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Residual Vessel Length on Magnetic Resonance
Angiography Identifies Poor Responders to Alteplase in
Acute Middle Cerebral Artery Occlusion Patients

Exploratory Analysis of the Japan Alteplase Clinical Trial II

Teruyuki Hirano, MD; Makoto Sasaki, MD; Etsuro Mori, MD; Kazuo Minematsu, MD;
Jyoji Nakagawara, MD; Takenori Yamaguchi, MD; for the Japan Alteplase Clinical Trial II Group

Background and Purpose—It remains unknown whether the effects of 0.6 mg/kg alteplase differ with occlusion site of the
middle cerebral artery (MCA). We therefore evaluated the effects of 0.6 mg/kg intravenous alteplase in patients with
different sites of MCA occlusion.

Methods—An exploratory analysis was made of 57 patients enrolled in the Japan Alteplase Clinical Trial II (J-ACT II),
originally designed to evaluate 0.6 mg/kg alteplase in Japanese patients with unilateral occlusion of the MCA (M1 or
M2 portion). The residual vessel length (in mm), determined by pretreatment magnetic resonance angiography, was used
to reflect the occluded site. The proportions of patients with valid recanalization (modified Mori grade 2 to 3) at 6 and
24 hours and a modified Rankin Scale (mRS) score of 0 to 1 and of 0 to 2 at 3 months were compared between the
groups dichotomized according to length of the residual vessel. Multiple logistic-regression models were generated to
elucidate the predictors of valid recanalization, mRS 0 to 1, and mRS 0 to 2.

Results—Receiver operating characteristics analysis revealed that 5 mm was the practical cutoff length for dichotomiza-
tion. In patients with an M1 length <5 mm (n=12), the frequencies of valid recanalization at 6 and 24 hours (16.7%
and 25.0%) were significantly lower compared with those (62.1% and 82.8%, respectively) of the 45 patients with a
residual M1 length =5 mm and an M2 occlusion (P=0.008 for 6 hours, P<<0.001 for 24 hours). The proportions of
patients who achieved an mRS of 0 to 1 and an mRS of 0 to 2 were also lower for those with an M1 length <5 mm
(8.3% and 16.7%, respectively) compared with the other group (57.8% and 68.9%, respectively; P=0.003 for mRS 0
to 1, P=0.002 for mRS 0 to 2). In logistic-regression models, the site of MCA occlusion (<5 mm) was a significant
predictor of valid recanalization at 6 and 24 hours and of an mRS of 0 to 1 and of mRS of 0 to 2.

Conclusions—In patients with acute MCA occlusion, a residual vessel length <5 mm on magnetic resonance angiography
can identify poor responders to 0.6 mg/kg alteplase.

Clinical Trial Registration—URL: http://www clinicaltrials.gov. Unique identifier: NCT00412867.

(Stroke. 2010;41:2828-2833.)

Key Words: acute ischemic stroke m middle cerebral artery occlusion m tissue plasminogen activator m recanalization
B magnetic resonance angiography

Intravenous thrombolysis with recombinant tissue plasmin-
ogen activator is effective in carefully selected patients
with acute ischemic stroke.!> Among patients treated with
intravenous alteplase, stroke severity, systolic hypertension,
early ischemic changes on computed tomography, persistent
arterial occlusion, stroke subtype, and time to thrombolytic
treatment have been repeatedly demonstrated as independent
predictors of poor outcome.3-'° Furthermore, the Japan Alte-
plase Clinical Trial II (J-ACT II) clearly demonstrated that

recanalization of the occluded artery represented the most
powerful predictor of a favorable outcome at 3 months in
selected patients with magnetic resonance angiography
(MRA)-documented middle cerebral artery (MCA) occlu-
sions.!! Information concerning early predictors of recanali-
zation resistance may thus be useful for selecting patients to
receive more aggressive reperfusion strategies.

Previous angiographic,'>'# transcranial Doppler,!s and
MRA!®-18 studies have demonstrated that more proximal
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occlusions, such as those of the internal carotid artery
(ICA)14.17-20 or tandem ICA/MCA,?! carry a greater thrombus
burden, whereas distal MCA occlusions are more likely to
recanalize with systemic alteplase therapy. A meta-analysis
revealed that recanalization, either spontaneous or related to
thrombolytic or interventional therapies, is less likely with ICA
occlusions.?? ICA occlusion has been shown to predict a poorer
clinical outcome compared with MCA occlusion.!+17:1920 How-
ever, little is yet known about the differences in recanaliza-
tion rates and response to alteplase among patients with
various sites of MCA occlusion. We therefore performed an
exploratory analysis of patients with MCA occlusion enrolled
in J-ACT 1I, giving special attention to the residual vessel
length as documented on pretreatment MRA.

Methods

J-ACT Il is a prospective, single-dose, open-label, multicenter, phase
IV trial, originally designed to evaluate 0.6 mg/kg alteplase in
Japanese patients with unilateral occlusion of the MCA. Details of
the trial have been published previously.!! In brief, 58 patients with
ischemic stroke within 3 hours of onset whose arterial occlusion was
identified in the M1 or M2 segment on standardized MRA were
enrolled. The results showed that the rates of early and delayed
recanalization and a favorable outcome elicited by 0.6 mg/kg
alteplase were comparable to the previously reported findings for the
regular dose of 0.9 mg/kg.

Site of MCA Occlusion

All baseline MRA data were re-evaluated centrally by 2 reviewers, 1
expert neurologist, and 1 expert neuroradiologist (the image-reading
panel), all of whom were blinded to all clinical information except
the affected side. For patients with M1 occlusions, the site of
occlusion was determined in an anteroposterior view on
3-dimensional time-of-flight MRA as the horizontal distance from
the ICA bifurcation to the distal end of the flow signal. The residual
vessel length (in mm) was used to reflect the occluded site in the
patients with M1 occlusions (Figure 1).

Evaluation of Recanalization

MRA was repeated at baseline, 6 hours, and 24 hours after symptom
onset. The time allowance for the 6-hour MRA was between the end
of alteplase infusion and 8 hours from symptom onset, and that for
the 24-hour MRA was between 24 and 36 hours after symptom
onset.

Recanalization was evaluated centrally by the image-reading panel
according to the modified Mori grade: grade 0, no reperfusion; grade
1, movement of thrombus not associated with any flow improve-
ment; grade 2, partial (branch) recanalization in <50% of the
branches in the occluded arterial territory; and grade 3, nearly
complete recanalization with reperfusion in =50% of the branches in
the occluded arterial territory.!' The recanalization rate was esti-
mated by regarding grades 2 and 3 as valid recanalization, corre-
sponding to Thrombolysis in Myocardial Infarction grades 2 and 3.
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Figure 1. Measurement of residual vessel length in
patients with M1 occlusions. Examples are shown
of the residual vessel length measured by
3-dimensional time-of-flight MRA. The site of M1
occlusion was determined in an anteroposterior
view as the horizontal distance from the ICA bifur-
cation to the distal end of the flow signal.

