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IMPORTANCE A lower dose of intravenous alteplase appears to be a safer treatment option
than the standard dose, reducing the risk of symptomatic intracerebral hemorrhage. There is
uncertainty, however, over how this effect translates into an overall clinical benefit for
patients with acute ischemic stroke (AIS).

OBJECTIVE To assess whether older, Asian, or severely affected patients with AIS who are
considered at high risk of bleeding after thrombolysis may benefit more from low-dose rather
than standard-dose alteplase treatment.

DESIGN, SETTING, AND PARTICIPANTS ThisstudyisaprespecifiedsecondaryanalysisoftheEnhanced
Control of Hypertension and Thrombolysis Stroke Study (ENCHANTED), an international,
randomized, open-label, blinded, end-point clinical trial of low-dose vs standard-dose intravenous
alteplase for patients with AIS. From March 1, 2012, to August 31, 2015, a total of 3310 patients who
had a clinical diagnosis of AIS as confirmed by brain imaging and who fulfilled the local criteria for
thrombolysis treatment were included in the alteplase-dose arms. Patients were randomly assigned
to receive low-dose (0.6 mg/kg; 15% as bolus and 85% as infusion over 1 hour) or standard-dose
(0.9 mg/kg; 10% as bolus and 90% as infusion over 1 hour) alteplase. Of the 3310 randomized
patients, 13 patients were excluded for missing consent, mistaken randomization, and duplicate
randomization numbers. This secondary analysis was conducted between May 1, 2016, and
April 28, 2017.

MAIN OUTCOMES AND MEASURES The primary end point was a poor outcome defined by the
combination of death and any disability as scored by the modified Rankin Scale (scores range
from 2 to 6, with the highest score indicating death) at 90 days.

RESULTS Ofthe3297patientsincludedintheanalysis,1248(37.9%)werewomen,andthemean(SD)
age was 67 (13) years. No significant differences in the treatment effects were observed between
low- and standard-dose alteplase for poor outcomes (death or disability) by age, ethnicity, or
severity (all P > .37 for interaction). Similarly, the treatment effects of low- vs standard-dose alteplase
on function outcome (ordinal shift of the modified Rankin Scale) in Asians (odds ratio, 1.05; 95% CI,
0.90-1.22) was consistent with non-Asians (odds ratio, 0.93; 95% CI, 0.76-1.14) (P = .32 for
interaction). There were generally consistent reductions in rates of symptomatic intracerebral
hemorrhage with low-dose alteplase, although this reduction was not statistically significant by
age, ethnicity, or severity.

CONCLUSIONS AND RELEVANCE This analysis found that the effects of low-dose alteplase
were not clearly superior to the effects of standard-dose alteplase on death or disability in key
demographic subgroups of patients with AIS. Further investigation is required to identify
patients with AIS who may benefit from low-dose alteplase.
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L ow-dose intravenous alteplase was approved in Japan for
the treatment of acute ischemic stroke (AIS) within 3
hours of onset. This approval was based on a single-arm

study, the Japan Alteplase Clinical Trial, showing that clinical
efficacy and safety of low-dose alteplase in a Japanese popula-
tion (0.6 mg/kg body weight; maximum 60 mg) were compa-
rable to the efficacy and safety of standard-dose alteplase in
other populations (0.9 mg/kg body weight; maximum 90 mg).1,2

This standard dose, which is approved by most regulatory
authorities outside of Japan, has not been comprehensively
tested in other Asian countries, but clinicians in the region may
prefer low-dose alteplase because of its lower cost or apparent
ability to reduce the risk of bleeding.3,4 Thus, uncertainties re-
main about the optimal dose of alteplase in Asian populations
because observational studies have produced conflicting
findings5-8 and randomized evidence has been absent.

