(P = .027). The incidence of sICH was significantly lower in the MDM-P group
(MDM-P group 3.4%, MDM-P group 20.0%; P = .009). The time from the onset
was 3-8 hours in 29 patients in the MDM-P group and in 7 patients in the MDM-
N group. Favorable outcomes were seen in 12 patients (41.4%) in the MDM-P group
and 2 patients (28.6%) in the MDM-N group, with no significant difference between
the 2 groups. No patients had sICH. The patients admitted 8 hours or more after the
onset were all MDM-P. Five patients (55.6%) had a favorable outcome. Conclusions:
This study demonstrated the safety and efficacy of EVT in MDM-P patients within
3 hours of symptom onset. Although the ratio of patients who had a favorable
outcome was high in the MDM-P patients admitted 3-8 hours after the onset, the dif-
ference was not significant. Key Words: Magnetic resonance angiography (MRA)—
diffusion weighted imaging (DWI) mismatch—endovascular treatment—acute
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cerebral infarction—cerebral large vessel occlusion.
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Introduction

The results of randomized controlled trials regarding
the usefulness of endovascular treatment (EVT) for acute
ischemic stroke were reported recently; however, none of
them showed the usefulness of EVT compared with intra-
venous recombinant tissue plasminogen activator (rt-PA)
therapy." " Meanwhile, the results of the Recovery by
Endovascular Salvage for Cerebral Ultra-acute Embolism
(RESCUE)-Japan Registry, a multicenter registry study
conducted in Japan on acute-phase therapy for patients
with cerebral large vessel occlusion that occurred within
24 hours, showed that EVT provided significantly better
outcomes in patients with proximal vessel occlusion,
such as the internal carotid artery (ICA), compared with
patients for whom intravenous rt-PA failed and ineligible
patients.” The most important factor in performing reper-
fusion therapy for patients with acute cerebral infarction
is the presence of the penumbra area.” Studies have
been conducted to evaluate the usefulness of diffusion-
weighted imaging (DWI)-perfusion mismatch and
showed that the difference in abnormal areas between
high-intensity areas in DWI and perfusion images was a
predictor of the presence of this penumbra area, with
clinical-DWI mismatch showing a dissociation between
clinical symptoms and DWI findings, and magnetic reso-
nance angiography (MRA)-DWI mismatch (MDM)
combining the presence or absence of major artery lesions
in MRA and DWI findings for selecting patients for acute-
phase cerebral infarction and prognosis prediction.” '’ We
have also reported the possibility that the presence or
absence of MDM using the DWI-Alberta Stroke Program
Early Computed Tomography Score (DWI-ASPECTS)
may be useful in determining the prognosis of patients
receiving intravenous rt-PA therapy or EVT after recana-
lization."** In the present study using the RESCUE-
Japan Registry, the treatment results were evaluated by
the presence or absence of MDM using the DWI-
ASPECTS in patients with cerebral large vessel occlusion
who achieved recanalization with EVT.*
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Methods

Of 1442 patients registered in the RESCUE-Japan Regis-
try (htip:/ /www.rescue-fapan.jp), a multicenter, prospec-
tive study that evaluated acute-phase treatment results in
patients with cerebral large vessel occlusion within
24 hours of symptom onset between July 1, 2010 and
June 30, 2011, 188 patients with occlusion in the ICA or
middle cerebral artery (MCA) who had complete recana-
lization after thrombolysis in cerebral infarction grades 2B
and 3 with EVT were included. Of these 188 patients,
there were 143 patients within 3 hours of symptom onset
for whom intravenous rt-PA therapy was indicated. Of
these, 71 patients also underwent EVT because intrave-
nous rt-PA therapy did not achieve recanalization. On
pretreatment MRA, the occluded vessel was the MCA
(M1 segment) in 88 patients, the M2 segment in 22 pa-
tients, and the ICA in 78 patients.

Intravenous Tissue Plasminogen Activator, EVT

Intravenous t-PA was performed as the first-line treat-
ment within 3 hours of symptom onset according to the
standard protocol in Japan (.6 mg/kg dose, 10% bolus,
90% continuously infused over 60 minutes).”” EVT was
defined as including catheter procedures such as clot
removal/aspiration, balloon angioplasty, intra-arterial
thrombolysis using a clot retriever, balloon angioplasty,
microcatheter, and stenting.

MRA-DWI Mismatch

With ASPECTS, the MCA region is divided into 10
zones, and the presence or absence of early ischemic
changes is quantified into points in each zone.”* The
DWI-ASPECTS of 6 was set as the cutoff value. The
MDM-positive (MDM-P) group was defined as “major ar-
tery lesion (+) and the DWI-ASPECTS of 6 or more,” and
the MDM-negative (MDM-N) group was defined as “ma-
jor artery lesion (+) and the DWI-ASPECTS of less than
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6.” Major artery lesions (+) were defined as ICA occlusion
and MCA occlusion/stenosis.™

Evaluation of Clinical Outcome and Symptomatic
Intracranial Hemorrhage

Patient outcomes were evaluated using the modified
Rankin scale (mRS) on admission and 90 (+10) days after
the onset. A favorable outcome was defined as an mRS
score of 0-2. In this study, intracranial hemorrhage within
24 * 8 hours after the onset was evaluated on follow-up
imaging. Symptomatic hemorrhage was defined accord-
ing to the Safe Implementation of Thrombolysis in
Stroke-Monitoring Study definition’®: local or remote
parenchymal hematoma type 2 on the follow-up imaging
scan, plus neurologic deterioration, as indicated by a
score on the NIHSS score that was higher by 4 points or
more than the baseline value or the lowest value between
baseline and 24 hours, or hemorrhage leading to death.
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Statistical Analysis

For statistical analysis, IBM SPSS Statistics 20 software
(IBM Corporation, Armonk, NY) was used. The signifi-
cance of intergroup differences was assessed using the Wil-
coxon rank sum test and the Fisher exact test (2-sided).
Values of P less than .05 were considered significant.