Clinical Evaluation

Functional outcome after 3 months was assessed by the modified
Rankin Scale (mRS) score. Patients with an mRS of 0 to 1 at 3
months were regarded as having a favorable outcome. In addition, an
mRS of 0 to 2 was judged to be indicative of functional indepen-
dence, that is, avoiding death or dependency.

Statistical Analysis
The proportions of patients with valid recanalization at 6 and 24
hours after symptom onset, a favorable outcome (mRS 0 to 1), and
functional independence (mRS 0 to 2) at 3 months were compared
between the groups dichotomized according to length of residual
vessel on MRA. Receiver operating characteristics curves were
constructed for the patients with M1 occlusions to make comparisons
between vessel length and clinical outcome.

The predictors of valid recanalization at 6 and 24 hours, mRS 0 to
1, and mRS O to 2 were assessed by multiple logistic-regression
analysis. Knowledge of disease-related factors before alteplase
administration, such as time from onset, presence of hypertension,
diabetes mellitus, baseline National Institutes of Health Stroke Scale
score, and Alberta Stroke Program Early Computed Tomography
Score (ASPECTS),6 as well as MCA occlusion site, was included in
a stepwise regression analysis, for which age and sex were forcibly
entered into the model to adjust for their possible confounding
effects.

Table 1. Comparison of Demographic and Baseline
Characteristics of the Patients (N=57) According to Site of
MCA Occlusion

Total M1 <5 mm M1 =5 mm M2
(N=57) (n=12) (n=29) (n=16)
Mean+SD age, y  70.7+11.2 74.6+98 664x117 755*8.2
Female, n 23(40.4%)  8(86.7%) 12(41.4%)  3(18.8%)
Baseline NIHSS 12(5-22) 17(5-22) 12(6-22)  11(5-21)
score (range)
Stroke subtype, n
Cardioembolic 49 (86.0%) 10(83.3%) 25(86.2%) 14 (87.5%)
Atherothrombotic 5 (8.8%) 2 (16.7%) 2 (6.9%) 1 (6.3%)
Other/not 3 (5.3%) 0 (0%) 2 (6.9%) 1 (6.3%)
differentiated
Concomitant
diseases
Hypertension, n 36 (63.2%)  9(75.0%) 13 (44.8%) 14 (87.5%)
Diabetes 10(17.5%) 2 (16.7%) 3(10.3%)  5(31.3%)
Dyslipidemia 18 (31.6%) 3(25.0%) 10(34.5%) 5(31.3%)
Atrial fibrillation 34 (59.6%)  9(75.0%) 15(51.7%) 10 (62.5%)
Previous stroke/TIA 12 (21.1%)  1(8.3%) 7(241%)  4(25.0%)
ASPECTS value 9 (3-10) 8(3-10) 9 (5-10) 9 (7-10)

(range)

NIHSS indicates National Institutes of Health Stroke Scale; TIA, transient
ischemic attack. Data show the mean (SD), median (interquartile range), or No. (%).
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Figure 2. Rate of valid recanalization at 6 and 24 hours by site
of vessel occlusion. The rate of valid recanalization was signifi-
cantly lower in patients with a residual M1 length <5 mm at
both 6 and at 24 hours.

To examine the possible interaction of MCA occlusion site with
recanalization for the 3-month outcome, the following recanalization
patterns were evaluated with the logistic model in addition to the
disease-related factors: (1) model 1, in which recanalization on 6-hour
MRA was entered; (2) model 2, in which recanalization on 24-hour
MRA was entered; and (3) model 3, in which recanalization within 6
hours and delayed recanalization (that is, arterial occlusion unchanged
on 6-hour MRA but recanalized on 24-hour MRA) were entered.
Significance was set at P<<0.05 in all models. The odds ratio (OR) and
95% Cls were also determined. SAS 9.1.3 was used for statistical
analyses.

Results

Of the 58 patients enrolled in the trial, 41 (70.7%) were
evaluated as having an M1 occlusion. Their residual M1
length ranged from 0.0 (origin) to 17.7 mm (distal end),
whereas the contralateral M1 length ranged from 19.5 to
32.1 mm (mean*S8D, 26.1£3.1 mm). One patient was judged
to have no occluded artery on baseline MRA by the image-
reading panel and was therefore excluded from the present
analysis. The remaining 16 patients (27.6%) were evaluated
as having an M2 occlusion. Further analyses were therefore
performed on 57 patients with MCA occlusion. Table 1
summarizes these patients’ characteristics.

The cumulative frequency of valid recanalization at 6 and
24 hours increased as the residual M1 length increased. No
patient had recanalization on 6-hour MRA that subsequently
disappeared on 24-hour MRA. Receiver operating character-
istics analysis revealed that valid recanalization differed
between the groups dichotomized by residual vessel length at
both 6 (Az 0.701, P=0.027) and 24 (Az 0.817, P=0.001)
hours. The optimal cutoff residual M1 lengths for predicting
valid recanalization at 6 and 24 hours were the same, 5.3 mm.
When the patients with M1 occlusions were divided into 2
groups (residual vessel length <5 mm or =5 mm), the
frequency of valid recanalization was significantly lower in
the patients with a residual M1 length <5 mm (n=12)
compared with the combined group with an M1 length
=5 mm (n=29) and those with M2 occlusions (n=16)
(P=0.008 for 6 hours, P<0.001 for 24 hours; Fisher’s exact

147

M1 <5 mm

M1 25 mm

62.1% (18/29)
‘ i

M2

| 62.5%(10/16)  81.3% (13/16)

40% 60% 80% 100%

Fisher’s exact test
Figure 3. Distribution of scores at 3 months on the mRS scale
by site of vessel occlusion. The proportion of patients with a
favorable outcome, ie, an mRS score of 0 to 1, was significantly
lower in patients with a residual M1 length <5 mm. Similar
results were obtained when the frequency of functional indepen-
dence, ie, an mRS of 0 to 2, was investigated. *Data were not
obtained in 1 patient each with a residual M1 length =5 mm

and M2. These patients were assigned an mRS =3.

test; Figure 2). In logistic-regression models, the site of MCA
occlusion (<5 mm) was the only significant predictor of valid
recanalization at both 6 (OR=0.076; 95% CI, 0.010 to 0.573)
and 24 (OR=0.023; 95% CI, 0.002 to 0.245) hours.
Similarly, receiver operating characteristics analysis dem-
onstrated that the proportions of patients with a favorable
outcome (mRS 0 to 1) and functional independence (mRS 0
to 2) were also different among patients with M1 occlusions,
with an optimal cutoff length of 5.3 mm. The distribution of
scores on the 3-month mRS was different among patients
with M1 lengths <5 mm compared with those with an M1
length =5 mm and M2 occlusions (Figure 3). On logistic-

Table 2. Predictors of Favorable Outcome and Functional
Independence by Multiple Logistic Regression Analysis