Individual patient data from recent randomized clinical trials
or information from stroke registries about the hazards and ben-
efits of intravenous alteplase for different patient subgroups9-12

show similar proportional benefits of thrombolysis for patients
80 years of age or older and for those with a severe neurological
deficit (with National Institutes of Health Stroke Scale [NIHSS]
score >25; NIHSS scores range from 0 to 42, with the highest score
indicating greater neurological impairment). These data are re-
flected in the latest guideline recommendations of the American
Heart Association and the American Stroke Association,13 as well
astheRoyalCollegeofPhysicians.14 Thereareprovenclinicalben-
efits from thrombolysis for older patients and those with severe
AIS, but these features increase the risk of symptomatic intrace-
rebral hemorrhage (sICH).13 Accordingly, low-dose alteplase may
maintainthebenefitsoftreatmentwhilereducingtheriskofsICH.

In the recently completed alteplase-dose evaluation arm of
the quasifactorial Enhanced Control of Hypertension and
Thrombolysis Stroke Study (ENCHANTED), use of low-dose al-
teplasecomparedwithstandard-dosealteplaseforthrombolysis-
eligible AIS patients was not shown to meet the predefined
noninferiority margin of the conventional binary clinical end
point of death and disability, defined by scores of 2 to 6 on the
modified Rankin Scale (mRS) at 90 days (the mRS scores range
from 0 to 6, with 0 indicating no symptoms and 6 indicating
death). However, the ENCHANTED trial did show that low-dose
alteplase was noninferior for overall functional recovery through
ordinal analysis of the mRS and resulted in significantly less
severe sICH than did standard-dose alteplase.4,15,16 Therefore,
it is plausible that low-dose alteplase may be a preferable treat-
ment for certain types of patients. In this prespecified second-
ary analysis, we used data from the ENCHANTED trial to provide
detailed information about the treatment effects of low-dose vs
standard-dose intravenous alteplase and their association with
age, ethnicity (Asian vs non-Asian), and severity of AIS.

Methods
Participants
The ENCHANTED trial was an international, multicenter, pro-
spective, randomized, open-label, blinded, end-point clini-
cal trial, the details of which are outlined elsewhere.4,15,16 In

brief, from March 1, 2012, through August 31, 2015, a total of
3310 patients who received a clinical diagnosis of AIS that was
confirmed by brain imaging and who fulfilled the local crite-
ria for thrombolysis treatment were included in the alteplase-
dose arm, with a random assignment to receive low-dose
(0.6 mg/kg; 15% as bolus and 85% as infusion over 1 hour) or
standard-dose (0.9 mg/kg; 10% as bolus and 90% as infusion
over 1 hour) intravenous alteplase. The study protocol for the
ENCHANTED trial was approved by the appropriate ethics com-
mittee at each participating center, and written informed con-
sent was obtained from each patient or an appropriate surro-
gate. This secondary analysis was conducted between May 1,
2016, and April 28, 2017.

Procedures
Key demographic and clinical characteristics were recorded at
the time of enrollment. Stroke severity was measured using
the NIHSS at baseline, 24 hours, and day 7 (or earlier on dis-
charge from hospital). Uncompressed digital images from all
baseline and follow-up computed tomography, magnetic reso-
nance imaging, and angiography were collected in DICOM
(Digital Imaging and Communications in Medicine) format on
a CD-ROM, identified only with the patient’s unique study
number, and uploaded by a special-purpose–built, web-
based system for central analysis at the George Institute for
Global Health. All brain scans that revealed an intracranial hem-
orrhage were reviewed by at least 2 independent assessors (who
were not part of this study) who were blind to the clinical data,
treatment, and date and sequence of the scan using MIStar,
version 3.2 (Apollo Medical Imaging Technology). Assessors
graded any hemorrhage as intracerebral, subarachnoid, intra-
ventricular, subdural, or other; sICH was graded across all
standard definitions (eAppendix in the Supplement).

The primary efficacy outcome in these analyses was a
composite end point of death or any disability at 90 days,
defined by scores of 2 to 6 on the mRS. Secondary efficacy out-
comes included scores of 3 to 6 on the mRS, death alone (mRS
score of 6), and an ordinal analysis of the full range of scores
on the mRS. The safety outcome was sICH, defined according
to standard criteria.

Key Points
Question Does low-dose intravenous alteplase offer benefits over
standard-dose intravenous alteplase in older, Asian, or severely
affected patients with acute ischemic stroke?

