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IMPORTANCE Previous studies suggested a benefit of argatroban plus alteplase (recombinant
tissue-type plasminogen activator) in patients with acute ischemic stroke (AIS). However,
robust evidence in trials with large sample sizes is lacking.

OBJECTIVE To assess the efficacy of argatroban plus alteplase for AIS.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, open-label, blinded end point
randomized clinical trial including 808 patients with AIS was conducted at 50 hospitals in
China with enrollment from January 18, 2019, through October 30, 2021, and final follow-up
on January 24, 2022.

INTERVENTIONS Eligible patients were randomly assigned within 4.5 hours of symptom onset
to the argatroban plus alteplase group (n = 402), which received intravenous argatroban
(100 μg/kg bolus over 3-5 minutes followed by an infusion of 1.0 μg/kg per minute for 48
hours) within 1 hour after alteplase (0.9 mg/kg; maximum dose, 90 mg; 10% administered as
1-minute bolus, remaining infused over 1 hour), or alteplase alone group (n = 415), which
received intravenous alteplase alone. Both groups received guideline-based treatments.

MAIN OUTCOMES ANDMEASURES The primary end point was excellent functional outcome,
defined as a modified Rankin Scale score (range, 0 [no symptoms] to 6 [death]) of 0 to 1 at
90 days. All end points had blinded assessment and were analyzed on a full analysis set.

RESULTS Among 817 eligible patients with AIS who were randomized (median [IQR] age, 65
[57-71] years; 238 [29.1%] women; median [IQR] National Institutes of Health Stroke Scale
score, 9 [7-12]), 760 (93.0%) completed the trial. At 90 days, 210 of 329 participants (63.8%)
in the argatroban plus alteplase group vs 238 of 367 (64.9%) in the alteplase alone group had
an excellent functional outcome (risk difference, −1.0% [95% CI, −8.1% to 6.1%]; risk ratio,
0.98 [95% CI, 0.88-1.10]; P = .78). The percentages of participants with symptomatic
intracranial hemorrhage, parenchymal hematoma type 2, and major systemic bleeding
were 2.1% (8/383), 2.3% (9/383), and 0.3% (1/383), respectively, in the argatroban plus
alteplase group and 1.8% (7/397), 2.5% (10/397), and 0.5% (2/397), respectively,
in the alteplase alone group.

CONCLUSIONS AND RELEVANCE Among patients with acute ischemic stroke, treatment with
argatroban plus intravenous alteplase compared with alteplase alone did not result in
a significantly greater likelihood of excellent functional outcome at 90 days.
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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 Translat-
ing into clinical practice, early-phase trials have explored the
safety and possible efficacy of argatroban plus alteplase in
patients receiving intravenous thrombolysis and endovascu-
lar treatments.10-12 There is a lack of robust evidence for the
effect of argatroban plus alteplase in AIS patients because of
small sample sizes. In addition, argatroban was found to have
neuroprotective potential.13 In this context, a multicenter,
open-label, blinded end point randomized trial was designed
to explore the efficacy of argatroban plus alteplase for AIS
within 4.5 hours from onset.

Methods
Study Design
The Argatroban Plus Recombinant Tissue-Type Plasmino-
gen Activator for AIS (ARAIS) study was a multicenter,
open-label, blinded end point randomized trial to assess
the efficacy of argatroban plus alteplase in patients with AIS
within 4.5 hours from symptom onset. The study protocol
is available in Supplement 1 and the statistical analysis
plan is available in Supplement 2. The trial was conducted
at 50 medical sites (eAppendix 1 in Supplement 3) in China.
Details of the study design and rationale have been pub-
lished elsewhere.14 The trial protocol was approved by the
appropriate regulatory and ethical authorities of the ethics
committee of the General Hospital of Northern Theatre
Command and other participating hospitals. An indepen-
dent data monitoring committee (eAppendix 2 in Supple-
ment 3) monitored the progress of the trial every 6 months.
An independent clinical research organization (Nanjing

Service Pharmaceutical Technology Co) monitored the trial
for quality control. Signed informed consent was obtained
from patients or their legally authorized representatives.