OR 95% Cl P Value

mRS 0-1
Sex (female vs male) 1.011  0.274-3726 0.9871
Age (by 1 year) 0.989 0.932-1.050 0.7155
Time from onset to treatment (by min)  0.998 0.971-1.027 0.9112
Diabetes 0.891 0.146-5.428 0.9006
Hypertension 1.872 0.465-7.528 0.3773
Baseline NIHSS (by 1 point) 0.878 0.737-1.046  0.1466
Occluded site (<5 mm vs others) 0.082 0.008-0.812 0.0325
ASPECTS value (by 1 point) 1.429 0.788-2.592  0.2392

mRS 0-2
Sex (female vs male) 0.639 0.152-2.689 0.5416
Age (by 1 year) 1.016 0.952-1.085 0.6290
Time from onset to treatment (by min)  0.978 0.948-1.008  0.1508
Diabetes 0.607 0.080-4.632 0.6302
Hypertension 1.025 0.235-4.473 0.9743
Baseline NIHSS (by 1 point) 0.890 0.746-1.061 0.1925
Occluded site (<5 mm vs others) 0.125 0.020-0.793 0.0274
ASPECTS value (by 1 point) 2121 1.082-4.158  0.0285

NIHSS indicates National Institutes of Health Stroke Scale. Table entrigs in
bold-faced type are statistically significant.
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Table 3. Predictors of Favorable Outcome and Functional Independence by Multiple-Logistic Regression Analysis in 3 Different

Models of Posttreatment Recanalization

Model 1: 6-Hour
Recanalization Model

Model 2: 24-Hour
Recanalization Model

Model 3: 6-Hour and Delayed
Recanalization Model

OR 95% Cl P Value OR 95% Cl P Value OR 95% Ci P Value
mRS 0-1
Sex (female vs male) 0.846  0.198-3.619 0.8212 0814 0.168-3.933 0.7974 0.668 0.137-3.245 0.6167
Age (by 1 year) 0986 0924-1.052  0.6689 0.989 0.921-1.062 0.7555 0.973  0.905-1.046 0.4632
Time from onset to treatment (by min)  1.006  0.976-1.037 0.7024 0997  0.967-1.027 0.8273 1.003  0.972-1.034 0.8721
Diabetes 0341  0.042-2.783 0.3152 0.456  0.053-3.893 0.4728 0.281 0.028-2.783 0.2779
Hypertension 1847 0.419-8.147 0.4177 2919 0.544-15.671 0.2115 2.556  0.449-13.087 0.2602
Baseline NIHSS (by 1 point) 0.903 0.748-1.091 0.2915 0.797 0.643-0.989 0.0391 0.859 0.701-1.054 0.1456
Occluded site (<5 mm vs others) 0173  0.016-1.901 0.1515 0.544  0.041-7.290 0.6453 0.568  0.040-8.068 0.6759
ASPECTS value (by 1 point) 1.755  0.881-3.497 0.1096 2111 0.981-4.5M 0.0560 2.007 0.940-4.287 0.0718
Recanalization within 6 h 6.772  1.346-34.080 0.0203 38.972 3.222-471.318  0.0040
Recanalization within 24 h 32.762 3.572-300.514 0.0020
Delayed recanalization 18.607 1.357-255.149 0.0286
mRS 0-2

Sex (female vs male) 0.546 0.113-2.646 0.4521 0525 0.100-2.763 0.4471 0.522  0.104-2.636 0.4317
Age (by 1 year) 1.007  0.938-1.081 0.8476 1017 0.947-1.092 0.6420 1.004 0.935-1.079 0.9029
Time from onset to freatment (by min) 0.987  0.955-1.020 0.4274 0978 0.946-1.010 0.1784 0.986 0.955-1.018 0.3942
Diabetes 0.233  0.021-2.586 0.2357 0.362 0.035-3.713 0.3926 0.228 0.019-2730 0.2434
Hypertension 1115 0.236-5.277 0.8906 1524 0.298-7.802 0.6129 1.288  0.264-6.281 0.7543
Baseline NIHSS (by 1 point) 0925 0.759-1.127 0.4382 0.850 0.699-1.035 0.1056 0911 0.746-1.112 0.3594
Occluded site (<5 mm vs others) 0.250 0.035-1.798 0.1684 0.447 0.052-3.821 0.4618 0.363 0.043-3.073 0.3522
ASPECTS value by 1 point) 2683 1.217-5.918 0.0145 2949 1.279-6.798 0.0111 2,791  1.231-6.331 0.0140
Recanalization within 6 h 7362 1.250-43.371  0.0274 13179 1.478-117.510 0.0209
Recanalization within 24 h 15502 1.953-123.034 0.0095
Delayed recanalization 3132 0.322-30.427 0.3250

NIHSS indicates National Institutes of Health Stroke Scale. Table entries in bold-faced type are statistically significant.

regression analysis including the disease-related factors pres-
ent before alteplase administration, a residual M1 length
<5 mm was the only significant predictor of a favorable
outcome (OR=0.082; 95% CI, 0.008 to 0.812; Table 2). A
residual M1 length <§ mm (OR=0.125; 95% CI, 0.020 to
0.793), together with a high ASPECTS value (OR=2.121;
95% CI, 1.082 to 4.158), was significantly related to func-
tional independence at 3 months (Table 2).

Possible interactions between the pretreatment residual
vessel length and patterns of recanalization were evaluated by
multiple logistic-regression analysis (Table 3). Among the
models for favorable outcome, recanalization in model 1,
recanalization and baseline National Institutes of Health
Stroke Scale score in model 2, and 6-hour and delayed
recanalization in model 3 were significant predictors. Among
the models for functional independence, recanalization and
ASPECTS score in model 1, recanalization and ASPECTS
score in model 2, and 6-hour recanalization and ASPECTS
score in model 3 were significant predictors.

Discussion
In the present exploratory analysis of the J-ACT 1I cohort, we
found that a residual M1 length <5 mm on MRA was a
negative predictor of early and delayed recanalizations as
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well as for a favorable outcome and functional independence
at 3 months. Patients with residual M1 lengths <5 mm are
poor responders to 0.6 mg/kg alteplase. The site of vessel
occlusion was a strong predictor of outcome before systemic
alteplase administration.

In a previous magnetic resonance imaging—based, open-
label, nonrandomized study, the German Stroke Excellence
Network Initiative,'¢ the reported recanalization rate of prox-
imal MCA occlusions was comparable with distal MCA and
M2 occlusions (76.7% for the proximal MCA, 60.0% for the
distal MCA, and 87.5% for M2) in the 76 patients treated with
thrombolysis. On the other hand, the difference in recanali-
zation rate was significant between an MCA origin and other
sites of MCA occlusion in our study. In addition to the
different alteplase doses between Europe and Japan, the lack
of a clear definition of “proximal” and “distal” MCA might
have led to this discrepancy. In our study, cumulative analysis
followed by receiver operating characteristics analysis dem-
onstrated that <5 mm was the practical cutoff length between
proximal and distal sites within the M1 portion.

Our results paralleled those of Saqqur et al,'’ who exam-
ined the effects of alteplase by transcranial Doppler. They
showed that patients with distal MCA occlusions were more
likely to recanalize and were twice as likely to achieve an
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mRS of 0 to 1 than were those with proximal MCA
occlusions. Their transcranial Doppler-based definitions of
the occluded site in the MCA and of complete recanalization
differed from ours, however. The proportions of patients
achieving an mRS of 0 to 1 decreased with more proximal
occlusions: distal MCA, 52%; proximal MCA, 25%; tandem
ICA/MCA, 21%; and terminal ICA, 18%.