Finding This secondary analysis of a randomized clinical trial that
involved 3310 patients with acute ischemic stroke found no clear
differential benefits of low-dose alteplase compared with
standard-dose alteplase in disability outcomes, irrespective of age,
race/ethnicity, and neurological severity. Increasing age and
neurological severity, but not ethnicity, are associated with greater
risk of death or disability following acute ischemic stroke in
treated, thrombolysis-eligible patients.

Meaning Decisions about using a lower dose of alteplase for
thrombolysis-eligible patients with acute ischemic stroke should
not be based solely on age, ethnicity, or neurological severity.
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Statistical Analysis
The treatment effects of low-dose vs standard-dose alteplase
on the disability outcomes and sICH were determined using
logistic regression models, and the heterogeneity of the dif-
ferential effect according to alteplase dose across subgroups

was estimated by adding an interaction term to the statistical
models. Proportional odds regression models were used to de-
termine the treatment effects on the ordinal mRS across sub-
groups of patients defined by age, ethnicity, and neurological
severity; the proportional odds assumption was fulfilled in all

Table. Baseline Characteristics by Age Groupa

Characteristic

Age Group, y

P Valueb<50 50-59 60-69 70-79 ≥80
Time from stroke onset to randomization, h 2.7 (2.1-3.6) 2.8 (2.1-3.5) 2.8 (2.1-3.5) 2.7 (1.9-3.4) 2.5 (1.9-3.2) <.001

Female sex 115/352 (32.7) 196/626 (31.3) 289/897 (32.2) 397/950 (41.8) 251/472 (53.2) <.001

Ethnicity

Non-Asian 98/352 (27.8) 163/624 (26.1) 273/895 (30.5) 334/948 (35.2) 344/472 (72.9)
<.001

Asian 254/352 (72.2) 461/624 (73.9) 622/895 (69.5) 614/948 (64.8) 128/472 (27.1)

Clinical features

Systolic BP, mm Hg 143.1 (21.6) 147.4 (20.2) 150.3 (19.4) 150.1 (18.8) 152.8 (19.4) <.001

Diastolic BP, mm Hg 88.0 (13.5) 88.1 (12.2) 85.3 (12.1) 82.5 (12.8) 80.7 (13.4) <.001

Heart rate, beats per min 80.7 (12.9) 79.8 (14.5) 78.3 (14.5) 78.5 (16.8) 79.3 (16.7) .07

NIHSS scorec 8 (5-12) 7 (5-12) 8 (5-13) 9 (6-15) 10 (6-16) <.001

NIHSS score ≥14 75/352 (21.3) 115/626 (18.4) 198/897 (22.1) 304/950 (32.0) 161/472 (34.1) <.001

GCS scored 15 (14-15) 15 (14-15) 15 (14-15) 15 (13-15) 15 (13-15) <.001

Severe GCS score (3-8) 13/352 (3.7) 18/626 (2.9) 37/897 (4.1) 49/950 (5.2) 19/472 (4.0) .27

Medical history

Hypertension 143/352 (40.6) 342/622 (55.0) 591/895 (66.0) 661/947 (69.8) 328/472 (69.5) <.001

Previous stroke 36/352 (10.2) 95/626 (15.2) 166/897 (18.5) 203/950 (21.4) 89/472 (18.9) <.001

Coronary artery disease 16/352 (4.6) 47/622 (7.6) 135/895 (15.1) 182/947 (19.2) 99/472 (21.0) <.001

Other heart disease (valvular or other) 19/352 (5.4) 31/622 (5.0) 61/895 (6.8) 69/947 (7.3) 55/472 (11.7) .004

Atrial fibrillation confirmed on ECG 23/352 (6.5) 60/622 (9.7) 136/894 (15.2) 253/946 (26.7) 164/471 (34.8) <.001

Diabetes mellitus 40/352 (11.4) 106/622 (17.0) 192/895 (21.5) 222/947 (23.4) 86/472 (18.2) <.001

Hypercholesterolemia 28/352 (8.0) 73/622 (11.7) 140/895 (15.6) 192/947 (20.3) 122/472 (25.9) <.001

Current smoker 119/352 (33.8) 205/621 (33.0) 252/895 (28.2) 163/945 (17.3) 31/471 (6.6) <.001

