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Background: Few studies have focused on cerebral hemodynamics in the early stage following carotid
artery stenting (CAS). This retrospective cohort study aimed to investigate cerebral hemodynamic changes
within 6 hours of unilateral CAS in patients with different degrees of carotid stenosis.

Methods: A total of 104 patients who underwent CAS accompanied by transcranial color-code Doppler or
transcranial Doppler were enrolled in the study. The participants were divided into the following 3 groups
based on the degree of carotid stenosis: severe stenosis group, extreme stenosis group, and near occlusion
group. Bilateral middle cerebral artery (MCA) peak systolic velocity (PSV) and pulsatility index (PI) were
measured using transcranial color-code Doppler before and 1 and 3 hours following CAS. Blood pressure,
MCA-PSV, and PI were compared among the 3 groups.

Results: At 1 hour following CAS, ipsilateral MCA-PSV increased compared to the baseline in the severe
stenosis group [84x21 vs. 93+27 cm/s; 8.1%; interquartile range (IQR), 1.4-20.1%; P<0.001]. A similar
hemodynamic change, but of a larger magnitude, was observed in the extreme stenosis group (83+24 vs.
100£29 cm/s; 20.8%; IQR, 5.3-33.1%; P<0.001) and near occlusion group (73+24 vs. 109£29 cm/s, 45.8%;
IQR, 24.3-73.1%; P<0.001). At 3 hours after CAS, the hemodynamic changes were the same as those at
1 hour. PI increased in all 3 groups following CAS. A subgroup analysis was performed according to
symptoms, sex, smoking status, history of hypertension, and presence of hyperlipidemia or diabetes, and the
increase in ipsilateral MCA-PSV was not significant. In terms of adverse events, only 4 patients in the near
occlusion group experienced transient post-CAS hyperperfusion.

Conclusions: The ipsilateral MCA-PSV and PI in patients following unilateral CAS increased significantly
in the initial hours. The increase in ipsilateral MCA-PSV was considerably higher in patients with a severe
degree of stenosis. Near occlusion of the carotid artery was an independent risk factor for hyperperfusion
after unilateral CAS.
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Introduction

In recent years, carotid artery stenting (CAS) has become
an effective alternative treatment to carotid endarterectomy
(CEA) for carotid artery stenosis (1-3). The postprocedural
complications related to hemodynamic changes, such as
cerebral hyperperfusion syndrome (CHS) or hemodynamic
instability (HI), often occur in the first few hours following
CAS (4-7). In particular, the incidence of CHS after CAS
is 3.1-6.8%, and it often leads to disabling stroke (8). A
recent meta-analysis recommended further investigations
into cerebral hemodynamic monitoring to prevent CHS
following CAS (8). However, few studies have focused on
cerebral hemodynamics in the early postprocedural stage
(within 6 hours). A preliminary study of our research group
proved that transcranial color-code Doppler (TCCD) or
transcranial Doppler (T'CD) could be effective for routine
clinical monitoring of cerebral hemodynamic changes
immediately after CAS (9). Our present study further
assessed the immediate variation in cerebral hemodynamics
following unilateral CAS in patients with different degrees
of carotid stenosis. We aimed to investigate the quantitative
relationship between the degree of carotid stenosis and
cerebral hemodynamic changes after CAS. We present the
following article in accordance with the STROBE reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-22-511/rc).

Methods
Participants

Between January 2013 and January 2019, all patients who
underwent CAS and TCCD monitoring at the Department
of Interventional Radiology and Vascular Surgery, Peking
University First Hospital, were enrolled in our study.
The exclusion criteria were simultaneous bilateral carotid
stenting, contralateral internal carotid artery (ICA) total
occlusion, and moderate to severe contralateral carotid
artery stenosis. The remaining patients were retrospectively
enrolled in the study. Data collection was conducted in
2020. The degree of carotid stenosis was evaluated by
angiography and graded according to the North American
symptomatic carotid endarterectomy trial (NASCET)
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criteria. The diagnostic criteria of near occlusion (NO)
were as follows: (I) delayed cranial arrival of ICA contrast
compared with the external carotid artery (ECA); (II)
intracranial collaterals seen as cross-filling of contralateral
vessels or ipsilateral contrast dilution; (III) obvious diameter
reduction of ICA compared with opposite ICA; or (IV)
ICA diameter reduction compared with ipsilateral ECA, in
accordance with Fox ez a/. (10). Patients meeting at least 2
of the 4 criteria were included in the NO group. Based on
the degree of carotid artery stenosis, the 104 patients were
divided into 3 groups. Patients with 70-89% stenosis were
included in the severe stenosis (SS) group, and those who
met the diagnostic criteria of NO were included in the NO
group. The remaining patients with >90% carotid artery
stenosis but angiographic exclusion of NO were included in
the extreme stenosis (ES) group (Figure I).

