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Abstract

Introduction: During exposure of the carotid arteries, embo-
lism from the surgical site is recognized as a primary cause
of neurological deficits or new cerebral ischemic lesions fol-
lowing carotid endarterectomy (CEA), and associations have
been reported between histological neovascularization in
the carotid plaque and both plaque vulnerability and the de-
velopment of artery-to-artery embolism. Superb microvas-
cularimaging (SMI) enables accurate visualization of neoves-
sels in the carotid plaque without the use of intravenous
contrast. This study aimed to determine whether preopera-
tive SMI ultrasound for cervical carotid artery stenosis pre-
dicts the development of microembolic signals (MES) on
transcranial Doppler (TCD) during exposure of the carotid
arteriesin CEA. Methods: Preoperative cervical carotid artery
SMI ultrasound followed by CEA under TCD monitoring of
MES in the ipsilateral middle cerebral artery was conducted

in 70 patients previously diagnosed with internal carotid ar-
tery stenosis (defined as >70%). First, observers visually
identified intraplague microvascular flow (IMVF) signals as
moving enhancements located near the surface of the ca-
rotid plaque within the plaque on SMI ultrasonograms. Next,
regions of interest (ROI) were manually placed at the identi-
fied IMVF signals (or at arbitrary places within the plaque
when no IMVF signals were identified within the carotid
plaque) and the carotid lumen, and time-intensity curves of
the IMVF signal and lumen ROI were generated. Ten heart-
beat cycles of both time-intensity curves were segmented
into each heartbeat cycle based on gated electrocardiogram
findings and averaged with respect to the IMVF signal and
lumen ROL. The difference between the maximum and mini-
mum intensities (ID) was calculated based on the averaged
IMVF signal (IDyyye) and lumen (ID)) curves. Finally, the ratio
of IDjwvr to IDy was calculated. Results: MES during exposure
of the carotid arteries were detected in 17 patients (24%).
The incidence of identification of IMVF signals was signifi-
cantly greater in patients with MES (94%) than in those with-
out (57%; p = 0.0067). The IDyy¢/ID; ratio was significantly
greater in patients with MES (0.108 + 0.120) than in those
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without (0.017 + 0.042; p < 0.0001). The specificity and posi-
tive predictive value for the IDyy¢/ID, ratio for prediction of
the development of MES were significantly higher than
those for the identification of IMVF signals. Logistic regres-
sion analysis revealed that only the ID\y/ID) ratio was sig-
nificantly associated with the development of MES (95% Cl
101.1-3,628.9; p = 0.0048). Conclusion: Preoperative cervical
carotid artery SMI ultrasound predicts the development of
MES on TCD during exposure of the carotid arteries in CEA.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Carotid endarterectomy (CEA) has been shown to be
capable of preventing stroke in appropriately selected pa-
tients [1-3]; however, 3 major cerebrovascular complica-
tions — cerebral embolism from the surgical site, hemi-
spheric hypoperfusion during internal carotid artery
(ICA) clamping, and cerebral hyperperfusion immedi-
ately after surgery — have been reported, and the rate of
these complications can be reduced by appropriate peri-
operative measures taken by the surgeons [4]. Cerebral
embolism from the surgical site is the principal cause of
cerebrovascular complications from CEA [4], and such
emboli can be detected as microembolic signals (MES) on
intraoperative transcranial Doppler (TCD) monitoring
of the middle cerebral artery (MCA) [4-6]. A significant
correlation has been reported between detection of MES
during exposure of the carotid arteries and new neuro-
logical deficits or ischemic lesions after CEA [5, 6]. In the
standard procedure for CEA, the carotid arteries are ex-
posed in the order of the common, external, and ICA to
secure space for clamping. When solid masses such as
thrombi are present on the surface of ICA plaque, ma-
nipulation of the ICA for exposure may cause the masses
to be dislodged and these masses run to the intracranial
arteries in accordance with the pressure direction, leading
to cerebral ischemic lesions [7]. Vulnerable plaque com-
ponents are reported to be related to a histologically dis-
rupted plaque surface, suggesting that thrombi are ex-
posed to blood flow in carotid artery stenosis under such
conditions [8]. Histological neovascularization has been
shown to predict carotid plaque vulnerability [9, 10]. In
addition, local inflammatory damage and shear stress
from the arterial lumen are known to lead to collapse, re-
sulting in immature and fragile neovessels and intra-
plaque hemorrhage [10, 11]. Thus, the degree of neovas-
cularization in the carotid plaque may be associated with
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development of emboli from the surgical site during ca-
rotid artery exposure in endarterectomy [12].