Participants
Eligible patients were adults aged 18 to 80 years with AIS at
the time of randomization (baseline National Institutes of
Health Stroke Scale [NIHSS] score of more than 6; range, 0 to
42, with higher scores indicating greater stroke severity) and
were enrolled up to 4.5 hours after the onset of stroke symp-
toms (the time the patient was last seen well). Whole-head
computed tomography or magnetic resonance imaging was
performed on admission to identify patients with ischemic
stroke. Key exclusion criteria were as follows: presence of
disability in the community (modified Rankin Scale [mRS]
score ≥2; range, 0 [no symptoms] to 6 [death]) before the
stroke, history of intracerebral hemorrhage, gastrointestinal
or urinary tract bleeding in the last 30 days, and need for con-
comitant use of anticoagulants other than argatroban. A full
list of inclusion and exclusion criteria is available in the study
protocol (Supplement 1).

Randomization andMasking
In the trial, eligible patients were randomly assigned to either
the argatroban plus alteplase group or the alteplase alone group
using a block randomization method with a block size of 4
through a computer-generated random sequence that was cen-
trally administered via a password-protected web-based pro-
gram (Beijing Zhinan Medical Technology Co). The study team
members were blinded to the treatment randomization.

Procedures
In both treatment groups, intravenous alteplase (0.9 mg/kg;
maximum dose, 90 mg; 10% administered as a 1-minute bolus,
the remaining infused over 1 hour; Boehringer Ingelheim Co)
was administered within 4.5 hours after symptom onset.
Patients in the argatroban plus alteplase group received
a 100-μg/kg intravenous argatroban (Tianjin Institute of
Pharmaceutical Research Co) bolus over 3 to 5 minutes within
1 hour of the alteplase bolus, followed by an argatroban infu-
sion of 1.0 μg/kg per minute for 48 hours. Standard treatments

Key Points
Question Does argatroban improve neurologic function in
patients with acute ischemic stroke who received intravenous
recombinant tissue-type plasminogen activator (alteplase)?

Findings In this randomized clinical trial that included 808
patients with acute ischemic stroke, excellent neurologic function
at 90 days (modified Rankin Scale score of 0 to 1) in those
randomized to receive argatroban plus intravenous alteplase
compared with intravenous alteplase alone occurred in
63.8% vs 64.9% of participants, a difference that was not
statistically significant.

Meaning Among patients with acute ischemic stroke who
received intravenous alteplase, argatroban was not significantly
associated with better neurologic function.
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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
hospital discharge if earlier), and 90 days after randomization.
Remote and on-site quality control monitoring and data verifi-
cation were conducted throughout the study.

Outcomes
The primary end point was excellent functional outcome at 90
days, defined as a score of 0 to 1 on the mRS for the evalua-
tion of neurologic disability, assessed in person or, if an in-
person visit was not possible, through a structured interview
for telephone assessment by personnel certified in the scor-
ing of the mRS 90 days after randomization (eMethods in
Supplement 3).

The secondary end points were favorable functional out-
come (mRS score of 0-2) at 90 days; the occurrence of early
neurologic improvement compared with baseline at 48 hours,
defined as a decrease in NIHSS score of greater than or equal
to 216; the occurrence of early neurologic deterioration com-
pared with baseline at 48 hours, defined as an increase in NIHSS
score of greater than or equal to 417; change in NIHSS score com-
pared with baseline at 14 days; and the occurrence of stroke18

or other vascular events (transient ischemic attack, myocar-
dial infarction, and vascular death) within 90 days.

Any adverse events that occurred during the study were
recorded. The prespecified adverse event outcomes were
symptomatic intracranial hemorrhage, parenchymal hema-
toma type 2, and major systemic bleeding that occurred dur-
ing the study. Symptomatic intracranial hemorrhage was de-
fined as any evidence of bleeding on the head computed
tomography scan associated with clinically significant neuro-
logic deterioration (≥4-point increase in NIHSS score) in the
opinion of the clinical investigator or independent safety
monitor.19 Parenchymal hematoma type 2 was defined as con-
fluent bleeding occupying more than 30% of the infarct vol-
ume and causing significant mass effect.20 Major systemic
bleeding was defined as a drop in the hemoglobin level by at
least 2 g/dL or a transfusion of at least 2 U of blood. Follow-up
head computed tomography was performed at 24 hours
(alteplase alone group) or 48 hours (argatroban plus alteplase
group) after randomization or at any time when neurologic

deterioration occurred (eFigure 1 in Supplement 3). A central
core laboratory for imaging was set to judge intracranial bleed-
ing events and severity.