Ethics approval

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The protocol
for this study was approved by the Ethics Committee of
Peking University First Hospital. All data were retrieved
from the Peking University First Hospital, Department
of Interventional Radiology and Vascular Surgery after
obtaining written informed consent from all participants.

CAS protocol

CAS was performed in symptomatic or asymptomatic
patients with >70% stenosis as per the NASCET criteria.
The operation indication was confirmed by 2 or more
attending physicians. Written informed consent was
obtained from all patients who underwent CAS. Patients
received antiplatelet premedication (100 mg aspirin and
75 mg clopidogrel) at least 72 hours before CAS. All
patients received intensive lipid-lowering treatment. A
transfemoral approach with local anesthesia by 2% lidocaine
was used in all cases. All patients received distal embolic
protection. We routinely performed predilation with a 4.0-
to 5.0-mm balloon catheter (Boston Scientific, Natick, MA,
USA) and selected the appropriate stent device (Precise RX,
Cordis Endovascular; Acculink, Abbott Vascular; and Carotid
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Figure 1 Patients with 70-89% stenosis were classified as the SS group (A), and those who met the diagnostic criteria of NO were classified

as the NO group (B). The remaining patients with >90% carotid artery stenosis but angiographic exclusion of NO were classified as the ES

group (C). SS, severe stenosis; NO, near occlusion; ES, extreme stenosis.

Wallstent; Boston Scientific) according to the anatomic
location and the diameter of the artery on the surgeon’s
discretion. Postdilation was not performed unless the residual
stenosis was more than 30%. A completion angiogram of the
carotid artery and distal cerebral vasculature was obtained
after stent deployment. Follow-up was completed in the
outpatient department 1 and 6 months after the procedure.

TCCD

Middle cerebral artery (MCA) peak systolic velocity (PSV)
and pulsatility index (PI) were measured using TCCD
equipment (LOGIQ e, GE Healthcare, Chicago, IL,
USA) fitted with a 2.0-MHz sector array transducer or a
2-MHz probe connected to TCD equipment (Companion
IIT TC2021, EME, Uberlingen, Germany). All TCCD or
TCD examinations were performed by a single physician
to avoid bias induced by the variation of the insonation
angle. Each patient received only one of either TCD or
TCCD before and after the procedure. In fact, only 16
patients (before June 2014) underwent TCD. Doppler
angle correction was used for TCCD measurements when
necessary. The ipsilateral and contralateral MCA were
insonated at a depth of 45-60 mm through the temporal
window. PSV and PI were recorded before and 1 and 3 hours
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after CAS. We recorded the maximum value of PSV in a
respiratory cycle. Post-CAS hyperperfusion was defined as
MCA-PSV exceeding twice the pre-CAS value measured
with TCCD (11,12).

Blood pressure (BP) control

BP was monitored, and a standard cuff was maintained
throughout the periprocedural period of CAS. Systolic
BP (SBP) was controlled below 160 mmHg before
predilation. After predilation and stent deployment, SBP
was preliminarily managed in the range of 90-150 mmHg.
In cases with potential hyperperfusion or hypoperfusion
indicated by postoperative TCCD examination, BP was
further adjusted with intravenous administration of urapidil
or nicardipine. The dosage of urapidil or nicardipine was
adjusted until the BP was controlled within the target
range. Hemodynamic depression (HD) was defined
as periprocedural hypotension (BP <90/60 mmHg) or
bradycardia (heart rate <50 beats/minute). Persistent
HD was defined as continuous HD status over 1 hour.
Dopamine or/and atropine were administered intravenously
to patients with HD. CHS was characterized by ipsilateral
headache, hypertension, seizures, focal neurological deficit,
nausea, or vomiting.
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Statistical analysis