Cervical carotid artery ultrasound has been widely
used in the bedside evaluation of the morphology of this
artery, especially for characterization of intraplaque com-
ponents to identify vulnerable plaques, primarily hy-
poechoic plaques; however, a substantial overlap has been
reported among the components of plaque echogenicity,
even in quantitative evaluations such as those using a
gray-scale median [13]. Furthermore, the development of
MES during CEA cannot always be accurately predicted
by plaque echogenicity [12, 14].

Superb microvascular imaging (SMI) is a new ultra-
sound imaging technique developed to overcome the lim-
itations of conventional Doppler ultrasound by enabling
visualization of neovessels without the need for intrave-
nous contrast [15]. This technique applies an exclusive
algorithm to differentiate true microvascular flow signals
from wall motion artifacts and clutter, thereby allowing
visualization of intraplaque microvascular flow (IMVF)
signals [15]. Recent studies have demonstrated that SMI
ultrasound can accurately detect neovascularization in
the carotid plaque [15-18].

The purposes of the present study were to determine
whether preoperative SMI ultrasound for cervical carotid
artery stenosis can predict the development of MES on
TCD during exposure of the carotid arteries in CEA and
to propose practical clinical algorithms using SMI ultra-
sound and subsequent surgical management.

Materials and Methods

Inclusion Criteria

Patients with ipsilateral ICA stenosis (degree of stenosis >70%,
based on the North American Symptomatic Carotid Endarterec-
tomy Trial [3]) on angiography with arterial catheterization and
useful preoperative residual function (modified Rankin Scale
score: 0-2) were included in this study. Patients who underwent
CEA of the carotid bifurcation in our institution were finally in-
cluded. Patients with chronic atrial fibrillation or a mechanical
heart valve were excluded.

Pre-, Intra-, and Postoperative Management

All patients received dual antiplatelet therapy until the morn-
ing of the day of CEA. CEA was carried out by a senior neurosur-
geon blinded to the preoperative ultrasound and intraoperative
TCD findings under general anesthesia through a skin incision
using an operative microscope. The senior neurosurgeon contin-
ued the procedure regardless of the intraoperative TCD findings.
Heparin (5,000 IU) was administered as a bolus before clamping
of the ICA.

Diffusion-weighted magnetic resonance imaging (DWI) was
performed within 3 days before and 24 h after surgery. A neurora-
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Fig. 1. SMI ultrasonograms of a 61-year-old man with symptomatic right ICA stenosis (95%) showing MES during exposure of the ca-
rotid arteries in endarterectomy. The arrows indicate IMVF signals as moving enhancements located near the surface of the plaque. The

intensity of the signal becomes stronger from the left-end panel to the middle panel and weaker from the middle panel to the right-end
panel.

Fig. 2. a On the SMI ultrasonogram in Fig-
ure 1, each ROI is set at the IMVF signal
within the carotid plaque (P) and at the
center within the lumen of the carotid ar-
tery proximal to the stenotic legion (L), re-
spectively. b The black and red lines indi-
cate the time-intensity curves of the IMVF
signal and lumen ROIs, respectively. ¢ The
time-intensity curves of the IMVF signal
and lumen ROI are segmented into 10
heartbeat cycles, and the durations of all 10
segmented time-intensity curves were
made uniform. d These 10 segmented and
uniformed time-intensity curves were av-
eraged with respect to the IMVF signal and
lumen ROI. The maximum and minimum
intensities were determined (dotted lines)
and the difference between the 2 intensities
(maximum intensity - minimum intensity;
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diologist who was blinded to the patients’ clinical information was
employed to analyze the DWI images and determine the develop-
ment of new postoperative ischemic lesions.

Cervical Carotid Artery Ultrasound and Data Processing

Three days before the surgery, cervical carotid artery ultra-
sound (Canon Ultrasound System Aplio 700i; Canon Medical Sys-
tems, Otawara, Japan) with an 18-MHz linear probe was per-
formed on the affected side by a single investigator. All of the re-
corded images were stored on the scanner’s hard disk drive. A
carotid plaque was first identified on B, color Doppler, and pulse
Doppler mode images. Next, SMI ultrasonography was performed
using the monochrome SMI mode that showed a twin-view display
of the plaque in B mode and monochrome SMI side by side with
electrocardiogram gating [15]. The SMI-specific region of interest
(ROI) box was positioned around the entire plaque under the fol-
lowing conditions: mechanical index of 1.0, frame rate of 28

SMI for Prediction of MES in CEA

frames/s, dynamic range of 65 dB, and SMI velocity of 1.5 cm/s.
Carotid plaques were observed on the longitudinal plane for 2 min.

