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Abstract

AIM: To assess neovascularization within human ca-
rotid atherosclerotic soft plaques in patients with isch-
emic stroke.

METHODS: Eighty-one patients with ischemic stroke
and 95 patients without stroke who had soft athero-
sclerotic plaques in the internal carotid artery were
studied. The thickest soft plaque in each patient was
examined using contrast-enhanced ultrasound. Time-
intensity curves were collected from 5 s to 3 min after
contrast injection. The neovascularization within the
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plaques in the internal carotid artery was evaluated
using the ACQ software built into the scanner by 2 of
the experienced investigators who were blinded to the
clinical history of the patients.

RESULTS: Ischemic stroke was present in 7 of 33
patients (21%) with grade I plaque, in 14 of 51 pa-
tients (28%) with grade T plaque, in 26 of 43 patients
(61%) with grade 1I plaque, and in 34 of 49 patients
(69%) with grade IV plaque (P < 0.001 comparing
grade IV plaque with grade I plaque and with grade 1I
plaque and P = 0.001 comparing grade Il plaque with
grade 1 plaque and with grade I plaque). Analysis of
the time intensity curves revealed that patients with
ischemic stroke had a significantly higher intensity of
enhancement (IE) than those without ischemic stroke (P
< 0.01). The wash-in time (WT) of plaque was signifi-
cantly shorter in stroke patients (P < 0.05). The sensi-
tivity and specificity for IE in the plaque were 82% and
80%, respectively, and for WT were 68% and 74%,
respectively. There was no significant difference in the
peak intensity or time to peak between the 2 groups.

CONCLUSION: This study shows that the higher the
grade of plaque enhancement, the higher the risk of
ischemic stroke. The data suggest that the presence of
neovascularization is a marker for unstable plaque.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Carotid plaques are frequently found in patients who
have suffered a stroke ™. Neovascularization can be
identified within the atherosclerotic plaque on endarter-
ectomy specimens. In neovascularization, new vessels
sprout from the vasa vasorum™”. The development
of neovascularization is considered to be an important
phase in the development of plaque[7J and its vulner-
ability to rupture increases the risk of cerebral emboli®”.
Few imaging techniques can be used to detect and quan-
tify this neovascularization™'"; for example, Doppler
fails to do so because the neovessels are small with very
slow flow and lie close to the major flow in the carotid
artery lumen.

The purpose of this prospective study was to deter-
mine quantitatively whether there is a difference in the
neovascular circulation within carotid plaques between
patients with and without ischemic stroke using contrast-

enhanced ultrasonography (CEUS).

MATERIALS AND METHODS

Patients

Between September 2006 and May 2008, 86 patients with
ischemic stroke were recruited in the Neurological Cen-
ter of the 2nd Affiliated Hospital of Wenzhou Medical
College. Ischemic stroke was defined as focal neurologi-
cal symptoms lasting > 24 h with or without persisting
disabilities together with a computerized tomographic
scan positive for ischemic lesions, i.e. a discrete (> 10
mm) subcortical or cortical infarct in the anterior or
middle cerebral artery territories, in the absence of a
cardiac source of embolism (which was excluded on the
basis of medical history and transesophageal echocar-
diography in every patient). For a patient to be included
in the study, the stroke had to be recent, defined as not
morte than 30 d old. All patients had at least one soft
plaque in the common carotid artery wall, its bifurcation,
or the internal carotid artery, on the side relevant to the
infarct.

Patients with ischemic infarction in the basilar artery
territories were excluded as were those with transient
ischemic attacks, amaurosis fugax and hemorrhagic
strokes. Patients with bilateral hemispheric symptoms
and those with known cardiac mural thrombus and
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Figure 1 An example of carotid artery atherosclerosis seen with ultra-
sonography. Percent vessel area stenosis is plaque area (vessel area minus
luminal area) divided by vessel area x 100.

patent foramen ovale, (as verified on transesophageal
echocardiography) were also excluded from the analysis
because of suspected cardioembolic origin.

Controls
Ninety-seven controls with soft carotid plaques were
recruited from 1556 patients referred for thyroid ul-
trasound examination at the same hospital. History of
stroke or other cardiovascular disease was assessed by
the investigators. Individuals reporting a positive history
of stroke were not eligible, whereas those reporting a
positive cardiovascular history other than stroke were
eligible.