The baseline and follow-up NIHSS scores were evaluated
by the same certified neurologist, who was not blinded to the
treatment randomization due to the difficulty of blinding to
the open label of argatroban. Final follow-up was performed
at 90 days in person or, if an in-person visit was not possible,
a structured interview for telephone assessment was per-
formed by a trained and certified staff member in each center
who was unaware of the randomized treatment assignment.
A training course was held for all the investigators at each cen-
ter to ensure the validity and reproducibility of the evalua-
tion, and only certified investigators were eligible to evaluate
NIHSS or mRS scores. Central adjudication of clinical out-
comes and adverse events was also performed by assessors un-
aware of treatment randomization or clinical details. If there
was disagreement between local and central assessors, a con-
sensus was reached by discussion. The local assessor re-
tained control of the final mRS score following any discus-
sion. In addition, there was no disagreement between the
central adjudicator and the local assessor.

Sample Size Calculation
Power calculations were based on the estimated treatment ef-
fects based on a binary assessment of excellent functional out-
come at 90 days. In the Argatroban With Recombinant Tissue
Plasminogen Activator for Acute Stroke (ARTSS-2) study,11 ar-
gatroban plus alteplase resulted in a 9% improvement in the
primary end point compared with alteplase alone. Therefore,
9% was chosen as the difference used to power this study.
Based on the assumption that the percentage of participants
with excellent functional outcome was 30% in the argatro-
ban plus alteplase group and 21% in the alteplase alone group
(equivalent to a risk ratio [RR] of 1.43), a sample size of 734 (367
per group) was estimated to provide more than 80% power
(using a 2-sided α = .05) to detect the 9% greater excellent func-
tional outcome in the argatroban plus alteplase group. Assum-
ing a 10% loss to follow-up, the total sample size was 808 (404
participants per group).

Statistical Analysis
Statistical analyses were performed on the full analysis set,
which included all randomized participants with at least 1 post-
baseline efficacy evaluation. Generalized linear models (GLMs)
were performed for the analyses of the primary and second-
ary outcomes of favorable functional outcome at 90 days, the
occurrence of early neurologic improvement, and early neu-
rologic deterioration. The treatment effects for the above out-
comesarepresentedasRRsandriskdifferences (RDs)withtheir
95% CIs. In sensitivity analyses, missing values in the pri-
mary outcome were imputed using the last observation car-
ried forward approach, the worst-case scenario approach, the
best-case scenario approach, and post hoc multiple imputa-
tion. No interim analyses were performed in this study.

A GLM was also used to compare changes in NIHSS score
between admission and 14 days, and the geometric mean ra-
tio and 95% CI were calculated between the argatroban plus
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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
large percentage of missing values (Supplement 2). The miss-
ing values of baseline variables in the covariate-adjusted
analyses were imputed using simple imputation methods
based on their sample distributions. For example, for a con-
tinuous variable, missing values were imputed from random
values generated from a normal distribution with mean and
SD calculated from the available sample.

A subgroup analysis of the primary outcome was per-
formed using GLM on 8 prespecified subgroups (age [<65 years
or ≥65 years], sex [female or male], NIHSS score at random-
ization [6-9 or >9], endovascular therapy [yes or no], large ar-
tery occlusion [yes or no], time from symptom onset to throm-
bolysis [<3 hours or 3-4.5 hours], premorbid function [mRS
score], and history of stroke or transient ischemic attack).
Assessment of the homogeneity of the treatment effect by a
subgroup variable was conducted using a GLM with the treat-
ment, subgroup variable, and their interaction term as inde-
pendent variables, and the P value for the interaction term was
presented. Detailed statistical analyses are described in the sta-
tistical analysis plan (Supplement 2).

In addition, per-protocol analyses for primary and sec-
ondary outcomes were performed on patients who received
the complete intervention as specified in the protocol. A shift
in measures of functioning according to the full range of mRS
scores at 90 days was performed in a post hoc ordinal logistic
regression via GLM with treatment effect presented as an odds
ratio with 95% CI. Analyses of adverse events were based on
the safety population, which consisted of all randomized par-
ticipants who received at least 1 dose of the study drug.
A 2-sided P value less than .05 was considered statistically sig-
nificant. Because of the potential for type I error due to mul-
tiple comparisons, findings for secondary outcome analyses
should be interpreted as exploratory. SPSS software, version
23 (IBM), and R software, version 4.1.0 (R Foundation), were
used for the statistical analyses.