Statistical analyses were performed using SPSS software
version 23.0 IBM Corp., Armonk, NY, USA). Continuous
variables are presented as mean * standard deviation (SD).
Categorical variables are presented as percentages. In each
group, changes in BP, PSV, and PI (before CAS and at 1
and 3 hours following CAS) were evaluated using a paired
t-test. The Chi-squared and Fisher exact tests were used
to evaluate the differences in categorical variables between
the groups. The Kolmogorov-Smirnov test was conducted
to determine whether continuous variables conformed to
the normal distribution. Data conforming to the normal
distribution are expressed as mean = SD. Analysis of
variance (ANOVA) was used to analyze differences in the
continuous variables between groups. Data not conforming
to the normal distribution are expressed as median
[interquartile range (IQR)]. Kruskal-Wallis test was used
to analyze differences in the variables between groups. A P
value <0.05 was considered statistically significant.

Results

Between January 2013 and January 2019, 203 patients
underwent CAS. Of these patients, 45 failed to be monitored
using TCCD or TCD because of a poor temporal window,
MCA stenosis/occlusion, or other reasons. Of the remaining
158 patients, 54 were excluded due to simultaneous bilateral
carotid stenting (18 patients), contralateral ICA total
occlusion (17 patients), or moderate to severe contralateral
carotid artery stenosis (19 patients). The remaining 104
patients were retrospectively enrolled in the present study.
The mean = SD age of the 104 patients was 679 years.
Most of the patients were symptomatic (65 patients, 63 %),
male (84 patients, 81%), and had a history of hypertension
(75 patients, 72%), hyperlipidemia (84 patients, 81%), and
smoking (62 patients, 60%). In the total cohort, 33 (32%)
patients had diabetes. There were 50 patients in the SS
group, 34 in the ES group, and 20 in the NO group. Except
for the low proportion of diabetic patients in the ES group,
there was no statistical difference in the demographic data
among the 3 groups (Table I).

Complication rates following CAS were similar
among the groups. None of the 104 patients experienced
intracranial hemorrhage, myocardial infarction, or renal
failure, and there were no deaths or cases with disabling
strokes during the 30-day follow-up after CAS. Minor
stroke after the CAS procedure occurred in 1 patient in
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the SS group and 1 patient in the ES group. There were
30 29%) cases of transient (19/104, 18%) or permanent
HD (11/104, 11%) after CAS. Of these, 10 patients with
permanent HD received intravenous dopamine treatment,
and the symptoms were relieved within 48 hours.

Ipsilateral MCA-PSV increased significantly at 1 hour
after CAS in all 104 patients (81.3£23.0 to 98.5£28.6 cm/s;
23.6%; P<0.001). Similar changes in MCA-PSV were
observed at 3 hours after CAS (81.3+23.0 to 97.5+27.3 cm/s;
22.4%; P<0.001). There was no significant difference
between the PSV values at 1 and 3 hours after CAS.
Subgroup analyses were performed according to symptoms,
sex, smoking status, history of hypertension, hyperlipidemia,
or diabetes. The increase in the magnitude of ipsilateral
MCA-PSV showed no significance among the subgroups.

Hemodynamic data of the groups with different degrees
of carotid stenosis are shown in Table 2. The baseline BP
(P=0.47) and pre-CAS ipsilateral MCA-PSV (P=0.16) were
comparable among the 3 groups. Mean BP in the 3 groups
decreased following CAS, while ipsilateral MCA-PSV
increased. Ipsilateral PI of the MCA also increased in the
3 groups at 1 and 3 hours following CAS. At 3 hours after
CAS, ipsilateral MCA PI further increased significantly
compared with that at 1 hour after CAS in the SS group
(1 vs. 3 hours: 0.9420.23 vs. 0.98+0.23 cm/s; P=0.001) and ES
group (1 vs. 3 hours: 0.99+0.20 vs. 1.04+0.18 cm/s; P=0.001).
In the NO group, at 3 hours after CAS, BP (1 vs. 3 hours:
129+20 vs. 123+18; P=0.04) and ipsilateral MCA-PSV (1 ws.
3 hours: 109+29 vs. 104+31; P=0.04) decreased significantly
compared with those at 1 hour after CAS. BP and ipsilateral
MCA-PSV showed no significant change from 1 to 3 hours
following CAS in the SS group and ES group. In the ES
group, the 3-hour contralateral PI increased significantly
compared with that at 1 hour after CAS (P=0.02). On the
contralateral side, there was no other significant increase in
MCA-PSV and PI at 1 or 3 hours following CAS.