Results

Of the 188 patients analyzed, the time from the onset to
hospital presentation was within 3 hours in 143 patients,
3- 8 hours in 36 patients, and 8 hours or more in 9 patients.
Table 1 presents the baseline characteristics of the MDM-P
and MDM-N patients within 3 hours of the onset. Overall,
118 patients were MDM-P and 25 were MDM-N. The me-
dian DWI-ASPECTS was 8 in MDM-P patients and 4 in
MDM-N patients, and the infarct region was significantly
larger in MDM-N patients. With regard to the median

Table 1. Patients’ characteristics by group based on the presence of MRA-DWI mismatch within 3 hours of the onset

MRA-DWI mismatch (+)

MRA-DWI mismatch (—)

DWI-ASPECTS = 6 (n = 118) DWI-ASPECTS < 6 (n = 25) P value
Age, mean = SD, y 71 =10 68 + 11 276%
Sex, female, n (%) 36 (31) 10 (40) 357%
Hypertension, n (%) 62 (53) 16 (64) .378%
Diabetes mellitus, n (%) 19 (16) 8 (32) .0897
Hyperlipidemia, n (%) 20 (17) 3(12) 2907
Atrial fibrillation, n (%) 63 (53) 13 (52) 1.000%
Coronary heart disease, n (%) 10 (8) 3(12) .7001%
Congestive heart failure, n (%) 10 (8) 14) .6891
Smoking, n (%) 19 (16) 2(®) 5334
Systolic BP, mean = SD, mm Hg 135 £ 20 133 + 18 719%
Diastolic BP, mean = SD, mm Hg 74 + 15 71 + 14 A414%
NIHSS score, median (range) 17 (0-37) 19 (9-38) .060#
Stroke subtype
Cardiogenic embolism, n (%) 89 (75) 19 (76) 1.000%}
Atherothrombosis, n (%) 21 (18) 14 1254
Othersfunclassified, n (%) 8 (N 5(20) 052
rt-PA therapy 52 (44) 12 (48) .826%
Onset to admission, mean * SD, min 84 + 55 80 + 57 .709%
Onset to recanalization of EVT 331 = 157 288 + 72 .188#
DWI-ASPECTS, median (range) 8 (6-10) 4 (1-5) <.001%
Occluded vessel
ICA
Extracranial ICA, n (%) 26 (22) 9 (36) .198%
Intracranial ICA, n (%) 22 (19) 3(12) 5687
MCA
Proximal M1, n (%) 29 (25) 7 (28) .800%
Distal M1, n (%) 26 (22) 4 (16) 5984
M2 or distal, n (%) 15 (13) 2(8) 137+

Abbreviations: BP, blood pressure; DWI-ASPECTS, diffusion-weighted image—Alberta Stroke Program Early Computed Tomography
Score; EVT, endovascular treatment; ICA, intemnal carotid artery; MCA, middle cerebral artery; MRA-DWI, magnetic resonance angiog-
raphy—diffusion-weighted imaging; NIHSS, National Institutes of Health Stroke Scale; rt-PA, recombinant tissue-type plasminogen activator.

*Wilcoxon rank sum test.

tFisher exact test (2-sided).
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NIHSS score on admission, the severity was higher in
MDM-N patients, but the difference was not significant.
No significant differences were noted in other items be-
tween the 2 groups. Table 2 presents the baseline charac-
teristics of the MDM-P and MDM-N patients admitted
3-8 hours after the onset; 29 patients were MDM-P and
7 were MDM-N. The median NIHSS score on admission
was 14 in MDM-P patients and 21 in MDM-N patients,
showing a higher severity in MDM-N patients. The me-
dian DWI-ASPECTS was 8 in MDM-P patients and 4 in
MDM-N patients, and the infarct region was significantly
larger in MDM-N patients. No significant differences
were noted in other items between the 2 groups.
Figure 1A presents the clinical outcomes of the patients
who had onset within 3 hours. The mRS scores at
90 days were 0-2 in 63 patients (53.4%) and 3-6 in 55 pa-
tients (46.6%) in the MDM-P group and 0-2 in 7 patients
(28.0%) and 3-6 in 18 patients (72.0%) in the MDM-N
group, showing significantly more favorable clinical

I. DEGUCHI ET AL.

outcomes in the MDM-P group (P = .027). In both
MDM-P and MDM-N patients, the performance or
nonperformance of intravenous rt-PA therapy before
EVT did not result in differences in clinical outcome
(MDM-P patients receiving rt-PA, mRS scores 0-2 in 34
patients [65.2%] and 3-6 in 24 patients [34.8%]; MDM-P
patients not receiving rt-PA, mRS scores 0-2 in 29 patients
[48.3%] and 3-6 in 31 patients [51.7%]; MDM-N patients
receiving rt-PA, mRS scores 0-2 in 5 patients [38.5%]
and 3-6 in 8 patients [61.5%]; and MDM-N patients not
receiving rt-PA, mRS scores 0-2 in 2 patients [16.7%]
and 3-6 in 10 patients [83.3%]). Symptomatic intracranial
hemorrhage (sICH) occurred in 4 MDM-P patients (3.4%)
and 5 MDM-N patients (20%), occurring in significantly
fewer MDM-P patients (P = .009). Figure 1B presents
the clinical outcomes of the patients admitted 3-8 hours
after the onset. No significant differences were observed
between the 2 groups (MDM-P, mRS scores 0-2 in 12 pa-
tients [41.4%] and 2-6 in 17 patients [58.6%]; MDM-N,

Table 2. Patients’ characteristics by group based on the presence of MRA-DWI mismatch at 3-8 hours from the onset