Informed consent was obtained from all patients and
controls prior to their examination, and the local ethics
committee approved this study (No. 2006-012).

Ultrasonography

Carotid artery ultrasound was performed with an Acu-
son Sequoia 512 imaging system (Siemens, Mountain
View, CA, USA) equipped with a 15L8 linear transducer
(frequency: 8-14 MHz). With the subject supine, the ex-
tracranial carotid arteries were visualized in longitudinal
and transverse sections. The common carotid arteries,
carotid bifurcations, and internal carotid arteries were ex-
amined for the presence of atherosclerotic plaque which
was defined as an intima-media thickness > 1.2 mm'"?.
Soft plaque was defined as plaque tissue producing
echogenicity less than that of the surrounding adven-
titia, in the absence of any calcium. The thickest soft
plaque on either side (for the controls) and on the
relevant side (for the stroke patients) was selected for
study. In each case, the transverse view at the point of
maximum plaque thickness was selected, and the cor-
responding cross-sectional outer vessel areas (VA) and
lumen areas (LA) were manually traced (Figure 1). The
VA was defined as the area within the adventitial border.
Plaque area (PA) was calculated as VA-LA, and %PA
(PPA) was calculated as (PA/VA) X 100 (%), as previ-
ously described by Erbel ez al™.
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Figure 2 ROI (yellow) was drawn freehand around the peripheral margin
of the plaque. The arrival time (AT), time to peak enhancement (TTP), good-
ness of fit (GOF), baseline intensity (Bl) and peak intensity (PI) of plaque were
calculated automatically by the ACQ software. IE = PI - Bl, WT = TTP - AT.

Contrast-enhanced ultrasound

All subjects were examined with an Acuson Sequoia 512
imaging system equipped with Cadence™ contrast pulse
sequencing technology (CPS)" by board-registered
diagnostic radiologists with a similar amount of experi-
ence in vascular sonography (10-16 years). The thickest
soft plaque located on the posterior carotid artery wall
in each patient and control was examined with real-time
ultrasonography using CPS, which uses phase and am-
plitude modulation to separate the microbubble signals
from tissue echoes, at 7 MHz with a low mechanical
index (0.35). The microbubble contrast agent SonoVue®
(Bracco SpA, Milan, Italy) used in the study was supplied
as a lyophilized powder. It was reconstituted by add-
ing 5 mL of saline and gently shaking the vial by hand
to form a homogeneous microbubble suspension. The
suspension contains 8 uL/mL of sulfur hexafluoride
gas stabilized by a phospholipid shell (microbubble con-
centration 5 mg/mlL). The agent was administered in-
travenously as a 2 s bolus of 2.4 mL through a 19-gauge
cannula in an antecubital vein. The cannula was flushed
with 10 mL saline. Digital recording of the dynamic se-
quence was started 5 s after the injection and continued
for 3 min.

Data analysis

The digital cine clips were reviewed offline within 3 d
of each study by 2 off-site reviewers with 5 years of
expetience in CEUS who had not been involved in the
scanning and were blinded to the clinical data of the
stroke patients and controls. The clip loop of each pa-
tient was automatically divided into 4 segments, and the
first segment (during the arterial phase) was used. The
neovascularization within the plaques in the posterior
carotid artery was evaluated by visual interpretation and
quantitative analysis using the ACQ software. Plaque
CEUS enhancement was categorized: grade [ : non-en-
hancement; grade II: the arterial wall vasa vasorum en-
hancement; grade Il: the arterial wall vasa vasorum and
plaque shoulder enhancement; and grade IV: extensive
and internal plaque enhancement. For each case, a re-
gion-of interest (ROI) was then drawn freehand around
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the peripheral margin of the plaque using an electronic
cursor. Care was taken to exclude the intralumen and
periplaque tissues. To allow for the effects of movement
due to the patient’s breathing, the ROI was adjusted
manually frame by frame as necessary. A time-intensity
curve (TIC) for the selected plaque tissue and the 4 per-
fusion parameters for the plaque tissue within the ROI
was then derived. The mean values for the four plaque
perfusion parameters for each individual patient were
then computed by the built-in software (ACQ). These 4
perfusion parameters included arrival time (AT), time-to-
peak (TTP), basal intensity (BI) and peak intensity @n"
(Figure 2). Curves with a goodness of fit (GOF) > 0.75
were considered eligible for inclusion. The following
normalized indices were calculated manually: The inten-
sity of enhancement (IE) of the plaque was defined as
PI minus BI; the wash-in time (WT) was defined as TTP
minus AT. All measurements were performed 3 times,
and the mean of these 3 measurements was calculated
and compared for analysis.

