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C urrent guidelines recommend reperfusion therapies,
such as intravenous thrombolysis and endovascular
thrombectomy, as the most effective strategies for

management of acute ischemic stroke (AIS).1 Vessel recanali-
zation was strongly associated with lower mortality and
improved functional outcome of reperfusion therapies in
patients with AIS.2 However, only 30% of patients achieved
complete recanalization through intravenous thrombolysis,3

while approximately 30% of patients with large artery occlu-
sion did not achieve successful reperfusion after endovascu-
lar thrombectomy.4 Although endovascular therapy has been
shown to be effective in AIS with large artery occlusion,4 its
use in clinical practice was limited due to a reliance on device
availability and experienced clinicians. In addition, 14% to
34% of the population with initial recanalization underwent
reocclusion after alteplase (recombinant tissue-type plas-
minogen activator) thrombolysis and had clinical deteriora-
tion and poor outcomes.3,5 Thus, an effective and simple
method is needed to improve vessel recanalization, prevent
reocclusion, and reduce AIS disability.

Argatroban, a selective thrombin inhibitor, directly inhib-
its free and clot-associated thrombin as well as thrombin-
induced events and has been widely used to treat AIS, par-
ticularly in Asian countries such as China and Japan.6,7

Growing evidence from preclinical studies demonstrated the
effect of argatroban plus alteplase in ischemic stroke by
enhancing and sustaining arterial recanalization.8,9
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based on current guidelines were also received by the pa-
tients in both groups.1

Argatroban infusion rates were adjusted to achieve a
target activated partial thromboplastin time (APTT) of
1.75 × baseline (±10%). A dosing algorithm was developed so
that standardized increments or decrements of argatroban
infusion rate took place in response to the APTT.15 APTT was
monitored at baseline and at 2, 6, 12, 24, and 48 hours after
initiation of argatroban; within 2 to 4 hours of any argatroban
infusion adjustment; and in the event of major systemic
bleeding. Argatroban infusion was terminated immediately if
major systemic bleeding or symptomatic intracranial hemor-
rhage was suspected.

The NIHSS was used to assess neurologic status at base-
line, 24 hours, 48 hours, 7 days, and 14 days after random-
ization. A detailed flowchart of the assessment schedule is
provided in the study protocol (Supplement 1). Data on demo-
graphic and clinical characteristics were obtained at random-
ization. Follow-up data were collected at 7 days, 14 days (or at
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alteplase and alteplase alone groups. The time-to-event out-
comes of stroke or other vascular events were compared using
Cox regression models, and the corresponding treatment ef-
fects were presented as hazard ratios with 95% CIs. The haz-
ard proportionality assumption was tested by introducing an
interaction between time and treatment in the Cox model.

The primary analyses of the primary and secondary out-
comes were unadjusted. Covariate-adjusted GLM analyses
were also performed for all outcomes, adjusting for 6 pre-
specified prognostic factors: age, sex, NIHSS score at ran-
domization, time from symptom onset to thrombolysis, pre-
morbid function (mRS score of 0 or 1), and history of stroke
or transient ischemic attack. Endovascular therapy and large
artery occlusion were planned in the covariate-adjusted
analyses but were excluded due to skewed distribution or
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per-protocol analyses (eTable 3 in Supplement 3). A post hoc
ordinal logistic regression analysis showed no significant dif-
ferences in the mRS score improvement at 90 days, in which
the proportional odds assumption was met (P = .94; Table 2
and eTable 3 in Supplement 3).

A prespecified subgroup analysis showed no evidence of
effect modification in the risks of having a primary outcome
between the argatroban plus alteplase and alteplase alone
groups by age, sex, NIHSS score at randomization, endovas-
cular therapy, large artery occlusion, time from the onset of

symptoms to treatment, mRS score at admission, and history
of stroke or transient ischemic attack (eFigure 4 in Supple-
ment 3). The results of the per-protocol analysis were similar
to those of the full analysis set population for the primary out-
come (eFigure 5 in Supplement 3).