MRA-DWI mismatch (+) MRA-DWI mismatch (—)
DWI-ASPECTS = 6 (n = 29) DWI-ASPECTS <6 (n = 7) P value
Mean age, y, mean & SD 70 = 12 73 £ 12 447
Sex, female, n (%) 13 (45) 3 (43) 1.000%
Hypertension, n (%) 19 (66) 5(71) 1.0007
Diabetes mellitus, n (%) 6 (21 3 (43) 3334
Hyperlipidemia, n (%) 517) 1(14) 1.0007
Atrial fibrillation, n (%) 13 (45) 3 (43) 1.000+%
Coronary heart disease, n (%) 3 (10) 1(14) 1.000%
Congestive heart failure, n (%) 3 (10) 0 1.0007
Smoking, n (%) 3(10) 1(14) 1.0007
Systolic BP, mean * SD, mm Hg 159 = 25 181 = 57 135%
Diastolic BP, mean * SD, mm Hg 87 =17 86 + 35 523
NIHSS score, median (range) 14 (0-34) 21 (14-28) .020%
Stroke subtype
Cardiogenic embolism, n (%) 18 (62) 4 (57) 1.0001%
Atherothrombosis, n (%) 8 (28) 2 (29) 1.0007%
Others/unclassified, n (%) 3 (10) 1(14) 1.000%
Onset to admission, mean = SD, min 287 + 82 253 £ 51 .326%
Onset to recanalization of EVT 478 + 147 480 = 124 .595%
DWI-ASPECTS, median (range) 8 (6-10) 4 (3-5) <.001*
Occluded vessel
ICA
Extracranial ICA, n (%) 724 1(14) 1.0007%
Intracranial ICA, n (%) 4 (14) 3(43) 1167
MCA
Proximal M1, n (%) 9 (31) 1(14) .645%
Distal M1, n (%) 6 (21) 1(14) 1.0001
M2 or distal, n (%) 3(10) 1(14) 1.000¢

Abbreviations: BP, blood pressure; DWI-ASPECTS, diffusion-weighted image—Alberta Stroke Program Early Computed Tomography
Score; EVT, endovascular treatment; ICA, intemal carotid artery; MCA, middle cerebral artery; MRA-DWI, magnetic resonance angiog-
raphy—diffusion-weighted imaging; NIHSS, National Institutes of Health Stroke Scale; rt-PA, recombinant tissue-type plasminogen activator.

*Wilcoxon rank sum test.
tFisher exact test (2-sided).
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Figure 1.

mRS scores 0-2 in 2 patients [28.6%] and 3-6 in 5 patients
[71.4%]; P = .681). No patients had sICH. The patients
admitted 8 hours or more after onset were all MDM-P.
The mRS scores at 90 days were 0-2 in 5 patients
(55.6%) and 3-6 in 4 patients (44.4%).

Discussion

The results of this study demonstrated that, among pa-
tients with acute cerebral artery occlusion who presented
to the hospital within 3 hours of symptom onset and
achieved recanalization with EVT, MDM-P patients had
significantly more favorable outcomes than MDM-N pa-
tients. Meanwhile, the proportion of patients who had a
favorable outcome was high in the MDM-P patients
admitted 3-8 hours after the onset; however, the differ-
ence between the 2 groups was not significant, and the
proportion of patients with mRS scores 5-6, which are
considered severe, was slightly higher in MDM-P pa-
tients. This is considered to be associated with the time
from the onset to recanalization. Yoshimura et al also
pointed out that the delay in starting EVT may have
greatly affected the results of the Interventional Manage-
ment of Stroke III and Mechanical Retrieval and Recana-
lization of Stroke Clots Using Embolectomy studies.” In
the present study, the mean time from the onset to recan-
alization was 323 minutes when the time from the onset
was within 3 hours, and 484 minutes when the time of
the onset was 3-8 hours. The proportion of MDM-P pa-
tients with a comparatively small infarct region with
DWI-ASPECTS of 8§ or more was 66.9% among those
who presented within 3 hours of the onset, but 51.7% in
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those who presented 3-8 hours after the onset, a compar-
atively lower figure. For MDM-P patients with poor
development of collateral circulation, if recanalization
took some time, the infarct site might have spread to the
entire region supplied by that vessel even after recanali-
zation was achieved. Therefore, we consider that it is
necessary to aim for more prompt recanalization by
paying attention to differences in the timing of comple-
tion of the infarct region in individual patients with acute
ischemic stroke. General anesthesia (GA) is also consid-
ered to be an issue. To safely perform EVT, patients who
are unable to follow instructions need to be managed un-
der GA. However, several reports state that EVT for pa-
tients with acute ischemic stroke under GA is associated
with a worse outcome than with conscious sedation.’**
Froehler et al reported that the causes include
hemodynamic instability and hypotension, delays in
treatment, prolonged intubation, and neurotoxicity of
the anesthetic agent itself.'* The present study did not
differentiate between those patients who underwent GA
and those who did not, and the degree to which this
had an effect is therefore unknown, but it may possibly
have affected the outcome. In addition, the number of
MDM-N patients admitted 3-8 hours after the onset was
small, which was likely to have affected the results. All
MDM-P patients admitted 8 hours or more after the onset
underwent EVT. Because the number of patients admitted
8 hours or more after the onset was small, further studies
with a larger patient population are necessary to evaluate
the efficacy of EVT by the presence or absence of MDM.

sICH was significantly less common in MDM-P pa-
tients admitted within 3 hours of the onset. This finding
was attributed to the size of the infarct region. Previous
studies have reported that the DWI-ASPECTS of 5 or
less is associated with sICH after reperfusion with regard
to relationships between the DWI-ASPECTS and sICH af-
ter acute reperfusion therapy,'” that the frequency of sSICH
increases as the DWI-ASPECTS decreases, and that the
DWI-ASPECTS is an independent predictor of sICH after
acute reperfusion therapy.”” In the present study, sICH
associated with reperfusion was thought to be more com-
mon in MDM-N patients with extensive infarction than in
MDM-P patients because of major artery occlusion.

There are some unresolved issues related to the DWI-
ASPECTS, including the following: a very small lesion
with high intensity in each area and a lesion extending
the entire area are both treated as 1 lesion in a similar
manner; and how to treat very faint signal changes. How-
ever, the results of the present study demonstrated that
the presence or absence of MDM using the DWI-
ASPECTS could be a predictor of clinical outcome in pa-
tients with major cerebral artery occlusion after achieving
recanalization with EVT. It will be extremely important to
shorten the time to recanalization to ensure better out-
comes for MDM-P patients in the future, by various
means including new devices.
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CASE SERIES

Asymptomatic moderate carotid artery stenosis
with intraplaque hemorrhage: onset of new

ischemic stroke

Kiyofumi Yamada,' Masanori Kawasaki,® Shinichi Yoshimura,* Yuichi Sasaki,

Shigehiro Nakahara,' Yoshikazu Sato?