Prestroke function (mRS)e

No symptoms 328/352 (93.2) 554/622 (89.1) 744/894 (83.2) 759/946 (80.2) 289/472 (61.2)
<.001

Symptoms without disability 24/352 (6.8) 68/622 (10.9) 150/894 (16.8) 187/946 (19.8) 183/472 (38.8)

Medication at time of admission

Antihypertensive agent(s) 71/352 (20.2) 208/622 (33.4) 411/895 (45.9) 516/947 (54.5) 292/472 (61.9) <.001

Warfarin anticoagulation 14/352 (4.0) 18/621 (2.9) 16/895 (1.8) 23/945 (2.4) 11/472 (2.3) .24

Aspirin or other antiplatelet agent 34/352 (9.7) 76/621 (12.2) 204/895 (22.8) 274/945 (29.0) 164/472 (34.8) <.001

Statin or other lipid-lowering agent 33/352 (9.4) 73/621 (11.8) 155/895 (17.3) 223/944 (23.6) 131/472 (27.8) <.001

Brain imaging features

Visible early ischemic changes 72/352 (20.5) 123/622 (19.8) 206/895 (23.0) 248/947 (26.2) 122/472 (25.9) .002

CT or MRI scan showing proximal occlusion 45/350 (12.9) 88/618 (14.2) 129/886 (14.6) 171/936 (18.3) 72/456 (15.8) .07

Final diagnosis at time of hospital separation

Nonstroke diagnosis 26/344 (7.6) 22/610 (3.6) 29/880 (3.3) 10/933 (1.1) 10/467 (2.1)

<.001

Large artery occlusion due to
significant atheroma

129/344 (37.5) 278/610 (45.6) 367/880 (41.7) 367/933 (39.3) 129/467 (27.6)

Small vessel or perforating vessel
lacunar disease

89/344 (25.9) 144/610 (23.6) 203/880 (23.1) 163/933 (17.5) 74/467 (15.9)

Cardioemboli 43/344 (12.5) 66/610 (10.8) 136/880 (15.5) 240/933 (25.7) 156/467 (33.4)

Dissection 9/344 (2.6) 9/610 (1.5) 4/880 (0.5) 2/933 (0.2) 1/467 (0.2)

Other or uncertain origin 48/344 (14.0) 91/610 (14.9) 141/880 (16.0) 151/933 (16.2) 97/467 (20.8)

Time from stroke onset to treatment, min 175 (135-225) 176 (133-225) 175 (135-220) 170 (122-215) 153 (116-195) <.001

Treatment allocation to low-dose alteplase 179/352 (50.9) 312/626 (49.8) 441/897 (49.2) 478/950 (50.3) 244/472 (51.7) .92

Abbreviations: BP, blood pressure; CT, computed tomographic;
ECG, electrocardiogram; GCS, Glasgow Coma Scale, MRI, magnetic
resonance imaging; mRS, modified Rankin Scale; NIHSS, National Institutes
of Health Stroke Scale.
a Data are number/total number (percentage) of patients, mean (SD) value, or

median value (interquartile range).
b Based on χ2, analysis of variance, or the Kruskal-Wallis test.

c The NIHSS scores range from 0 to 42, with the highest score indicating greater
neurological impairment.

d The GCS scores range from 3 to 15, with the lower score indicating deeper loss
of consciousness.

e The mRS scores range from 0 to 6, with 0 indicating no symptoms;
1, symptoms without significant disability; 2, slight disability; 3, moderate
disability; 4, moderately severe disability; 5, severe disability; and 6, death.
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models.17,18 Sensitivity analyses were performed using age and
baseline NIHSS score as continuous variables in logistic re-
gression models with the adjustment for variables described
in the following paragraph.

