (0.80-1.30)
(

Platelet count 221 (178-258) 201 (166-236)° 203 (168-251)t

(105/mm?®)

Outcome

mRS 0-1 66 (36.3) 61(31.8) 85 (22.7)H+
mRS 0-2 92 (50.6) 87 (45.9) 150 (40.1)F
END 23 (12.6) 33(17.2) 73 (19.5)1
Any ICH 29 (15.9) 36 (18.8) 32 (8.6)1F
Symptomatic ICH 5(2.8) 8(4.2) 9(2.4)

All variables were compared between patients receiving standard-dose and the low-
dose alteplase first. Additional comparisons were performed between the controls and
standard-dose or low-groups. *P < 0.05 between the standard-dose and the low-dose
groups. TP < 0.05 between the standard-dose group and control; P < 0.05 between
the low-dose group and control.

BR, blood pressure; CE, cardioembolism; END, early neurological deterioration, ICH,
intracerebral hemorrhage; INR, international normalized ratio; mRS, modified Rankin
Scale; LAA, large-artery atherosclerosis; NIHSS, national institute of health stroke scale;
SVO, small vessel occlusion.
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FIGURE 1 | Proportions of clinical outcomes between the standard-dose and low-dose groups according to age. (A) Favorable outcome (modified Rankin Scale
score 01); (B) early neurological deterioration; (C) any intracerebral hemorrhage (ICH); and (D) symptomatic ICH.
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the alteplase cohort were plotted by age at 10-year intervals
(<50, 5059, 6069, 7079, and >80), and the trend between the
age groups and alteplase dose was tested using the generalized
linear mixed model. To compare clinical outcomes between
the standard-dose and low-dose groups, logistic regression
analyses were performed with effectiveness (mRS scores 01,
mRS scores 02, and END) and safety outcomes (any ICH and
sICH event) as dependent variables. First, an unadjusted analysis
was performed, and the crude odds ratio (OR) was calculated.
Subsequently, a multivariable analysis was performed and
adjusted for covariates that were significantly associated with
outcomes in the univariate analysis (Supplemental Table 2). The
covariates were age, NIHSS score, diabetes mellitus, previous
ischemic stroke, and atrial fibrillation for mRS score 01; NIHSS
score, diabetes mellitus, and atrial fibrillation for END; and male
sex, NIHSS score, diabetes mellitus, and atrial fibrillation for any
ICH event. Symptomatic ICH was not adjusted for in the analysis
owing to its rarity. Furthermore, unadjusted logistic regression
analyses were performed between the matched patients of the
standard-dose and low-dose groups.

To explore which subgroup may benefit more from the
treatment (alteplase vs. control or standard dose vs. low
dose), logistic regression analyses were performed with
effectiveness outcomes as the dependent variable and clinical
variables, treatment, and interaction terms between the clinical
variables and treatment as the predictors. Statistically significant
interaction terms in the subgroup analyses implied that treatment

effects may differ in the subgroup. All statistical analyses were
performed using SAS version 9.4 (SAS Institute Inc, Cary, NC,
USA), and a P-value of <0.05 indicated significance.

RESULTS
Patient Characteristics

Baseline demographics, vascular risk factors, laboratory results,
and stroke profiles of patients in the standard-dose alteplase (n
= 182), low-dose alteplase (n = 192), and control (n = 374)
groups are summarized in Table 1. Patients in the low-dose
group were significantly older than those in the standard-dose
group (69.5 &+ 12.4 vs. 62.5 £ 13.1 years, P < 0.0001). The
door-to-needle time was comparable between the two groups,
whereas the onset-to-needle time was longer in the low-dose
group. The age- and NIHSS score-matched cohorts comprised
65 patients each at a 1:1 ratio. The median age was 68 years in
both the groups, and their demographic profiles were comparable
(Supplemental Table 3).

Clinical Outcomes Between Patients
Treated With Standard-Dose and

Low-Dose Alteplase

Figure 1 presents the distribution of favorable functional
outcomes (mRS scores 01), END, any ICH event, and sICH
by age at the 10-year intervals between the standard-dose and
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TABLE 2 | Outcomes of patients receiving standard-dose and low-dose alteplase.

