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ABSTRACT

Objectives: This study aims to identify the factors increasing the risk of silent brain infarction using multidetector computer tomography
(MDCT) in patients undergoing carotid artery stenting (CAS).

Patients and methods: Medical data of a total of 24 patients (12 males, 12 females; mean age: 65.4£74 years; range, 50 to 76 years) who
underwent CAS between December 2017 and July 2019 were retrospectively analyzed. The plaque characteristics of carotid arteries and
the aortic arch structures were determined using MDCT before the procedure. The patients were divided into two groups based on the
diffusion-weighted images after the procedure. Those with and without silent brain infarction were in Group 1 (n=10) and Group 2 (n=14),
respectively. Both groups were compared in terms of aortic arch structures and the plaque characteristics.

Results: There was a significant difference between the groups in terms of plaque in the aortic arch (n=8 vs. n=5, respectively, p=0.047).
The number of irregular plaque surfaces, plaque length, and plaque volume were significantly higher in Group 1 than Group 2
(8 vs. 5, respectively; p=0.047; 21.8 vs. 17.6, respectively; p=0.045, and 991.1 vs. 740.3, respectively; p=0.015). The percentages of lipid
components in total plaque volume were significantly higher in Group 1 (p=0.026). The receiver operating characteristic analysis revealed
that 17.8% of lipid components in total volume had 64.3% sensitivity and 90% specificity in the differentiation of the groups.

Conclusion: Evaluation of aortic arch structures and the plaque characteristics in carotid arteries using MDCT may be useful for

predicting the risk of silent brain infarction after CAS.
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Carotid artery stenting (CAS) has been widely
used to treat patients with carotid artery stenosis
since the 2000s.) The technical success rates of
CAS have been reported to be similar to carotid
endarterectomy (CEA); however, the risk of silent
brain infarction (SBI) in the post-procedural period
is higher in patients undergoing CAS.'™3) Silent
brain infarction is defined as a vascular brain lesion
of embolic origin. Although SBI is asymptomatic in
the acute phase, it has a negative effect on cognitive
functions in the long-term. Therefore, in CAS
planning, patients at high risk of developing SBI
should be detected prior to the procedure and referred
for CEA treatment, instead of CAS.3* Although
there is no clear consensus yet, a few studies have
recently provided evidence that characteristics of the
aortic arch and its branches may be associated with
the development of ipsilateral SBI during the post-
procedural period. Therefore, it may be important to
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identify the characteristics of the aortic arch and its
branches in planning CAS.5¢

Recent technological advances have enabled the
high-spatial resolution images to be obtained using
multidetector computed tomography (MDCT).
Thus, anatomical variation and pathological changes
of vessels can be much better demonstrated with
three-dimensional imaging.”® In addition, on post-
processing analysis, structure characteristics of
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atheromatous plaque in vessels can reveal using
specific software.!”*!

In the present study, we aimed to analyze images
obtained in MDCT before CAS and to identify
differences in the vascular structures of patients having

SBI after the procedure.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Cukurova University Faculty of Medicine,
Department of Interventional Radiology between
December 2017 and July 2019. Data of the patients
who underwent CAS were analyzed retrospectively.
Of a total of 108 patients, 24 (12 males, 12 females;
mean age: 65.4+74 years; range, 50 to 76 years) who
met the inclusion criteria were recruited. Inclusion
criterion was undergoing imaging of the carotid
arteries using MDCT within the last month before
CAS. Neurological and general physical examinations
were performed by an experienced neurologist before
and after procedure. Patients with newly developed
neurological symptoms after the procedure were
excluded from the study. The medical history of the
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Figure 1. The images of a 54-year-old female case with the left internal carotid artery stenosis due
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patients was obtained from the institutional database.
A written informed consent was obtained from each
patient. The study protocol was approved by the
Cukurova University Faculty of Medicine Clinical
Research Ethics Committee (No: 09/2019-91). The
study was conducted in accordance with the principles
of the Declaration of Helsinki.

MDCT image analysis

All MDCT scans were performed on a
160-detector CT scanner (Toshiba Aquilion™
PRIME; Otawara, Japan). The scanning area was
determined to cover the lower limit of the heart
and cerebral cortex. Post-processing of the data was
evaluated using a dedicated workstation (Vitrea®;
Vital Images Inc.,, MN, USA) by an experienced

vascular radiologist.