Statistical analysis

Statistical analysis was performed with the Statistical
Package for Social Sciences software (SPSS, version 9.0;
SPSS, Chicago, IL, USA). Inter- and intra-observer vari-
ability for the CEUS quantitative analysis was assessed.
The mean differences, standard deviation (SD), and
95% limits of agreement for each of the parameters of
EI and WI for each observer and for both observers
were calculated using the Bland-Altman test'”. Intra-
observer variability was determined by comparing the
first and the second measurements of reviewer 1. Stu-
dent’s #test was used to determine whether there was
a significant difference between the stroke patients and
controls. Categorical variables including gender, smok-
ing status, and diabetes status were compared between
the 2 groups by XZ analysis. The percent rate of stroke
among different grades of plaque enhancement was
also compared by chi-square analysis. A receiver-oper-
ating characteristic (ROC) curve was used to calculate
the area under the ROC curve (AUC) to determine the
grade of plaque enhancement, IE and WT cutoff value
with the best sensitivity and specificity. A P value of
less than 0.05 was considered to indicate a significant
difference.

RESULTS

Between September 2006 and May 2008, 128 patients
with strokes were referred to the Neurological Center
of the 2nd Affiliated Hospital of Wenzhou Medical Col-
lege. Of these patients, 42 cases were excluded for the
following reasons: 26 had hemorrhagic strokes, 12 had
ischemic infarction in the basilar artery territory and 4
had bilateral hemispheric symptoms and known cardiac
mural thrombus. Among the remaining 86 patients and
97 controls, 5 patients with stroke were excluded because
of GOF < 0.75 and 2 controls were excluded because
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Figure 3 Data for wash-in time (WT) measurements and observer agree-
ment. A: Scatter plot of WT measurements (s) shows data for observer 2 (x-
axis) and observer 1 (y-axis); line of perfect agreement is shown; B: Agreement
plot for WT measurements made by observers 1 and 2. Plots the difference
between observers’ measurements and mean measurements. Top and bottom
lines show the 95% limits of agreement; middle line shows mean difference.

Variables Ischemic Controls P value
stroke (n = 95)
(n = 81)
Age (yr) 62+9 61+12 NS
Men 46 (57) 54 (57) NS
Women 35 (43) 41 (43) NS
Systolic blood pressure (mmHg) 146 + 24 143 +22 NS
Diastolic blood pressure (mmHg) 80+15 78 +11 NS
Serum total cholesterol (mmol/L) 6.7+13 65+1.1 NS
Serum HDL cholesterol (mmol/L) 14+04 1.3+04 NS
Diabetes mellitus 6(7) 7(7) NS
Smokers 26 (32) 30 (32) NS
Percent carotid plaque area 74+4 74+ 6 NS

HDL: High-density lipoprotein; NS: Not significant.

of incomplete information on data forms. The risk fac-
tors and clinical features of the 81 patients with ischemic
stroke and 95 controls are shown in Table 1.

Interobserver agreement
The intraclass correlation, mean difference, SD, and 95%
limits of agreement for inter-observer measurements for
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Figure 4 Data for intensity of enhancement (IE) measurements and ob-
server agreement. A: Scatter plot of blood flow measurements (dB) shows
data for observer 2 (x-axis) and observer 1 (y-axis); line of perfect agreement
is shown; B: Agreement plot for IE measurements made by observers 1 and 2.
Plots the difference between observers' measurements and mean measure-
ments. Top and bottom lines show the 95% limits of agreement; middle line
shows mean difference.