Results
Trial Population
Between January 18, 2019, and October 30, 2021, a total of 828
patients were enrolled and 817 were randomly assigned to the
argatroban plus alteplase group (402 patients) or the al-

teplase alone group (415 patients) after 11 patients were ex-
cluded due to randomization errors or lack of informed con-
sent. A total of 57 patients (7.0%) were excluded (33 withdrew
consent due to patient decision, 9 duplicate randomizations,
and 15 were lost to follow-up). The full analysis set popula-
tion included 760 patients (364 in the argatroban plus al-
teplase group and 396 in the alteplase alone group) (Figure 1
and eFigure 2 in Supplement 3). The procedure was com-
pleted according to the protocol for 692 patients (325 in the
argatroban plus alteplase group and 367 in the alteplase alone
group) and the results were included in the per-protocol analy-
sis. The reasons for the incomplete procedures are provided
in Figure 1. The trial was completed in January 2022.

The treatment groups were well balanced with respect to
baseline patient characteristics in the full analysis set popu-
lation (Table 1) and per-protocol analysis set population
(eTable 1 in Supplement 3). In the argatroban plus alteplase
group, 325 of 364 patients (89.3%) underwent the complete
procedure of argatroban plus alteplase treatment at a median
of 155 minutes from symptom onset to the alteplase treat-
ment. The remaining 39 patients did not receive complete ar-
gatroban treatment after alteplase treatment. In the alteplase
group, 367 of 396 patients (92.7%) underwent the complete
procedure of alteplase treatment at a median of 155 minutes
from symptom onset to the alteplase treatment. The remain-
ing 29 patients did not receive complete alteplase treatment.

Primary Outcome
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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)

ASPECTS score at
randomization,
median (IQR)f

9 (8-10) 9 (8-10) 9 (8-10) 9 (8-10)

Estimated premorbid function
(mRS score)g

No symptoms (score of 0) 295 (81.0) 314 (79.3) 318/397 (80.1) 326/411 (79.3)

Symptoms without any
disability (score of 1)

65 (17.9) 76 (19.2) 75/397 (18.9) 79/411 (19.2)

Mild disability (score of 2) 4 (1.1) 6 (1.5) 4/397 (1.0) 6/411 (1.5)

Presumed stroke causeh

Undetermined 233/356 (65.4) 270/389 (69.4) 242/370 (65.4) 276/401 (68.8)

Large artery atherosclerosis 67/356 (18.8) 74/389 (19.0) 71/370 (19.2) 76/401 (19.0)

Small artery occlusion 33/356 (9.3) 29/389 (7.5) 34/370 (9.2) 33/401 (8.2)

Cardioembolic 20/356 (5.6) 15/389 (3.9) 20/370 (5.4) 15/401 (3.7)

Other 3/356 (0.8) 1/389 (0.3) 3/370 (0.8) 1/401 (0.2)

Location of responsible vesseli

Anterior stroke 157/195 (80.5) 153/200 (76.5) 167/205 (81.5) 162/209 (77.5)

Posterior stroke 33/195 (16.9) 43/200 (21.5) 33/205 (16.1) 43/209 (20.6)

Anterior and posterior
stroke

5/195 (2.6) 4/200 (2.0) 5/205 (2.4) 4/209 (1.9)

(continued)
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bleeding events, and other most common adverse events be-
tween the 2 groups (Table 3).

Discussion
This trial showed that treatment with argatroban plus intra-
venous alteplase compared with alteplase alone did not re-
sult in a significantly greater likelihood of excellent func-
tional outcome at 90 days or identify a signal of harm among
patients with acute ischemic stroke. Furthermore, there was
no evidence of effect modification of prespecified subgroups
on the treatment effect on the primary end point.

