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Analysis of DWI ASPECTS and Recanalization Outcomes of Patients with

Acute-phase Cerebral Infarction
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In order to rapidly judge the response to intravenous
tissue plasminogen activator (IV tPA) treatment,
we retrospectively analyzed clinical data, such as
MRI diffusion-weighted images (DWI), and treatment
outcomes in 73 patients who developed anterior
circulation disorders. The patients with favorable
outcomes (modified Rankin Scale [mRS]: 2 or less)
at discharge accounted for 32.9%. In these
patients, the National Institutes of Health Stroke
Scale (NIHSS) value, DWI Alberta Stroke Programme
Early CT Score (ASPECTS), and the incidence of
large artery (internal carotid artery [ICA]/
sphenoidal segment of the middle cerebral artery
[M1]) occlusion at their hospital visit were lower,
higher, and lower, respectively (all P < 0.05 in
univariate analysis). Multivariate analysis showed
significant differences in DWI ASPECTS and the
incidence of large artery occlusion. A DWI ASPECTS
of at least 8 was found to be predictive of favorable
outcomes. However, subclass analysis in the group
with a DWI ASPECTS of 8 or higher predicting
favorable outcome revealed 13 patients (41.9%)
with unfavorable (MRS, 3-6) outcome. The factor
associated with unfavorable outcomes is ICA
occlusion. The combination of DWI ASPECTS and
MRA appeared to be useful for predicting outcomes
of IV tPA.
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Introduction

Treatment outcomes of acute cerebrovascular
occlusion have improved greatly with the aid of
intravenous tissue plasminogen activator (IV tPA)
treatment.”? However, IV tPA treatment is not effective
in some cases, for example in patients with large artery
occlusions.® It was recently reported that mechanical
recanalization is effective in rescuing patients with
large artery occlusions.*® Additional recanalization has
been considered, for example in order to extend the
therapeutic time window before the treatment. A
common magnetic resonance imaging (MRI) profile in
patients with acute cerebrovascular occlusion is an
area of perfusion deficit on perfusion weighted images
(PWI) that is larger than the lesion on diffusion-weighted
images (DWI) that may partly reflect irreversibly
damaged brain tissue. It is reported that MRI evidence
of this DWI-PWI mismatch is useful for expanding the
indications for recanalization.®® However, it is
impossible to prepare and examine PWI for all patients
receiving time-constrained acute phase treatments in
the clinical practice. In the clinical setting, the indication
for recanalization is considered when the patient has
the discrepancy between the small lesion on DWI and
severe clinical symptom (DWI-clinical mismatch). The
usefulness of DWI Alberta Stroke Programme Early CT
Score (ASPECTS, Figure 1) as a guantitative evaluation
tool has been noted.'®"" The DWI ASPECTS is a
quantitative score, which represents non-ischemic
areas of the middle cerebral artery territory that is
divided into 11 regions. In this study, we analyzed
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Figure 1 : DWI ASPECTS is evaluated in 11 regions: 10 ASPECTS (Alberta stroke programme early CT score) sites
and a white matter (W) lesion. If abnormal signals due to infarction are detected, the count is O; if they are not detected,
the count is 1. If no infarctions are ultimately observed, the total score is 11; if infarction is observed in all target
regions, the total score is 0. C: caudate,; L: lentiform,; IC: internal capsule,; I: insular ribbon,; M1: anterior middle
cerebral artery (MCA) cortex,; M2: MCA cortex lateral to the insular ribbon,; M3: posterior MCA cortex,; M4, M5, and M6
are anterior, lateral, and posterior MCA territories, respectively, immediately superior to M1, M2, and M3, respectively,
rostral to basal ganglia,; W: white matter (corona radiate).

clinical data, including DWI ASPECTS and treatment
outcomes, in patients receiving IV tPA to promptly
assess response to IV tPA and identify patients with no
response to IV tPA who require intravascular surgery.