Perfusion Intraclass  Mean SD Bland-Altman 95%
measurement correlation difference limits of agreement
WT (s)
Interobserver 0.75 -0.082 0.61 -1.27 to 1.11
Intraobserver 0.78 0.110 0.62 -1.11to 1.34
IE (dB)
Interobserver 0.66 -0.073 0.53 -1.12 t0 0.97
Intraobserver 0.81 -0.100 0.41 -0.91 to0 0.70

WT: Wash-in time; IE: Intensity of enhancement; SD: 1 standard deviation.

each parameter are summarized in Table 2, with corre-
sponding scatter and Bland-Altman agreement plots for
IE and WT in Figures 3 and 4. Similar limits of agree-
ment were obtained between the measurements from the
2 observers. The intraclass correlation ranged from 0.66
to 0.75, indicating good agreement.

Intraobserver agreement

The intraclass correlation, mean difference, SD, and 95%
limits of agreement for interobserver measurements for

April 26,2010 | Volume 2 | Issue 4 |
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Figure 5 Data for WT measurements and intra-observer agreement. A:
Scatterplot of WT measurements (s) shows data for second time (x-axis) and
first time (y-axis) measurement of observer 1; line of perfect agreement is
shown; B: Agreement plot for WT measurements made by observer 1. Plots the
difference between 2 measurements and mean measurements. Top and bottom
lines show the 95% limits of agreement; middle line shows mean difference.

Grade of  Ischemic stroke Controls Rate of P value
plaque (n = 81) n = 95) stroke (%)

I 7(9) 26 (27) 21

it 14 (17) 37 (39) 28

1 26 (32) 17 (18) 61 0.001°
v 34 (42) 15 (16) 69 <0.001"

°P = 0.001 vs grade I and II; °P < 0.001 vs grade I and II. Grade I : Non-
enhancement; Grade II: Arterial wall vasa vasorum enhancement; Grade
II: Arterial wall vasa vasorum and plaque shoulder enhancement; Grade
IV: Extensive and internal plaque enhancement.

each parameter are summarized in Table 2, with cor-
responding scatter and Bland-Altman agreement plots
for IE and WT in Figures 5 and 6. Similar limits of
agreement were obtained between the measurements
from the 2 reviewers. The intraclass correlation ranged
from 0.78 to 0.81, again indicating excellent agreement.
Intraobserver agreement was better than interobserver
agreement for the WT and IE measurements investi-
gated.

Plaque enhancement was grade I in 7 of 81 pa-
tients (9%) with stroke and in 26 of 95 controls (27%)
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Figure 6 Data for IE measurements and intraobserver agreement. A: Scat-
terplot of blood flow measurements (dB) shows data for second time (x-axis)
and first time (y-axis) measurement of observer 1; line of perfect agreement is
shown; B: Agreement plot for IE measurements made by 2 measurements of
observer 1. Plots the difference between 2 measurements and mean measure-
ments. Top and bottom lines show the 95% limits of agreement; middle line
shows mean difference.

(Figure 7A), grade II in 14 of 81 patients (17%) with
stroke and in 37 of 95 controls (39%) (Figure 7B), grade
Il in 26 of 81 patients (32%) and in 17 of 95 controls
(18%) (Figure 7C), and grade IV in 34 of 81 patients (42%)
with stroke and in 15 of 95 controls (16%) (Figure 7D).
The rate of stroke in patients with grade I plaque was
21%, in patients with grade II plaque was 28%, in pa-
tients with grade Il plaque was 61%, and in patients
with grade IV plaque was 69%. The rate of stroke in pa-
tients with grade IV plaque was significantly higher than
that in patients with grade [ or grade II plaque (P <
0.001) (Table 3). The rate of stroke in patients with grade
Il plaque was significantly higher than that in patients
with grade [ or grade II plaque (P = 0.001) (Table 3).
The sensitivity and specificity for grade of plaque en-
hancement (AUC = 0.721, cutoff value > grade II) were
74% and 66%, respectively (Figure 8A). Patients who had
ischemic stroke had a significantly higher IE than those
without ischemic stroke (P < 0.01). The WT was signifi-
cantly shorter in ischemic stroke patients (P < 0.05). No
other finding was significantly different between the 2
groups (Table 4). The sensitivity and specificity for IE in
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Figure 7 Definition of Grade I plaque: non-enhancement of the plaque located on the internal carotid artery. A: Grade I : non-enhancement of the plaque
located on the internal carotid artery wall; B: Grade II: the arterial wall vasa vasorum enhancement (arrows); C: Grade III: the arterial wall vasa vasorum (small ar-
row) and plaque shoulder (large arrows) enhancement; D: Grade IV: Extensive internal plaque enhancement (arrows).