This study differed from previous studies in 3 major
ways.10-12 First,previous trialshadrelativelysmall samplesizes,
ranging from 10 to 90 participants. To date, the present study,
including 828 participants, is the largest randomized trial that
provides robust statistical evidence on the effect of argatro-
ban plus alteplase on AIS. Second, the included patients with
median NIHSS scores of 8 to 9 had less severe neurologic defi-
cit than those in previous studies with a median NIHSS score
of 13 to 19.5.10,11 Third, the target population in previous stud-
ies was patients with large artery occlusion, whereas this was
not mandatory in the current study. Although previous stud-
ies suggested that argatroban plus alteplase increased the per-
centage of patients with excellent functional outcomes,10,11 un-
expectedly, argatroban plus alteplase did not show a significant

improvement in neurologic function in the present study. The
negative results may be attributed to the fewer enrolled pa-
tients with large artery occlusion in the current study (20.8%),
because the promising results of argatroban plus alteplase were
found in patients with a high percentage of large artery occlu-
sion (51.1% to 100%),9-11 while argatroban plus alteplase may
increase recanalization and decrease the reocclusion rates of
large artery occlusion, resulting in better neurologic improve-
ment. Namely, there may be a “floor” effect where smaller clots
are lysed as much as possible by alteplase so there is less room
for benefit, as opposed to larger clots that do not respond as
well to alteplase. Because it is impractical to perform vessel
imaging before intravenous thrombolysis in most stroke cen-
ters in China, large artery occlusion was not mandatory in this
trial design. In addition, the rapid development of endovas-
cular treatment after 5 clinical trials resulted in more patients
with large artery occlusion receiving endovascular treatment.4

Collectively, these 2 reasons resulted in a lower proportion
of patients with large artery occlusion enrolled in the trial.
Having a similar profile of enrolled patients and study aim to
this trial, the Multi-arm Optimization of Stroke Thrombolysis
(MOST; NCT03735979)21 study is ongoing and the results will
bring further evidence about the efficacy and safety of argatro-
ban plus alteplase therapy.

In the current study, there was no effect of argatroban plus
alteplase on early functional outcome, such as early neuro-
logic improvement at 48 hours, early neurologic deterioration

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 (continued)

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)

Location of responsible artery
(≥50% stenosis)i

Internal carotid 18/75 (24.0) 16/85 (18.8) 20/82 (24.4) 16/88 (18.2)

Middle cerebral 44/75 (58.7) 49/85 (57.6) 47/82 (57.3) 52/88 (59.1)

Anterior cerebral 2/75 (2.7) 5/85 (5.9) 2/82 (2.4) 5/88 (5.7)

Posterior cerebral 4/75 (5.3) 5/85 (5.9) 4/82 (4.9) 5/88 (5.7)

Basilar 5/75 (6.7) 6/85 (7.1) 5/82 (6.1) 6/88 (6.8)

Vertebral 4/75 (5.3) 4/85 (4.7) 4/82 (4.9) 4/88 (4.5)

Time from symptom onset
to alteplase, median (IQR), min

160 (120-208) 155 (114-201) 160 (120-208) 156 (115-201)

Time from symptom onset
to discharge, median (IQR), d

10 (7-13) 9 (7-13) 10 (7-12) 10 (6-13)

Endovascular treatment 10 (2.7) 13 (3.3) 15/397 (3.7) 17/411 (4.1)
a Defined as consuming alcohol at least once a week within 1 year prior to the

onset of the disease.
b Comorbidities based on family or patient report.
c Prior ischemic stroke referred only to the patients with premorbid modified

Rankin Scale (mRS) scores �1.
d Scores on National Institutes of Health Stroke Scale (NIHSS) range from 0 to

42, with higher scores indicating more severe neurologic deficit; a mean NIHSS
score of 8 to 9 indicates moderate neurologic deficit.

e The GRASPS score uses 6 clinical variables to estimate risk of symptomatic
intracranial hemorrhage after intravenous alteplase and ranges from 0 to 101,
with higher scores indicating greater risk.

f The Alberta Stroke Program Early CT Score (ASPECTS) determines the extent

of ischemic tissue based on computed tomography imaging. Scores range
from 0 to 10, with higher scores indicating less infarct volume.

g Scores on the mRS of functional disability range from 0 (no symptoms)
to 6 (death).

h The presumed stroke cause was classified according to the Trial of ORG 10172
in Acute Stroke Treatment (TOAST) using clinical findings, brain imaging, and
laboratory test results. Other causes included nonatherosclerotic
vasculopathies, hypercoagulable states, and hematologic disorder.

i Definite conclusions based on vessel examination. The diagnosis was based on
the clinician’s interpretation of the clinical features and examination results at
the time of hospital discharge.
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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