Clinical outcome Standard-dose Low-dose Crude OR (95% CI) Covariate-adjusted OR (95% CI) Matched cohort OR (95% CI)
mRS 0-1 66 (36.26) 61(31.77) 1.22 (0.80-1.88 0.96 (0.85-1.61) 0.87 (0.43-1.80)
mRS 0-2 92 (50.55) 87 (45.31) 1.23 (0.82-1.85 1.08 (0.65-1.78) 0.94 (0.47-1.87)
END 23 (12.64) 33(17.19) 0.70 (0.39-1.24 0.75 (0.41-1.37) 0.89 (0.35-2.27)
Any ICH 29 (15.93) 36 (18.75) 0.82 (0.48-1.41 0.86 (0.47-1.56) 0.88 (0.33-2.34)
Symptomatic ICH 5(2.75) 8(4.17) 0.65 (0.21-2.02 0.65 (0.21-2.02)* 0.49 (0.04-5.57)

*Symptomatic ICH outcome was not further adjusted with covariates owing to its rarity.

END, early neurological deterioration; ICH, intracerebral hemorrhage; mRS, modified Rankin Scale.

OmRSO OmRS1 EmRS2 EmRS3 EmRS4 EmRSS5 HEmMRS6

CONTROL = 6.4% 16.3%
LOW DOSE 12.0%
STANDARD DOSE 22.0%
LOW DOSE (MATCHED) 13.8% 23.1%
STANDARD DOSE (MATCHED) 21.5% 12.3%
FIGURE 2 | Distribution of modified Rankin Scale scores at 90 days after stroke, according to the treatment groups.

low-dose groups. Despite the trend of fewer favorable outcomes
(Pirena = 0.0002) and more ICH events (Pje,q = 0.06) with
increasing age, no significant age and dose interaction effect was
observed for all clinical outcomes. For mRS scores 0-1, 36.3% and
31.8% of patients exhibited the primary effectiveness outcome
in the standard-dose and low-dose groups, respectively (OR =
1.22, 95% confidence interval [CI] = 0.80-1.88, P = 0.36). For
mRS scores 02, the corresponding proportions were 50.6% and
453% (OR = 1.23, 95% CI = 0.82-1.85). Compared with the
low-dose group, fewer patients reported END, any ICH event,
and sICH in the standard-dose group, although the results were
nonsignificant (Table 2).

In the covariate-adjusted model, the results were overall
comparable when the point estimates moved toward null as
expected. However, in the matched cohort, the proportions of
patients exhibiting favorable outcome were 33.9% and 36.9% in
the standard-dose and low-dose groups, respectively (OR = 0.87,

95% CI = 0.43-1.80; Figure 2). The point estimates of other
outcomes were similar to those of the alteplase cohort.

Subgroup Analysis of Effectiveness

Outcomes
In the original cohort (alteplase vs. control), no clinical variable
significantly influenced the primary outcome (all Pjnteraction >
0.05; Table 3 and Figure 3A), indicating that the effectiveness of
alteplase was consistent in all patient subgroups. These included
subgroups that would otherwise be excluded from the ECASS III
trial, such as patients aged >80 years (Pinteraction = 0.89), those
with concomitant diabetes mellitus and prior stroke (Pinteraction
= 0.37), and those using oral anticoagulants (Piueraction = 0.15).
In the alteplase cohort (standard dose vs. low dose),
significant interactions were observed between the alteplase
dose and the presence of atrial fibrillation (Pjuteraction = 0.01)
as well as between the alteplase dose and the presence of
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TABLE 3 | Subgroup analysis of the effectiveness of alteplase in yielding favorable
outcome.

Variables N OR 95% CI Pinteraction

Age <70y 405 1.571  1.040-2.373 0.558
>70y 343 1926 1.118-3.318
<80y 622 1.697  1.205-2.389 0.888
>80y 116 1.857 0.555-6.216