ABSTRACT

Background The degree of stenosis of carotid arteries
is recognized as an important risk factor for ischemic
stroke. However, high-grade stenosis does not always
cause cerebrovascular events, whereas low- to moderate-
grade stenosis may often cause strokes. It has been
reported that there is an association between carotid
intraplague hemorrhage (IPH) and new brain ischemic
events.

Case presentation We present three patients with
asymptomatic moderate carotid artery stenosis and carotid
IPH who underwent both neurological and MRI at baseline
and after at least 1 year's follow-up. These patients were
admitted to our hospital (after 15-35 months of follow-up)
because of neurological deficits. Diffusion-weighted MRI of
the brain showed ipsilateral new ischemic lesions due to
carotid artery plaques. The patients were treated with
carotid artery stenting and discharged uneventfully.
Conclusions Whether plaques with severe stenosis
already had severe stenosis at the onset of events or
plaques with moderate stenosis progressed owing to an
acute change, such as growth of an IPH, remains unclear,
because no carotid imaging was carried out just before the
events. This is the first case report which presents
neurological symptoms and MRI at both baseline and
follow-up in patients with asymptomatic moderate carotid
artery stenosis and carotid IPH. )

BACKGROUND

Carotid artery stenosis is one of the major causes of
ischemic stroke. Several large randomized con-
trolled trials have established that carotid endarter-
ectomy (CEA) or carotid artery stenting (CAS)
significantly reduces stroke risk compared with
medical treatment in patients with high-grade sten-
osis, but does not reduce stroke risk in those with
low- to moderate-grade stenosis.'™ Assessment of
the risk of stroke and the criteria for surgical inter-
vention in these randomized controlled trials have
been based on the degree of stenosis.® © However,
it has been reported that intraplaque hemorrhage
(IPH) is associated with accelerated plaque growth,
luminal narrowing, and development of symptom-
atic events.® > Whether plaques with severe stenosis
after the onset of events already had severe stenosis
at the onset of events or whether plaques with
moderate stenosis progressed owing to acute
change, such as the growth of IPH remains unclear,
because no carotid imaging was available just
before the events.

1

In this report, we describe three patients with
asymptomatic carotid plaques with moderate sten-
osis and IPH who later presented neurological defi-
cits after 15-35 months of follow-up.

CASE PRESENTATION

Case 1

An 82-year-old man was referred to our depart-
ment for evaluation of carotid artery stenosis. He
showed no neurological deficit. He had a history of
hypertension and hyperlipidemia. He was receiving
a 3-hydroxy-3-methylglutaryl coenzyme A reduc-
tase inhibitor (statin), a calcium channel blocker,
and an angiotensin II receptor blocker (ARB). No
acute infarction was seen on diffusion-weighted
MRI (DW-MRI) and no stenotic lesions in the intra-
cerebral arteries on three-dimensional time-of-flight
magnetic resonance angiography (3D-TOF-MRA).
A 3D-TOF-MRA maximum intensity projection
(MIP) image of the neck showed 50% stenosis
according to North American Symptomatic Carotid
Endarterectomy Trial criteria with IPH in the left
internal carotid artery.”® According to the guidelines
for the management of asymptomatic carotid sten-
osis,® ' the patient was treated with antiplatelet
medication and a statin in an outpatient clinic. His
compliance with this treatment was good.

After 35 months, he was admitted to our hospital
with a history of right hemiparesis and an low-density
lipoprotein (LDL) cholesterol level of 83 mg/dL.
DW-MRI of the brain showed acute infarctions in
the left cerebral hemisphere. 3D-TOF-MRA of the
brain showed no stenotic lesions. A 3D-TOF-MRA
MIP image and digital subtraction angiography
(DSA) of the neck showed 80% stenosis. The
degree of stenosis appeared to have progressed com-
pared with that seen 35 months earlier. After admis-
sion, according to the guidelines for the management
of symptomatic carotid stenosis,"™ *° the patient was
treated with CAS, and discharged uneventfully
(Figure 1).

Case 2

An 82-year-old woman was referred to our depart-
ment for evaluation of carotid artery stenosis. She
showed no neurological deficit. She had a history
of hypertension and hyperlipidemia. She was
receiving a statin, calcium channel blocker, and
ARB. There was no acute infarction on DW-MRI
and no stenotic lesions in the intracerebral arteries
on 3D-TOF-MRA. A 3D-TOF-MRA MIP image of
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Figure 1 MRI images at baseline
(A-C) and after 35 months of
follow-up (D—F). Angiogram of
precarotid artery stenting (CAS) (G, H)
and post-CAS (1, J). (A)
Diffusion-weighted MRI (DW-MRI) of
the brain showed no acute ischemic
lesion. (B) A three-dimensional
time-of-flight magnetic resonance
angiography (3D-TOF-MRA)
maximum-intensity projection (MIP)
image of the left carotid artery showed
moderate-grade stenosis (50%). It also
illustrates a hyperintense signal
indicating intraplaque hemorrhage
(IPH) (arrow head). (C) An axial
3D-TOF source image demonstrates
signal hyperintensity in the plague
indicating IPH (arrowhead). *Lumen of
internal carotid artery. (D) DW-MRI of
brain showed acute ischemic lesions
(arrows). (E) A 3D-TOF-MRA MIP
image of the left carotid artery
changed from moderate-grade to
high-grade stenosis (80%). It also
illustrates a hyperintense signal
indicating IPH. (F) An axial 3D-TOF
source image demonstrates signal
hyperintensity in the plaque indicating
IPH (arrowhead). The lumen of the
internal carotid artery (*) is apparently
narrowed comared with that of
baseline. (G) Frontal view and (H)
lateral view of the pre-CAS angiogram
showed high-grade left carotid artery
stenosis. (I) Frontal view and (J) lateral
view of the post-CAS angiogram. The
left carotid artery was successfully
dilated.

the neck showed 50% stenosis with IPH in the right internal
carotid artery. The patient was treated with antiplatelet medica-
tion in an outpatient clinic.