The magnitude of increase in the ipsilateral MCA-
PSV increased with the severity of carotid stenosis, and
the difference was significant (Table 3, Figure 2). In the
SS group, the increase in ipsilateral MCA-PSV was 8.1%
(IQR, 1.4-20.1%) at 1 hour following CAS and 7.5% (IQR,
3.4-20.0%) at 3 hours following CAS. In the ES group,
the increase in ipsilateral MCA-PSV was 20.8% (IQR,
5.3-33.1%) at 1 hour and 21.1% (IQR, 9.4-32.9%) at
3 hours following CAS. In the NO group, the increase in
ipsilateral MCA-PSV was 45.8% (IQR, 24.3-73.1%) at
1 hour and 44.5% (IQR, 19.1-71.8%) at 3 hours after CAS.
However, the decrease in BP was not significantly different
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Variables Total, n [%] SS group, n [%] ES group, n [%] NO group, n [%] X P*
Number 104 50 34 20
Male 84 [81] 43 [86] 25 [74] 16 [80] 2.036 0.36
Age =70 years 40 [38] 16 [32] 18 [53] 6 [30] 4.499 0.11
Hypertension 75[72] 38 [76] 24 [71] 13 [65] 0.918 0.63
Diabetes mellitus 33 [32] 20 [40] 5[15] 8 [40] 6.759 0.034
Smoker 62 [60] 27 [54] 22 [65] 13 [65] 1.262 0.53
Symptomatic 65 [63] 30 [60] 21 [62] 14 [70] 0.621 0.73
Hyperlipidemia 84 [81] 44 [88] 25 [74] 15 [75] 3.259 0.20
Stent
Precise RX 74 [71] 35 [70] 26 [76] 13 [65] 0.870 0.65
Wallstent 12[12] 8[16] 8 [24] 18] 2.058 0.36
Acculink 18 [17] 7[14] 5[15] 6 [30] 2.794 0.25
Simultaneous VA or SA stenting 18 [17] 7[14] 7 [21] 4 [20] 0.739 0.69
Outcome
Transient or permanent HD 30 [29] 12 [24] 12 [35] 6 [30] 1.274 0.53
Transient HD 19[18] 9[18] 6[18] 4[20] 0.057 0.98
Permanent HD 11 [11] 3[6] 6[18] 2[10] 2.911 0.23
Headache 1[1] 0 0 11[5] 4.241 0.12
Minor stroke 2[2] 1[2] 11[3] 0 0.581 0.74
Intracranial hemorrhage 0 0 0 0 - -

*, P<0.05 was considered statistically significant. SS, severe stenosis (70-89%); ES, extreme stenosis (=90%); NO, near occlusion; HD,

hemodynamic depression; VA, vertebral artery; SA, subclavian artery.

among the 3 groups.

Hyperperfusion was detected on TCCD in 4 patients
(4/104, 3.8%), and all 4 cases belonged to the NO group
(4/20, 20.0%, P<0.001). Of these 4 patients, 3 received
intravenous nicardipine treatment and were asymptomatic
throughout the periprocedural period. One patient
experienced a headache during intravenous administration
of dopamine, and the symptom was relieved when the BP
was decreased to 85/50 mmHg by reducing the dose of
dopamine.

Discussion

The present study investigated the changes in cerebral
hemodynamics in the early stage following CAS in patients
with different degrees of carotid stenosis. Patients with
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unstable cerebral hemodynamics showed a higher risk
of post-CAS complications, including CHS and HD.
Ogasawara et al. reviewed the data of 4,494 patients and
demonstrated that CHS usually occurred in the first 24 hours
after CAS (13). A recent meta-analysis by Huibers ez a/.
indicated that the risk of CHS after CAS was 4.6% (8).
They also suggested that the clinical importance of cerebral
hemodynamic monitoring should be elaborated in future
studies. However, there has been limited research on this
subject. Our team has conducted a series of studies on early
cerebral hemodynamic after CAS (14,15). The present study
comprises the largest sample size to date for the evaluation
of early cerebral hemodynamic changes following CAS.
Cerebral blood flow can be measured by computed
tomography angiography (CTA), CT perfusion (CTP), and
magnetic resonance imaging (MRI) (16), but these are not