Patients and Methods

We reviewed 101 consecutive patients, who received
IV tPA for their acute-phase cerebral infarction at
the National Hospital Organization Disaster Medical
Center in a period between November 2005 and
February 2011. The IV tPA treatment was performed
in accordance with the therapeutic guidelines'? of the
Japan Alteplase Clinical Trial (J-ACT). Of these 101
patients, 73 were selected for this study because they
were judged to have an anterior circulation disorder
by MRI before IV tPA treatment was performed. MRI
studies, including DWI, T2*, and MR angiography (MRA)
were performed to identify occluded arteries. The MRI
was performed with a 1.5T MR imager (Intera Release
8: Philips Medical Systems, Best, the Netherlands). DWI

ASPECTS was used to evaluate the affected middle
cerebral artery territory. The presence of cerebral
artery occlusion was assessed using MRA. Occluded
arteries on initial MRA were classified as internal
cerebral artery (ICA) occlusion, sphenoidal segment
of the middle cerebral artery (MCA) (M1) occlusion,
occlusion distal to the insular segment of MCA (M2), and
perforator occlusion. The National Institutes of Health
Stroke Scale (NIHSS) was applied for assessments
prior to treatment. Cerebral infarction was classified
into 5 types according to the Trial of Org 10172 in
Acute Stroke Treatment (TOAST) classification'®:
cardiogenic embolism, atherothrombotic embolism,
lacunar infarction, unclassifiable cerebral infarction,
and other cerebral infarction. The presence or absence
of intracranial hemorrhage was examined by computed
tomography (CT) or MRI T2* within 36 h of initiating IV
tPA treatment. Hemorrhage with NIHSS of 1 or higher
was defined as symptomatic intracranial hemorrhage.
The modified Rankin Scale (mRS) was determined
at discharge. Results are given as mean = SD. To
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extract factors that predict favorable outcomes (MRS,
0-2), statistical analysis was performed using PASW®
statistics 18 (SPSS Inc, Chicago. IL). The significance of
intergroup differences was assessed using the x? test
or Fisher's exact test for categorical variables (sex,
occluded artery, occluded side), and Student's t test for
parametric variables (age, NIHSS value, DWI ASPECTS,
time from symptom onset to treatment). Multivariate
logistic regression analysis was performed to determine
factors that could be considered to be independent
predictors of favorable outcome after tPA thrombolysis.
Values of P < 0.05 were considered statistically
significant. Spearman’s rank correlation coefficients
were used to test the association between the baseline
DWI ASPECTS and mRS at discharge. The threshold
DWI ASPECTS predicting favorable outcomes was
determined from the receiver operating characteristic
(ROC) curve. Subclass analysis was performed in the
group predicted to have favorable outcomes. Factors
associated with symptomatic intracranial hemorrhage
were analyzed. The present study was approved by
the ethics committees of Tokyo Medical and Dental
University and the National Hospital Organization
Disaster Medical Center.

Results

Of the 73 patients, 48 (65.8%) were men. Mean age
was 71.6 = 9.0 years. Clinical disease types were
cardiogenic in 58 (79.5%) cases, atherothrombotic in 8
(11.0%), and lacunar infarction in 5 (6.8%). The pre-
administration NIHSS value was 15.0 = 6.9. The culprit
vessels were the ICA in 16 (21.9%) cases and the MCA
in 56 (76.7%). The occluded segments of the MCA were
M1 in 35 (47.9%) cases, the distal side of M2 in 16
(21.9%), and the perforator of the MCA in 5 (6.8%). The
mean DWI ASPECTS was 6.7 = 2.7 (Table 1).

There were 14 cases (19.2%) with intracranial
hemorrhage within 36 hours of administration; among
them, 4 (5.5%) were symptomatic. There were no
deaths due to intracranial hemorrhage (Table 2).