What are the potential reasons for different outcomes
between patients with residual M1 lengths <5 mm and
others? In terms of thrombus size and the association of
thrombi with atherosclerosis, clot size is bigger in patients
with a residual M1 length <5 mm, and there may be
differences in clot composition between proximal and distal
M1 occlusions.?? Fibrin-rich clots have been shown to display
a greater propensity for lysis by alteplase compared with
platelet-rich clots.'® Relative to other stroke subtypes, the rate
of complete recanalization has been reported to be higher in
patients with cardicembolic stroke.!® Although there was no
statistical difference, atherosclerotic occlusion was found
more frequently in patients with proximal M1 occlusions
(16.7% in M1 <5 mm; 6.7% in M1 =5 mm and M2,
P=0.281).

Another possible explanation concerns the number of
perforating arteries originating from the M1 portion. Patients
with a residual M1 length <5 mm seldom spare perforators
that allow a continuous blood stream. Effective delivery and
distribution of alteplase into the clot may thus become
severely disturbed. Experimental studies have demonstrated
that the fibrinolytic rate is dependent on the pressure gradient
to which the clot is exposed.?*

In our first logistic-regression model including only pre-
treatment factors, the site of vessel occlusion (M1 <5 mm or
other) was a strong predictor of 3-month outcome. Once
important posttreatment factors, like early and/or delayed
recanalization, were included in the second of the 3 different
models, the site of vessel occlusion no longer remained as
significant. This is reasonable, because the site of vessel
occlusion before treatment with alteplase was strongly corre-
lated to posttreatment recanalization. To achieve an mRS of 0
to 1, the key is recanalization immediately after thrombolysis,
as repeatedly reported.?>-2 Using the Safe Implementation of
Treatment in Stroke-International Stroke Thrombolysis Reg-
ister database, Kharitonova et al*® also noted that disappear-
ance of a hyperdense MCA signs, an indirect marker of
recanalization on computed tomography, was significantly
related to functional independence and survival.

On the other hand, an mRS of 0 to 2 might be achieved
independently of recanalization if the patient has good col-
lateral flow, indicated by a high ASPECTS value.?! Regard-
ing the influence of pretreatment ASPECTS, the Pro-
Urokinase for Acute Cerebral Thromboembolism II trial
demonstrated that patients with ASPECTS scores >7 were 3
times more likely to achieve an mRS of 0 to 2.32

It might be reasonable to modify our treatment strategy
according to the MRA information concerning the site of
pretreatment vessel occlusion. We speculate that patients with
Mi1-origin occlusions (residual vessel length <5 mm) as well
as those with ICA occlusions may be potential candidates for
rescue interventional therapies, such as intra-arterial
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thrombolysis and mechanical thrombectomy, should intrave-
nous thrombolysis fail to achieve recanalization and
reperfusion.

The present study has several limitations. First, the number
of patients was relatively small because the target population
was strictly limited to MRA-documented M1 or M2 occlu-
sions. Second, we could not evaluate collateral status because
MRA was the only required modality for imaging. Good
collateral flow up to the distal end of the clot might have
accelerated recanalization.?3 Third, the alteplase dose was 0.6
mg/kg, which is the specified dose in the Japanese license.®*
The recanalization rate in patients with a residual M1 length
<5 mm could have been improved with the 0.9 mg/kg dose
of alteplase, although J-ACT II demonstrated efficacy in
terms of vascular and clinical outcomes.!!

In conclusion, the effect of 0.6 mg/kg intravenous alteplase
differs according to the MRA-documented site of MCA
occlusion. In patients with acute MCA occlusions, a residual
M1 length <5 mm on MRA can identify poor responders to
0.6 mg/kg alteplase.

Sources of Funding
This clinical trial was supported by Kyowa Hakko Kirin Co, Ltd, and
Mitsubishi Tanabe Pharma Corporation.

Disclosures

Teruyuki Hirano has received honoraria from Mitsubishi Tanabe
Pharma and Kyowa Hakko Kirin. Makoto Sasaki has received
honoraria from Mitsubishi Tanabe Pharma, Kyowa Hakko Kirin, and
Lundbeck. Etsuro Mori has received a research grant, honoraria, and
consulting fees from Mitsubishi Tanabe Pharma; honoraria and consult-
ing fees from Kyowa Hakko Kirin; and consulting fees from Lundbeck.
Kazuo Minematsu has received a research grant and honoraria from
Mitsubishi Tanabe Pharma and honoraria from Kyowa Hakko Kirin
and Lundbeck. Jyoji Nakagawara has received honoraria from
Mitsubishi Tanabe Pharma, Kyowa Hakko Kirin, and Lundbeck.
Takenori Yamaguchi has received consulting fees from Mitsubishi
Tanabe Pharma and research grants from Kyowa Hakko Kirin and
Lundbeck.

References

1. The National Institute of Neurological Disorders and Stroke rt-PA Stroke
Study Group. Tissue plasminogen activator for acute ischemic stroke.
N Engl J Med. 1995;333:1581-1587.

2. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D,
Larrue V, Lees KR, Medeghri Z, Machnig T, Schneider D, von Kummer
R, Wahlgren N, Toni D; ECASS Investigators. Thrombolysis with
alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med.
2008;359:1317-1329.

3. Déavalos A, Toni D, Iweins F, Lesaffre F, Bastianello S, Castillo J. Neu-
rological deterioration in acute ischemic stroke: potential predictors and
associated factors in the European Cooperative Acute Stroke Study
(ECASS) L. Stroke. 1999;30:2631-2636.

4. Albers GW, Bates VE, Clark WM, Bell R, Verro P, Hamilton SA.
Intravenous tissue-type plasminogen activator for treatment of acute
stroke: the Standard Treatment with Alteplase to Reverse Stroke
(STARS) study. J Am Med Assoc. 2000;283:1145-1150.

5. Matler JR, Tilley BC, Lu M, Brott TG, Lyden PC, Grotta JC, Broderick
JP, Levine SR, Frankel MP, Horowitz SH, Haley DC, Lewandowski CA,
Kwiatkowski TP, for the NINDS rt-PA Stroke Study Group. Early stroke
treatment associated with better outcome: the NINDS rt-PA stroke study.
Neurology. 2000;55:1649-1655.

6. Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity and reliability
of a quantitative computed tomography score in predicting outcome of
hyperacute stroke before thrombolytic therapy. Lancet. 2000;355:
1670-1674.



10.

1L

12.

14.

15.

16.

18.

19.

Hirano et al

. Demchuk AM, Tanne D, Hill MD, Kasner SE, Hanson S, Grond M,

Levine SR; The Multicentre tPA Stroke Survey Group. Predictors of good
outcome after intravenous tPA for acute ischemic stroke. Neurology.
2001;57:474-480.