Sex Male 502 1.611  1.095-2.370 0.441
Female 246 2131 1.172-3.877

Hypertension Yes 573 1.636 1.124-2.379 0.530
No 175 2.078  1.088-3.967

Diabetes mellitus Yes 297 1.437 0.813-2.538 0.483
No 451  1.843 1.2356-2.749

Previous stroke Yes 172 1.495  0.698-3.740 0.791
No 576 1.707  1.199-2.430

Diabetes mellitus with Yes 82 3.267 0.779-13.701 0.370

previous stroke No 666 1.666 1.191-2.329

Ischemic heart disease Yes 83 1.799 0.633-5.115 0.964
No 665 1.754  1.247-2.466

Atrial fibrillation Yes 240 2216  1.146-4.288 0.475
No 508 1.680 1.152-2.451

Hyperlipidemia Yes 400 1.610 1.041-2.490 0.579
No 348 1936  1.194-3.139

Hypercholesterolemia Yes 349 1.444  0.909-2.296 0.262
No 399 2.094 1.330-3.296

Hypertriglyceridemia Yes 131 1.444  0.909-2.296 0.952
No 617 2.094  1.330-3.296

Smoking habit Yes 255 1.367 0.807-2.316 0.240
No 483 2.042  1.351-3.085

Current smoking Yes 201 1450 0.804-2.615 0.462
No 547  1.889 1.281-2.787

Prior antiplatelet use Yes 181 1.111 0.5642-2.278 0.181
No 567 1.924 1.334-2.775

Prior anticoagulant use Yes 26 10.00 0.915-109.2 0.145
No 722 1.665 1.200-2.310

Initial NIHSS score <10 202 2.122 1.421-3.169 0.966
>10 546 2.086 1.042-4.174

Ischemic stroke types LAA 184 1.147  0.561-2.346 0.614
SVO 129 2.057  0.984-4.031
CE 226 1.892  1.022-3.504
Others 209 2.016  1.112-3.656

Favorable outcome was defined as a modified Rankin Scale score of 0 or 1.
CE, cardioembolism; LAA, large-artery atherosclerosis; NIHSS, national institute of health
stroke scale; SVO, small vessel occlusion.

hypercholesterolemia (Pjseraction = 0.01; Table 4 and Figure 3B).
In patients with atrial fibrillation, administration of a standard
dose resulted in higher odds of favorable outcomes than using
a low dose (OR = 2.80, 95% CI = 1.24-6.32); in patients
without atrial fibrillation, opposite results were obtained (OR
= 0.82, 95% CI = 0.49-1.38). Furthermore, administration
of a standard dose was associated with favorable outcome in
patients with hypercholesterolemia (OR = 2.23, 95% CI = 1.17-
4.26) but not in patients without hypercholesterolemia (OR =

0.73, 95% CI = 0.41-1.32). Regarding ischemic stroke type,
administration of standard-dose alteplase was associated with
favorable outcome only in patients with the cardioembolism
subtype (OR = 2.49, 95% CI = 1.12-5.54). The interaction
effect between the alteplase dose and atrial fibrillation remained
significant even after adjustment for age and NIHSS score
(Pinteraction = 0.03) or in the matched cohort (Piuteraction = 0.04).
On the other hand, the interaction effect between the dose and
hypercholesterolemia persisted in the age- and NIHSS score-
adjusted model (Pinteraction = 0.04) but not in the matched
cohort (Pinteraction = 0.38). No significant interaction was noted
between the occurrence of any ICH event and clinical variables
(all Pintemction > 0.05; Table 5)

DISCUSSION

The present study demonstrated that in the time window of
3-4.5h after AIS onset, patients who received thrombolysis
with intravenous alteplase exhibited functional improvement
compared with controls, and the results were consistent
across patient subgroups. Moreover, standard-dose and
low-dose  alteplase  exhibited comparable effectiveness
and safety in this time window, although the standard
dose may be preferred in patients with atrial fibrillation
or hypercholesterolemia.

The main novelty of our study is the comparison of the
effectiveness of standard-dose and low-dose alteplase in the late
time window, which has never been specifically investigated
before. Japan proposed the use of low-dose alteplase at 0.6
mg/kg in 2006 on the basis of the results of an uncontrolled,
open-label parallel study, in which the thrombolytic agent was
administered within 3h (16). This low-dose approach was soon
adopted by neighboring Asian countries such as China, Korea,
and Taiwan; however, several observational studies have reported
contrary results regarding the benefit of the low-dose regimen
(14,17, 18). Notably, comparative studies using standard- or low-
dose alteplase unquestionably extended the time limit to 4.5h
following the publication of the ECASS III trial in 2008, although
the ECASS III trial only demonstrated the benefit of 0.9 mg/kg
alteplase within 3-4.5h (1).