Quant Imaging Med Surg 2023;13(3):1655-1663 | https://dx.doi.org/10.21037/qims-22-511



1660 Yan et al. Quantitative cerebral hemodynamic changes after CAS

Table 2 Parameters of hemodynamic changes in the 3 groups

Group Parameter Pre-CAS 1 hour post-CAS p* 3 hours post-CAS p* Pian
SS group BP (mmHg) 14317 116+12 <0.001 116+12 <0.001 0.53
iMCA PSV (cm/s) 84+21 93+27 <0.001 94126 <0.001 0.87
iMCA PI 0.86+0.15 0.94+0.23 0.001 0.98+0.23 <0.001 0.001
cMCA PSV (cm/s) 82+21 82+21 0.81 83122 0.90 0.62
cMCA PI 0.90+0.14 0.93+0.19 0.16 0.93+0.19 0.11 0.50
ES group BP (mmHg) 143+16 119+16 <0.001 118+15 <0.001 0.76
iMCA PSV (cm/s) 8324 100+£29 <0.001 100+27 <0.001 0.52
iMCA PI 0.85+0.16 0.99+0.20 <0.001 1.04+0.18 <0.001 0.001
cMCA PSV (cm/s) 96+24 10129 0.04 99+25 0.25 0.17
cMCA PI 0.99+0.19 0.99+0.24 0.91 1.03+0.22 0.14 0.02
NO group BP (mmHg) 148+13 129+20 <0.001 123+18 <0.001 0.04
iMCA PSV (cm/s) 73124 109+29 <0.001 104+31 <0.001 0.04
iMCA PI 0.72+0.20 0.93+0.28 <0.001 0.91+0.30 0.001 0.35
cMCA PSV (cm/s) 96+31 97+29 0.51 98+30 0.28 0.67
cMCA PI 0.91+0.24 0.91+0.31 0.89 0.91+0.31 0.97 0.77

Data are presented as mean + standard deviation. *, P<0.05 was considered statistically significant. P,_;,: P values between 1 and
3 hours after CAS. SS, severe stenosis (70-89%); ES, extreme stenosis (=90%); NO, near occlusion; BP, blood pressure; ICA, internal
carotid artery; iIMCA, ipsilateral middle cerebral artery; cMCA, contralateral middle cerebral artery; PSV, peak systolic velocity; PI, pulsatility
index; CAS, carotid artery stenting; VA, vertebral artery; SA, subclavian artery.

Table 3 Cerebral hemodynamic changes post-CAS in the 3 groups

Variables Increase rate SS group ES group NO group P P Pis P, P*

1 hour BP, % -18.6+9.8 -16.2+13.1 -12.5+11.8 0.13 - - - <0.001
post-CAS iIMCA PSV, % 8.1 (1.4-20.1) 20.8 (5.3-33.1) 45.8 (24.3-73.1)  <0.001 0.045 <0.001 0.006

3 hours BP, % -20.0 (-25.0 to —-11.7) -20.7 (-25.5t0 —6.8) —-15.0 (-22.4 to -6.8) 0.64 - - -

post-CAS iIMCA PSV, % 7.5 (3.4-20.0) 21.1 (9.4-32.9) 44.5(19.1-71.8)  <0.001 0.04 <0.001 0.04

Patients with - 0 0 4 (20%) - - - - -
hyperperfusion

Data of increase rate of BP at 1 hour are presented as mean + standard deviation. Data of increase rate of BP at 3 hours and data of increase
rate of MCA-PSV are presented as median (interquartile range). P<0.05 was considered statistically significant. P: P value among the 3
groups; P, P values between SS group and ES group; P,_3: P values between SS group and NO group; P,_s: P values between ES group
and NO group; P*: P values between NO group and the other two groups. SS, severe stenosis (70-89%); ES, extreme stenosis (=90%); NO,
near occlusion; CAS, carotid artery stenting; BP, blood pressure; iMCA, ipsilateral middle cerebral artery; PSV, peak systolic velocity.