Twenty-four (32.9%) of 73 patients had favorable
outcomes (MRS, 0-2) at discharge. In those patients,
NIHSS value, DWI ASPECTS, and the incidence of large
artery (ICA/M1) occlusion at their hospital visit were
lower, higher, and lower than in patients with
unfavorable outcomes (MRS, 3-6), respectively (all P <
0.05 in univariate analysis). Factors showing a
significant difference on univariate analysis were
subjected to multivariate analysis, which showed
significant differences in DWI ASPECTS and the

Table 1. Patient characteristics.

n=73 (%)
sex Male 48 65.8
Female 25 342
age <20 0 0.0
20 to <65 16 219
>65to <75 28 384
>75 29 39.7
Mean + SD 71.6+9.0
Clinical disease type  Cardiogenic embolism 58 79.5
Atherothrombotic infarction 8 11.0
Lacunar infarction 5 68
Unknown/Not described 2 27
Pre-treatment NIHSS <4 3 41
5t09 15 205
10 to 14 16 219
151020 22 30.1
>21 17 233
Of the above, >23 11 15.1
Mean + SD 15.0+6.9
Occluded vessel ICA 16 219
MCA 56 76.7
M1 35 479
Distal to M2 16 219
MCA perforator 5 68
Unknown 1 14
DWI ASPECTS Mean + SD 6.7+2.7

Table 2. Onset and frequency of hemorrhagic adverse drug
reactions (ADR).

n=73 (%)
Onset of ADR
Onset of intracranial hemorrhage
(within 36 hours) ¢ 4192
Onset of symptomatic intracranial hemorrhage 4 55
(within 36 hours)
Death due to intracranial hemorrhage 0 0.0
Death from all causes 8 11.0

incidence of large artery occlusion (Table 3).

The pre-administration DWI ASPECTS and mRS at
discharge showed a negative correlation (Spearman
correlation coefficient = -0.53, P < 0.01); i.e., the higher
the DWI ASPECTS, the better were the outcomes
(Figure 2).

From the results of the ROC analysis as a means of
identification of the optimal cutoff point' ', the cutoff
DWI ASPECTS predicting favorable outcomes (MRS, 0-2)
was estimated to be 8 (sensitivity, 75.0%; specificity,
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Table 3. Factors contributing to favorable outcomes.
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mRS <2 (n=24) mRS > 3 (n=49) Pl OR (95%CTI) P*2
age™3 69.0 £ 8.9 72.8+89 0.094
Male, n (%) 16 (66.7) 32 (65.3) 0.908
NIHSS*3 11.0+6.1 17.0+ 6.4 <0.001 0.92 (0.82-1.02) 0.124
DWI ASPECTS*3 8.4+1.7 59+2.7 <0.001 1.38 (1.02-1.88) 0.039
Occluded artery
Large artery (ICA/M1), n (%) 10 (41.7) 41 (83.7) <0.001  0.23(0.07-0.78) 0.018
ICA, n (%) 1(4.2) 15 (30.6) 0.014
M1, n (%) 9(37.5) 26 (53.1) 0.226
Distal to M2 or perforator, n (%) 14 (58.3) 8(16.3) <0.001
Occlusion of the left side, n (%) 9(37.5) 28 (57.1) 0.115
Time from symptom onset to treatment, minutes*3 136.6 £27.0 138.3+£29.0 0.806
*] P values from the xz test, Fisher’s exact test, Student’s ¢ test, or Mann—Whitney U test
*2 Multivariate logistic regression analysis was performed for NIHSS, DWI ASPECTS and the incidence of large artery occlusion.
*3 mean + SD
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Figure 3 : Receiver operating characteristic curves for the ability
of the DWI ASPECTS to predict favorable outcome (mRS 0-2).

occluded artery was the ICA in 3 patients, M1 in 5, and
the distal side of M2 in 5. Unfavorable outcomes in 3
patients with ICA occlusion were attributed to extensive
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Table 4. Factors contributing to poor outcomes in patients with a DWI ASPECTS of 8 or higher.