To date, the strongest evidence of the effectiveness of low-
dose alteplase administration within a window of 3-4.5h was
provided by the ENCHANTED trial published in 2016, which
included patients who were given alteplase within 4.5 h of stroke
onset (10). In the subgroup analysis of the ENCHANTED trial,
no significant interaction was observed between the alteplase
dose and time from onset to randomization (<3 vs. >3h). In
the >3-h subgroup (i.e.,, 3-4.5h), the proportion of death and
disability was 51.1% in the low-dose group and 50.1% in the
standard-dose group (OR = 1.04, 95% CI = 0.84-1.30). In a
study published in 2019 that included data of 6,250 patients from
nine stroke registries in six Asian countries (the largest real-
world data-based study to date) and compared the effectiveness
of low-dose and standard-dose alteplase (11), the adjusted odds
of death and disability or sSICH were not significantly different
between the low-dose and standard-dose groups. Although no

Frontiers in Neurology | www.frontiersin.org

February 2022 | Volume 13 | Article 763963


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Chen et al. Standard- vs. Low-Dose Alteplase in 3-4.5 h
A alteplase vs control B standard-dose vs low-dose
Pinteraction R Pinteraction
<70 —— 0515 <701 me— 0515
=70 2701 +—e—i
Age 3 Age :
<80 D ———i <80 ——
£ : 0.338 Seoberi 0.338
Sex E Sex H
Male i—e—i 0.165 Male] —+—¢— 0.165
Female ——————— Female —————i
Hypertension i Hypertension 4
Yes (—— 0.588 Yes e 0.588
No ——————— No{ +—e——1
Diabetes mellitus : Diabetes mellitus :
Yes e 0.806 Yes] +—o——— 0.806
No P —e—i No ——i
Previous ischemic stroke ; Previous ischemic stroke ;
Yes ——— 0.466 Yes] —e—t——m 0.466
No P —e— No e
Ischemic heart disease : Ischemic heart disease :
Yes : 0453 Yes : 0453
No P —e— No —e—
Atrial fibrillation : Atrial fibrillation i
Yes {1 0.013 Yes j 0.013
No | —— No —-i—i
Hyperlipidemia f Hyperlipidemia i
Yes —— 0.063 Yes — 0.063
No ; ——— No ———
Hypercholesterolemia f Hypercholesterolemia i
—— 0.013 | ———e] 0.013
No P——— No ——i
Hypertriglyceridemeia : Hypertriglyceridemeia :
Yes H————————— 0.181 Yesq{ r—e——— 0.181
No P —— No v—-o—u
Smoking habit : Smoking habit :
Yes ————— 0.506 Yes ——————— 0.506
No P ——— No ——i
Curren smoking i Curren smoking :
Yes ——— 0.814 Yes —— 0.814
No P —— No ——
Initial NIHSS : Initial NIHSS :
<10 P 0.338 <10 e— 0.338
>10 —————————————— >10 ————————— i
Ischemic stroke type Ischemic stroke type i
LAA —— 0.140 LAA] —o—— 0.140
svo —— svol —e———
CE —————i CE H
Others |, —| Othersq{__+—&——i
T T T T T T T 1 T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
favor control < —> favor alteplase Odds ratio favor low-dose <— —> favor standard-dose Odds ratio
FIGURE 3 | Subgroup analysis between patients treated with (A) alteplase vs. control and (B) standard-dose vs. low-dose alteplase.

significant interaction was observed between the alteplase dose
and time (<3 vs. >3 h; Pinseraction = 0.395), a trend favoring low-
dose alteplase was noted in the >3-h subgroup (OR = 0.75 for
death and disability, 95% CI = 0.51-1.10) compared with the
<3-h subgroup (OR = 1.13, 95% CI = 0.93-1.37).

In comparison, our study only enrolled patients treated within
a window of 3-4.5h; this study might be the first matched-
cohort study in Asia with a quasi-randomized control design
to specifically consider this indication. The original goal of this
study was to demonstrate the benefit of alteplase administered
within a window of 3-4.5h in comparison with the control.
Further subgroup analyses revealed that the effectiveness and
safety outcome were numerically higher in patients who were
given standard-dose alteplase than in those who were given
low-dose alteplase. Because of the observational study design,
confounding by indication is inevitable, and physicians tend to
prescribe low-dose alteplase for older patients. This is partly
attributed to a finding reported by a multicenter study in Taiwan
that a low dose of 0.6 mg/kg is associated with improved
functional outcomes in elderly patients [71-80 years; (14)]. In
our study, the overall effectiveness diminished with increasing
age, irrespective of the alteplase dose used. Thus, more favorable
outcomes may be observed in the standard-dose group. To
overcome this selection bias, an age- and severity-matched cohort

was created, and the results revealed a slightly greater number of
favorable outcomes in the low-dose group than in the standard-
dose group (36.9 vs. 33.9%). However, the aforementioned results
were nonsignificant. Nevertheless, the present results do not
preclude the use of a standard dose in older patients within the
3-4.5-h time window, even in those of Asian ethnicity.