bedside examinations. Our previous study concluded that
TCCD and TCD were feasible for monitoring early cerebral
hemodynamic changes following CAS (9). The MCA blood
flow velocity will increase due to the recanalization of carotid
artery (9). We also focused on changes in patients with NO
in comparison with corresponding results from cases of SS
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without NO (15). In the latter research, ipsilateral MCA-
PSV in patients with NO increased significantly compared
to that in patients with SS stenosis but without NO.
However, because of the limited number of patients without
NO, we found no significant differences in the changes in
PSV with ES stenosis or SS stenosis. We further increased
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The relative increase of ipsilateral MCA
PSV at 1 hour after CAS in the three groups

20 —I_

Severe Extreme Near occlusion
stenosis group stenosis group group

Relative increase of ipsilateral
MCA PSV, %
5
1)
1

Figure 2 At 1 hour after CAS, the relative increase of ipsilateral
MCA PSV was 8.1% (IQR, 1.4-20.1%), 20.8% (IQR, 5.3-33.1%),
and 45.8% (IQR, 24.3-73.1%) in the severe stenosis group,
extreme stenosis group, and near occlusion group, respectively.
CAS, carotid artery stenting; IQR, interquartile range; MCA,
middle cerebral artery; PSV, peak systolic velocity.

the sample size and noted that the results were statistically
significant. The study is the first to confirm the disparate
cerebral hemodynamic changes following CAS in patients
with varying degrees of initial carotid stenosis.

Our study innovatively quantified the variation in
periprocedural cerebral blood flow velocity in patients
with varying degrees of carotid stenosis. In the SS group,
the increase in ipsilateral MCA-PSV was about 8% at 1
and 3 hours following CAS. In the ES group, the increase
in ipsilateral MCA-PSV was approximately 20% at 1 and
3 hours after CAS. Considering that cerebral hyperperfusion
is defined as the increase in cerebral blood flow exceeding
100% of the preprocedural value (11), we speculated that
the change in the cerebral blood flow in the 2 groups was
unlikely to result in post-CAS CHS. The postprocedural
PI increased significantly in ipsilateral MCA in all 3 groups,
which could be explained by the vasoconstriction of the
resistance arterioles (15,17,18).

In recent years, TCD and TCCD have been used for the
early detection of CHS following CAS as well as CEA (19,20).
In the NO group, cerebral hyperperfusion was observed
in 4 patients (4/20, 20.0%) following CAS using TCCD
measurement, the rate of which was significantly higher than
that in the other 2 groups. With hemodynamic surveillance
using TCCD measurement, we maintained the BP to a
relatively lower level, and the symptoms of the patients were
relieved in the early stage before the diagnosis of CHS. In
fact, due to the TCCD-based BP monitoring, none of the
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158 patients experienced severe CHS (8). Hence, immediate
TCD or TCCD measurement following CAS should be
recommended in routine clinical practice in patients at a high
risk of CHS, such as those with NO stenosis.

We excluded patients with simultaneous bilateral carotid
stenting, total occlusion of the contralateral ICA, and
moderate to severe contralateral carotid artery stenosis.
The reason for these exclusion criteria was that the above
situations could influence the cerebral hemodynamics after
carotid artery recanalization (8,9,14). However, there was
no definite conclusion as to whether age, sex, smoking
status, symptoms, history of hypertension, diabetes,
or hyperlipidemia was a potential confounding factor
for changes in cerebral hemodynamics. In the present
research, changes in the cerebral hemodynamics showed no
significant difference in the subgroup analysis when patients
were categorized according to the above factors.

The present research did not study parameters such
as intracranial pressure or cerebrovascular reactivity.
Measurement of MCA-PSV and PI can facilitate TCD or
TCCD examination to ensure that the data of all patients
are collected in a timely manner. Some medications,
including statins, vasopressors, and antihypertensive
drugs, might result in changes in cerebral circulation (21).
The potential effect of these medications on cerebral
hemodynamics after CAS will be further investigated in
the future. An imbalanced sex ratio was a limitation in
the present research due to the higher incidence of poor
temporal window in female patients.

Conclusions

In patients with unilateral severe carotid stenosis, ipsilateral
MCA-PSV and PI increased significantly at 1 and 3 hours
following CAS. The increase in ipsilateral MCA-PSV was
higher in patients with a higher degree of original stenosis.
NO was an independent risk factor of hyperperfusion after
unilateral CAS. TCD or TCCD measurement immediately
after CAS is recommended in patients at a high risk of
hemodynamic complications.
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