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Purpose: The aim of this study was to retrospectively evaluate the distribution of aortic arches,
the relationship with demographic characteristics, and the results of carotid and vertebral artery
stenting procedures in patients diagnosed with cerebrovascular disease through the intra-arterial
digital subtraction angiography (DSA) technique.

Methods: A retrospective examination was performed on 288 patients diagnosed with cerebro-
vascular disease, who underwent DSA in the Department of Neurology of Gaziantep University
Medical Faculty and Kahramanmarasg Siitcii Imam University Medical Faculty. The patients were
examined in respect of demographic features and aortic arch anatomic structure characteristics.
All demographic characteristics, DSA, carotid, and vertebral artery stent results were recorded.
Results: The patients comprised 60.1% males and 39.9% females with a mean age of 58.25 years.
Type 2 aortic arch was found in 175 (60.7%) patients, Type 2 aortic arch in 99 (34.3%) patients,
and Type 3 aortic arch in 14 (4.8%) patients. The right carotid artery stenosis rate was found
to be higher in patients with Type 2 aortic arch (P=0.013). When the patients were evaluated
according to the presence of a bovine arch, there was no significant difference in terms of age,
carotid, and vertebral artery lesions (P>0.05).

Conclusion: The aortic arch and its branching properties were not found to have a direct effect
on increased risk of cerebrovascular disease or stenting rates. This study can be considered to
raise awareness for new studies to demonstrate the effect of aortic arch anatomic differences
on cerebrovascular diseases.
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Introduction

Stroke is the third most common cause of death worldwide.! In one of three stroke
patients, atherosclerotic lesions of the aortic arch branches and carotid arteries are
held responsible.?* The final shape of the aortic arch and its branches is thought to
be related to the possible different splitting ratios of several arterial structures and
to the “migration” and “merging” characteristics, with anatomic variations rang-
ing from 15% to 30%.* It is known that these different anatomic features lead to
secondary ischemic problems due to maneuvering difficulties and the time spent in
vascular interventional treatments and surgical treatments. Therefore, the anatomic
structures of the aortic arch and supra-aortic branches are of great importance for all
invasive interventionists and vascular surgeons. Some variations in cerebral vessels
may lead to changes in blood flow, which may be a risk for the occurrence of cere-
brovascular diseases. There are few studies in which these variabilities are assessed
on cerebral diseases.
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This study aimed to reveal the differences between the
aortic arch types, atherosclerotic features, and invasive
intervention needs and the demographic characteristics of
hospitalized patients in our clinic who had been diagnosed
with brain vascular disease and who had undergone digital
subtraction angiography (DSA) for further examination.

Methods

A retrospective examination was performed on patients in the
Department of Neurology of Gaziantep University Medical
Faculty and Kahramanmaras Stit¢ii Imam University Medical
Faculty in 2015. All participants provided informed consent.
All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the Gaziantep University Medical Faculty Medical Ethical
Committee who approved this study. Patients included in the
study were those who had been diagnosed with cerebrovascu-
lar disease, who had undergone DSA for further examination
from the full series of patients detected with severe stenosis
on carotid-vertebral ultrasound, computerized tomography
angiography, and magnetic resonance angiography, who had
subarachnoid hemorrhage, who were assumed to have central
nervous system vasculitis, and young patients who had stroke
of undetermined etiology. The patients were retrospectively
investigated in terms of demographic features and aortic
arch anatomic structure. The assessment of aortic angles
and branching was performed by an experienced interven-
tional neurology specialist. These variables were compared
with age, gender, and atherosclerotic risk factors (diabetes,
hypertension, coronary artery disease, and hyperlipidemia)
and demographic characteristics (education, smoking habits,
and marital status).

Intra-arterial DSA uptake

Intra-arterial DSA uptake is a highly sensitive and specific
imaging modality in the screening of congenital and acquired
aortic diseases.*¢ In this study, aortic arch angiograms were
obtained in the left anterior oblique position with contrast
agent administered through a 5 Fr pigtail catheter near to the
skull base and scans were taken of the aortic arch and supra-
aortic branches. The anatomic features of the aortic arch and
carotid arteries were evaluated from the angiographic images
using the ImagelJ software.

Evaluation of the aortic arch

The most common aortic arch branching pattern in humans is
the branching pattern of three large vessels originating from
the aorta. The first branch is the innominate artery, which
branches into the right subclavian artery and the right main
carotid artery branches. The most common second branch
is the left main carotid artery. The last branch is known as
the left subclavian artery.

The branching pattern of the aorta is made according to
the vertical distance of the brachiocephalic branch to the apex
of the aortic arch. If this distance is shorter than the diameter
of one artery, it is evaluated as Type 1 aortic arch, between
one and two arteries as Type 2 aortic arch, and more than
two arteries as Type 3 aortic arch (Figure 1).