A low-dose regimen, however, was associated with
significantly lower sICH occurrence rate (1.0 vs. 2.1%, P =
0.01) in the ENCHANTED trial (10). Furthermore, a multicenter
study in Taiwan revealed that in elderly patients (7180 years),
the rate of sSICH occurrence increased significantly as the dose
increased (14). Our study, however, found that the rates of
any ICH event and sICH occurrence were nonsignificantly
higher in the low-dose group than in the standard-dose group.
This may be related to the higher age in the low-dose group.
However, no obvious interaction effect between age and the
alteplase dose on ICH was observed (Figure 1), and the result
remained consistent in age-adjusted or age-matched analyses.
Certain unobserved factors in the low-dose group may have
contributed to a higher sICH rate, or it could have occurred
by chance given the low event rates. Our study results indicate
that standard-dose alteplase within 3-4.5h of stroke onset can
be administered without causing an absolute increase in the
risk of hemorrhage.
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TABLE 4 | Subgroup analysis of the effectiveness of standard-dose vs. low-dose
alteplase.

TABLE 5 | Subgroup analysis of the safety (all ICH) of standard-dose vs. low-dose
alteplase.

Variables N OR 95% ClI Pinteraction Variables N OR 95% CI Pinteraction

Age strata <70y 214 1.14 0.65-1.99 0.62 Age <70y 214 0.757  0.357-1.602 0.538
>70y 160 0.83 0.38-1.80 >70y 160 1.073  0.472-2.436
<80y 318  1.14  0.72-1.79 0.34 <80y 318 0.752  0.417-1.355 0.341
>80y 56 0.38  0.04-3.44 >80y 56 1.571  0.388-6.369

Sex Male 251 0.99 0.59-1.67 0.17 Sex Male 251 0914  0.442-1.890 0.674
Female 123 1.92  0.89-4.15 Female 123 0.722  0.317-1.648

Hypertension Yes 282 1.31 0.79-2.17 0.59 Hypertension Yes 282 0.745 0.406-1.373 0.485
No 92 1.00  0.44-2.30 No 92 1197  0.368-3.895

Diabetes mellitus Yes 137 1.09 0.49-2.41 0.81 Diabetes mellitus Yes 137 0.941 0.430-2.058 0.731
No 237  1.23  0.73-2.07 No 237 0.777  0.363-1.663

Previous stroke Yes 75 0.74 0.16-2.77 0.47 Previous stroke Yes 75 1.010 0.311-3.278 0.706
No 299 124 0.78-1.98 No 299 0.783  0.426-1.436

Diabetes mellitus with Yes 37 0.22 0.02-2.06 0.12 Diabetes mellitus with Yes 37 1.133 0.255-5.037 0.680

previous stroke No 337  1.31 0.84-2.05 previous stroke No 337 0.810 0.453-1.449

Ischemic heart disease Yes 45 1.94  0.53-7.20 0.45 Ischemic heart disease Yes 45 2538 0.599-10.754 0.100
No 329 1.15  0.73-1.81 No 329 0.688 0.382-1.238

Atrial fibrillation Yes 127 2.80 1.24-6.32 0.01 Atrial fibrillation Yes 127 0.582  0.264-1.284 0.121
No 247  0.82 0.49-1.38 No 247 1.428  0.633-3.225

Hyperlipidemia Yes 199 180 0.99-3.26 0.06 Hyperlipidemia Yes 199 0.657  0.302-1.429 0.405
No 175 0.79 0.42-1.49 No 175 1.089  0.490-2.207

Hypercholesterolemia Yes 174 2.23 1.17-4.26 0.01 Hypercholesterolemia Yes 174 0.507 0.213-1.205 0.156
No 200 0.73 0.41-1.32 No 200 1.139  0.560-2.316

Hypertriglyceridemia Yes 67 0.65 0.23-1.84 0.18 Hypertriglyceridemia Yes 67 0.629 0.162-2.434 0.655
No 307  1.41 0.88-2.27 No 307 0.879 0.488-1.585

Smoking habit Yes 128 150 0.71-3.14 0.51 Smoking habit Yes 128 0.524 0.170-1.614 0.398
No 246 1.10  0.65-1.87 No 246 0912  0.487-1.710

Current smoking Yes 103 1.32 0.59-2.95 0.81 Current smoking Yes 1083 0.407 0.116-1.423 0.211
No 271 118  0.71-1.97 No 271 0.987 0.538-1.811