After 32 months, she was admitted with a history of left
hemiparesis and dysarthria and an LDL cholesterol level of
88 mg/dL. DW-MRI of the brain showed acute infarctions in
the right cerebral hemisphere. 3D-TOF-MRA of the brain
showed no stenotic lesions. A 3D-TOF-MRA MIP image and
DSA of the neck showed 56% stenosis with IPH in the right
internal carotid artery. After admission, the patient was treated
with CAS and discharged uneventfully (Figure 2).

Case 3

A 78-year-old man was referred to our department for evalu-
ation of carotid artery stenosis. He showed no neurological
deficit. He had a history of hypertension and hyperlipidemia.
He was receiving a statin and an ARB. There was no acute
infarction on DW-MRI and no stenotic lesions in the intracereb-
ral arteries on 3D-TOF-MRA. A 3D-TOF-MRA MIP image of
the neck showed 50% stenosis with IPH in the right internal

carotid artery. The patient was treated with antiplatelet medica-
tion in an outpatient clinic.

After 15 months, he was admitted to our hospital with a
history of left hemiparesis and an LDL cholesterol level of
102 mg/dL. DW-MRI of the brain showed acute infarctions in
the right cerebral hemisphere. A 3D-TOF-MRA MIP image of
the brain showed no stenotic lesions. A 3D-TOF-MRA MIP
image and DSA of the neck showed 54% stenosis. After admis-
sion, the patient was treated with CAS and discharged unevent-
fully (Figure 3).

DISCUSSION

Strokes remain a leading cause of morbidity and mortality.
Carotid artery stenosis is one of the major causes of ischemic
stroke. However, treatment decisions are still based on the
degree of stenosis. Current criteria for surgical intervention in
asymptomatic patients requires 70-80% stenosis, and the
benefit of CEA or CAS is controversial even in patients with
asymptomatic carotid artery stenosis.’’ According to the
Asymptomatic Carotid Atherosclerosis Study, the stroke rate in
patients with >60% asymptomatic carotid stenosis is about 2%/

2 Yamada K, et al. J Neurolntervent Surg 2014;0:1-5. doi:10.1136/neurintsurg-2014-011317
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Figure 2 MRI images at baseline
(A=C) and:after 32 months of
follow-up (D-F). Angiogram of
precarotid artery stenting (CAS) (G, H)
and post-CAS (1, J). (A)
Diffusion-weighted MRI (DW-MRI) of
brain showed no acute ischemic lesion.
(B) A three dimensional time-of-flight
magnetic resonance angiography
(3D-TOF-MRA) maximum intensity
projection (MIP) image of the right
carotid artery showed moderate-grade
stenosis (50%). It also illustrates a
hyperintense signal indicating
intraplague hemorrhage (IPH) (arrow
head). (C) An axial 3D-TOF source
image demonstrates signal
hyperintensity in the plague indicating
IPH (arrowhead). *Lumen of the
internal carotid artery. (D) DW-MRI of
brain showed acute ischemic lesions
(arrows). (E) A 3D-TOF-MRA MIP
image of the right carotid artery shows
slight change of stenosis from 50% to
56%. It also illustrates a hyperintense
signal indicating IPH. (F) An axial
3D-TOF source image demonstrates
signal hyperintensity in the plaque
indicating IPH (arrowhead). *Lumen of
internal carotid artery. (G) Frontal view
and (H) lateral view of the pre-CAS
angiogram showed moderate-grade
right carotid artery stenosis. (I) Frontal
view and (J) lateral view of the
post-CAS angiogram. The right carotid
artery was successfully dilated.

year.! However, in cases of asymptomatic moderate carotid
artery stenosis, a low stroke rate (0.6%/year) was reported
during a mean follow-up of 48 months in 198 patients.'* The
average annual rate of ipsilateral strokes in patients with asymp-
tomatic carotid stenosis receiving medical treatment, such as
antiplatelet drugs and statins, has fallen well below the rates in
patients who undergo CEA."

On the other hand, a growing body of literature suggests that
tissue characterization of carotid plaques may provide a better
means of predicting future ipsilateral cerebrovascular events
than the degree of carotid artery stenosis.® ¥ Carotid IPH plays
a critical role in the progression of carotid atherosclerotic
disease. The presence of IPH in carotid atherosclerotic plaques
has been associated with accelerated plaque growth and luminal
narrowing.® 7 We and other investigators reported that MRI of
carotid plaque has a good sensitivity with a moderate-to-good
specificity for the detection and quantification of IPH, using
histology as a ‘gold standard’.’*"!" According to these methods,
IPH can be seen as a hyperintense signal on 3D-TOF source
images and 3D-TOF-MRA MIP images of carotid plaques.

Among our cases, the degree of stenosis apparently pro-
gressed in one case and did not progress in the other two
during a follow-up of 15-35 months. However, ipsilateral stroke
occurred in all three cases. This suggests that the presence of
carotid IPH does not always cause luminal narrowing that pre-
cedes the onset of ipsilateral stroke, and ipsilateral stroke can

occur without plaque growth and luminal narrowing when
carotid plaques have IPH. Therefore, it is clear that there are
two types of carotid plaques that have IPH associated with ipsi-
lateral ischemic stroke. One is the plaque with moderate stenosis
after the onset of ischemic stroke, and the other is the plaque
with severe stenosis after the onset of ischemic stroke. For cor-
onary artery disease, it has been reported that the progression
of coronary artery lesions can be classified into two types: type
1 vessels are characterized by sudden appearance of marked pro-
gression due to large thrombi and bleeding in plaques after
plaque rupture or endothelial damage; type 2 vessels are charac-
terized by continuous slight progression of stenosis due to
plaque growth or small thrombi and bleeding in plaques after
plaque rupture. Acute myocardial infarction occurs only in type
1 vessels. This process is different from carotid artery stenosis
and is a unique process. It provides new insight into the mech-
anism of carotid artery disease.’® **

Two previous studies using MRI have reported an association
between new cerebrovascular events and carotid IPH at baseline
in patients with asymptomatic moderate carotid artery stenosis.
Takaya et al*® reported that 14 cerebrovascular events (3.0%/
year) occurred (four transient ischemic attacks, six strokes, and
four amaurosis fugax) during a mean follow-up of 38 months in
154 patients with asymptomatic moderate carotid artery stenosis
with IPH at baseline. Singh et al*’ reported that six ipsilateral
carotid events (8.3%/year) occurred (four transient ischemic