80 100604030 50 70 9020100

Argatroban plus
alteplase (n = 329)

Alteplase alone
(n = 367)

Patients, %

1 2 30

Modified Rankin Scale score

5 64

35.3 28.6 12.2

11.4

7.6 8.8 3.0 4.5

36.5 28.3 9.3 8.4 3.9

2.2

A total of 760 patients were included in the full analysis set; however, 696
patients (329 in the argatroban plus alteplase group and 367 in the alteplase
alone group) with 90-day follow-up data were included in the analysis of the
primary outcome. The raw distribution of scores is shown. Scores ranged from
0 to 6, with 0 indicating no symptoms; 1, symptoms without clinically
significant disability; 2, slight disability; 3, moderate disability; 4, moderately

severe disability; 5, severe disability; and 6, death. Treatment with
argatroban plus alteplase was associated with an adjusted risk difference of
−1.0% (95% CI, −7.6% to 5.7%; P = .78) for the outcome of a score of 0 or 1 on
the modified Rankin Scale at 90 days. The overall distribution of scores was not
statistically significant in the ordinal logistic analysis (odds ratio, 1.06 [95% CI,
0.81-1.39]; P = .66; adjusted odds ratio, 1.01 [95% CI, 0.58-1.76]; P = .98).

Table 2. Primary Analysis of Outcomes in the Full Analysis Set

Outcome

No. (%) Unadjusted Adjusteda

Argatroban
plus alteplase
(n = 364)

Alteplase alone
(n = 396)

Risk difference
(95% CI)

Risk ratio
(95% CI) P value

Risk difference
(95% CI)

Risk ratio
(95% CI) P value

Primary

mRS score of 0 to 1 at 90 db,c 210/329 (63.8) 238/367 (64.9) −1.0
(−8.1 to 6.1)

0.98
(0.88 to 1.10)

.78 −1.0
(−7.6 to 5.7)

1.03
(0.86 to 1.23)

.78

Secondary

mRS score of 0 to 2 within 90 dc 250/329 (76.0) 280/367 (76.3) −0.3
(−6.6 to 6.0)

1.00
(0.92 to 1.08)

.93 0.9%
(−5.2 to 6.9)

0.99
(0.77 to 1.26)

.92

Early neurologic improvement
within 48 hc,d

251 (69.0) 269 (67.9) 1.0
(−5.6 to 7.6)

1.03
(0.84 to 1.27)

.76 1.0
(−5.7 to 7.7)

1.03
(0.84 to 1.28)

.77

Early neurologic deterioration
within 48 hc,e

13 (3.6) 20 (5.1) −1.5
(−4.4 to 1.4)

0.71
(0.36 to 1.40)

.31 −1.7
(−4.5 to 1.2)

0.69
(0.35 to 1.37)

.26

Change in NIHSS score at day 14
from baseline, median (IQR)f

−0.85
(−1.61 to
−0.25)

−0.81
(−1.95 to
−0.29)

GMR, −0.03
(−0.16 to 0.11)

.69 GMR, −0.01
(−0.15 to 0.12)

.85

Stroke or other vascular events
within 90 dg

1/329 (0.3) 1/367 (0.3) Hazard ratio, 1.12
(0.07 to 17.94)

.94 Hazard ratio, 0.78
(0.04 to 15.16)

.87

mRS score distribution at 90 dc,h Odds ratio,
1.06 (0.81 to 1.39)

.66 Odds ratio, 1.01
(0.58 to 1.76)

.98

Abbreviations: GMR, geometric mean ratio; mRS, modified Rankin Scale;
NIHSS, National Institutes of Health Stroke Scale.
a Adjusted for prespecified prognostic variables (age, sex, NIHSS score at

randomization, time from the onset of symptoms to thrombolysis, premorbid
function [mRS score of 0 or 1], and history of stroke or transient ischemic attack).

b mRS scores range from 0 to 6; a score of 0 indicates no symptoms; 1, symptoms
without clinically significant disability; 2, slight disability; 3, moderate disability;
4, moderately severe disability; 5, severe disability; and 6, death.

c Calculated using a generalized linear model.
d Early neurologic improvement was defined as a decrease of �2 on the NIHSS

score between baseline and 48 hours.