mRS <2 (n=18) mRS >3 (n=13) P*!
age*? 71.1+6.1 70.9 +£8.6 0.960
Male, n (%) 13(72.2) 7(53.8) 0.291
NIHSS*? 10.0£5.0 134+6.3 0.105
DWI ASPECTS*? 9.3+£0.8 93+1.0 0.926
Occluded artery
Large artery (ICA/M1), n (%) 8 (44.4) 8(61.5) 0.347
ICA, n (%) 0(0) 3(23.1) 0.032
M1, n (%) 8 (44.4) 5(38.5) 0.739
Distal to M2 or perforator, n (%) 10 (55.6) 5(38.5) 0.347
Occlusion of the left side, n (%) 8 (44.4) 9(69.2) 0.275
Time from symptom onset to treatment, minutes*? 132.8 £28.4 135.7+38.7 0.810

*] P values from the ¥ test, Fisher’s exact test, Student’s ¢ test and Mann—Whitney U test

*2 mean £+ SD

cerebral infarction due to failure of recanalization of
the ICA. In the other 10 patients, infarction localized in
the inner capsule, white matter (corona radiata),
language area, and motor cortex, as assessed by the
DWI ASPECTS, caused physical impediments such as
hemiplegia and aphasia, resulting in unfavorable
outcomes.

Symptomatic intracranial hemorrhage occurred in 4
(12.1%) of 33 patients with DWI ASPECTS of 6 or less.
This incidence rate was significantly higher than that in
40 patients with DWI ASPECTS of 7 or higher, 0% (P =
0.038, Figure 5). Thus, the cutoff DWI ASPECTS
predicting symptomatic intracranial hemorrhage was
set to be 6 (sensitivity, 100%; specificity, 58.0%).
According to the univariate analysis, the factors

P=0.038
100%
80%
60%
3 40
200, SICH (-)
’ usICH (+)
20%
" 4 (12.1%)
0
=6 >6
DWI ASPECTS

Figure 5 : Incidence of sICH in patients with a DWI ASPECTS of 6
or lower/ more than 6.

associated with symptomatic intracranial hemorrhage
within 36 h after IV tPA treatment were M1 occlusion
and low DWI ASPECTS (Table 5). In all patients who had
experienced symptomatic intracranial hemorrhage, DWI
ASPECTS was 6 or less, and the mean was 4.0 £ 2.2,
significantly (p = 0.036) lower than that in patients who
had not experienced symptomatic hemorrhage, 6.9 *
2.7. Multivariate analysis revealed no associated
factors.

Discussion

Among patients with acute cerebrovascular occlusion
who had been treated with IV tPA, those with anterior
circulation occlusion in whom the DWI ASPECTS had
been evaluated by pre-treatment MRI/A were examined
for their clinical disease types, as well as outcomes and
complications. Relationships between the DWI ASPECTS
and outcome have been reported, and the optimal cut-
off DWI ASPECTS for predicting outcomes has been
discussed from various aspects.'®'® Our study also
showed that there were more patients with favorable
outcomes when the pre-treatment DWI ASPECTS was 8
or higher (Figure 3). Despite slight differences in cut-off
points, our study was consistent with previous studies,
indicating that the higher the DWI ASPECTS, the better
the outcome is predicted to be.

We conducted detailed examination to find
causes of unfavorable outcomes in patients with
DWI ASPECTS of 8 or higher predicting favorable
outcomes. In 3 of these patients, the occlusion was
located in the ICA and unfavorable outcomes (Table
4) were attributed to extensive cerebral infarction
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Table 5. Factors contributing to symptomatic intracranial hemorrhage (sICH).

sICH (n=4) no sICH (n=69) p*!