The aortic arch was grouped according to
anatomical variation and elongation (Figure 1). The
aortic arch variation was defined according to the arch
vessels' origin. The aortic arch elongation was defined
according to the vertical distance from the origin of
the innominate artery to the top of the arch (elongated
aortic arch: >1 cm in diameter).[1%

to atheroma plaques. The post-processing images (volume rendering and curved reformat) show
the plaque components with the Hounsfield Unit values and the aortic arch structures.
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The degree of carotid artery stenosis was measured
according to the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) criteria.'V
The plaque length was defined as the distance from
the proximal to the distal of the plaque. Plaque surface
morphology was as a regular or irregular surface.
The total volume of plaques and the percentages of
plaque components in total volume was automatically
calculated according to Hounsfield unit (HU) using the
SurePlaque™ software (Toshiba Medical Systems Co.,
Tokyo, Japan).®! Plaque components were classified as
lipid (-100-49 HU), fibrous (50-149 HU), and calcific
(150-1300 HU) (Figure 1).1"

CAS procedure

The CAS was administered to symptomatic patients
(having an ischemic stroke or transient ischemic attack
within the last six months) and angiographically
found to have >50% stenosis in the carotid artery or
asymptomatic and >70% stenosis in the carotid artery.
All patients were pretreated with a combination of
acetylsalicylic acid (100 mg/day) and clopidogrel (75
mg/day) for at least seven days before CAS. During
the procedure, intravenous heparin was administered
to maintain an activated clotting time of whole
blood of 250 to 300 sec. Following local anesthesia
administration to the inguinal region, the carotid
artery was selectively catheterized with a 6F, 90-cm
catheter sheath. After an embolic protection device
(EPD) (FilterWire EZ™; Boston Scientific Inc.,
CA, USA) was placed, the internal carotid artery,
open-cell stents (PROTEGE™ RX; eV3 Covidien,
CA, USA) was implanted on the carotid artery.
Balloon dilatation was performed for all patients
after stenting. Once significant bradycardia was
noted during the dilatation, the required amount
of atropine was injected. Finally, an angiogram of
the carotid artery and intracranial circulation were
performed to rule out embolic complications. The
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same experienced neuro-interventional radiologist
performed all CAS procedures. All patients were
followed in the neurocritical care unit for 24 h after
the CAS procedure. The modified Rankin scale
(mRS) was used for neurological examination by an
experienced neurologist.!'?

Magnetic resonance imaging (MRI)

For detecting symptomatic or asymptomatic
ischemic lesions, cranial MRI was performed in all
patients using a 1.5 T device (Signa, GE Medical
Systems; WI, USA) at 12 to 24 h after the CAS.
Newly developed ischemic lesions were detected on
the diffusion-weighted images (DWIs). The lesions
were classified as ipsilateral or contralateral according
to the distribution of the treated carotid artery. The
patients were divided into two groups: Group 1 (n=10)
consisted of patients with a newly developed ipsilateral
ischemic lesions, while the remaining patients with
contralateral lesions were included in Group 2 (n=14).

After the CAS, the patients were prescribed a
combination of acetylsalicylic acid (100 mg/day) and
clopidogrel (75 mg/day) for the first six months,
followed by acetylsalicylic acid throughout their life.

Statistical analysis

Statistical analysis was performed using the
TURCOSA version 1.0 software (Turcosa Analytics
Solutions Ltd. Co., Kayseri, Turkey). Descriptive data
were expressed in mean * standard deviation (SD)
or median (min-max) for continuous variables and
in number and percentage for categorical variables.
The chi-square and Fisher's exact tests were used to
compare the groups. The Student's t-test was used to
compare the quantitative data. The threshold values
for differentiation of the groups were obtained via the
receiver operating characteristic (ROC) analysis. A p
value of <0.05 was considered statistically significant.

Table 1
Baseline demographic and clinical characteristics of patients

Total (n=24) Group 1 (n=10) Group 2 (n=14)
Characteristics n % Mean+SD n %  MeanzSD n %  MeanzSD ?
Age (year) 65.4£7.4 64.1+4.8 67.2+8.1  0.313
Sex
Female 12 50 6 60 6 42.8
Cardiovascular risk factors 10 416 6 60 4 28.5 0.211
SD: Standard deviation; Cardiovascular risk factor: Diabetes mellitus, hypertension, and smoking.
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Table 2
Structures of aortic arch

Group 1 (n=10) Group 2 (n=14)
n % n % ?
Anatomical variations
Type 1 7 70 11 78.5
TZ; 2 3 30 3 21.4 0665
Elongation 7 70 11 78.5 0.665
Presence of plaque 8 80 5 35.7  0.047

RESULTS

All CAS procedures were successfully performed,
and all patients were neurologically intact (mRS 0)
after the CAS. However, DWI images revealed acute
SBIin 13 (54.1%) patients. The anatomical distribution
of the SBI lesions was as follows: ipsilateral lesions in
10 (41.6%) patients and contralateral lesions in three
(12.4%) patients. According to the presence or absence
of ipsilateral acute SBI, there were 10 (41.6%) patients
in Group 1 and 14 (58.3%) patients in Group 2. There
was no significant difference between the groups in
terms of age and cardiovascular risk factors (p=0.313
and p=0.211, respectively). Baseline demographic and
clinical characteristics of the patients are summarized

in Table 1.