e Early neurologic deterioration was defined as an increase of �4 on the NIHSS
score between baseline and 48 hours, but not the result of cerebral
hemorrhage.

f NIHSS scores range from 0 to 42, with higher scores indicating greater stroke
severity. The log (NIHSS score + 1) was analyzed using a generalized linear
model.

g Calculated using Cox regression model.
h As a post hoc analysis, this outcome was used to describe a shift in measures

of functioning according to the full range of scores on the mRS at 90 days.
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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
stroke care over time. Second, due to the open-label design,
the present study did not conceal the assigned treatment
fromtheparticipantsandphysicians.Ontheotherhand,blinded
end point assessments were used to reduce measurement bias

Table 3. Adverse Events in the Safety Populationa

Adverse event

No. (%)

Argatroban plus alteplase (n = 383) Alteplase alone (n = 397)
Symptomatic intracranial hemorrhage definition

ECASS-IIb 8 (2.1) 7 (1.8)

SITS-MOSTc 8 (2.1) 7 (1.8)

NINDSd 13 (3.4) 14 (3.5)

HBCe 9 (2.3) 8 (2.0)

Radiologic hemorrhage type

Parenchymal hematoma

Type 2f 9 (2.3) 10 (2.5)

Type 1g 7 (1.8) 8 (2.0)

Hemorrhagic infarction

Type 2h 8 (2.1) 6 (1.5)

Type 1i 9 (2.3) 8 (2.0)

Remote parenchymal hemorrhagej 1 (0.3) 3 (0.8)

Major systemic bleedingk 1 (0.3) 2 (0.5)

Other bleeding eventsl 14 (3.7) 10 (2.5)

Other most common adverse eventsm 46 (12.0) 43 (10.8)
a The safety population consisted of all randomized participants who received

at least 1 dose of the study drug.
b The European Cooperative Acute Stroke Study (ECASS) defines symptomatic

intracranial hemorrhage as any evidence of bleeding on the head computed
tomography imaging associated with clinically significant neurologic
deterioration (increase in National Institutes of Health Stroke Scale [NIHSS]
score �4 points) in the opinion of the clinical investigator or independent
safety monitor.

c The Safe Implementation of Thrombolysis in Stroke Monitoring Study
(SITS-MOST) defined symptomatic intracranial hemorrhage as local or remote
parenchymal hemorrhage type 2 on the imaging scan 22 to 36 hours after
treatment combined with a neurologic deterioration of 4 points or more on
the NIHSS score from baseline, or from the lowest NIHSS value between
baseline and 24 hours, or leading to death.

d The National Institute of Neurological Disorders and Stroke rt-PA Stroke Study
(NINDS) defined symptomatic intracranial hemorrhage as any hemorrhage
plus any neurologic deterioration (NIHSS score �1) or that leads to death
within 7 days.

e The Heidelberg Bleeding Classification (HBC) defined symptomatic intracranial
hemorrhage as new intracranial hemorrhage detected by brain imaging
associated with any of the following: (1) increase of �4 points in total NIHSS
score at the time of diagnosis compared with immediately before worsening
(note that a 4-point change is not compared with the baseline admission

NIHSS score but instead to the immediate predeterioration neurologic status),
(2) increase of �2 points in 1 NIHSS category, (3) leading to intubation/
hemicraniectomy/endovascular thrombectomy placement or other major
medical/surgical intervention, or (4) absence of alternative explanation for
deterioration.

f Parenchymal hematoma type 2 was defined as confluent bleeding occupying
more than 30% of the infarct volume and causing significant mass effect.

g Parenchymal hematoma type 1 was defined as confluent bleeding occupying
less than 30% of the infarct volume with some slight mass effect.

h Hemorrhagic infarction type 2 was defined as confluent petechiae within the
infarcted area but no space-occupying effect.

i Hemorrhagic infarction type 1 was defined as small petechiae along the
margins of the infarct.

j Remote parenchymal hemorrhage was defined as intracranial hemorrhage
outside the infarcted brain tissue.

k Major systemic bleeding was defined as a decrease in the hemoglobin level by
�2 g/dL or a transfusion of �2 U of blood.

l Other bleeding events included skin, mucous membrane, gastrointestinal,
urine, and gum bleeding.

mOther most common adverse events included constipation, insomnia,
pneumonia, dyspnea, headache, and vomiting.
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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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