Yamada K, et al. J Neurolntervent Surg 2014;0:1-5. doi:10.1136/neurintsurg-2014-011317 3
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Figure 3 MRI images at baseline
(A=C) and after 15 months of
follow-up (D-F). Angiogram of
precarotid artery stenting (CAS) (G, H)
and post-CAS {1, J). (A)
Diffusion-weighted MRI (DW-MRI) of
brain showed no acute ischemic
lesions. (B) A three dimensional
time-of-flight magnetic resonance
angiography (3D-TOF-MRA) maximum
intensity projection (MIP) image of the
right carotid artery shows
moderate-grade stenosis (50%). It also
illustrates a hyperintense signal
indicating intraplaque hemorrhage
(IPH) (arrow head). (C) An axial
3D-TOF source image demonstrates
signal hyperintensity in the plaque
indicating IPH (arrowhead). *Lumen of
the internal carotid artery. (D) DW-MRI
of the brain showed acute ischemic
lesions (arrows). (E) A 3D-TOF-MRA
MIP image of the right carotid artery
shows slight change of stenosis from
50% to 54%. It also illustrates a
hyperintense signal indicating IPH.

(F) An axial 3D-TOF source image
demonstrates signal hyperintensity in
the plague indicating IPH (arrowhead).
*Lumen of the internal carotid artery.
(G) Frontal view and (H) lateral view of
the pre-CAS angiogram showed
moderate-grade right carotid artery
stenosis. (I) Frontal view and (J) lateral
view of the post-CAS angiogram. The
right carotid artery was successfully
dilated.

attacks and two strokes) in 36 patients with asymptomatic
moderate carotid artery stenosis and IPH, whereas there were
no clinical events in the carotid arteries without IPH during a
mean follow-up of 24 months. Both studies have shown that
IPH at baseline is associated with future ipsilateral cerebro-
vascular events with HRs of 3.6*" and 5.2,*° suggesting that
IPH is a promising predictor of future cerebrovascular events
in patients with moderate carotid stenosis. However, both
studies only discussed the association between the presence
of carotid IPH at baseline and new ischemic stroke, and did
not discuss the stenotic change or stenotic process. In our
report, we showed plaques with asymptomatic moderate sten-
osis and IPH both at baseline and at the onset of neurological
deficits.

Whether plaques with severe stenosis after the onset of ische-
mic stroke already had severe stenosis at the onset of stroke or
whether plaques with moderate stenosis progressed owing to
acute change, such as growth of IPH at the onset of an event,
remains unclear, because no carotid imaging was carried out just
before the events. However, this is the first case report present-
ing neurological symptoms and MRI at both baseline and
follow-up in patients with asymptomatic moderate carotid
artery stenosis and carotid IPH.

The study has limitations, because the patients were studied
retrospectively and the number of cases is small, therefore,
larger prospective studies are warranted to determine the value
of carotid IPH in predicting strokes in patients with asymptom-
atic moderate carotid artery stenosis.

CONCLUSION

We have described three patients who had asymptomatic moder-
ate carotid stenosis with carotid IPH and who subsequently
experienced ipsilateral stroke after 15-35 months despite treat-
ment with antiplatelet drugs and statins. Unlike coronary artery
disease, two types of carotid plaque were seen where IPH was
associated with ipsilateral ischemic stroke. One was plaque with
moderate stenosis after the onset of ischemic stroke, and
another was plaque with severe stenosis after the onset of ische-
mic stroke. Although the complex mechanisms of onset of ipsi-
lateral strokes are still unknown, these cases provide new insight
into the carotid plaques that cause ipsilateral strokes.
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(ZIRHRBIARAST BE e PRI B IR EE AR E I 281 B
WTHERITH B EMEY SN &5 IHRIE
TiFbhbhlyadF—¥ % Hui- IR BT
MAEERRETD, kB O NIHSS A54-22 &
REIELIT T, CT RMEZER MRy, F 72108
WARPTRIZEEE Y, FIE 6 B LI WG e B
WESTT R 7 RN B IRZEAR HEBAZE IO B W THE S
BREBIENDL ERE S

BT, WESRIIRPIZEESICOW TR
WOMAELF /S AAMEH EN 5 2 EH% L
Gholzb DO, REOHRMAREIIE LTI, #

BYIRAY B FT MR E AR REA I T DL T W A,

LA L, BMPEEEZBENsSE 5D H
D, rt-PABHERERTTHIR 5SE D O R 2%
BUBICH LTI, FOVAZERRAT 4 Y

b EAGIZEE L 72 ) A TORREAMRD SN b,
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F1 AMNEBEERCHTINENEEDT ¥ LLHEKHER
A rPA L 8P

BEH 434 222 BEH 34 34 BEE 181 181

FH BT FH B FHEIT
(RS 0-2) 40.8% 38.7% 0.25 (mRS 0-2) 210% 26.0% 048 (mES 0-1) 304% 348% 0.16

FECE [191% 216% 052) FTE | 180% 21.0% 0.75| WLE 8% 6% 053

fERME SEBHE SERM o
EERM 62% 59% 0.83 P 90% 6.0% 0.24 P 60% 60% 099

| BITOmMBREIRT /N 2L BH

1) MerciVJ bV —/\—

S 8 BRI LI OB TR BIARBASERI T, rt-
PABEREDES - FBEBHIH L THRIE
TH2010F L YBETE N KFNAL X %M
BROEMICHFEL, EWmOaf VELV—-7 Tl
B2EOED, BT 5. KETOREXHE
Multi MERCI trial i= BV T i3, B EI&K (Throm-
bolysis In Myocardial Infarction (TIMI) : 2-3) i&
68 % T, 90 HEOF1% BIFH (modified Rankin
Scale(mRS): 0-2) 12 36 % L & s

—HFT, Merci) bV —n—lZBWnTi& H
MEEHENRZVEVDRTWS, ER 15
BTITb 119 B O MBI BRHREICB VLT
i, BRLEDOSDETHIMA21.9%ICERDH LN
729 EEEODDIZ2.6% THo7=D%, EWE
B EB~DEBWF N, ADERIZHER 5 Z L
F Lw,