Type 1 and Type 2 anatomical variations of the
aortic arch were present in both groups. Type 1
aortic arch was present in seven (70%) patients in
Group 1 and 11 (78.5%) patients in Group 2. No

significant difference was detected between the groups
regarding the anatomic variations of the aortic arch
(p=0.665). Aortic arch elongation was seen in seven
(79%) patients in Group 1 and 11 (78.5%) patients in
Group 2, indicating no significant difference between
the groups (p=0.665). An aortic arch plaque was
detected in eight (80%) patients in Group 1 and five
(35.7%) patients in Group 2, indicating a significant
difference between the groups (p=0.047). Table 2
shows the features of the aortic arch of the patients.

The degree of carotid artery stenosis was 270%in five
(50%) patients in Group 1 and seven (50%) patients in
Group 2, indicating no significant difference between
the groups (p>0.05). The plaque surface morphology
was irregular in eight (80%) patients in Group 1 and
five (35.7%) patients in Group 2, indicating a higher
rate of irregular morphology in Group 1 (p=0.047).
The mean plaque length was 21.8+5.9 mm in Group 1
and 17.6£3.7 mm in Group 2. The mean plaque length
of Group 1 was significantly higher than that of

Table 3

Plaque characteristics in carotid arteries as assessed by multidetector computed tomography

Group 1 (n=10)

% Mean+SD

Stenosis degree 270% 5 50
Irregular surface 8 80
Length (mm) 21.8+5.9
Total volume (mm?) 991.1+279.2
Percentage of components
Lipid component 27.3+11.2
Fibrous component 41.6+10.1
Calcific component 30.9+19.7

Group 2 (n=14)
UL-LL n %  MeanzSD  UL-LL ?
50 1.0
5 35.7 0.047
17.6-26.1 17.6+3.7 15.5-19.8 0.045
791-1190 740.3+190  630-850 0.015
11.3-35.4 17.329.3  11.9-22.7  0.026
34.3-48.9 459+15.2  37.1-54.8  0.442
16.8-45.1 36.6£21.9 24.0-49.3  0.519

SD: standard deviation; UL: Upper limit; LL: Lower limit.
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Figure 2. Distribution chart for the percentage of lipid com-
ponents.

Group 2 (p=0.045). The mean total plaque volume was
991.1+279.2 mm?® in Group 1 and 740.3+190 mm? in
Group 2, indicating a significantly higher mean total
plaque total volume in Group 1 (p=0.015).

The percentages of plaque components in total
volume were as follows: the mean percentage of
lipid components was 27.3x11% in Group 1 and
17.3+9.3% in Group 2. The mean percentage of
fibrous components was 41.6+10.1% in Group 1 and
45.92+15.2 in Group 2. The mean percentage of calcific
components was 30.9+19.7% in Group 1 and 36.6+21.9
in Group 2. The comparison of the percentages
of plaque components in total volume showed that
the percentage of lipid components of Group 1 was
higher than that of Group 2 (p=0.026). However,
no significant difference was observed between the
groups in terms of the percentages of fibrous and
calcific components (p=0.442 and p=0.519). The
plaque characteristics in carotid arteries are shown in

Table 3.

In the ROC analysis, an optimal cut-off value of
percentages of lipid component in a total volume of
17.8% had a sensitivity of 64.3% and a specificity of
90% for the prediction of ipsilateral SBI after CAS
with an area under the curve (AUC) of 0.75 (Figure 2).

DISCUSSION

Carotid artery stenting is an alternative treatment
method to CEA for carotid artery stenosis. However,
it has a serious disadvantage due to the high incidence
of SBI after the procedure.®* Silent brain infarction
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has adverse effects on the patients’ cognitive functions
in the long-term; therefore, it is important to
identify patients with a high risk of SBI during CAS
planning.!™) In this study, the patients were evaluated
with MDCT during CAS planning. A significant
difference was found in the aortic arch structure and
plaque characteristics of the carotid artery between the
patients with and without SBI after CAS.