Adverse Events
The occurrence of adverse events was similar across the 2
groups, including symptomatic intracranial hemorrhage, other
intracranial bleeding events, major bleeding events, other

Figure 1. Patient Flow in the ARAIS Randomized Clinical Trial

1079 Adults with acute ischemic stroke and
National Institutes of Health Stroke Scale (NIHSS)
score >6 assessed for eligibility

828 Eligible

817 Randomized

251 Excluded
197 Did not meet inclusion/exclusion criteria

8 Gastrointestinal or urinary tract bleeding
in the last 30 d

139 More than 4.5 h from symptom onset
at admission

50 History of intracerebral hemorrhage

54 Declined to participate

11 Excluded
7 No informed consent was signed

and data were not used
4 No randomization outcome due to computer

system malfunction

12 Lost to follow-upb

402 Randomized to the argatroban plus alteplase groupa

376 Provided valid informed consent
21 Withdrew consent and data were not used
15 Withdrew consent due to disagreement with

family member
6 Withdrew consent due to concern about

the safety of treatment
5 Duplicate randomization

415 Randomized to the alteplase groupa

399 Provided valid informed consent
12 Withdrew consent and data were not used
9 Withdrew consent due to disagreement with

family member
3 Declined intravenous thrombolysis due

to disagreement with family member
4 Duplicate randomization

364 Included in the full analysis setc

325 Included in the per-protocol analysis
39 Excluded from the analysis

12 More than 4.5 h from symptom onset when
receiving intravenous thrombolysis

9 NIHSS score decreased below 6 after
randomization

4 Did not complete argatroban treatment
due to unplanned discharge

4 Premorbid modified Rankin Scale score >1
4 Declined follow-up imaging or laboratory testing
2 Older than 80 y
2 Received heparin therapy within 24 h
2 Received endovascular thrombectomy

before argatroban

3 Lost to follow-upb

396 Included in the full analysis setc

367 Included in the per-protocol analysis
29 Excluded from the analysis

9 More than 4.5 h from symptom onset when
receiving intravenous thrombolysis

4 NIHSS score decreased below 6 after
randomization

6 Premorbid modified Rankin Scale score >1

6 Older than 80 y
2 Declined follow-up imaging or laboratory testing

2 Received heparin therapy within 24 h

a A total of 383 patients in the argatroban plus alteplase group and 397 patients
in the alteplase group were included in the safety population.

b Patients lost to follow-up due to missing any follow-up assessments after
treatment.

c Baseline characteristics in patients missing primary outcome data are shown in
eTable 4 in Supplement 3.
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Table 1. Baseline Characteristics of the Population in a Study of the Effect of Argatroban Plus Alteplase vs Alteplase on Neurologic Function
After Acute Ischemic Stroke

Characteristic

No. (%)

Full analysis set Randomization set
Argatroban plus alteplase
(n = 364)

Alteplase alone
(n = 396)

Argatroban plus alteplase
(n = 402)

Alteplase alone
(n = 415)

Age, median (IQR), y 66 (58-72) 64 (56-71) 66 (58-72) 64 (56-71)

Sex

Men 249 (68.4) 289 (73.0) 271/397 (68.3) 299/411 (72.7)

Women 115 (31.6) 107 (27.0) 126/397 (31.7) 112/411 (27.3)

Currently smokes tobacco 131 (36.0) 141 (35.6) 141/396 (35.6) 143/411 (34.8)

Currently drinks alcohola 69/354 (19.5) 69/389 (17.7) 73/386 (18.9) 69/404 (17.1)

Comorbiditiesb

Hypertension 203 (55.8) 223 (56.3) 216/397 (54.4) 232/411 (56.4)

Diabetes 91 (25.0) 81 (20.5) 100/397 (25.2) 87/410 (21.2)

Prior ischemic or
hemorrhagic strokec

74 (20.3) 68 (17.2) 82/397 (20.7) 74/411 (18.0)

Atrial fibrillation 18/346 (5.2) 21/378 (5.6) 19/365 (5.2) 22/388 (5.7)

Hyperlipidemia 3 (0.8) 3 (0.8) 3/397 (0.8) 4/411 (1.0)

Prior transient ischemic
attack

3 (0.8) 4 (1.0) 3/397 (0.8) 5/411 (1.2)

Body mass index,
median (IQR)

22.9 (21.0-24.0) 23.7 (21.0-24.0) 22.7 (20.1-24.0) 23.5 (21.0-24.0)

Blood pressure at
randomization

Systolic

Median (IQR), mm Hg 154 (139-170) 150 (136-166) 152 (138-170) 150 (136-165)

>140 mm Hg 242 (66.5) 250 (63.1) 257/397 (64.7) 250/411 (60.8)

Diastolic

Median (IQR), mm Hg 90 (80-98) 88 (80-97) 90 (80-98) 88 (80-97)

>90 mm Hg 142 (39.0) 142 (35.9) 151/397 (38.0) 145/411 (35.3)