Prior antiplatelet use Yes 82 110  0.38-3.16 0.88 Prior antiplatelet use Yes 82 0.775 0.280-2.146 0.830
No 292 120 0.75-1.93 No 292 0.884  0.464-1.683

Prior anticoagulant use Yes 10 1.00 0.08-12.7 0.88 Prior anticoagulant use Yes 10 0.788  0.457-1.359 0.975
No 364 1.23 0.79-1.90 No 364 N/A N/A

Initial NIHSS score >10 191 112 0.63-1.97 0.34 Initial NIHSS score >10 191 0.669 0.210-2.131 0.764
>10 183 1.82  0.80-4.11 >10 183 0.819  0.429-1.562

Ischemic stroke types LAA 87 0.62 0.22-1.77 0.14 Ischemic stroke types LAA 87 1.219 0.410-3.623 0.061
SVO 54 0.93  0.31-2.79 SVO 54 1.000 N/A
CE 118 249 1.12-5.54 CE 118 0.417  0.177-0.980
Others 115 090  0.43-1.91 Others 115 3.101  0.921-10.44

Favorable outcome was defined as a modified Rankin Scale score of 0 or 1.

CE, cardioembolism; LAA, large-artery atherosclerosis; NIHSS, national institute of health
stroke scale; SVO, small vessel occlusion.

Values in bold indicate statistical significance.

In the ECASS III trial, no heterogeneity in the treatment
effect within a time window of 3-4.5h was observed across all
patient subgroups (19). Our study demonstrated similar benefits
in various patient groups, including those groups that were
excluded from the ECASS III trials, such as elderly patients
(age > 80 years), those with concomitant diabetes mellitus
and prior stroke, or those using anticoagulants. These findings
are consistent with the 2019 American Stroke Association

CE, cardioembolism; LAA, large-artery atherosclerosis; NIHSS, national institute of health
stroke scale; SVO, small vessel occlusion.

N/A, not accessible because of the absence of or insufficient data on number of events.
Values in bold indicate statistical significance.

guideline for the early management of AIS, which stated that
“careful analysis of available published data...indicates that
these exclusion criteria from the trial may not be justified in
practice” (8).

In the ENCHANTED trial, low-dose alteplase may have
exerted a net benefit in patients without atrial fibrillation
(20). Consistent with this finding, our study showed that
patients with atrial fibrillation or hypercholesterolemia benefited
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more from standard-dose alteplase than from the low-dose
option. In the histopathological composition of thrombi, atrial
fibrillation-related cardioembolism is typically characterized
by a higher percentage of fibrin with smaller fractions of
red blood cells compared with noncardioembolic thrombi
(21). Because alteplase specifically binds to fibrin and initiates
fibrinolysis, patients with fibrin-rich thrombi may respond better
to standard-dose than to low-dose alteplase. To rule out the
age effect, age-adjusted or matched analyses were performed in
the current study, which yielded findings similar to those of
the aforementioned studies. The association between standard-
dose alteplase and hypercholesterolemia is implicit and may
also involve alteplase “resistance” in platelet-rich thrombi (22).
Nevertheless, further studies are warranted to verify these results.

This is the first study to test the dose effect of alteplase given
within the 3-4.5-h time window; this approach differs from
that in subgroup analyses in previous larger studies (10, 11).
Furthermore, we conducted sufficient subgroup evaluation to
assess the heterogeneity of treatment effects. However, several
limitations must be addressed. A major drawback of this study is
the nonrandomized study design, due to which an imbalance in
baseline characteristics may be observed between the treatment
and control groups. However, we enrolled age- and sex-matched
controls from the same hospital to minimize selection bias.
Moreover, we adopted several statistical models to adjust the
baseline imbalance. Second, the alteplase dose regimen was
determined at the discretion of the physicians in charge, and this
decision may be influenced by various clinical practices. Third,
the sample size was relatively small and might limit the statistical
power for detecting clinically meaningful differences. Fourth, the
median door-to-needle time in our study was 65 min, which was
longer than that in most clinical trials (23). However, our study
started in 2008, at which time many hospitals in Taiwan had not
implemented a dedicated code stroke yet (24). Physicians may
also need to explain the off-label use of alteplase in the 3-4.5-h
time window. These factors may significantly prolong the door-
to-needle time. Nonetheless, our time metrics are comparable
with the result of 65 min recorded in the participating hospitals
of Get with the Guidelines—Stroke in the United States from
2006 to 2016 (25). Finally, patients treated with mechanical
thrombectomy were excluded; thus, the results may not be
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