. Labiche LA, Al-Senani F, Wojner AW, Grotta JC, Malkoff M, Alex-

androv AV, Is the benefit of early recanalization sustained at 3 months?
a prospective cohort study. Stroke. 2003;34:695-698.

. Hacke W, Donnan GA, Fieschi C, Kaste M, von Kummer R, Broderick

JP, Brott T, Frankel M, Grotta JC, Haley EC Jr, Kwiatkowski T, Levine
SR, Lewandowski C, Lu M, Lyden P, Marler JR, Patel S, Tilley BC,
Albers G, Bluhmki E, Wilhelm M, Hamilton S; ATLANTIS Trials Inves-
tigators; ECASS Trials Investigators; NINDS rt-PA Study Group Inves-
tigators. Association of outcome with early stroke treatment: pooled
analysis of ATLANTIS, ECASS, and NINDS rt-PA stroke trials. Lancet.
2004;363:768-774.

Molina CA, Montanar J, Arenillas JF, Ribo M, Rubiera M, Alvarez-Sabin
J. Differential pattern of tissue plasminogen activator-induced proximal
middle cerebral artery recanalization among stroke subtypes. Stroke.
2004;35:486-490.

Mori E, Minamatsu K, Nakagawara J, Yamaguchi T, Sasaki M, Hirano T;
for the J-ACT II Group. Effects of 0.6 mg/kg intravenous alteplase on
vascular and clinical outcomes in middle cerebral artery occlusion: Japan
Alteplase Clinical Trial II (J-ACT II). Stroke. 2010;41:461-465.

del Zoppo GI, Poeck K, Pessin MS, Wolpert SM, Furlan Al, Ferbert A,
Alberts MJ, Zivin JA, Wechsler L, Busse O, Greenlee R, Brass L, Mohr
JP, Feldmann E, Hacke W, Kase CS, Biller J, Gress D, Otis SM. Recom-
binant tissue plasminogen activator in acute thrombotic and embolic
stroke., Ann Neurol. 1992;32:78-86.

. Lewandowski CA, Frankel M, Tomsick TA, Broderick J, Frey J, Clark

W, Starkman S, Grotta J, Spilker J, Khoury J, Brott T. Combined intra-
venous and intra-arterial ri-PA versus intra-arterial therapy of acute is-
chemic stroke: Emergency Management of Stroke (EMS) Bridging Trial.
Stroke. 1999;30:2598-2605.

Linfante I, Llinas RH, Selim M, Chaves C, Kumar S, Parker RA, Caplan
LR, Schlaug G. Clinical and vascular outcome in internal carotid artery vs
middle cerebral artery occlusions after intravenous tissue plasminogen
activator. Stroke. 2002;33:2066-2071.

Saqqur M, Uchino K, Demchuk AM, Molina CA, Garami Z, Calleja S,
Akhtar N, Orouk FO, Salam A, Shuaib A, Alexandrov AV; for
CLOTBUST Investigators. Site of arterial occlusion identified by trans-
cranial Doppler predicts the response to intravenous thrombolysis for
stroke. Stroke. 2007,38:948-954.

Raéther J, Schellinger PD, Gass A, Siebler M, Villringer A, Fiebach IB,
Fiehler J, Jansen O, Kucinski T, Schoder V, Szabo K, Junge-Hiilsing GJ,
Hennerici M, Zeumer H, Sartor K, Weiller C, Hacke W; for the Kompe-
tenznetzwerk Schlaganfall Study Group. Effect of intravenous
thrombolysis on MRI parameters and functional outcome in acute stroke
<6 hours. Stroke. 2002;33:2438-2445,

. Nakashima T, Toyoda K, Koga M, Matsuoka H, Nagatsuka K, Takada T,

Naritomi H, Minematsu K. Arterial occlusion sites on magnetic resonance
angiography influence the efficacy of intravenous low-dose (0.6 mg/kg)
alteplase therapy for ischaemic stroke. Int J Stroke. 2009;4:425-431,
De Silva DA, Brekenfeld C, Ebinger M, Christensen §, Barber PA,
Butcher KS, Levi CR, Parsons MW, Bladin CF, Donnan GA, Davis SM;
for the Echoplanar Imaging Thrombolytic Evaluation Trial (EPITHET)
Investigators. The benefits of intravenous thrombolysis relate to the site
of baseline arterial occlusion in the Echoplanar Imaging Thrombolytic
Evaluation Trial (EPITHET). Stroke. 2010;41:295-299.

Kim YS, Garami Z, Mikulik R, Molina CA, Alexandrov AV. Early
recanalization rates and clinical outcomes in patients with tandem internal

150

Residual M1 Length and Effect of Alteplase

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

2833

carotid artery/middle cerebral artery occlusion and isolated middle
cerebral artery occlusion. Stroke. 2005;36:869-871.

Marks MP, Olivot JM, Kemp S, Lansberg MG, Bammer R, Wechsler LR,
Albers GW, Thijs V. Patients with acute stroke treated with intravenous
tPA 3-6 hours after stroke onset: correlations between MR angiography
findings and perfusion- and diffusion-weighted imaging in the DEFUSE
study. Radiology. 2008;249:614-623,

Rubiera M, Ribo M, Delgado-Mederos R, Santamarina E, Delgado P,
Montaner J, Alvarez-Sabfn J, Molina CA. Tandem internal carotid artery/
middle cerebral artery occlusion: an independent predictor of poor
outcome after systemic thrombolysis. Stroke. 2006;37:2301-2305.

Rha JH, Saver JL. The impact of recanalization on ischemic stroke
outcome: a meta-analysis. Stroke. 2007;38:2438-2445.

Marder VJ, Chute DJ, Starkman S, Abolian AM, Kidwell C, Liebeskind
D, Ovbiagele B, Vinuela F, Duckwiler G, Jahan R, Vespa PM, Selco S,
Rajajee V, Kim D, Sanossian N, Saver JL. Analysis of thrombi retrieved
from cerebral arteries of patients with acute ischemic stroke. Stroke.
2006;37:2086-2093.

Blinc A, Francis CW. Transport processes in fibrinolysis and fibrinolytic
therapy. Thromb Haemost. 1996;76:481-491.

Mori E, Yoneda Y, Tabuchi M, Yoshida T, Ohkawa S, Ohsumi Y, Kitano
K, Tsutsumi A, Yamadori A. Intravenous recombinant tissue plasmino-
gen activator in acute carotid artery territory stroke. Neurology. 1992;42:
976-982.

von Kummer R, Hacke W. Safety and efficacy of intravenous tissue
plasminogen activator and heparin in acute middle cerebral artery stroke.
Stroke. 1992;23:646-652.

Yamaguchi T, Hayakawa T, Kiuchi H. Intravenous tissue plasminogen ac-
tivator ameliorates the outcome of hyperacute embolic stroke. Cerebrovasc
Dis. 1993;3:269-272.