age*? 773 +4.6 71.3+9.1 0.199

Male, n (%) 3(75.0) 45 (65.2) 0.689

NIHSS*? 183+5.9 14.8+6.9 0.338

DWI ASPECTS*? 4.0£22 6.9+2.7 0.036
Occluded artery

Large artery (ICA/M1), n (%) 4 (100) 47 (68.1) 0.177

ICA, n (%) 0(0) 16 (23.2) 0.276

M1, n (%) 4 (100) 31 (44.9) 0.032

Distal to M2 or perforator, n (%) 0(0) 22 (31.9) 0.177

Occlusion of the left side, n (%) 3(75) 33 (47.8) 0.291

*1 P values from the i test, Student’s ¢ test and Mann—Whitney U test

*2 mean + SD

due to no recanalization after IV tPA treatment. A
high DWI ASPECTS despite the presence of an ICA
occlusion means that the collateral flow is maintained.
If occluded blood vessels are recanalized, infarction
can be avoided, such that favorable outcomes can be
expected. However, it is known that recanalization
with IV tPA may not be expected in cases with large
artery occlusions.® Patients with large artery occlusion,
even if their DWI ASPECTS is 8 or higher, can still
have poor outcomes because IV tPA treatment alone
cannot assure recanalization. On the other hand,
mechanical recanalization after IV tPA treatment
reportedly increases the rate of recanalization.”” In
patients with a high DWI ASPECTS who have an ICA
occlusion, outcomes may be improved by mechanical
recanalization following IV tPA treatment. Meanwhile,
in 10 patients, ischemic changes assessed by DWI
ASPECTS were found in eloquent areas such as the
inner capsule, corona radiata, and language area. It
was confirmed that even in patients with DWI ASPECTS
of 8 or higher, ischemia in the eloguent areas did
not result in favorable outcomes regardless of the
location of artery occlusion. In these cases, the DWI-
clinical mismatch would not serve as the basis of
clinical indications for further revascularization. Our
extensive search of the literature indicated that there
were no studies reporting on analysis of the causes
for unfavorable outcomes by detailed examination
of patients whose outcomes after IV tPA treatment
were predicted to be favorable but turned out to be
unfavorable.

Symptomatic intracranial hemorrhage was found to
have developed in the group with a DWI ASPECTS of 6
or less (Table 5 and Figure 5). Low DWI ASPECTS
indicates irreversible, diffuse cerebral ischemia,
suggesting that reperfusion injury may cause bleeding.

Thus, attention should be paid to hemorrhasic
complications, when additional recanalization is
selected for patients with a DWI ASPECTS of 6 or less.

There are cases in which satisfactory recovery is
attained when motor and language areas are preserved
by recanalization of one of the occluded arteries of the
peripheral MCA region following examination of DWI-
PWI mismatch of each penumbra. Such extensive
exploration would improve individual outcome. On the
other hand, it is also true that, in a case in the acute
phase cerebral infarction, there is not enough time for
careful study. Therefore, we need a simple index for
identifying DWI-clinical mismatch. This study revealed
that owing to an ICA occlusion, some patients had not
shown satisfactory improvement of the outcomes,
despite having a DWI ASPECTS of 8 or higher, which
predicts favorable outcomes. Such patients may require
additional revascularization, including mechanical
recanalization. Results from combining the DWI
ASPECTS and MRA can be obtained more quickly than
results from perfusion analysis, and thus, may be useful
as a simple quantitative index for DWI clinical mismatch,
when additional recanalization following IV tPA
treatment is considered.

Conclusion

We found that treatment of patients with acute
cerebrovascular occlusion showing a pre-treatment
DWI ASPECTS of 8 or higher with IV tPA resulted in
favorable outcomes at discharge. However, with a
disease type such as ICA occlusion, outcomes were
often unfavorable even when the DWI ASPECTS was
8 or higher. In addition, symptomatic hemorrhagic
complications were observed in considerable patients
with a DWI ASPECTS of 6 or lower. In the National
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Hospital Organization Disaster Medical Center, we
are currently performing mechanical recanalization in
patients with ICA occlusions showing a DWI ASPECTS
of 8 or higher and in whom IV-tPA treatment was
ineffective. We must wait for further studies to ascertain
whether this treatment method actually improves the
outcomes of these patients.