The association of age (<50, 50-59, 60-69, 70-79, and ≥80
years), ethnicity (Asian vs non-Asian), and neurological
severity (baseline NIHSS scores of 0-4, 5-10, 11-15, 16-21, and ≥22)
with death or disability, death, and sICH were estimated using
logistic regression models, with adjustment for the baseline
covariates (time from onset to randomization [<3 hours vs
≥3 hours]; age; sex; ethnicity; baseline systolic blood pressure;
baseline NIHSS score; any history of stroke; coronary artery dis-
ease; diabetes mellitus; atrial fibrillation; hypercholesterol-
emia; premorbid mRS score [0 or 1]; previous use of warfarin
sodium anticoagulant, aspirin, or other antiplatelet agent; and
randomized treatment [low dose vs standard dose]) as well as
for management over the first 7 days (systolic blood pressure
at 24 hours; fever occurrence; provision of nasogastric tube feed-
ing; mobilization of a patient by a therapist; use of compres-
sion stockings, intravenous steroids, and neurosurgery; any
admission to a stroke unit or intensive care unit; and any reha-
bilitation or decision to withdraw active care). The heteroge-
neity of the associations across subgroups was also estimated
by adding an interaction term to the model. Data were re-
ported as odds ratios and 95% CIs. Two-sided P values were re-
ported, with P < .05 considered statistically significant. SAS,
version 9.3 (SAS Institute Inc), was used for analyses.15

Results
Baseline Characteristics and Management Details
From March 1, 2012, through August 31, 2015, a total of 3310
patients were randomized; 1654 were assigned to low-dose
alteplase and 1643 to standard-dose alteplase after 13 pa-

tients were excluded (9 did not provide informed consent,
1 was mistakenly randomized, and 3 had duplicate random-
ization numbers).16 The remaining 3297 patients (1248 [37.9%]
were women, and the mean [SD] age was 67 [13] years) were
included in the age analyses. The Table shows the baseline
characteristics of patients by age groups: older patients were
significantly more likely to be women, to be of non-Asian
ethnicity, to be hypertensive, and to have a history of comor-
bidities and concomitant prior use of aspirin and statin therapy.
In addition, they were more likely to have had strokes of greater
neurological severity.

There were 3291 patients (2079 self-identified as Asian and
1212 as non-Asian) with available information for ethnicity
analyses. eTable 1 in the Supplement indicates that patients
of non-Asian ethnicity were significantly older; were more
likely to be women; had greater comorbidities (eg, hyperten-
sion and atrial fibrillation); had more concomitant use of
antihypertensive, warfarin, aspirin, and/or statin therapy; and
were treated more quickly with alteplase than were patients
of Asian ethnicity (eTable 2 in the Supplement).

There were 3297 patients (median [interquartile range]
baseline NIHSS score of 8 [5-14]) included in the severity analy-
sis. Patients who presented with more severe neurological im-
pairment had characteristics similar to older patients except
they were more likely to be of Asian ethnicity (eTable 3 in the
Supplement). Differences in the use of alteplase and other
management factors over the first 7 days after randomization
by age, ethnicity, and stroke severity subgroups are reported
in eTables 2, 4, and 5, respectively, in the Supplement.

Association of Low-Dose vs Standard-Dose Alteplase
With Age, Ethnicity, and Severity
No clear differential effect of alteplase was observed in any
particular age group for the disability outcome, whether de-
fined by different cut points (2 to 6 or 3 to 6) or on an ordinal

Figure 1. Randomized Treatment Effects on Death or Disability at 90 Days by Age, Ethnicity, and Stroke Severity

0.5 51

Events, No. (%)

Source
Age

<50 
50-59
60-69 
70-79
≥80

11-15 
16-21
≥22

Ethnicitya

Asian
Non-Asian

Severity (baseline NIHSS) 
0-4

Low
Dose

78 (9.1)
132 (15.4)
205 (24.0)
272 (31.8)
168 (19.7)

219 (70.6)
165 (78.6)

73 (86.9)

527 (51.5)
328 (56.4)

77 (23.8)
321 (47.3)

Standard
Dose

62 (7.6)
129 (15.8)
223 (27.3)
253 (31.0)
150 (18.4)

208 (65.2)
170 (76.2)

75 (84.3)

500 (49.0)
317 (54.7)

77 (23.8)
287 (44.5)5-10

P Value for
Interaction

Favors
Low Dose

Favors
Standard Dose

.71

.37

.83

OR (95% CI)

1.39 (0.90-2.14)
0.99 (0.72-1.36)
0.91 (0.70-1.18)
1.18 (0.91-1.53)
1.29 (0.87-1.92)