Yamaguchi T, Kikuchi H, Hayakawa T. Clinical efficacy and safety of
intravenous tissue plasminogen activator in acute embolic stroke: a ran-
domized, double-blind, dose-comparison study of duteplase, In:
Yamaguchi T, Mori E, Minematsu K, del Zoppo GI, eds. Thrombolytic
Therapy in Acute Ischemic Stroke HI. Tokyo: Springer-Verlag; 1995:
223-229,

Chalela JA, Kang DW, Luby M, Ezzeddine M, Latour LL, Todd JW,
Dunn B, Warach S. Early MRI findings in patients receiving tissue
plasminogen activator predict outcomne: insights into the pathophysiology
of acute stroke in the thrombolysis era. Ann Neurol. 2004;55:105-112.

Kharitonova T, Thorén M, Ahmed N, Wardlaw JM, von Kummer R,
Thomassen L, Wahlgren N, for the SITS investigators. Disappearing
hyperdense middle cerebral artery sign in ischaemic stroke patients
treated with intravenous thrombolysis: clinical course and prognostic
significance. J Neurol Neurosurg Psychiatry. 2009;80:273-278.

Hirano T, Yonehara T, Inatomi Y, Hashimoto Y, Uchino M. Presence of
early ischemic changes on computed tomography depends on severity and
the duration of hypoperfusion: a single photon emission-computed tomo-
graphic study. Stroke. 2005;36:2601-2608.

Hill MD, Rawley HA, Adler F, Eliasziw M, Furlan A, Higashida RT,
Wechsler LR, Roberts HC, Dillon WP, Fischbein NJ, Fieszt CM, Schulz
GA, Buchan AM. Selection of acute ischemic stroke patients for intra-
arterial thrombolysis with pro-urokinase by using ASPECTS. Stroke.
2003;34:1925-1931.

Miteff F, Levi CR, Bateman GA, Spratt N, McElduff P, Parsons MW.
The independent predictive utility of computed tomography angiographic
collateral status in acute ischaemic stroke. Brain. 2009;132:2231-2238.
Yamaguchi T, Mori E, Minematsu K, Nakagawara J, Hashi K, Saito I,
Shinohara Y. Alteplase at 0.6 mg/kg for acute ischemic stroke within 3
hours of onset: Japan Alteplase Clinical Trial (I-ACT). Stroke. 2006;37:
1810-1815.



Effects of 0.6 mg/kg Intravenous Alteplase on Vascular and
Clinical Outcomes in Middle Cerebral Artery Occlusion
Japan Alteplase Clinical Trial II (J-ACT II)

Etsuro Mori, MD; Kazuo Minematsu, MD; Jyoji Nakagawara, MD; Takenori Yamaguchi, MD;
Makoto Sasaki, MD; Teruyuki Hirano, MD; for the J-ACT II Group

Background and Purpose—The purpose of this study was to evaluate further the efficacy of 0.6 mg/kg intravenous
alteplase on vascular and clinical outcomes in patients with middle cerebral artery occlusion in a postmarketing Phase

IV trial of prospective cohort study design.

Methods—Alteplase was given intravenously at 0.6 mg/kg to patients with ischemic stroke within 3 hours of onset with
MR angiography-documented middle cerebral artery occlusion. Vascular outcome was evaluated by MR angiography
at 6 and 24 hours after symptom onset based on the modified Mori grade. The primary end points also included a
favorable outcome (modified Rankin Scale 0 to 1 at 3 months after onset) and incidence of symptomatic intracranial
hemorrhage within 36 hours after treatment. The impact of recanalization on clinical outcome was assessed by stepwise

logistic regression analysis.

Results—Fifty-eight patients were enrolled. Recanalization was noted in 51.7% on 6-hour MR angiography and 69.0% on
24-hour MR angiography. A favorable clinical outcome was achieved in 46.6%. None had symptomatic intracranial
hemorrhage. In logistic regression models, recanalization on either 6-hour or 24-hour MR angiography was an
independent predictor for clinical outcome as well as the baseline National Institutes of Health Stroke Scale score.

Conclusions—Early recanalization of an occluded middle cerebral artery can be provoked by 0.6 mg/kg intravenous
alteplase and may induce a favorable clinical outcome. The rates of recanalization and favorable outcome are
comparable to that previously reported with the 0.9-mg/kg dose. (Stroke. 2010;41:461-465.)

Key Words: acute ischemic stroke m middle cerebral artery occlusion m magnetic resonance angiography
m recanalization m tissue plasminogen activator

ased on the Japan Alteplase Clinical Trial (J-ACT) in

2002 to 2003, the Ministry of Health, Labor and
Welfare of Japan approved alteplase at 0.6 mg/kg for treating
acute ischemic stroke within 3 hours of symptom onset in
October 2005. Although the internationally recommended
dosage is 0.9 mg/kg, the 0.6-mg/kg dose had been selected
according to previous tissue plasminogen activator data in
Japan.2-# The underlying rationale has been published on the
Stroke web site (http://stroke.ahajournals.org/cgi/content/full/
37/1/1810).! In J-ACT, the efficacy and safety of 0.6 mg/kg
intravenous alteplase for ischemic stroke were examined in a
prospective cohort study and were compared with data
reported for 0.9 mg/kg alteplase in North America and the
European Union; the efficacy and safety profiles were com-
patible with those in the National Institute of Neurological
Disorders and Stroke study’ and those in a meta-analysis of

data for 0.9 mg/kg. One of the conditions required by the
Ministry of Health, Labor and Welfare at the time of approval
was that the dosage efficacy, including potential for occluded
artery recanalization, should be documented in an
angiography-based study. J-ACT II is thus a prospective
cohort study, in which vascular outcome, that is, recanaliza-
tion of an occluded middle cerebral artery, was documented
by MR angiography (MRA) as well as clinical outcome.
Recanalization of occluded arteries directly reflects the phar-
macological effect of thrombolytics, and early recanalization
after thrombolytic therapy represents a powerful factor af-
fecting clinical outcome.$

Methods

J-ACT II, a prospective, single-dose, open-label, multicenter, Phase
1V trial, was performed at 15 centers in Japan between March 2007
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Grade 1

Grade 0

Grade 2 Grade 3

Figure. Modified Mori grades. A-D, Baseline MRA; E-H, follow-up MRA. For details of the grades, see text under “MRA Protocol.” The

arrow shows the occluded artery.

and July 2008. The protocol was approved by the Institutional
Review Board at each center. Written informed consent was obtained
from each patient or an appropriate family member before partici-
pation in this study. The patients with ischemic stroke within 3 hours
of onset whose responsible arterial occlusion was identified in the
middle cerebral artery (M1 or M2 segment) by MRA were given 0.6
mg/kg intravenous alteplase with 10% being administered as a bolus
followed by continuous infusion of the remainder over 1 hour.
Exclusion criteria were adopted from the National Institute of
Neurological Disorders and Stroke rtPA Stroke Study’ and J-ACT.!
Also excluded were patients whose National Institutes of Health
Stroke Scale (NIHSS) score was =23, those contraindicated for
MRI, those whose MRA demonstrated arterial occlusions other than
of the middle cerebral artery, or whose Alberta Stroke Program Early
Computed Tomography Score (ASPECTS) was =6. Only CT and
MRA were considered for subject selection, although diffusion-
weighted images were also obtained to investigate their role in
selecting patients (data to be reported elsewhere).