Two observers who were blinded to patient information visu-
ally excluded static enhancements and identified IMVF signals as
moving enhancements located near the surface of the carotid
plaque within the plaque on the SMI ultrasonograms (Fig. 1) [15].
Each investigator made independent assessments without infor-
mation from the other to determine the interobserver variability
of identification of the IMVF signal. When the results from the 2
observers were not in agreement, disagreements were resolved by
consensus. When IMVF signals were identified within the carotid
plaque, circular ROI were manually placed in the IMVF signals on
the console so that they included the IMVF signals (Fig. 2a). When
2 or more IMVF signals were identified within the carotid plaque
of one patient, ROI were placed in all these signals. When no IMVF
signals were identified within the carotid plaque, 2 circular ROI
were arbitrarily placed near the surface of the carotid plaque with-
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in the plaque so that these ROI did not include static enhance-
ments. Regions with acoustic shadows due to calcification were
also excluded from setting ROIL Next, the same investigator man-
ually placed a circular ROI at the center within the lumen of the
carotid artery proximal to the stenotic legion on the same image
(Fig. 2a). These signal data from SMI ultrasonography were then
transferred to the workstation. Time-intensity curves of the IMVF
signal (arbitrary ROI signals were defined as IMVF signals when
no IMVEF signals were visually identified within the carotid plaque)
and lumen ROI were generated using in-house software on MAT'-
LAB R2015b (MathWorks, Natick, MA; Fig. 2b), and 10 heartbeat
cycles from both time-intensity curves were selected and segment-
ed into each heartbeat cycle based on gated electrocardiogram
findings. Because the duration of each heartbeat cycle differs
slightly because of respiratory fluctuation and autonomic nerve
function, even in healthy patients, the durations of all 10 segment-
ed time-intensity curves were made uniform (Fig. 2c). These 10
uniform segmented time-intensity curves were then averaged with
respect to the IMVF signal and lumen ROI (Fig. 2d). The maxi-
mum and minimum intensities were determined, and the differ-
ence between the 2 intensities (maximum intensity — minimum
intensity; ID) was calculated based on the averaged IMVF signal
(IDpyvr) and lumen (IDy) curves (Fig. 2d). Finally, considering the
influence of the carotid lumen signal on the IMVF signal, the ratio
of IDpyvr to ID; was calculated. When 2 or more ROI were placed
within the carotid plaque in the same patient, the maximum
ID\v§/ID) ratio was selected for analysis.

TCD Monitoring

TCD was performed using the Pioneer TC2020 system (EME,
Uberlingen, Germany; software version 2.50; 2-MHz probe; diam-
eter, 1.5 cm; insonation depth, 40-66 mm; scale, -100 and +150
cm/s; sample volume, 2 mm; 64-point fast Fourier transform; fast
Fourier transform length, 2 mm,; fast Fourier transform overlap,
60%; high-pass filter, 100 Hz; detection threshold, 9 dB; and min-
imum increase time, 10 ms) for insonation of the MCA ipsilateral
to the carotid artery undergoing CEA by a trained examiner with
a headframe. TCD data were stored on a hard disk using a coding
system and later analyzed manually by a clinical neurophysiologist
blinded to the patient information. MES were identified during
exposure of the carotid arteries (from skin incision to ICA clamp-
ing) according to the recommended guidelines [19].

Statistical Analysis

We determined the necessary sample size based on previous
studies [12, 15]. Development of MES during exposure of the ca-
rotid arteries was estimated to occur in 10 and 50% of patients with
a high IDyyyp/ID) ratio and a low IDyyyp/ID) ratio, respectively.
We estimated that the ratio of the number of patients with a high
IDvyve/ID) ratio to that with a low IDyyyg/ID) ratio was 0.5. Thus,
68 patients were required for a statistical power of 90% and an «
error of 5% to detect a 40% difference in the development of MES
during exposure of the carotid arteries, with 2-sided significance.
Considering patients who had no ROI within the carotid plaque
because of an acoustic shadow due to heavy calcification in the
whole plaque or reliable TCD monitoring due to failure to obtain
an adequate bone window, we sought to enroll 90 patients into this
study.