ROC curve ROC curve ROC curve
A o By - € 1o
08 0.8 0.8
Z 06 F Z 06 Z 06
= = =
c c c
04t g 04 g 04
02t/ 0.2 0.2
e — e — ool
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
1-Specificity 1-Specificity 1-Specificity

Figure 8 Receiver operating characteristic (ROC) curve of the ability of grade of plaque enhancement to predict precursors of stroke. A: The area under
the ROC curve was 0.721. The optimal threshold for the detection of stroke was more than grade 1I, with 74.1% sensitivity and 66.3% specificity; B: Receiver operat-
ing characteristic (ROC) curve of the ability of IE to predict precursors of stroke. The area under the ROC curve was 0.785. The optimal threshold for the detection of
stroke was 6.4 dB, with 82.4% sensitivity and 79.7% specificity; C: Receiver operating characteristic (ROC) curve of the ability of WT to predict precursors of stroke.
The area under the ROC curve was 0.69. The optimal threshold for the detection of stroke was 4.15 s, with 67.6% sensitivity and 73.9% specificity.

the plaque (AUC = 0.785, optimal cutoff value: 6.4 dB) tion as a marker of plaque progression, instability, and
were 82% and 80%, respectively (Figure 8B), and for WT rupturelmj. This is the first /# vivo human study of neo-

(AUC = 0.690, optimal cutoff value: 4.15 s) were 68% vascularization within carotid plaques aimed specifically

and 74%, respectively (Figure 8C). at determining whether there is a difference in neovas-
culature between patients with and without ischemic
strokes.

DISCUSSION Using CEUS and calculations based on the ACQ

Recent reports highlight the possibility of demonstrat- analysis software to quantify the TICs of the CPS signals

ing neovascularization within carotid plaque in real time from the microbubbles, our study revealed that the re-

using CEUS""""). Interest centers on neovasculariza- producibility of IE and WT measurements obtained by
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Variable Ischemic stroke Controls P value
n =74) n = 69)
Arrival time (s) 9.6+21 9.8+3.4 NS
Time to peak (s) 151437 15.6+4.1 NS
WT (s) 53+14 59+13 <0.05
Peak intensity (dB) 8.7+27 8.6+3.3 NS
Basal intensity (dB) 24+1.0 25+13 NS
Intensity of 6.6+14 61+11 <0.01

enhancement (dB)

Intensity of enhancement: Peak intensity minus basal intensity.

using CEUS is clinically acceptable for the evaluation of
carotid plaque. The intraclass correlation of inter- and
intra-observer ranged from 0.66 to 0.75 and 0.78 to 0.81,
respectively.

Our study showed that the rate of ischemic stroke in
patients with grade IV or grade Il plaques was signifi-
cantly higher than that in patients with grade [ or grade
II plaques. The sensitivity and specificity for grade of
plaque enhancement (cutoff value > grade II) were 74%
and 66%, respectively.

Our study also found that patients with ischemic
stroke had a significantly greater signal intensity and
shorter WT than those without ischemic stroke. The IE
in carotid plaques on the relevant side was significantly
higher in patients with ischemic stroke than in control
patients with plaques but without ischemic stroke (P
< 0.01). The WT was also significantly shorter in the
ischemic stroke patients (P < 0.05). The sensitivity and
specificity for IE in the plaque (cutoff value: 6.4 dB)
were 82% and 80%, respectively, and for WT (cutoff
value: 4.15 s) were 68% and 74%, respectively. However,
we found no significant difference in the PI or TTP be-
tween the 2 groups.

The PI measures the maximum IE, and this depends
on the BI, which may differ between patients, while
the change in intensity after enhancement would be ex-
pected to be more robust since it is normalized by the
baseline value. The temporal features, AT and TTP are
affected by the factors of velocity of bolus injection,
patients’ height, and cardiovascular status. Therefore, it
is not surprising that they were not well correlated with
the risk of stroke. This is supported by our finding that
the WT, which is corrected for differences in the above
factors, was shorter in the ischemic stroke patients, sug-
gesting a more rapid flow in their plaques.