MRA Protocol

Before the study, the MRI conditions were standardized to unify the
image quality among all participating sites. For MRI and MRA, a
1.5-T echoplanar imaging-equipped scanner was used. Three-
dimensional time-of-flight MRA was performed under the following
conditions: axial images parallel to the anterior commissure—poste-
rior commissure plane; scanning range from the pontomedullary
junction to the corpus callosum; slice thickness 1 to 1.5 mm; and
field of view 200 to 240 mm. MRA images were processed by
maximum intensity projection to create images of the axial pro-
jection and in rotation about the vertical axis (RL rotation, 15° to
18°). MRA was repeated at baseline, 6 hours, and 24 hours after
symptom onset. The time allowance for 6-hour MRA was between
the end of alteplase infusion and 8 hours from symptom onset and
that for 24-hour MRA was between 24 and 36 hours after symptom
onset. Arterial occlusion was assessed by 2 reviewers, one expert
neurologist and one expert neuroradiologist (the image reading
panel) blinded to information except the affected side. Recanaliza-
tion was evaluated according to the modified Mori grade: Grade 0,
no reperfusion; Grade 1, movement of thrombus not associated with
any flow improvement; Grade 2, partial (branch) recanalization in
<50% of the branches in the occluded arterial territory; and Grade 3,
nearly complete recanalization with reperfusion in =50% of the
branches in the occluded-arterial territory (Figure). Modifications
were made to apply the original scheme,? which was developed for
conventional angiography, to MRA, because distal arterial branches
are not visible on MRA. The recanalization rate was estimated by
regarding Grades 2 and 3 as valid recanalization corresponding to
Thrombolysis in Myocardial Infarction Grades 2 and 3.
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Clinical Evaluations

As a primary outcome, the functional outcome after 3 months was
assessed by the modified Rankin Scale (mRS). Symptomatic intra-
cranial hemorrhage was designated as CT evidence of intracranial
hemorrhage accompanied by apparent neurological deterioration
defined as conditions that could be documented objectively or were
increased by =4 points from the latest NIHSS score. CT images
obtained at 24 to 36 hours were assessed by the image reading panel.
According to the European Cooperative Acute Stroke Study CT
criteria, the panel classified hemorrhagic transformation as none,
hemorrhagic infarction (HI-1 and HI-2), or parenchymal hematoma
(PH-1 and PH-2).

End Points

The primary end points were modified Mori Grade 2 and 3
recanalization on 6-hour MRA and 24-hour MRA and a favorable
outcome of mRS O to 1 at 3 months. The safety primary end point
was symptomatic intracranial hemorrhage within 36 hours. If data
were missing at any follow-up time point, data were imputed using
the “last observation carried forward.”

To test the hypothesis, we used a similar strategy to the one-arm
trial, J-ACT!: the incidences of the primary end points were
compared with the results of a meta-analysis of published data on
thrombolysis. First, we searched MEDLINE and Current Contents as
of March 2006 using the following key words: (acute stroke OR
ischemic stroke) AND tPA AND angiography. Publications incor-
porating information concerning the present primary end points were
selected to determine the target reference values. Based on the 5
publications selected,37° we determined a target value for the
recanalization rate on 6-hour MRA; the weighted average recanali-
zation rate was 45.1% in 113 patients. The 90% CI of the recanali-
zation rate in 50 patients (the target patient number for this study)
was estimated to be 33.5% to 56.8% (normal approximation without
sequential correction). In the present study, the treatment aim was
thus for a recanalization rate of not <33.5%, the lower limit of the
90% CI. Similarly, we determined a target value for the recana-
lization rate on 24-hour MRA of not <57.7% based on one
publication.!©

Second, we repeated the database survey with a different search
strategy: (acute stroke OR ischemic stroke) AND middle cerebral
artery AND (tissue plasminogen activator OR urokinase OR
prourokinase). Based on the 2 publications found in the literature
search!'!-12 and unpublished data from the Middle Cerebral Artery
Embolism Local Fibrinolytic Intervention Trial (MELT-J), which
was published during this study,!> we estimated the weighted mean
proportion of patients with a favorable outcome at 3 months to be
33.6% and the 90% CI in 50 patients to be 22.6% to 44.6%. From
data in 3 publications'>4!5 and MELT-J,!3 we estimated the
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Table 1. Demographics and Baseline Characteristics of Table 2. Vascular Conditions and Recanalization
Patients (n=58) After Thrombolysis
Age, years 70.3(11.5) Modified Recanalization
Sex, females 23 (39.7%) Mori Grade 0 1 2 3 Rate (95% CI)*
Body weight, kg 62.1(11.7) 6-hour MRA 51.7 (38.9-64.6)
Baseline NIHSS 12 (5-22) (n=58)
Stroke subtype n at 7 3 z
Cardioembolic 49 (84.5%) Percent 36.2 121 5.2 46.6
Atherothrombotic 5 (8.6%) (2n4;l150;)r MRA 690 (57.1-809)
Other/not differentiated 4 (6.9%} n 124 6 4 36t
M1 occlusion M1 (70.7%) Percent 207 103 69 621
Systolic blood pressure, mm Hg 148.5(16.2) *Valid recanalization {Mori Grade 2 or 3) and 95% Cl.
Diastolic blood pressure, mm Hg 81.2(12) tincluding one patient whom the image reading panel judged as having no
Blood glucose, mg/dL 132.9 (46.2) occlusion on baseline MRA.
Time elapsed, hours i!ncluding 2 patients. in.whom data were imputed using the “last observation
carried forward” for missing 24-hour MRA.
Onset to treatment 22(0.4)
Onset to 6-hour MAA 5914 had an obstacle for MRI, 24-hour MRA was available. The
End of tPA infusion to 6-hour MRA 27(13) recanalization rate on 24-hour MRA was 69.0% (Table 2).
Onset to 24-hour MRA 27.1(27) Delayed recanalization was noted in 10 patients (17.5%). No
End of tPA infusion fo 24-hour MRA 239(2.7) patient had recanalization on 6-hour MRA that subsequently

Data show the mean (SD), median (range}, or no. (%).
tPA indicates tissue plasminogen activator.

weighted mean incidence of symptomatic intracranial hemorrhage to
be 8.2% and the 90% CI in 50 patients to be 1.8% to 14.6% for use
as reference values.

Statistical Analysis

The effect of recanalization on clinical outcome was assessed by
comparing the proportion of a favorable outcome at 3 months
between patients with and without recanalization using Fisher exact
test, which was also expressed as the ORs and 95% CI. To examine
the effects of baseline characteristics and recanalization on clinical
outcome, disease-related factors, including time from onset, hyper-
tension, diabetes mellitus, baseline NIHSS, occluded site (M1 or
M2), and ASPECTS, and recanalization on either 6-hour MRA or
24-hour MRA were included in a stepwise regression analysis, in
which age and sex were forcibly entered into the model to adjust for
their possible confounding effects. To assess the possible interaction
of recanalization with severity of disease/ischemia, interaction terms
between recanalization and NIHSS, ASPECTS, or occlusion site
were entered into the model. Furthermore, to examine the effect of
delayed recanalization (ie, arterial occlusion unchanged on 6-hour
MRA but recanalized on 24-hour MRA), a similar analysis was
repeated, in which both delayed recanalization and early recanaliza-
tion on 6-hour MRA were entered into the model. Significance was
set at P<<0.05 in all final models. The OR and 95% CI were also
determined. SAS 9.1.3 was used for the statistical analyses.