1.28 (0.92-1.80)
1.14 (0.73-1.80)
1.24 (0.53-2.91)

1.10 (0.93-1.31)
1.07 (0.85-1.35)

1.00 (0.69-1.43)
1.12 (0.90-1.39)

OR (95% CI)

Solid boxes represent estimates of
treatment effect; horizontal lines,
95% CI; and diamond, the estimate
and 95% CI for the overall effect.
Areas of the boxes are proportional
to the number of outcomes.
NIHSS indicates National Institutes of
Health Stroke Scale; OR, odds ratio.
a Data from Figure 2 in Anderson

et al.16
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analysis of the full range of scores on the mRS (all P ≥ .51 for
interaction; Figure 1; eTables 6 and 7 in the Supplement).
Similarly, there was consistency of the lower risk of sICH for
low-dose alteplase across age groups (all P > .50 for interac-
tion; Figure 2A; eTable 8 in the Supplement).

In a comparison of Asian and non-Asian patients, there was
no significant difference in the disability outcomes between
the 2 doses of alteplase, whether defined by death or disabil-
ity (all P ≥ .32 for interaction, Figure 1; eTable 9 in the Supple-
ment) or an ordinal analysis of the mRS for low-dose (odds ra-
tio, 1.05; 95% CI, 0.90-1.22) vs standard-dose (odds ratio, 0.93;
95% CI, 0.76-1.14) alteplase (P = .32 for interaction) (Figure 3).
Similarly, regarding the primary outcome, no clear beneficial
effect of 1 dose over the other was found across patients from
different regions of the world (China; United Kingdom, con-
tinental Europe, or Australia; Asia, other than China; and South
America [eFigure 1 in the Supplement]). Furthermore, there
was no heterogeneity in the differential effect of alteplase dose

on the risk of sICH between Asian patients and non-Asian
patients (Figure 2B; eTable 10 in the Supplement).16

The treatment effects of low-dose vs standard-dose
alteplase on various disability outcomes (mRS scores of 2-6,
3-6, or 6 [death] or ordinal analysis) remained consistent across
the grades of baseline neurological severity (Figure 1; eTables
11 and 12 in the Supplement), even after accounting for treat-
ment delay (eFigure 2 in the Supplement). The differential
treatment effect on the risk of sICH was consistent with
increasing severity (Figure 2C; eTable 13 in the Supplement).

Prognostic Significance of Age, Ethnicity,
and Neurological Severity
Older patients were more likely to have poor outcome (mRS
scores of 2-6, 3-6, or 6 [death]; all P < .01 for trend; eTable 14
in the Supplement), but there was no clear association of sICH
across a broad range of criteria with increasing age, irrespec-
tive of alteplase dose (eTable 15 in the Supplement). Simi-

Figure 2. Randomized Treatment Effects on Symptomatic Intracerebral Hemorrhage by Age, Ethnicity, and Stroke Severity
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a Data from Figure S8 of the Supplementary Appendix in Anderson et al.16
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larly, no significant association was found between ethnicity
and poor outcome (death or disability; eTable 16 in the Supple-
ment) or sICH (eTable 17 in the Supplement). However, these
end points were associated with increasing neurological se-
verity of AIS (mRS scores of 2-6, 3-6, or 6 [death]; all P < .001
for trend; sICH, P < .001 for trend according to the National
Institute of Neurological Disorders and Stroke and the third cri-
terion of European Cooperative Acute Stroke Study), after
adjustment for confounders and alteplase dose (eTables 18 and
19 in the Supplement).

Discussion
In this prespecified secondary analysis of the ENCHANTED
trial, no clear differences were found in the treatment effects
of low-dose vs standard-dose alteplase on the main disability
outcomes according to age, ethnicity, and baseline neurologi-
cal severity of thrombolysis-eligible patients with AIS. Thus,
for these key patient characteristics, we could not identify a
clinically important subgroup who clearly benefitted more from
low-dose than standard-dose alteplase. However, there was a
statistically insignificant consistency in the finding that a lower
risk of sICH was associated with low-dose alteplase across vari-
ous age groups, between Asian patients and non-Asian
patients, and with increasing levels of neurological severity.