Bovine arch is known as the most common aortic branch-
ing variant and is assessed according to the branching slope
of the brachiocephalic trunk (Figure 2).78

Statistical methods
The SPSS 22.0 program was used to analyze the variables.
The normal distribution of the data was evaluated using the

Type |

Type I

Type lll

Figure | lllustration of the three types of the aortic arch. The upper line indicates the level of the top of the aortic arch, and the dotted line indicates the level of the origin

of the brachiocephalic branch.
Abbreviation: CCA, common carotid artery.
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Figure 2 (A) Bovine arch — left common carotid artery originating from the innominate artery. (B) Bovine arch — common origin of the innominate artery and left common

carotid artery. (C) True bovine arch.

Shapiro—Wilk test. Variance homogeneity of the data was
evaluated using the Levene test. The independent samples
T-test was used with the Bootstrap results, while the Mann—
Whitney U test was used with the Monte Carlo results. The
Kruskal-Wallis H test from the nonparametric tests was
applied to the results of the Monte Carlo simulation tech-
nique, and one-way analysis of variance Bootstrap results
from parametric methods were used to compare independent
groups quantitatively. The Dunn’s test was used for post
hoc analyses. In the comparison of categorical variables,
the Pearson’s chi-squared and Fisher’s exact tests and the
Monte Carlo simulation technique were used. Quantita-
tive variables were shown as mean * standard deviation
and median range (maximum—-minimum), and categorical
variables were shown as number (n) and percentage (%)
in the tables. Variables were examined at 95% confidence

level, and a P-value of <0.05 was considered as statistically
significant.

Results

The results of the evaluations of mean age and arch types
of the patients in the study are shown in Table 1. The
patients comprised 60.1% males and 39.9% females with
a mean age of 58.25 years. When the patients were clas-
sified according to arch types, no statistically significant
difference was found between the groups in terms of age
(P=0.108).

When the median values of patients grouped in terms of
the aortic arch and carotid artery lesion localizations were
examined, right carotid artery stenosis was found at a higher
rate in patients with Type 2 aortic arch (P=0.013). No signi-
ficant difference was found between left carotid artery,

Table | Carotid and vertebral artery lesions of the patients compared to aortic arch types

Type of arch P-value Paired comparison,
P-value
Type | Type 2 Type 3 -1l =111 1]
Mean £ SD Mean + SD Mean + SD
Age, years 57.31£13.99 58.93+£14.00 65.14%11.62 0.108 NS NS NS
Median Median Median
(maximum-minimum) (maximum-minimum) (maximum-minimum)
RCA 0 (100-0) 0.7 (100-0) 0 (40-0) 0.013 0.018 0.450 0.057
LCA 0 (99-0) 0 (100-0) 0 (50-0) 0.056 NS NS NS
RVA 60 (100-1) 40 (95-30) 55 (60-50) 0.800 NS NS NS
LVA 40 (100-20) 50 (100-30) 40 (95-30) 0.823 NS NS NS

Notes: One-way ANOVA for age, Kruskal-Wallis test (Monte Carlo); post hoc test: Dunn’s test for the others.
Abbreviations: ANOVA, analysis of variance; LCA, left carotid artery; LVA, left vertebral artery; NS, nonsignificant; RCA, right carotid artery; RVA, right vertebral artery;

SD, standard deviation.
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Table 2 Carotid and vertebral artery lesions of the patients evaluated according to the presence of bovine arch

Bovine arch P-value
Not availalbe Available Total
Mean £ SD Mean £ SD Mean £ SD
Age, years 57.76x14.15 60.58+12.86 58.25+13.95 0.185
Median Median Median
(maximum-minimum) (maximum-minimum) (maximum-minimum)
RCA 0 (100-0) 0 (70-0) 0 (100-0) 0.132
LCA 0 (100-0) 0 (90-0) 0 (100-0) 0.797
RVA 60 (100-1) 30 (70-30) 50 (100-1) 0.144
LVA 40 (100-20) 35 (40-30) 40 (100-20) 0.496

Notes: Independent t-test (Bootstrap) for age; Mann—Whitney U test (Monte Carlo) for the others.
Abbreviations: LCA, left carotid artery; LVA, left vertebral artery; RCA, right carotid artery; RVA, right vertebral artery; SD, standard deviation.

right vertebral artery, and left vertebral artery stenosis rates
(P=0.056, 0.800, and 0.823, respectively).

Patients were grouped according to the presence of bovine
arch (Table 2). No significant difference was found between
the patient groups in terms of age, carotid, and vertebral
artery lesions (P>0.05).