Results
Fifty-eight patients were enrolled in this study and were
included in the full analysis set both for primary safety and
for primary efficacy. One patient had no occluded artery on
baseline MRA according to the image reading panel and was
excluded from further analysis. Table 1 summarizes the
patients’ characteristics.

The recanalization rate on 6-hour MRA was 51.7% (Table
2). The recanalization rate did not differ significantly between
M1 and M2 occlusions (48.8% versus 62.5%, respectively;
P=0.391). In all except 2 patients who were withdrawn or
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disappeared on 24-hour MRA.

Three-month clinical outcomes were unavailable in 2
patients; one withdrew consent and the other was discharged
earlier with an mRS of 4. Both were categorized as having an
“unfavorable outcome.” The proportion of a favorable out-
come at 3 months was 46.6% (95% CI, 33.7% to 59.4%).
Death within 3 months after onset occurred in one patient
(1.7%), who died of septic shock at 50 days after entry. An
alteplase-related serious adverse event occurred in one pa-
tient, who had an ischemic stroke on the side opposite to the
original stroke 12 hours after alteplase infusion.

The proportion of a favorable outcome was significantly
higher in patients with recanalization than in those without
recanalization on either 6-hour or 24-hour MRA (Table 3). In
a logistic regression model with 6-hour MRA entered as an
independent variable, recanalization (OR, 6.030; 95% CI,
1.730 to 21.011) and baseline NIHSS (OR, 0.841; 95% CI,
0.719 to 0.983) emerged as independent predictors of a
favorable outcome. In another model with 24-hour MRA
entered, recanalization (OR, 21.231; 95% CI, 3.318 to
135.859) and baseline NIHSS (OR, 0.796; 95% CI, 0.672 to
0.943) were also independent predictors of a favorable
outcome. The model with delayed recanalization revealed
6-hour recanalization (OR, 23.036; 95% CI, 3.474 to

Table 3. Relationship Between Vascular Qutcome and Clinical
Qutcome at 3 Months

Favorable Unfavorable OR [95% CI]

Time {mRS 0-1) (mRS =2) Probability
6-hour MRA

Recanalized 20 (66.7%) 10(33.3%)  5.714 [1.814-18.004]

Not recanalized 7 (25.9%) 20 74.1%) P=0.003
24-hour MRA

Recanalized 25(62.5%) 15(37.5%)  12.500 [2.503-62.428]

Not recanalized 2 (11.8%) 15 (88.2%) P<0.001
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152.753), delayed recanalization (OR, 15.949; 95% CI, 1.710
to 148.762), and baseline NIHSS (OR, 0.801; 95% CI, 0.675
to 0.951) as independent predictors of a favorable outcome.

No patient had symptomatic intracranial hemorrhage
within 36 hours. Asymptomatic intracranial hemorrhage was
present in 19.0% of patients (11 of 58) on CTs at 24 to 36
hours, but no patient had parenchymal hematoma 2.

Discussion

This is the first prospective multicenter clinical trial to
evaluate recanalization of occluded arteries by MRA shortly
after tissue plasminogen activator administration and at 24
hours. The recanalization rates immediately (2.7 hours on
average) after treatment and at 24 hours (23.9 hours on
average) after treatment were 51.7% and 69.0%, respectively,
exceeding the predetermined thresholds. A systematic review
in May 2009 revealed that the weighted average of the
recanalization rate in the placebo arm of randomized con-
trolled trials of thrombolysis examined by conventional
angiography or MRA was 19.8% up to 8 hours after on-
set.231216 The recanalization rate in the present study was
thus considered likely to be much higher than the rate of
spontaneous recanalization.

Concerning clinical outcomes, the proportion of a favor-
able outcome at 3 months (46.6%) fairly well exceeded the
predetermined threshold. The systematic review in May 2009
revealed that the weighted average of the proportion of a
favorable outcome (mRS 0 or 1) for patients with middle
cerebral artery occlusion in the placebo arm of randomized
controlled trials of thrombolysis was 22.3%.11-13.16 The pro-
portion of a favorable outcome in the present study was
considered likely to be much higher than that in the natural
course of patients with middle cerebral artery occlusion.

The present findings indicated that 0.6 mg/kg intravenous
alteplase is, as expected, effective in terms of vascular and
clinical outcomes. The most critical limitations of this study
arise from the lack of a control group, a postmarketing
clinical trial of open-label design, and comparison of results
with published data, which could generate various biases,
Although primary vascular outcome was assessed centrally
by raters independent from the participating sites, rater
prejudice cannot be excluded. Nevertheless, the MRA imag-
ing conditions were standardized among all participating
sites, and 2 expert raters reviewed the images blinded to the
clinical information, probably ensuring quality of image
acquisition and evaluation.

Concerning safety, we did not encounter symptomatic
intracranial hemorrhage in this trial, which was much better
than expected. However, this could reflect the small sample
size used. In the Phase III clinical study (J-ACT),! symptom-
atic intracranial hemorrhage occurred in 5.8% of patients,
whose arterial occlusions were not documented. Asymptomatic
intracranial hemorrhage was noted in 19% of the present
subjects, which was comparable to that in the previous trial
(17%).!

Recanalization immediately after any form of thrombolysis
has repeatedly been indicated to predict clinical outcome.>-472
A recent systematic review of cerebral artery recanalization
has confirmed a strong correlation between recanalization
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and clinical outcome in acute ischemic stroke.® Several
investigations have also suggested that the baseline severity
of symptoms as measured by NIHSS represents an indepen-
dent predictor for clinical outcome in patients treated with
intravenous alteplase.!117:18 Similar to previous thrombolysis
studies, the present results demonstrated a strong relationship
between vascular outcome and functional outcome as well as
baseline stroke severity. Recanalization on either 6-hour or
24-hour MRA was an independent predictor for a favorable
clinical outcome. Our data indicated that recanalization on
24-hour MRA was a much stronger predictor of clinical
outcome than that on 6-hour MRA. These findings should be
interpreted cautiously; they do not necessarily imply that
delayed recanalization is far more effective than early recan-
alization, because recanalization on 24-hour MRA is a
cumulative result. Nevertheless, delayed recanalization (re-
canalization occurring between 6 and 24 hours after treat-
ment) was also a modest but independent predictor for a
favorable outcome. The prognostic value of the 24-hour
cumulative recanalization is supported by a transcranial
Doppler study.!® Delayed as well as early recanalization may
thus have a favorable impact on clinical outcome.

In conclusion, early recanalization of an occluded middle
cerebral artery can be provoked by 0.6 mg/kg intravenous
alteplase and may induce a favorable clinical outcome. The
rates of recanalization and a favorable outcome are compa-
rable to that previously reported with the 0.9-mg/kg dose.
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