2) Penumbra ¥ AT 1

RFNA AL, MRERFIT5Z L CHRE
#BAHEILPTE, 011ECRIFETHRET
SNtz RFUVTIEAVAIHEFEICEY
Tid, BELER(TIMI 2-3)1382% T, FHE
HFH (mRS 0-2)1325% L HME S il

AFNA 2L, MBIEESLY A4 X %8R
THILPBOTEETHS. BHME L HE
RHTF—TFVEREE DY 4 XEP SR RS
EERFINLEED, KEERDEILIZLL
%5 BETIRAOERD MAX ) — XHfEH

WL %), BREROUSBFHAFEIA TS,

53

¥ 7>, Penumbra Y AF AIZBWTI, HEE
DL HETHMAP R WEIRED 5.

| 52 S AMEEBRRBROBSR

2013 %, &/ VIV TR S 7> International
stroke conference {28\ C, SMEHIRAEZEICH
TAHMERNEBRICETE300T V¥ A{LLE
REBOERP AKX I N, New England Journal
of Medicine {ZR HI§# S 7.

rt—PA BHERE T 2 MEPIEROENED
BERET9 5 IMS I, MRIE{§RZH % EICmE
RIBED AT % 5T L 72 MR RESCUE®, rt-PA
BHERE L MBENEHEL LB L /- SYNTHESIS
expansion’ Th % (£ 1). FRBOKERICOW
THHT 5.

1) IMS Ir*

COREIE, rt-PARHEREICH LT 0¥
HNEROBEMBRERE LSRR v ¥
LLAEBRTH D, 1KLY FRA ¥ MI 90 BHE
D mRS 0-2IZRRES N,

1k Y FRA ¥ MIAEERER L (MWEAERE
F¥40.8% vs rt—PA BH# 38.7 %), NIHSS 2 o
7 L DREILE DT T F NV — T (NIHSS
A7 8-19, N!HSS A7 220) THEEEIT
Hdhhos. LHIHLIMSIIE, BHEIh
RS EOEFITERBROAELHERL T
WV ER t-PABHERE» O MEANEER T TF
MERERD
P [9:@2 (Thrombolysis in Cerebral Infarction
(TICI) : 2b-3) 2540 % i #s LV mASHIREE L
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2 FRMARENRT /S A X ORRER B

AR L IR . i Solitaire - Merm T - Merci
7784 A ’ ‘ Mgrc1 Penumbrg : Cnx58) (n=55). (nr:88) (a0
FIBSmE (TIMI 2-3) 68 % 81.6% 89 % 67 % 92% 7%
FHMMAIE 9.8% 12.8% 4% 16% 15%  23%
SRS PR 9.8% 11.2% 2% 1% 7% 9%

F 5 RLIFH (mRS 0-2) - 36% 25% 58% 33% 0%  22%
THITFLNS. [ C 7 % B 2 o 7o (L IR HETE 30.4 %

DLEDOIER» D, %k@%@%tﬁ%ﬁif
DM 2 M 5 2 L BEECH Y, MmENE
BRI RIIREEES ¥ -7y P ETAHEI LD
RSN

2) MR RESCUE”

C OFBRIE,  FEAE 8 IR LA o i S B R BA
ZEFED] (BT B BR O M) % MAEPUGHERE LB H O
PRI IERE B ) A, SIERNIC B A MR
perfusion {2 & A+ Y 7 HIEOKE 2 LM
BEPEROAEEBGE L2 v 7 2L
BTdh b, 90 HED mRS #iE/EOEEE L.

FEEE, 90 B O mRS OFHHIGIHE L b
239 EEEHD LT FhRF YT IH
WO D 53 MAENEBEO AR EILRED
SR d ol LaL, TORBICHEEMS
MAEERERE T THY TR L ERE L T
VWA &R IE IR OB RES (TICT 2b-3)
AT % AR EAHER E LTEBIF LN B,

IMS I &3\, REETIEE D HTaiicE
BEIROAIEIS MRA CHREINTHY, &Y
FElEW e b=V THbE Lal, IEN
HEGECICERMZELTBY, $-HH
EEAE D o 2728, FEHEATR SN h o 72
LEZOLNA.

3) SYNTHESIS expansion”

C DRENT, SSE 4.5 B DA O BB RAE
EFMENRED L @ rt-PAEHEREDO VT
NRZE Y1729 v ¥ A LR TH 5.
1R Y FHRA VML, 3HHBOmRS 0-1&
EFSI NI

EHIL, mRS 0-1 OHERGE BRITF O 13 TR

o4

Vs rt«PA‘%%*Eii‘ﬁ&:ﬁ’ﬁ 34.8%, p=0.16). F&HEH
SIRIERIA E CORMIE, MEMIEERET3.75
BRI, rt-PABHESEE C275MTH b (p<
0.001), MAEFNEFETIEMOELEZ D7
SYNTHESIS expansion Ok @ R &L,
IMS IIT & @k, &0 AR A 2B iR o B 28
PR EN T EWETHL D, 14
G958 0 AT RIS A NEE R 2T TB BT,
FThN72FHS 2/3 B rt-PAOBEFRETH -
7z

Pbds, KRB FYA UPRERTH -
REEDLEDLEFBRV

SHOBLE

BliAE, L%Mh%%%ﬁéhfwé@@xT
Y MR BT S A A ChH D, TBIGHE
BRI AT Y M ERBLT, 0% 3%
A7y b ZEmEEERTHFNA A TH 5B,
BEICSRE TR S v ¥ AL T b,
Merci V) b Y —28—2% L CEREZRL TV

B RKFNA AFHER LD b TR
LN, FERMOMEb T ING 2D

SHROEREZB1EDI. FTNARAELELT,
Solitaire & Trevo ¥ ®H T H 4L 5. Solitaire &
Merci(SWIFT & BB & U'Trevo & Merci
(TREVO 2B DL sk & 7 >~ ¥ A4k
BB o RE RS (F2)