To our knowledge, this secondary analysis provides the
only randomized evidence comparing the effects of low-dose
alteplase with those of standard-dose alteplase. Although the
sICH rates were lower with low-dose alteplase, they could not
be associated with increasing age and did not influence the dif-
ferential treatment effect between the alteplase doses on the
disability outcomes. Thus, age is not a sufficient criterion to
determine which dose of alteplase to use; older patients with

AIS should not be systematically denied use of standard-
dose alteplase on the assumption that it is a more hazardous
treatment for very old patients than for younger patients. Our
randomized data partially contradict 3 observational studies
that have suggested low-dose alteplase is associated with both
a lower risk of sICH and a higher odds of independent recov-
ery for elderly patients with AIS in Eastern Asia.5,19,20

Because we found no significant ethnic variation in the dif-
ferential treatment effects of low-dose and standard-dose
alteplase on the disability outcomes or sICH, ethnicity can-
not be regarded as a modifying factor in the risks and benefits
of low-dose or standard-dose alteplase. Systematic reviews21,22

of the current observational thrombolysis studies of patients
with AIS in Asia are consistent with our analysis, finding trends
toward better functional outcomes from standard-dose
alteplase rather than low-dose alteplase despite differential
risks of sICH. Despite the popular belief in and underlying ra-
tionale for the preferential use of low-dose alteplase among pa-
tients with AIS in Asia because of higher bleeding risks from
lytic treatment, our analysis did not indicate any variation in
the differential treatment effects of the 2 doses of alteplase
between Asian patients and non-Asian patients. Thus, our find-
ings do not support the current practice in many Asian coun-
tries of using low-dose alteplase because it is expected to be
more efficacious than the standard dose.1,2,23

The ENCHANTED trial was uniquely placed to assess the ef-
fects of low-dose and standard-dose alteplase by stroke sever-
ity, as well as to determine whether low-dose alteplase modified
the balance of benefits and risks. Our analysis indicates that the
benefits of low-dose alteplase in reducing the severity of sICH
was not significantly affected by stroke severity. Furthermore,
the use of low-dose alteplase was not associated with a worse
90-dayoutcome,evenforpatientswithaseveredeficit.Although
the benefits of standard-dose alteplase were independent of

Figure 3. Randomized Treatment Effects on Functional Outcome According to the Modified Rankin Scale
at 90 Days, by Ethnicity
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stroke severity, the rate of favorable outcome depended on
neurological severity.9 For patients with an NIHSS score of
11 or higher, the absolute increases in good outcomes resulting
from standard-dose alteplase vs placebo were estimated at 3.2%
to 4.5%. Thus, low-dose alteplase did not appear to alter the odds
of recovery for these types of patients.

Strengths and Limitations
The strengths of this analysis include the use of a large
sample size with a high proportion of older people from both
non-Asian and Asian populations in a variety of health care set-
tings worldwide, which enhances the generalizability of the
ENCHANTED trial results. In addition, there were high rates
of patient follow-up and adherence to treatment. The rigor-
ous assessment of serious adverse events, especially sICH,
ensured that any harms associated with the treatments were
reliably detected and quantified. However, the analysis also
had some limitations. Imprecision in the estimates of the treat-
ment effect may have arisen from interobserver variability in
mRS scoring.24 Furthermore, the inclusion of patients who had
a generally mild neurological severity and were treated with

a longer delay from symptom onset than patients in other trials
and evaluations of alteplase for AIS9 may cause concern over
the external validity of these results. Finally, presented here
are subgroup analyses with reduced statistical power, which
limited our ability to detect modest differences between the
randomized groups.

Conclusions
This prespecified secondary analysis of the ENCHANTED trial
has shown that the differential treatment effects of low-dose
vs standard-dose alteplase on clinical outcomes were consis-
tent across the subgroups defined by age, ethnicity, and AIS
severity. There was no statistically significant consistency in
the finding that low-dose alteplase was associated with a lower
risk of sICH for patients of increasing age, with Asian or non-
Asian ethnicity, and with increasing neurological severity.
These results suggest that decisions about the dose of al-
teplase used in thrombolysis-eligible patients with AIS should
not be based solely on age, ethnicity, or stroke severity.
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