The demographic characteristics of the patients according to
aortic arch types are summarized in Table 3. No significant dif-
ference was found between the aortic arch types of the patients
in terms of chronic diseases, educational status, and marital

status (P>0.05). Type 1 aortic arch was found in 175 (60.7%)
patients, Type 2 aortic arch was found in 99 (34.3%) patients,
and Type 3 aortic arch was found in 14 (4.8%) patients (Table 3).

The evaluation of carotid artery stenosis and stenting
procedures according to aortic arch types of the patients is
shown in Table 4. Right carotid artery stenosis (=50%) and
stenting rates were found to be higher than in other arteries
(P<<0.022 and 0.028, respectively). There were no differ-
ences between the arch types in the left carotid artery and
vertebral arteries (P>0.05) (Table 4).

Table 3 Demographic characteristics of patients evaluated according to aortic arch types

Arch types P-value
Type |, n (%) Type 2, n (%) Type 3, n (%) Total, n (%)

Education
No 60 (34.29) 37 (37.37) 7 (50) 104 (36.11) 0.475
Yes 115 (65.71) 62 (62.63) 7 (50) 184 (63.89)

Marital status
Single 70 (40) 41 (41.41) 7 (50) 118 (40.97) 0.765
Married 105 (60) 58 (58.59) 7 (50) 170 (59.03)

Gender
Male 105 (60) 61 (61.62) 7 (50) 173 (60.07) 0.716
Female 70 (40) 38 (38.38) 7 (50) 115 (39.93)

Smoking
No 140 (80) 73 (73.74) 13 (92.86) 226 (78.47) 0.224
Yes 35 (20) 26 (26.26) 1 (7.14) 62 (21.53)

HT
No 108 (62.07) 61 (61.62) 8 (57.14) 177 (61.67) 0.929
Yes 66 (37.93) 38 (38.38) 6 (42.86) 110 (38.33)

DM
No 134 (76.57) 71 (71.72) 10 (71.43) 215 (74.65) 0.652
Yes 41 (23.43) 28 (28.28) 4 (28.57) 73 (25.35)

HL
No 149 (85.14) 82 (82.83) 13 (92.86) 244 (84.72) 0.724
Yes 26 (14.86) 17 (17.17) 1 (7.14) 44 (15.28)

CAD
No 152 (86.86) 85 (85.86) 14 (100) 251 (87.15) 0.407
Yes 23 (13.14) 14 (14.14) 0 (0) 37 (12.85)

Note: Fisher’s exact test (Monte Carlo).

Abbreviations: CAD, coronary artery disease; DM, diabetes mellitus; HL, hyperlipidemia; HT, hypertension.
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Table 4 Carotid and vertebral artery stenosis and stenting results according to aortic arch types

Arch types P-value
Type I, n (%) Type 2, n (%) Type 3, n (%) Total, n (%)

Stent placement
No 138 (78.86) 71 (71.72) I'1(78.57) 220 (76.39) 0.433
Yes 37 (21.14) 28 (28.28) 3(21.43) 68 (23.61)

RCS (%)
<50 157 (89.71) 79 (79.80) 14 (100) 250 (86.81) 0.022
=50 18 (10.29) 20 (20.20) 0 (0) 38 (13.19)

RCASP
No 145 (82.86) 70 (70.71) 13 (92.86) 228 (79.17) 0.028
Yes 30 (17.14) 29 (29.29) I (7.14) 60 (20.83)

LCS (%)
<50 145 (82.86) 77 (77.78) 13 (92.86) 235 (81.60) 0.368
=50 30 (17.14) 22 (22.22) 1 (7.14) 53 (18.40)

LCASP
No 135 (77.14) 64 (64.65) I'1(78.57) 210 (72.92) 0.078
Yes 40 (22.86) 35 (35.35) 3(21.43) 78 (27.08)

RVS (%)
<50 163 (93.14) 93 (93.94) 12 (85.71) 268 (93.06) 0.422
=50 12 (6.86) 6 (6.06) 2 (14.29) 20 (6.94)

RVASP
No 154 (88) 87 (87.88) 12 (85.71) 253 (87.85) 0.906
Yes 21 (12) 12 (12.12) 2 (14.29) 35 (12.15)

LVS (%)
<50 168 (96) 94 (94.95) 13 (92.86) 275 (95.49) 0.599
=50 74 5 (5.05) 1 (7.14) 13 (451)

LVASP
No 159 (90.86) 89 (89.90) I'1(78.57) 259 (89.93) 0.292
Yes 16 (9.14) 10 (10.10) 3(21.43) 29 (10.07)

Note: Fisher’s exact test (Monte Carlo).

Abbreviations: LCASP, left carotid artery stent placement; LCS, left carotid artery stenosis; LVASP, left vertebral artery stent placement; LVS, left vertebral artery stenosis;
RCASP, right carotid artery stent placement; RCS, right carotid artery stenosis; RVAS, right vertebral artery stenosis; RVASP, right vertebral artery stent placement.