Data are expressed as means = SD. Weighted « statistics were
calculated using data from the 2 observers to obtain the interob-
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server agreement of the number of IMVF signals. Relationships
between the development of MES during exposure of the carotid
arteries and each variable, including identification of the IMVF
signal and IDyyyg/ID) ratio, were evaluated using the y* test or the
Mann-Whitney U test. The relationships between new postopera-
tive ischemic lesions on DWT and the IDyyv /1D ratio were evalu-
ated using the Mann-Whitney U test. The accuracy of the IDyy 5/
ID ratio to predict the development of MES during exposure of
the carotid arteries was determined using a receiver operating
characteristic (ROC) curve, and the ability to discriminate between
the presence and absence of MES during exposure of the carotid
arteries was estimated using the area under the ROC curve (AUC).
The exact 95% CI for the sensitivity, specificity, and positive and
negative predictive values were computed with a binomial distri-
bution. Differences in the sensitivity, specificity, and positive and
negative predictive values among identification of the IMVF signal
and the IDyyy/ID) ratio were analyzed using 95% CI. The sequen-
tial backward elimination approach was used for logistic regres-
sion analysis of variables related to the development of MES during
exposure of the carotid arteries. Exclusion of factors was halted
when the p value of the remaining variables reached <0.2. For all
statistical analyses, p < 0.05 was considered statistically significant.

Results

A total of 90 patients met the inclusion criteria during
the 22-month study period; among them, 4 who had vis-
ited our institute <14 days after the last ischemic attack
and undergone urgent CEA because of crescendo tran-
sient ischemic attacks and did not subsequently undergo
cervical carotid artery SMI ultrasound. The other 86 pa-
tients underwent cervical carotid artery SMI ultrasound
prior to CEA, but in 3 of these patients no ROI could be
placed within the carotid plaque, owing to an acoustic
shadow caused by heavy calcification in the whole plaque;
as a result, those 3 patients were excluded from the analy-
sis. TCD was attempted in the remaining 83 patients, but
due to the failure to obtain an adequate bone window 13
of those patients did not show reliable TCD monitoring
throughout the entire operation and were therefore ex-
cluded from the analysis. Finally, 70 patients were en-
rolled into this study.

Among these 70 patients (63 men and 7 women, mean
(+SD) age 71 + 6 years, range 49-82 years), 61, 21, and 62
had hypertension, diabetes mellitus, and dyslipidemia,
respectively. Fifty-seven patients reported ipsilateral ca-
rotid territory symptoms within the 6 months prior to
surgery; 15 experienced onset of transient ischemic at-
tacks alone, 22 had a minor stroke alone, and 20 had onset
of a minor stroke after a transient ischemic attack. Seven
patients with a lacunar/cardioembolic stroke underwent
CEA more than 6 months after the last ischemic event and
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Fig. 3. Relationship between the IDyyyp/ID) ratio and development
of MES during exposure of the carotid arteries. The vertical axis is
shown as a natural exponential function of IDyyg/ID). The dashed
horizontal line (e0.022 = 1.022 for IDyyy/ID;) denotes the cutoff
point lying closest to the upper left corner of the ROC curve for
predicting the development of MES during exposure of the carot-
id arteries.

were classified as asymptomatic [20]. Thirty patients, in-
cluding those 7, had asymptomatic ICA stenosis. The
mean (+SD) degree of ICA stenosis overall was 88.1 +
9.3% (range 70-95), and 270% stenosis or occlusion in
the contralateral ICA was seen in 9 patients. All 70 pa-
tients visited our institute more than 14 days after the last
ischemic attack and underwent CEA more than 30 days
after the last ischemic attack because none had further
ischemic events while awaiting surgery. Left-sided CEA
was performed in 35 patients.