In a study, Kastrup et al.l' reported ipsilateral
SBI after CAS with and without EPD as 49% and
67%, respectively. In this study, EPD was used for
all procedures, and the ratio of ipsilateral SBI after
CAS was similar to Kastrup et al.'® Acute SBI was
determined in 13 (54.1%) patients and, according to
treated carotid artery distribution, ipsilateral SBI was
observed in 10 (41.6%) patients and contralateral SBI
was observed in three (12.5%) patients.

In another study, Wyers et al.'”? detected that
anatomical variation or elongation of the aortic arch
negatively affected the technical success and increased
the risk of SBI. In this study, the presence of plaque
in the aortic arch was significantly more frequent in
the patients who developed SBI after CAS (p=0.047).
However, there was no significant difference between
the groups in terms of anatomical variation and
elongation of the aortic arch. This may be due to
the limited sample size of our study. Anatomical
variations and degenerative changes (elongation and
atherosclerosis) in the aortic arch lead to prolonged
catheter manipulation time and predisposition to SBI
during the procedure.!® Wyers et al.l'”! suggested that
evaluation of aortic arch structure using MDCT for
CAS planning and that patients having anatomical
variation or significant elongation in the structure of
aortic arch should be referred to other treatments.

Furthermore, Krapf et al." investigated the effects
of carotid artery plaque length and the degree of
stenosis on the development of SBI after CAS. A
significantly high correlation was found between the
plaque length and development of acute SBI; however,
no significant correlation was observed between the
degree of stenosis and the development of SBI. In
the present study, carotid artery plaque length was
significantly higher in the group in which ipsilateral
SBI developed after CAS (p=0.045). The contact
between the long plaque and the catheter used in
the procedure is greater than the short plaque, which
increases the risk of ruptured plaque capsule and distal
embolism of its components.[”)
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In their study, Rosenkranz et al.?”) evaluating the
effect of surface morphology of carotid artery plaque
on the development of SBI after CAS measured
the number of microembolism during CAS by
dual-frequency Doppler ultrasound. The number
of microembolism was higher in plaques with an
irregular surface than other plaques (p=0.030). Our
study revealed that the surface morphology of carotid
artery plaque in Group 1 was significantly more
frequently irregular, compared to Group 2 (p=0.047).
The irregular surface morphology is a sign of the defect
in the plaque capsule. The plaques are more vulnerable
due to high blood levels of pro-inflammatory markers.
Therefore, catheter contact more often causes distal
embolism of plaque components.!]

Moreover, Matsumoto et al.?? found that the
amount of development SBI during CAS was
positively correlated with the total volume of plaque
and proportion of lipid component in total volume
(r=0.480, p=0.015 and r=0.561, p=0.001, respectively).
Uchiyama et al.?® found that lipid component-
weighted plaques, with a mean HU value of <0, were
found to be more prone to the development of SBI
after CAS. In the present study, the total volume
of plaque and percentage of lipid component was
significantly higher in patients who developed SBI
than the others (p=0.015 and p=0.026, respectively).
For differentiation of the patients with and without
SBI after CAS, the percentage of lipid component in
total volume of >17.8% was found to be a selectivity
cut-off value. As the total volume of plaque and
proportion of lipid component in total volume increase,
plaque resistance to mechanical stress decreases and a
predisposition to microembolism occurs due to the
catheter contact.l*¥

In the current study, we found no significant
differences in the percentages of calcific components
between the groups (p=0.519). Rather than the
percentage of the calcific components, the localization
of the calcific components appears to be the factor
affecting the development of SBI. The calcific
component can be located in the blood vessel wall
in two different locations: tunica intima and tunica
media/adventitia. Peripheral calcific plaques located
on tunica media/adventitia are larger and less elastic
and, therefore, the risk of development SBI is higher

in such plaques.™

Nonetheless, there are several limitations to this
study. First, this study has a retrospective design
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with a small sample size which may have affected the
statistical results. Unfortunately, most of the patients
who underwent CAS in our hospital were advanced
age and prone to contrast nephropathy and, therefore,
the number of patients evaluated using MDCT was
limited. Second, we did not include intraplaque
hemorrhage in plaque component classification.
Intraplaque hemorrhage cause plaque instability and
predisposition to SBI. Third, the study included only
a single observer, inter-observer agreement was unable
to be measured.

In conclusion, in CAS planning, it is of utmost
importance to identify patients at high risk of
developing SBI after CAS. Structures of the aortic
arch and characteristics of carotid artery plaque may
be useful markers to predict the risk of development of
SBI. Post-processing analysis of high-spatial resolution
images obtained using MDCT may be helpful to
determine these properties successfully.
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