Blood glucose

Median (IQR), mg/dL 118.8 (102.8-164.0) 121.0 (102.6-160.7) 120.8 (102.6-162.2) 120.6 (102.6-163.8)

>126 mg/dL 128/293 (43.7) 143/324 (44.1) 144/321 (44.9) 150/335 (44.8)

NIHSS score at randomization,
median (IQR)d

9 (7-12) 8 (6-12) 9 (7-12) 9 (6-12)

GRASPS score at
randomization,
median (IQR)e

75 (71-79) 74 (70-78) 75 (71-79) 74 (70-78)
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at 48 hours, or change in NIHSS score compared with random-
ization at 14 days. The lack of a significant effect on early out-
comes correlated well with the negative primary outcome be-
cause the changes in these early outcomes, such as an increase
in early neurologic improvement and a decrease in early neu-
rologic deterioration, will result in the high risk of excellent
functional outcome at 90 days. Furthermore, no significant dif-

ference in risk of having other secondary outcomes, such as
stroke or other vascular events within 90 days, was found be-
tween the groups.

For the adverse events, similar rates of bleeding events
were observed between the argatroban plus alteplase group
and the alteplase alone group, which was consistent with pre-
vious studies.10,11 In this trial, the symptomatic intracranial

Figure 2. Distribution ofModified Rankin Scale Scores at 90Days in the Full Analysis Set
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hemorrhage rate was 1.8% to 2.1%, which was lower than in
previous studies.10,11 This phenomenon could be due to the
lower median NIHSS score at risk in the present study, which
was comparable to recent studies involving a similar popula-
tion: Chinese population with moderate neurologic function
(median NIHSS score of 6 to 8) and similar definition of symp-
tomatic intercranial hemorrhage.22,23 Despite the neutral re-
sults in this trial, the finding that no harmful profile of argatro-
ban was observed in patients who received intravenous
alteplase suggests the possible safety and feasibility of anti-
coagulants immediately after thrombolysis, which was pro-
hibited by the current guidelines.1

Limitations
This study has several limitations. First, more patients dropped
out in the argatroban plus alteplase group than the alteplase
alone group due to less willingness to adhere to the study pro-

tocol among patients and their families randomized to the ar-
gatroban plus alteplase group. As a result, the number of pa-
tients in the argatroban plus alteplase group (n = 364) did not
meet the minimum sample size (n = 367) that was required ac-
cording to the power calculation; thus, the lower statistical
power and imbalanced sample sizes between the groups can-
not be ignored. In addition, there was a large difference in the
percentage of patients with excellent functional outcome be-
tween the assumed values in the sample size calculation (21%)
and observed values in this trial (64%). The difference might be
attributed to the enrolled population with milder neurologic
deficit (a median NIHSS score of 9 vs a median NIHSS score of
13-19.5 in previous studies10,11) as well as the improvement in
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and try to ensure that the primary end point was measured ob-
jectively. Third, a lower proportion of patients with large ar-
tery occlusion was enrolled in the trial than in previous
studies,10,11 which may be the main cause of the negative re-
sults of this trial. Thus, the effect of alteplase plus argatroban
in patients with large artery occlusion warrants investigation in
future trials. Inaddition,endovascular thrombectomywasused
infrequently because most participating sites did not have en-
dovascular thrombectomy capability. This limits generalizabil-
ity to sites with readily available endovascular thrombectomy.
Fourth, argatroban (100-μg/kg bolus followed by 1 μg/kg per
minute)wasusedinourtrialbasedonpreviousstudies,10,11 while
high-dose argatroban (100-μg/kg bolus followed by 3 μg/kg per
minute) was used in previous studies.11,12,21 In addition, only
23.2% patients met target APTT at 2 hours, and it took approxi-
mately 5 hours to reach target APTT (eTable 5 and eFigure 6 in
Supplement 3). The low dose of argatroban and low target APTT

ratemaypartiallycontribute to theneutral results,becausehigh
dosesofargatrobanandgoodtargetAPTTtheoreticallymaypro-
duce a better improvement of clinical outcome if symptomatic
intracranialhemorrhagedidnot increase.Fifth, thedropoutrate
in this trial may have introduced attrition bias or possible con-
founding. Sixth, further confirmation of these conclusions in
non-Chinese populations would be welcome, given the differ-
ences in body mass index, comorbidities, and etiology of pa-
tients with AIS.

Conclusions
Among patients with AIS, treatment with argatroban plus in-
travenous alteplase compared with alteplase alone did not re-
sult in a significantly greater likelihood of excellent func-
tional outcome at 90 days.
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