IMVF signals were identified in 46 (66%) of the 70 pa-
tients studied; 1, 3, 4, and 38 patients had 4, 3, 2, and 1
IMVF signal, respectively. The interobserver (weighted x
= 0.792) agreement in the number of IMVF signals was
excellent [21]. MES were detected in 17 (24%) of the 70
patients when the ICA was manipulated to allow expo-
sure from the carotid sheath. The number of MES ranged
from 1 to 25 (mean: 7). The incidence of identification of

SMI for Prediction of MES in CEA

IMVF signals was significantly greater in patients with
MES (94%) than in those without (57%; p = 0.0067). Fig-
ure 3 shows the relationship between IDyy/ID) and the
development of MES. The IDyyv/ID) ratio was signifi-
cantly greater in patients with MES (0.108 + 0.120) than
in those without (0.017 + 0.042; p < 0.0001). The AUC for
IDy\vyr/ID) for prediction of the development of MES was
0.850.

Of the 17 patients with MES, 8 (47.1%) developed new
postoperative ischemic lesions on DWI. None of the 53
patients without MES had such lesions. The IDyy/ID)
ratio was significantly greater in patients with new post-
operative ischemic lesions (0.164 + 0.144) than in those
without (0.023 + 0.048; p = 0.0018).

The sensitivity, specificity, and positive and negative
predictive values for the identification of IMVF signals
and IDyvp/ID; are shown in Table 1. In the IDyyy/ID;
ratio, the cutoft point lying closest to the upper left corner
of the ROC curve for prediction of the development of
MES was determined. The specificity and positive predic-
tive value were significantly higher for IDyyyg/ID; than
for identification of IMVF signals; however, no differenc-
es were seen in the sensitivity or negative predictive value.

Table 2 shows the results of the univariate analysis of
factors related to the development of MES, except for
IDpyve/ID;. No significant associations were seen be-
tween any variables and the development of MES. Only
IDpve/ID; was significantly associated with the develop-
ment of MES (95% CI 101.1-3,628.9; p = 0.0048) on lo-
gistic regression analysis.

Discussion

The present study demonstrated that preoperative cer-
vical carotid artery SMI ultrasound predicts the develop-
ment of MES on TCD during exposure of the carotid ar-
teries in CEA.

Previous studies reported that IMVF signals near the
surface of the carotid plaque were seen in 45-65% of pa-
tients with carotid stenosis [15, 18]; our data correspond-
ed with this prevalence. One major finding of the present
study was that the incidence of identification of IMVF
signals was significantly greater in patients with MES
than in those without. However, whereas the sensitivity
and negative predictive value for the identification of
IMVF signals for prediction of the development of MES
were high (>90%), the specificity and positive predictive
value were low (<50%). Thus, whereas the absence of
IMVF signals suggests no occurrence of MES, the pres-
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Table 1. Sensitivity, specificity, and positive and negative predictive values for identification of IMVF signals and
the IDp\ve/ID; ratio for prediction of the development of MES during exposure of the carotid arteries

Identification of IDp\vve/IDy Statistical significance by
IMVE signals comparison of 95% CI
Sensitivity 94 (83-100) 82 (64-100) No
Specificity 43 (30-57) 87 (78-96) Yes
Positive predictive value 35 (21-48) 67 (48-87) Yes
Negative predictive value 96 (88-100) 94 (87-100) No
Cutoff point 0.022

Values are presented as percents (95% CI) unless otherwise stated.

Table 2. Univariate analysis of factors related to the development of MES during exposure of the carotid arteries

Variables Development of MES p value
yes (n=17) no (n=>53)

Age, years 71.2+8.4 70.8+5.5 0.4628
Male sex 14 (82) 49 (92) 0.3489
Hypertension 14 (82) 47 (89) 0.6777
Diabetes mellitus 4 (24) 17 (32) 0.5610
Dyslipidemia 15 (88) 47 (89) >0.9999
Symptomatic lesion 15 (88) 42 (79) 0.4984
Degree of ICA stenosis, % 87.6+9.5 88.219.4 0.7398
Bilateral lesions 1(6) 8 (15) 0.4376
Left-sided CEA 11 (65) 24 (45) 0.2647

Values are presented as means + SD or numbers (%).

ence of IMVF signals does not always suggest the occur-
rence of MES.