The study by Mofidi e a/'"* supports our findings.
These investigators reported that the presence of neo-
vascularization in the plaque on histology correlated
with occlusive clinical events (myocardial infarction
and stroke). McCarthy ez a/"” found a close correlation
between the number of plaque neovessels and clinical
manifestations in their histological study. Previous stud-
ies have reported that gender, race, older age, diabetes
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95

mellitus, smoking, and hypertension were predictors of

. . 20-23
cerebral infarction™

. In our study, we compared all
these risk factors and found no significant difference
between the groups with and without ischemic stroke.

It is known that the presence of carotid plaques cor-
relates with an increase in the risk of stroke and cerebral
infarction™”, and that the degree of carotid stenosis
is strongly associated with stroke risk in symptomatic
patients”™”", The parameter of PPA was not significantly
different between the 2 groups in our study. Very re-
cently, Coli et al™” reported that carotid plaque contrast-
agent enhancement with sonographic agents correlates
with the histological density of neovessels and is associ-
ated with echo poor plaques (a well-accepted marker
of high risk lesions), but is unrelated to the degree of
stenosis. Low echo intensity by itself does not correlate
with the histological density of vasa vasorum, suggesting
that contrast-enhanced ultrasound imaging may identify
a subgroup of highly vascularized, potentially vulner-
able plaques. Out observation of a positive relationship
between contrast-agent enhancement of plaque and
ischemic stroke event is in agreement with this report, as
higher risk lesions are likely to have a higher value of IE
and WT.

Another important finding in our study is that IE and
WT were unrelated to plaque thickness. Hyperplasia of
vasa vasorum and neovascularization in atherosclerosis
may be driven by hypoxiamJ caused by arterial wall thick-
ening, which may be greater in more stenotic lesions,
but this does not appear to be the only mechanism.
Inflammation and activation of toll-like receptors prob-
ably represent another important pathway of promoting
angiogenesis in atherosclerotic lesions™",

We only studied the thickest soft plaque in each pa-
tient with ischemic stroke and in each control patient,
and this might not have been the most culprit plaque.
The manual tracking we used to compensate for cardio-
respiratory movement has an unknown inaccuracy and
could not compensate for out-of-plane movement. Fur-
ther study is required to evaluate the correlation between
the significant dynamic contrast features and histology.
Prospective clinical studies are also needed to evaluate
the potential impact of contrast-enhanced ultrasound
imaging of plaque neovascularization in determining the
risk of cetebrovascular events and in monitoring the ef-
fect of anti-atherosclerotic therapies.

In conclusion, our study demonstrates that CEUS
can be used to quantify the circulation within the neo-
vascularization in carotid atherosclerotic plaques. The
higher the grade of plaque enhancement, the higher the
risk of ischemic stroke. Patients who had an ischemic
stroke on the relevant side had a significantly greater IE
and a shorter WT than control patients without stroke,
suggesting that the presence of neovascularization is a
marker for unstable plaque. The relationships between
these findings and the risk of cerebral infarction need
further investigation.
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Background

Carotid plaques are frequently found in patients who have suffered a stroke.
Neovascularization can be identified within the atherosclerotic plaque on
endarterectomy specimens. The development of neovascularization is an
important phase in the development of plaque, and its vulnerability to rupture
increases the risk of cerebral emboli. Few imaging techniques can be used to
detect and quantify this neovascularization.

Research frontiers

The purpose of the present prospective study was to determine quantitatively
whether there is a difference in the neovascular circulation within carotid
plaques between patients with and without ischemic stroke using contrast-
enhanced ultrasonography (CEUS).

Innovations and breakthroughs

Our study demonstrates that CEUS can be used to quantify the circulation
within the neovascularization in carotid atherosclerotic plaques. The higher the
grade of plaque enhancement, the higher the risk of ischemic stroke. Patients
who had an ischemic stroke on the relevant side had a significantly greater
intensity of enhancement and a shorter wash-in time than control patients
without stroke, suggesting that the presence of neovascularization is a marker
for unstable plaque. The relationships between these findings and the risk of
cerebral infarction need further investigation.

Applications

Prospective clinical studies are needed to evaluate the potential impact of
CEUS of plaque neovascularization in determining the risk of cerebrovascular
events and in monitoring the effect of anti-atherosclerotic therapies.

Peer review
This is an interesting article dealing with the clinical importance of the
assessment of neovascularization within carotid plaques in patients with
ischemic stroke.
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