References

1. Hacke W, Donnan G, Fieschi C, et al. Association of
outcome with early stroke treatment: pooled analysis of
Atlantis, ECASS, and NINDS rt-PA stroke trials. Lancet
2004; 363: 768-774.

2. 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.

3. Derex L, Hermier M, Adeleine P, et al. Influence of the site
of arterial occlusion on multiple baseline hemodynamic
MRI parameters and post-thrombolytic recanalization in
acute stroke. Neuroradiology. 2004; 46: 883-887.

4. Smith WS, Sung G, Starkmann S, et al. Safety and efficacy
of mechanical embolectomy in acute ischemic stroke:
results of the MERCI trial. Stroke 2005; 36: 1432-38.

5. Smith W, Sung G, Saver J, et al. Mechanical thrombectomy
for acute ischemic stroke: final results of the Multi Merci
trial. Stroke 2008; 39: 1205-12.

6. Hacke W, Albers G, Al-Rawi VY, et al: The Desmoteplase in
Acute Ischemic Stroke Trial (DIAS): a phase I MRI-based
9-hour window acute stroke thrombolysis trial with
intravenous desmoteplase. Stroke 2005; 36: 66-73.

7. Furlan AJ, Eyding D, Albers GW, et al: Dose Escalation of
Desmoteplase for Acute Ischemic Stroke (DEDAS):
evidence of safety and efficacy 3 to 9 hours after stroke
onset. Stroke 2006; 37: 1227-1231.

8. Albers GW, Thijs VN, Wechsler L, et al: Magnetic
resonance imaging profiles predict clinical response to
early reperfusion: the diffusion and perfusion imaging
evaluation for understanding stroke evolution (DEFUSE)

study. Ann Neurol. 2006; 60: 508-517.

Davis SM, Donnan GA, Parsons MW, et al: Effects of
alteplase beyond 3 h after stroke in the Echoplanar Imaging
Thrombolytic Evaluation Trial (EPITHET): a placebo-
controlled randomized trial. Lancet Neurol. 2008; 7: 299-
309.

Barber PA, Demchuk AM, Zhang J, et al. Validity and
reliability of a quantitative computed tomography score in
predicting outcome of hyperacute stroke before
thrombolytic therapy. ASPECTS study group. Alberta Stroke
Programme Early CT Score. Lancet 2000; 355: 1670-1674.
Barber PA, Hill MD, Eliasziw M, et al. Imaging of the brain
in acute ischaemic stroke: comparison of computed
tomography and magnetic resonance diffusion-weighted
imaging. J Neurol Neurosurg Psychiatry. 2005; 76:
1528-1533.

Yamaguchi T, Mori E, Minematsu K, et al: Alteplase at 0.6
mg/kg for acute ischemic stroke within 3 hours of onset:
Japan Alteplase Clinical Trial (J-ACT). Stroke 2006; 37:
1810-1815.

Adams HP Jr, Bendixen BH, Kappelle LJ, et al: Classification
of subtype of acute ischemic stroke. Definitions for use in a
multicenter clinical trial. TOAST. Trial of Org 10172 in Acute
Stroke Treatment. Stroke 1993; 24: 35-41.

Obuchowski NA: Receiver operating characteristic curves
and their use in radiology. Radiology 2003; 229: 3-8.
Nezu T, Koga M, Naganuma M, et al: Pre-treatment
ASPECTS-DWI score has a relation with functional outcome
at 3 months following intravenous rt-PA therapy. Jpn J
Stroke 2009; 31: 366-373.

Kimura K, Iguchi Y, Shibazaki K, et al: Large ischemic
lesions on diffusion-weighted imaging done before
intravenous tissue plasminogen activator thrombolysis
predicts a poor outcome in patients with acute stroke.
Stroke 2008: 39: 2388-2391.

Shi ZS, Loh Y, Walker G, et al: Endovascular thrombectomy
for acute ischemic stroke in failed intravenous tissue
plasminogen activator versus non-intravenous tissue
plasminogen activator patients. Stroke 2010; 41: 1185-
1192.