The degree of change of IMVF signals synchronizing
with heartbeat cycles implies the strength of the pulsatile
flow of neovessels within the carotid plaque. This strength
might be proportional to the volume of neovessels per
unit volume of plaque, which is associated with plaque
vulnerability, and is also influenced by the pulsatile flow
of the carotid arteries themselves. Therefore, we normal-
ized the change in IMVF signals using changes in the ca-
rotid artery lumen signals. As a result, a greater change in
normalized IMVF signals synchronizing with heartbeat
cycles was an independent predictor of the development
of MES, and the quantitative assessment of such changes
increased the specificity and positive predictive value for
prediction of the development of MES. Another previous
study reported that contrast-enhanced ultrasound using
intravascular tracers containing less soluble gases detect-
ed neovessels in the carotid plaques with accuracy com-
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parable to that of SMI ultrasound [15], and its preopera-
tive findings were found to be associated with the devel-
opment of MES during CEA [12]. The predictive
accuracy obtained in the present study for the develop-
ment of MES during CEA for SMI ultrasound was equal
to that for contrast-enhanced ultrasound [12]. However,
patients with a previous allergic reaction to eggs cannot
receive a current-generation contrast agent as an intra-
vascular tracer for contrast-enhanced ultrasound because
the lipid-stabilized suspension of the contrast agent con-
tains egg yolk [21, 22]. These findings suggest that SMI
ultrasound is a viable alternative to contrast-enhanced ul-
trasound for prediction of embolism during exposure of
the carotid arteries in CEA.

The findings of this study can be applied to clamping
of the common and external carotid arteries prior to ma-
nipulation of the carotid bulb and the ICA during expo-
sure of the carotid artery in CEA [23]. This early clamping
of the common and external carotid arteries has been
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shown to reverse the pressure direction (from the intra-
cranial to the extracranial artery) in the ipsilateral ICA
and prevent cerebral embolism during subsequent expo-
sure of the carotid bulb and ICA [23]; however, it is also
known to cause a longer duration of cerebral ischemia
[23]. Given the present findings and data, the following
practical clinical algorithm is proposed to prevent the de-
velopment of MES in CEA. First, patients undergo pre-
operative cervical carotid artery SMI ultrasound. The
ID\vve/ID) ratio is calculated when the IMVF signals are
visually identified. When the IDyyy§/ID; ratio is high
(>0.022), early clamping of the carotid arteries is carried
out during carotid artery exposure. In contrast, this pro-
cedure is unnecessary when no IMVF signals are visually
identified or when the IDpyyg/IDj ratio is low (£0.022).
Based on this practical clinical algorithm, early clamping
of the carotid arteries is recommended in only about 30%
of our patients.

In general, 20-30% of patients do not show reliable
results on TCD monitoring because of a failure to obtain
an adequate bone window. Actually, 14% of our patients
showed such TCD monitoring findings. In addition, as
few as 1-3 MES identified on TCD monitoring during
exposure of the carotid arteries in CEA result in new post-
operative ischemic lesions on magnetic resonance imag-
ing [24, 25]. MES tend to develop when the carotid bulb
and ICA are manipulated [24, 25]. Therefore, reversal of
the pressure direction by clamping of the common and
external carotid arteries should be done prior to the de-
velopment of MES by such manipulation. These 2 find-
ings explain the reason why preoperative cervical carotid
artery SMI ultrasound rather than detection of MES on
TCD should be used as a practical clinical algorithm for
early clamping of the carotid arteries.

However, this study does have some limitations. First,
observers visually distinguished the IMVF signals from
other static enhancements such as intraplaque calcifica-
tion. Although the interobserver agreement for identifi-
cation of IMVF signals was excellent, the development of
a method that automatically and accurately identifies
IMVF signals would enable our findings to be more ro-
bust. Second, patients with chronic atrial fibrillation were
excluded from the present study. Time-intensity curves
of the IMVF signals were segmented into each heartbeat
cycle based on gated electrocardiogram findings. This
segmentation cannot be correctly performed in patients
with chronic atrial fibrillation. Lastly, all patients studied
underwent CEA more than 30 days after the last ischemic
attack. According to an analysis of pooled data from ran-
domized controlled trials of endarterectomy for symp-

SMI for Prediction of MES in CEA

tomatic carotid stenosis, the shorter the period from the
onset of the ischemic attack, the higher the incident of
stroke recurrence; CEA should be performed within 2
weeks of the last ischemic attack [1]. Therefore, it remains
unclear whether our findings are applicable to patients
who undergo CEA within 2 weeks of the last ischemic at-
tack.

Conclusion

Preoperative cervical carotid artery SMI ultrasound
can predict the development of MES on TCD during ex-
posure of the carotid arteries in CEA, and it may therefore
be applicable as a preoperative tool to determine whether
the carotid arteries should be clamped prior to manipula-
tion of the carotid bulb and ICA.
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