Discussion
The diversity of the aortic arch between patients leads to
atheromatous plaque formation through different pathophysi-
ological mechanisms and to differences in stroke incidence.
This difference is very important for the survival of patients
and the choice of treatment methods used. In many studies
conducted with postmortem research and transesophageal
echocardiography, the presence of aortic arch-located ath-
erosclerotic lesions has been detected in a large proportion of
patients with stroke of undetermined etiology.’!! In a broad
participation study, lesions located in the aortic arch that
are =4 mm have been shown to be closely related to recur-
rent cerebral infarct and other major cardiovascular events.!2
The association of congenital aortic arch variations with the
risk of cerebrovascular disease and serious disability has not
yet been clearly defined.

In the current study, patients with Type 2 aortic arch with
cerebrovascular disease were determined to have a higher like-
lihood of stenosis in the right carotid artery, requiring stenting.

However, there was no significant difference in terms of stent
requirements between aortic arch types.

The direct relationship of aortic arch differences with
stroke is controversial. Many cases of perioperative ischemia
and infarcts due to these differences have been previously
reported.'*> Madhwal et al' developed an aortic arch identi-
fication format with which important results were obtained
in a systematic approach to aortic intervention.

Although the structural features and branching pattern
of the aortic arch are usually congenital, they may change
with age due to aortic elongation and environmental factors.!
These changes have been seen to increase in Type 3 aortic
arch incidence particularly in patients older than 70 years.'
Lin et al'” demonstrated that this difference did not exist
in patients younger than 80 years. As the mean age of the
patients in the current study was 58 years, aortic elongation
due to aging and common atherosclerotic lesions were seen
less and, therefore, more accurate localization of the lesions
responsible for the stroke could be applied.

Neuropsychiatric Disease and Treatment 2018:14
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In stroke patients with Type 3 aortic arch, cerebral ischemia
is increased during the procedure as the angiographic pro-
cedure is more complex and more prolonged. Bernardi and
Dettori'® indicated that vessels originating from an aortic
arch of large and abnormal localization may have different
effects on the cerebral circulation due to different hemody-
namic characteristics. The average age of the patients in the
study was 58.25 years, which was similar to ages reported
in similar studies. Remarkably, the average age of patients
with Type 3 aortic arches was 65.1 years, which is especially
significant in this regard, although this age difference was
not statistically significant (P>0.05) (Table 1). These find-
ings are thought to be related to the low number of patients
in this study.

DSA imaging, which is used to describe the aortic
structural features, yields very successful results and is of
great benefit to clinicians. In the current study, 60.7% of the
patients evaluated with DSA imaging were found to have a
normal aortic arch and this rate was lower than expected. This
can be explained by the low number of patients in the study
and the high detection rates of patients with Type 2 aortic arch
and bovine arch. The Type 3 aortic arch rate was determined
as 4.8% and is compatible with the literature."

Differences in aortic arch structure and its branching,
which are particular congenital features, may cause some
difficulties in surgical and interventional radiological pro-
cedures that affect the diagnosis, treatment, and outcome of
cerebrovascular diseases.? The incidence of the bovine arch
is known to be the most common anatomic variation of the
aorta, with an incidence ranging from 8% to 30% in many
studies.®?!>2 Despite the increased endovascular intervention
options and experience, technical difficulties in the presence
of bovine arch still remain significant. In some studies, it has
been suggested that carotid stenting in patients with aortic
arch anomalies should be applied to patient groups with a low
chance of surgery." In the current study, the aortic bovine
arch incidence was found to be 17.36%, which was consistent
with most demographic studies in literature and there was
no difference in stenosis incidence and stenting frequency
in arterial branches (P>0.05) (Table 2).'**

Aortic branching differences have been shown to be asso-
ciated with increased neurological complications following
carotid artery stent placement (CASP)."" In one study, it
was shown that the most frequent cause of failure during
CASP was due to differences in aortic arch tortuosity and
angulation.'” It has been reported that the incidence of these
anatomic difficulties increases in old age and there is also an
increase in CASP complications secondary to the increase of

vessel elongation over time.'*'” According to Bernardi and
Dettori,'® the presence of abnormally positioned vertebral
arteries can cause cerebral diseases by creating a difference
in cerebral hemodynamics.

Conclusion

The results of this study determined that the aortic arch and its
branching had no direct effect on the risk of cerebrovascular
disease or stenting rates (which is the reason for the recent
use of new operating catheters, long sheaths, hydrophilic and
Teflon guide wires, and so on). This study can be considered
of value in raising awareness for new studies to be conducted
to demonstrate the effect of aortic arch anatomic differences
on cerebrovascular diseases.
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