A5 v PEUARBL T SA 212 & A FREE
BWFNbERTHY, F-FEEEERT
ErlvbhTwa, BPFEICBVTHING

&
7
2=
4
B
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DFNA ADBRBELREKBHVEF SIS, HEEMEEIETDHS. 070FEMREDOE

Bb Y NP2EEL DRCRFHEABRZHEMS L

DWMEPINTEY, WMECHEHGDH, HET

FREMO 26T, BEFCHBBEITO TORMZVWAIIERSELINDPSHEOEELE
BRESAOEHISAHTEREEICBILFRE 25THAD.
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KEY WORDS
SRMEINIEE - t-PA  RMERE
[FU®HIC

MBI I AI ) =5 VT 2 F_—% (recombinant tis-
sue plasminogen activator : rt-PA) Bk M
BRI L T TV ADMEL ENBRETH D,
2012 FE VBB 45 R BUIICHL R S e Ay, i
BEAEERD SR BEILLIE/RSNTE ST, T2l
FERBIRMAZS CEEMABREMEL, FREFA D,
WhEEOBBEARSD L. T, X0 EBEEE
BB RO B VRIS NI 2D 5 70°, 2013 i
HESNI3 00T v ¥ AMULLERE TR, 2OFME
PREN D10, =0, bAEOHN % BHRBR
TIEALIE B B HAMSTR SN B,

AWTRINLORBRREIIRYEY, KEREFA

56

#Z w5 MEHER

A AW T ¥ ¥ MMEBRBICOWTERT 5.

SUYLMEABROBE (F0) ERER

1) SYNTHESIS Expansion 5it5&"

SR 45 BRI O BB ESRE 2, MENR
EREL -PA BRBEE IS R D A . s
B OB, M PR TEIER 6 LA, —
PA BEBHEBA IS CER (Folefh 45 BRI &
L, FEFMEBRZO BEOEEELAF (modified
Rankin Scale : mRS 0~1) T, t-PA BFEBEHTI
343%, MEPHRETIA04%THY, 2BMICEES
R BP0 (p=016).

A CREEELEETT, BESNCIEMEY

33 (121

Vascular Medicine vol. 18 no. 2



%0 2013FED 3205 VY LMEEER
Endovascular]  tPA|p value| Endovaseular| Standard | p value | Endovascular t-PA | p value
therapy only therapy care therapy only

Number of patiant 434 222 34 34 181 181
Favorable outcome 40.80%{38.70%| 0.25 21% 26%| 0.48 mRS 0~1
(mRS 0~2) 30.4%(34.80%| 0.16
Motality at 90 days 19.10%21.60%| 0.52 18% 21%| 0.75 8% 6% 0.53
Symptomatic ICH within 6.20%| 5.90%| 0.83 9% 6% 0.24 6% 6%
30hrs
Onset to puncture 370minutes 370minutes
1-PA to puncture 127minutes
Reperfusion : TICl 2B-3 ICA : 38% M1 : 44% Total : 53% ICA: 56% M1 : 60% Total: 27%

FERETICT w72 4bT 5 L) BB £ SRS
bHotetZErbhd.

2) IMS MEER?

NIHSS 10 ABLL T 3 BB LA 2 il 2
BRI L, rt-PA (06 mg/kg) & 40 oo CiREL,
ZOBETREIMELNL VS, F0F F rt-PA B
BERET LB CoPAR) LMENEEEBILROE
(MAEPIEEEE) IR D 47 72, B PIAHC 1 I P8
FikH 7 —F VThHEKOS, Merci ) by —si—,
Penumbra Y AF AL EFHAW LRIz KEEE T 900
FOBEEEEL LTVRY, BERLMEL T HUME
AEME e L MBS 7o, 656 I CEE LS
N7z BRERCRTIEY, FTHREF, BoE, EE
HHEENBEIOWTROBEE LB TATHBIOEEE
R BDE Tz,

APIZECl, BERIF—F LR Merci Y b Y —/3—
% EOEKXDF A AN A ERLZE, rt-PA B
AR R BIAT 5 2 T 127 8 v ) BB
Pholl EAMETH o EEABNT VS,

3) MR RESCUE H&&"

NIHSS 6 ALLETHRIED S SHHUNO, WHERD
FRBRFAZEEEE, MerciV Y —/3—F 721 Pen-
umbra ¥ A7 4% Bz BeekE, &L izEE
BEO2HCI VY FACHVM 2 E748Bcik
MRIEREEZREL TB Y, OekEd BT L8
HEOBRFEIUET S, QLT YT T 2HATE
ZEE (NFUTIR) CREMEIARRENO RIS

34 (122)

Vascular Medicine vol. 10 no. 2

57

AEV, D20oDRBAERIT 5 HTEHS L
EEFFMEE O 90 HA£D mRS &, ME R HHRET
39, FEESER T30 &, FEERALNEY oL (p=
099). TSNP TSBETH, mRS FME
PIRAREE (34 61) T39 (95%CI:33-44), MR
(34 41) T34 (95%CI:28-40) &, HFEEZRASNE
otz (p=023). FERF U 7SHETIE, mRS BEN
HREET 40 (95%CL:34-46), BEHERRIRIET 44 (95%
Cl:36-52) &, ABICERALNERPo7 (p=032).
FEBUIC L ARF YT INy— VR, WEEICL LR
Wirabhhhoiz (p=014). XK THEARED
BEAR EN Lo lz0id, FHE COPYBEIE
EHC2BHEE o L, FHEHEEI MEL 72
CEAEREEZONDG, FLWCTE, BERERT
t-PA BHERRATIEIT S N ERD S o2 2 &, HRD
W2 CT EMRIOBEAPAV LRI L2 ESBIFD
NnTnab,

BEHADABERBERRD > cH?
—RESCUE-Japan Registry”

BEREIRSEAMEEORNT 2L HREHTR
(RESCURE-Japan Registry} Ti, 38 24 B A
AR A & Az R B IR B B AT 1400 BILL LB 4R S
Nz, FEFMEER, B0 HEOFHRIF (mRS
0~2) & &hi.

R M PIBREE AT L7 442 IS TR, mRS
0~2 A% t-PA SERRIE MM T 125 61 (422%), tPA
BT + M PIRRIE T 654 (445%) &, +PA K




